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Parsing Sewing Patterns into 3D Garments

Figure 1: Our parser automatically converted a diverse set of sewing patterns into 3D garment models for this small crowd of women.

Abstract1

We present techniques for automatically parsing existing sewing2

patterns and converting them into 3D garment models. Our parser3

takes a sewing pattern in PDF format as input and starts by ex-4

tracting the set of panels and styling elements (e.g. darts, pleats5

and hemlines) contained in the pattern. It then applies a combina-6

tion of machine learning and integer programming to infer how the7

panels must be stitched together to form the garment. Our system8

includes an interactive garment simulator that takes the parsed re-9

sult and generates the corresponding 3D model. Our fully automatic10

approach correctly parses 68% of the sewing patterns in our collec-11

tion. Most of the remaining patterns contain only a few errors that12

can be quickly corrected within the garment simulator. Finally we13

present two applications that take advantage of our collection of14

parsed sewing patterns. Our garment hybrids application lets users15

smoothly interpolate multiple garments in the 2D space of patterns.16

Our sketch-based search application allows users to navigate the17

pattern collection by drawing the shape of panels.18

Keywords: Diagram parsing, garment modeling19

1 Introduction20

Sewing patterns describe the cutting, folding and stitching opera-21

tions required to physically fabricate clothing. While websites such22

as burdastyle.de and voguepatterns.com provide ready access to23

thousands of such patterns online, the patterns themselves are terse24

and encode many of the sewing operations implicitly (e.g. how25

pieces of the garment are stitched together). To identify the com-26

plete sequence of operations required to construct a garment, skilled27

human tailors usually have to rely on their experience and under-28

standing of the conventions of sewing patterns.29

Garment designers for virtual characters in films and games do not30

exploit the rich collection of sewing patterns available online to31

generate 3D clothing. Instead, they manually create virtual clothing32

using special-purpose garment modeling and sculpting tools. This33

process requires significant expertise and is very time-consuming.34

Recent sketch-based garment design systems [?; ?; ?; ?; Umetani35

et al. 2011] facilitate this process, but usually produce garment36

models that are simpler than real-world garments. Creating detailed37

3D garment models remains a challenging task.38

We present techniques for automatically parsing existing sewing39

patterns and converting them into 3D garment models. Given a40

sewing pattern in PDF format as input, our parser first extracts the41

panels or shaped pieces of cloth that form the garment. It then ex-42

tracts styling elements such as darts, pleats and hemlines contained43

within the panels. The key step in parsing is to determine how the44

panels must be stitched together to form the garment. Our parser45

uses a combination of machine learning and integer programming46

to infer the stitching edge correspondences between panels. Our47

system includes an interactive garment simulator that uses these48

correspondences to generate a 3D model of the garment and drape49

it on a virtual mannequin. The simulator extends Sensitive Cou-50

ture [Umetani et al. 2011] with a small set of features that allow it51

to support a larger variety of real-world input patterns.52

Our fully automatic approach correctly parses 68% of the sewing53

patterns in our collection. Most of the remaining patterns contain54

only a few errors that can be quickly corrected within the garment55

simulator. Our system automatically generated all of the 3D gar-56

ments in Figure 1 without any parsing errors.57

Building a collection of parsed sewing patterns opens the door to58

myriad data-driven applications. To demonstrate this potential, we59

draw inspiration from recent work on the reuse, alteration, resizing60

and retargeting of garments [?; ?; ?; ?; ?; ?] and present two ap-61

plications that allow users to further explore the space of garment62

design. Our first application uses these parsed patterns to smoothly63

interpolate multiple garment panels in the 2D pattern space. Users64

can now rapidly create and explore multiple design variants via hy-65

brids and combinations of exisiting garment designs. Our second66

application allows users to navigate available pattern collections by67

sketch-based search.68

2 Previous Work69

Parsing diagrams. People often use diagrams to communicate in-70

formation. For example, sewing patterns are diagrams that describe71

the operations necessary to assemble a garment. Researchers have72

developed automatic parsers that can reconstruct the information73

contained in many different types of diagrams, including engi-74

neering drawings [?], cartographic road maps [?], sheet music [?],75

and data visualizations [?]. These parsers rely on image-processing76

methods and domain-specific knowledge to extract and interpret the77
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Figure 2: A sewing pattern from our collection containing nine panels. Each panel contains multiple contour lines that represent different
garment sizes and are drawn using different line styles (dotted, crosses, etc.) We have annotated some styling elements including darts
(brown), pleats (purple), and hemlines (green) as well as placement labels (blue) and corner-match circles (red). The side-dart and side-pleat
insets show how the edges marked a and b must be sewn together to properly form the styling element. The hemline inset shows how the panel
must be folded at the line marked as a hemline stitched along an additional line (dotted) located at twice the distance δ from the nearby panel
contour. The corner-match circles inset shows the number 7 circles from the Back and Front panels. These circles indicate matching panel
corners. Readers can zoom into the PDF to see the text provided in the original pattern as well as the different line styles on panel contours.

diagrams. To the best of our knowledge, our work is the first to ap-78

ply a similar approach to parsing sewing patterns.79

Sketch-based apparel design. Research in sketch-based interfaces80

considers the construction of an internal model representation from81

input strokes and annotations. In that sense, algorithms that parse82

diagrams share similarities to sketch-based apparel design. Turquin83

et al. [?; ?] ask the user to oversketch a character’s body with an84

intended garment’s silhouette and infer the garment’s geometry and85

drape. Robson et al. [?] further incorporate contextual knowledge86

of key factors that affect a garment’s shape. Wang et al. [?] and87

Decaudin et al. [?] ask the user to sketch on the mannequin itself,88

dividing the body into extruded panels; the latter work then devel-89

ops the panels into a design pattern of the kind we consider here.90

There are also important differences between interactive sketch-91

based tools and our problem setting. First, most sketching interfaces92

oversketch a 3D mannequin, whereas we interpret the 2D line and93

text comprising a pattern. Second, sketching gives strokes an orien-94

tation and temporal ordering; it allows for gestures, or non-marking95

sketches. These additional data are not available in printed patterns.96

On the other hand, sketching interfaces must be interpreted online,97

constructing a model only from past strokes with no foresight; our98

patterns are interpreted in whole and offline, allowing for global99

analysis.100

Computer-aided design and fitting of sewing patterns. Sewing101

patterns are the singular standard for specification of apparel de-102

signs in the fashion industry. For this reason, a considerable number103

of academic works and commercial software tools have been devel-104

oped for computer-aided garment pattern design [?]; representative105

samples include ClothAssembler [?], Optitex PDS (Pattern Design106

Software), Marvelous Designer, and Pattern Works Int’l. Interpreta-107

tion of sewing patterns and prediction of their drape is an important108

technology for developing a virtual fitting room [?; ?; ?; ?], ide-109

ally one that accommodates virtual people in all shapes, sizes, and110

poses [?]. Igarashi and Hughes [?] presented an interactive tool for111

placing garment panels on a mannequin. In this work, we extend112

Sensitive Couture [Umetani et al. 2011] to assemble parsed patterns113

and automatically drape them on a mannequin.114

3 Sewing Patterns115

We purchased 50 sewing patterns from burdastyle.de. While many116

pattern collections are available online, we chose Burdastyle be-117

cause its collection of over 8000 patterns is large, diverse, and in-118

expensive ($3 to $15 per pattern). We have also examined patterns119

from a number of sites and found that they all use standardized dia-120

grammatic elements to help tailors understand the steps required to121

stitch and assemble the garment.122

3.1 Diagrammatic Elements of Sewing Patterns123

Figure 2 shows a sewing pattern for a dress that is composed of124

nine closed polygonal regions called panels. Some edges of the125

panels include multiple contour lines that indicate how the shape of126

the panel must change for a small range of standard clothing sizes.127

Each such contour line is drawn using a different line style (e.g.128

dotted, crosses etc.), with the largest size drawn as a solid line.129

Each panel is labeled with a generic panel name (e.g. Back Skirt130

Panel, Sleeve, Front, etc.) that roughly describes the position of the131

panel on the body. Some panels may also include placement labels132

(e.g. Center Front, Center Back, Waist, etc.) on interior placement133

lines or on the exterior contour of the panel. These labels further134

specify the position of the panel with respect to the body and other135

panels. We have found that panel names and placement labels are136

2
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consistent across the pattern collections we have examined.137

Patterns may also contain styling elements:138

• Darts are triangular or diamond-shaped folds sewn into the139

fabric to fit the garment to the body. The two sides of the tri-140

angle or the diamond meet at an apex and must be stitched141

together to hold the fold in place. The width of a dart is the142

maximum distance between its two sides. We differentiate a143

mid-panel-dart which occurs within a panel from a side-dart144

which occurs along the panel contour. In Figure 2, panels 1, 4145

and 6 contain side-darts.146

• Pleats are formed by doubling fabric back on itself and secur-147

ing it in place with a stitch. They are marked in the pattern148

by two nearly parallel lines, an arrow indicating the direction149

of the fold, and a “Pleat” label between the two lines. As with150

darts we differentiate mid-panel-pleats from side-pleats based151

the distance to the panel contour. In Figure 2 panels 3 and 7152

contain side-pleats.153

• Hemlines usually occur near the bottom contour of a panel154

and indicate that the fabric must be folded and sewn to the155

interior of the garment. In Figure 2 panels 3, 6 and 7 contain156

hemlines.157

3.2 Assembling a Garment from a Sewing Pattern158

The first step in tailoring a garment is to cut each panel from a159

piece of cloth. Sewing patterns exploit left-right symmetry and only160

include panels for the left side of the garment. Therefore tailors161

must duplicate and reflect each panel in the pattern to obtain the162

complete set of panels for the garment.163

Back4

To assemble the garment, tailors sew the pan-164

els together along stitching edges. These edges165

usually lie on the contour of the panel and ex-166

hibit low variation in curvature. For example,167

the Back panel of Figure 2 has six stitching168

edges along its contour and two more edges169

within a side-dart (see inset). Note that the bot-170

tom edge of the panel is counted as one stitching171

edge that is split by a side-dart. Each stitching edge either remains172

“free” or is stitched together with one or multiple other stitching173

edges usually belonging to different panels. We say that these at-174

tached stitching edges are in correspondence.175

Patterns usually include a sparse set of annotations we call corner-176

match circles that are designed to help tailors infer the correspon-177

dences between stitching edges. These numbered circles always178

appear at the intersection of two stitching edges and tailors must179

match the number across different panels to identify a correspon-180

dence between panel corners (Figure 2). While corner-match cir-181

cles aid tailors in understanding how to sew together the garment,182

they only specify how panels join together at a few corners. Tai-183

lors must usually consider multiple corner-match circles as well the184

panel names and placement labels to determine the complete set of185

correspondences along stitching edges.186

While most of the panels in a pattern form the main-body of the187

garment, many patterns also include a few decorative panels such as188

pockets, ruffles and belts. Since panel names are consistent across189

patterns, tailors can easily distinguish between main-body panels190

and decorative panels based on their names. Tailors often consider191

the main-body panels first and once they have understood how these192

are assembled they add in the decorative panels.193

4 Overview194

Converting a sewing pattern into a 3D garment model involves two195

components; a sewing pattern parser (Section 5) and a garment196

Sleeve7

Connected Components Stitching Edges

Styling Element
Correspondences

Grouped Stitching Edge

Figure 3: Extracting the Sleeve panel. The connected component
(top-left) and stitching edges (top-right) of the panel. The pleats and
hemline stitching edge correspondences (bottom-left). Grouping the
stitching edges adjacent to side-pleats.(bottom-right).

simulator (Section 6). Our work primarily focuses on the parser. It197

takes a sewing pattern in PDF format as input and starts by extract-198

ing the set of panels and styling elements contained in the pattern. It199

then identifies the stitching edges for each panel. Finally it applies a200

combination of machine learning and integer programming to infer201

the most likely correspondences between the stitching edges. Our202

garment simulator then uses these correspondences to generate and203

drape a 3D model of the garment. It extends the Sensitive Couture204

system of Umetani et al. [2011] with a small set of features that205

allow it to support a larger variety of real-world input patterns.206

5 Parser207

Our parser includes two stages, a panel extractor and a correspon-208

dence identifier. It outputs a list of panels, styling elements and209

stitching edge correspondences that together describe how the pan-210

els must be stitched together to form the garment.211

5.1 Extractor212

Our input sewing patterns are vector graphics files in PDF format213

and are composed of two basic types of elements: line segments and214

text. The panel extractor is responsible for analyzing this collection215

of segments and text to identify the panels and styling elements216

along with their associated labels, placement labels, stitching edges217

and corner-match circles.218

5.1.1 Extracting Panels219

To identify the panels the extractor considers all solid line segments220

and groups them into connected components. In most cases each re-221

sulting component represents a single panel. For example Figure 3222

(top-left) shows the Sleeve connected component for the pattern in223

Figure 2. In some instances, however, a component may represent224

a mid-panel styling element rather than a complete panel. Thus, for225

each component the extractor checks if it is fully enclosed by any226

other component and if so it groups them together.227

The extractor then traces out the external contour of each panel at228

the largest clothing size. It starts with the line segment that is fur-229

thest away from the center of the panel bounding box and then steps230

along connected segments, while always choosing the outermost231

segment if the path branches. This tracing procedure ends when the232

extractor returns to the initial segment. The result is a closed con-233

tour loop.234

3



Online Submission ID: 366

The extractor next considers the set of line segments and text that235

lie within the contour of each panel. It identifies the largest text236

element within the panel as the panel name. The extractor differen-237

tiates between main-body panels and decorative panels based on the238

panel name. As a one-time pre-process we manually built a lookup239

table mapping the panel name to each of these two categories.240

The extractor also collects all of the interior line segments and241

chains the connected segments into longer continuous lines. It then242

associates any remaining text elements with nearby interior lines if243

the distance between the text and line is within a small threshold.244

These labeled lines represent either interior placement lines, fold245

lines or hemlines. To identify the corner-match circles, the extrac-246

tor finds interior line segments that form relatively small circles. It247

then treats nearby numerical text element as the corner-match label.248

The extractor splits the contour and interior lines into stitching249

edges. As we have noted stitching edges are relatively smooth and250

do not contain sharp corners. Therefore the extractor breaks these251

lines into stitching edges whenever the angle between consecutive252

segments is larger than a threshold (we use 25◦). In Figure 3 (top-253

right), red circles indicate endpoints of stitching edges.254

5.1.2 Extracting Styling Elements255

To identify pleats the extractor looks for a pair of nearly parallel256

interior lines that contain the text label “Pleat” between them. It257

differentiates mid-panel-pleats from side-pleats based on whether258

or not the pleat lines touch the panel contour. To identify darts the259

extractor looks for loops in the set of lines comprising the panel.260

It marks loops that only include interior lines as mid-panel-darts261

and loops that include part of the panel contour as side-darts. For262

example, the dart in the Front panel of Figure 2 contains part of the263

panel contour and is therefore classified as a side-dart.264

Styling elements such as darts, pleats and hemlines directly encode265

their corresponding stitching edges and the extractor immediately266

marks these correspondences. In a dart, for example, the two inte-267

rior lines that meet at the apex form two corresponding stitching268

edges that must be sewn together. In a pleat the two parallel stitch-269

ing edges correspond to one another. For a hemline we first form an270

additional stitching edge located at twice the distance δ between the271

hemline and contour. This additional stitching edge corresponds to272

the parallel contour stitching edge. We color-code pleat and hem-273

line correspondences for the Sleeve panel in Figure 3 (bottom-left).274

Note that when side-darts or side-pleats are sewn into a garment275

they eliminate a portion of the contour stitching edge. Therefore276

we group the adjacent contour stitching edges on either side of the277

dart or pleat and treat them as a single stitching edge. In Figure 3278

(bottom-right), the top of the Sleeve includes 9 side-pleats and we279

group the adjacent edges (black) into a single stitching edge.280

5.2 Correspondence Identifier281

The correspondence identifier is responsible for determining how282

the panels should be stitched together to form the garment. It infers283

the most likely correspondences between all of the remaining stitch-284

ing edges in the garment using a combination of machine learning285

and integer programming.286

To form a complete garment it is essential to stitch together the287

main-body panels. The decorative panels serve to further embel-288

lish the garment but are less important. Therefore, our approach is289

to first process the main-body panels (step 1) and then handle the290

decorative panels (step 2).291

In each step we build a table of probabilities P where each entry292

Pi,j captures the likelihood of a correspondence between a pair of293

stitching edges (ei, ej) (Figure 4). In the first step we consider all294

pairs of stitching edges (ei, ej) where both ei and ej belong to295
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Figure 4: Probability tables for the main-body panel stitching
edges (top-left) and decorative panel stitching edges (bottom-left).
Red indicates higher probability of correspondence. Optimal stitch-
ing edge correspondences chosen by our integer program (right).

main-body panels. In the second step we focus on stitching edge296

pairs where the first edge ei belongs to a decorative panel and the297

second edge ej belongs to a main-body panel. We augment both of298

these tables with an extra column to capture the probability Pi,n+1299

that stitching edge ei remains “free” and is not attached to any300

other edge. We describe how we compute these probabilities in Sec-301

tion 5.2.2.302

This probability table allows us to find the most likely stitching
correspondences. Let ω : [1 . . . n] → [1 . . . n + 1] map the index
i of each edge ei to a corresponding edge index ω(i), with ω(i) =
n + 1 indicating a free (unmatched) edge. We further restrict ω,
in a way we will soon make precise, to respect a few important
properties of garments. We seek the map ω that maximizes the joint
probability

n∏
i=1

Pi,ω(i) .

Using the monotonicity of the logarithm, we equivalently seek
to maximize

∑n
i=1 logPi,ω(i). We encode ω by the n × n + 1

indicator matrix X, with unit entries encoding correspondences
(∀i, xi,ω(i) = 1), and remaining entries zero. This gives rise to
the integer programming problem

argmax
x

n∑
i=1

n+1∑
j=1

xi,j logPi,j (1)

subject to∑n+1
j=1 xi,j = 1 one corresp. per row i (2)∑n
i=1 xii = 0 no self corresp. (3)

∀i, j, xij − xji = 0 mutual corresp. (ω is symmetric) (4)
xps + xpt + xqs + xqt = 1 one corresp. per circle (5)

Typically each stitching edge either remains free or corresponds to303

exactly one other stitching edge. Constraint (2) enforces this re-304

quirement; we will soon modify this constraint to handle multiple305

stitching edge correspondences. Constraint (4) prevents stitching306

edges from corresponding with themselves. Constraint (6) forces307

mutual correspondence between stitching edges.308

Constraint (5) considers stitching edges that are adjacent309

to corner-match circles. These circles indicate matching310

corners on two different panels and limit the potential311
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es
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correspondences to four stitching edge pairs. As312

shown in the inset, edges ep and eq are adjacent313

to the first circle and edges es and et are adja-314

cent to the second circle. Constraint (5) ensures315

that exactly one of the four potential correspon-316

dences between these edges is active.317

We solve for X using a built-in MATLAB integer programming318

routine1, which implements a linear program solver using branch-319

and-bound [Wolsey 2000]. Figure 4 shows the optimal set of stitch-320

ing edge correspondences for our example.321

5.2.1 Handling Multiple Correspondences322

Some panels contain stitching edges that correspond to more than323

one other stitching edge. For example, one edge of a Sleeve often324

attaches to both a Front panel and a Back panel (Figure 2). We have325

manually examined our collection of patterns to identify a small set326

of panels that contain such multi-correspondence stitching edges.327

In the panel extractor we mark edges that belong to these panels as328

potential multi-correspondence edges.329

Another example occurs when the garment contains multiple lay-330

ers stitched at the same edge. In this case a corner-match circle331

with the same number appears on more than two panels. We mark332

edges adjacent to these corner-match circles as potential multi-333

correspondence edges.334

Finally, for each potential multi-correspondence edge ek we replace
Constraint (2) with

1 ≤
∑n+1

j=1 xkj ≤ m up to m corresp. in row k .

It may seem at first sight that this constraint allows an edge to be335

simultaneously marked as free (col. n + 1) and stitched (another336

column). It can be shown that such a simultaneous marking is never337

optimal for the objective (??).338

5.2.2 Correspondence Probabilities339

To compute the probability that two stitching edges correspond we340

consider geometric information about the edges (e.g. edge length,341

curvature, etc.) as well as panel-level information (e.g. the name of342

the panel the stitching edge belongs to, nearby placement labels,343

etc.). We have found that the panel-level information is crucial and344

geometric information alone is usually not enough.345

For example in Figure 2, the long edge of panel 5 is geometrically346

similar to the top and bottom edges of panels 2, 3 and 6, as well347

as the bottom edge of panel 4. However, we can eliminate some of348

these possibilities based on the panel names. Analyzing a set of as-349

sembled patterns we find that a Back Band never attaches to a Front350

or a Front Skirt. Thus, we can set the correspondence probability351

between any Back Band edge and Front or Front Skirt edge to zero.352

We extend this idea to multiple features of the stitching edges.353

Our approach is to analyze a training set of assembled patterns,354

for which correspondences are given, summarizing the analysis in355

a symmetric panel-panel table (Figure 5). For each pair of panel356

names (allowing for self-pairing, as in a sleeve), we (a) identify357

all stitching edge correspondences that attach the two panels; (b) if358

there are no correspondences, we mark the cell as empty, otherwise,359

we store feature histograms in this cell. We consider two types of360

features: edge features capture properties of each edge (e.g. length,361

curvature, placement labels, etc.), while match features capture how362

well the corresponding edges match with one another (e.g. length363

difference, curvature difference). A complete list of features is de-364

tailed below.365

To compute the correspondence probability Pi,j for a test pair of

1bintprog(): http://www.mathworks.com/help/optim/ug/binary-integer-programming-algorithms.html

Feature Histograms

Sleeve
Front

Back

Sleeve

Back

...

Orientation

Average Curvature

Normalized Length

...

Free

Panel-Panel Table

Back Band

...

...

...

... ... ... ... ... ... ...

pa
ne

l n
am

e

...

panel name ...

Back Band

Figure 5: Panel-Panel Table. For each pair of panel names, we
identify all stitching edge correspondences that attach these two
panels and compute a set of feature histograms for them. Empty
cells indicate that the panels never attach to one another.

stitching edges ei and ej we first look up the names of the panels
they belong to. If the corresponding cell in the panel-panel table is
empty we set Pi,j to zero. Otherwise Pi,j = P (Ci,j = 1|Fi,j)
where Ci,j is a binary variable that equals 1 when the two edges
correspond and Fi,j = [F 1

i,j , ..., F
n
i,j ] is a vector of all features

in the panel-panel cell for the edge pair. We use naive Bayes to
compute

P (Ci,j = 1|Fi,j) =
P (Fi,j |Ci,j=1)P (Ci,j=1)

P (Fi,j |Ci,j=1)+P (Fi,j |Ci,j=0)
(6)

where P (Fi,j |Ci,j) =
∏

k P (F k
i,j |Ci,j). (7)

Each P (F k
i,j |Ci,j = 1) is directly given by the histogram in the366

panel-panel cell and we multiply them together to form the likeli-367

hood P (Fi,j |Ci,j = 1). We compute P (F k
i,j |Ci,j = 0) by first368

aggregating the histograms across all other cells in the panel-panel369

table and then form P (Fi,j |Ci,j = 0) as the product of these fea-370

ture probabilities. We treat the prior probability P (Ci,j = 1) as371

a constant for all pairs of stitching edges and can thus neglect the372

term in Equation 7.373

Computing Edge and Match Features. We compute a number of374

features for each pair of stitching edges. Several of these features375

rely on panel-level geometric information. So as a pre-process, we376

compute the axis-aligned bounding box and the up orientation of377

each panel. We use styling elements and placement labels to com-378

pute the up orientation as follows. Since hemlines occur near the379

bottom contour of a panel (Section 3) if a panel contains a hemline380

we set the up vector perpendicular to it. Similarly the Top placement381

label occurs along the top contour of a panel and we set the up vec-382

tor perpendicular to it. In the absence of such labels we set the up383

vector to the longest edge of the bounding box. We then compute384

the following edge features.385

• Normalized length. We compute the length of the stitching386

edge normalized by the length of the diagonal of the panel387

bounding box. This feature captures the length of the stitching388

edge compared to the size of its panel.389

• Average curvature. Each stitching edge is a polyline. We first390

fit a degree 5 polynomial curve to the polyline and then com-391

pute it’s curvature at constant intervals. We average together392

these curvatures to form the final feature.393

• Orientation. To capture the orientation of each stitching edge394

we compute the dot product of the vector connecting the end-395

points of the stitching edge with the up vector.396

• Placement label We determine if the stitching edge has a397

placement label associated with it. We set the feature to Empty398

if the stitching edge is not labeled and to the label name oth-399

erwise.400

• Styling element. If the stitching edge is adjacent to a side-dart,401

side-pleat or near a hemline we set the feature to the name of402

the styling element. Otherwise we set the feature to Empty.403
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To obtain the match features for a pair of stitching edges we sim-404

ply compute the L2 distance between their normalized length, aver-405

age curvature and orientation features. For the placement label and406

styling element features we build a binary feature that is set to 1 if407

the corresponding edge features have the same value.408

6 Simulator409

Once we have parsed a sewing pattern we use a garment simulator410

to generate the corresponding 3D model and drape it on a virtual411

mannequin. Work on dynamic, physical simulation of cloth spans412

over two decades [?; ?; ?; ?; ?; ?; ?]. We build on the Sensitive413

Couture interactive garment modeler [Umetani et al. 2011]. Sensi-414

tive Couture provides synchronized, interactive, bidirectional cre-415

ation and editing of 2D clothing patterns and their corresponding416

physically simulated 3D garment. This interface is a natural front-417

end for our parser since it not only provides a 3D garment model418

but also enables users to immediately customize the parsed patterns419

via manipulation and editing with direct feedback on changes to the420

corresponding 3D physical drape.421

To support a large variety of real-world input sewing patterns we422

have extended Sensitive Couture with a small set of additional fea-423

tures:424

Positioning panels. To successfully drape a garment in Sensi-425

tive Couture, it is critical to provide good initial seed positions in426

3D for all garment panels. In the original Sensitive Couture users427

had to manually specify the seed position. However, in our pat-428

tern collection, each panel name roughly describes the position of429

the panel with respect to the body (e.g. all Sleeve panels must be430

draped around arms). As a one-time pre-process we manually built431

a lookup table mapping main-body panel names to a rough 3D posi-432

tion on the virtual mannequin. We have modified Sensitive Couture433

to use this table to assign the seed position for main-body panels.434

We also rotate the main-body panels so that they point outwards435

with respect to the mannequin. Finally, we position decorative pan-436

els at a small offset from the main-body panels they attach to.437

Interior stitching edges. The original Sensitive Couture only al-438

lowed stitching edges to occur along panel contours. However,439

styling elements like darts, pleats, and hemlines require interior440

stitching edges. To properly handle such interior edges we have441

modified Sensitive Couture to locally remesh the underlying simu-442

lation mesh around them [?]. This modification is crucial to obtain443

proper folding around the styling elements.444

Sequential draping. Most garments are comprised of multiple lay-445

ers (e.g. a Ruffle panel attaches on top of a Front main-body panel).446

Tailors generally drape the most interior layers first. We modified447

Sensitive Couture to allow draping in layers so that the most inte-448

rior layers are draped first and then frozen in place before adding the449

next layer. This feature improves convergence speeds of the simu-450

lation and reduces the overhead of collision-processing.451

7 Results452

Figure 6 shows the parsing results as well as the simulated garments453

for seven example patterns from the set of 50 patterns we purchased454

from burdastyle.de. Pattern 9306 is the garment we generate for455

the pattern shown in Figure 2. Most of these patterns (6022, 6023,456

6045, 6060, 9306) use styling elements. For example pattern 6022457

includes darts and mid-panel pleats to fit the garment close to the458

body. Five of the patterns use decorative panels such as belts (6022,459

6045), pockets (6028), multiple dress layers (6023) or additional460

pleat panels that are inserted between the main dress panels (6008).461

Figure 1 shows a variety of additional garments models generated462

by our system.463

To evaluate our system, we processed all 50 patterns in our dataset.464

This collection is largely comprised of women’s dresses but also in-465

cludes some tops (e.g. blouses, sweatshirts, etc.) and trousers. Each466

pattern contains 10 to 30 panels that are attached to one another467

by an average of 33 (std: 17) stitching edge correspondence. Pars-468

ing the patterns is relatively fast: our MATLAB implementation re-469

quires 5-10 seconds for pattern extraction and a few seconds for470

correspondence identification. Our simulator requires about 15 sec-471

onds to drape the 3D garment model and fully converge.472

To test the parser we first built ground-truth data by manually anno-473

tating all of the stitching edge correspondences for all 50 patterns.474

Using a leave-one-out cross validation we found that for 68% of the475

patterns (34 out of the 50 ) our parser correctly identified all stitch-476

ing edge correspondences. For the other 32%, our parser incorrectly477

marked an average of 4.3 (std: 2.7) correspondences. However, for478

two outlier patterns (a flamenco dress and summer dress with many479

differently shaped layers) our parser incorrectly identified most of480

the stitching edge correspondences. Note that all results shown in481

Figures 1 and 6 were parsed correctly, and did not require any man-482

ual correction.483

Aggregating across all patterns our parser correctly identified 87%484

of the stitching edge correspondences. Corner-match circles are the485

most informative indicators of a correspondence. For each pair of486

corner-match circles with the same label, exactly one pair of adja-487

cent edges correspond. To determine how much corner-match cir-488

cles contribute to the learning, we manually annotated correspon-489

dences indicated by corner-match circles in our ground truth data.490

We then found that our parser correctly marked 97% of these cor-491

respondences. These numbers confirm that corner-match circles are492

very helpful in determining how the panels attach to one another.493

However, patterns are only sparsely annotated with such circles.494

Only 27% of all correspondences in our dataset were indicated with495

corner-match circles.496

While not perfect, the correspondences identified by our parser pro-497

vide the user with a good starting point. In most cases, the user can498

simply load the pattern into our simulator and drape the garment to499

produce a 3D model. If the parser generated incorrect correspon-500

dences, they can use the interactive tools in Sensitive Couture to501

quickly correct the problem. For example, the user can select two502

stitching edges to add or remove a correspondence.503

8 Applications504

Users can take advantage of our collection of parsed sewing pat-505

terns to explore the space of garment designs. We have developed506

two applications that support such exploration. Our garment hy-507

brids application lets users smoothly interpolate multiple garments508

in the 2D space of patterns. Our sketch-based search application509

allows users to navigate the pattern collection by drawing panels.510

8.1 Garment Hybrids511

We have developed an algorithm that allows users to smoothly in-512

terpolate multiple sewing patterns and thereby create garment hy-513

brids. Users must choose two input sewing patterns and can either514

interpolate all the panels or select individual panels to interpolate.515

Our interpolation algorithm works in the space of the 2D patterns516

to ensure that each intermediate result maintains a valid garment517

design. Interpolating the 3D shape of each garment would require518

users to manually specify correspondence information and would519

likely violate constraints imposed by the panels, styling elements520

and stitching correspondences.521

To interpolate between two garments we identify all of the panels522

that they have in common based on the panel names. We then inter-523

polate the contour stitching edges between each pair of panels and524
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Figure 6: Parsing and simulation results for 7 sewing patterns. For each pattern we color-code the stitching edge correspondences identified
by our parser. We show three views of the 3D garment model draped on a mannequin using our simulator. For comparison we include a
photograph of the garment from burdastyle.de. Note that our parser correctly identified all of the stitching edge correspondences for the
garments shown in this Figure.
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Figure 7: Aligning two panels. We first identify the attachment la-
bels for the two panels and then compute the best alignment be-
tween these labels using string edit distance.

then interpolate the styling elements within the panels.525

8.1.1 Interpolating Panel Contour Stitching Edges526

Stitching edges on panel contours serve to attach the panel to sur-527

rounding panels. When interpolating between two garments it is528

essential to maintain these stitching edge correspondences as much529

as possible to ensure proper connectivity of the interpolated result.530

Given two panels P1 and P2 with the same name, but from different531

patterns, we start by computing an alignment between their contour532

stitching edges. This alignment ensures that we interpolate between533

stitching edges that connect to surrounding panels in similar ways.534

To create the alignment, we label each stitching edge of both panels535

with the name of the panel it is attached to (Figure 7). If the edge536

does not participate in a correspondence we label it as Free. Note537

that while many of attachment labels for P1 and P2 are identical the538

set of labels is not exactly the same; P2 has a Right Front label that539

is not present in P1. Such similarity in the set of adjacent panels is540

typical for panels that have the same name.541

The contour attachment labels form a circular list, where the order-542

ing is determined by connectivity of the edges. In Figure 7, the list543

for P1 is Left Back, Left Sleeve, Left Back and Left Front Band,544

Free and the list for P2 is Left Front Band, Right Front, Free, Left545

Back, Left Sleeve and Left Back. We use string edit distance to546

compute the the optimal alignment between these lists. Since the547

lists are circular, we compute the alignment for each circular offset548

of the second list and choose the best one.549

Unlike the standard string edit distance algorithm, we do not al-550

low for substitutions because such modifications would change the551

connectivity of the interpolated panel and could generate an invalid552

garment. We do allow insertion of Null labels into either string for553

a small constant cost. Null insertion corresponds to adding a zero554

length stitching edge to the panel. In Figure 7 we find that the best555

alignment for P1 and P2 occurs at offset 4 and adds a null label to556

the stitching edge label list for P1.557

After aligning the stitching edge labels we translate the panels so558

that their centers of mass are aligned. We also rotate the panels so559

that stitching edges with the same attachment label are as close to560

one another as possible. Finally, we parameterize the aligned stitch-561

ing edges by arc length and linearly interpolate them.562

8.1.2 Interpolating Styling Elements563

Our interpolation algorithm supports adding or removing styling564

elements such as darts, pleats and hemlines. These elements are565

often essential to the look and fit of the garment and are therefore566

important to handle during interpolation.567

Consider the case of interpolating between a panel P1 that does568

interpolation

virtual dart

P1 P2

virtual
hemline

P2P1

s1

s2

Side-Dart Interpolation

Hemline Interpolation

{

>ω

>ω

{

Figure 8: Interpolation of side-dart (top) and hemline (bottom).

not contain a dart and P2 that contains a side-dart. After aligning569

the contour stitching edges of the panels we compute a proportional570

offset distance in P2 between one endpoint of the stitching edge and571

the dart. For the example in Figure 8 (top) this distance corresponds572

to s1/(s1 + s2), where s1 and s2 are the segments of the stitching573

edge adjacent to the dart. We then insert a corresponding virtual574

side-dart at the same proportional distance in P2. Once we have575

aligned the two stitching edges and their respective side-darts in576

this manner we linearly interpolate between them. However, darts577

that are smaller than a minimum width, are unlikely to occur in578

sewing patterns. Therefore, during the interpolation we convert the579

virtual side-dart into a true side-dart only when its width is greater580

than a minimum width threshold ω. We experimentally set ω by581

examining our pattern collection and finding the minimum width582

dart within it. Removing a side-dart is equivalent to flipping the583

panel that initially contains the side-dart in this procedure.584

If both panels contain a dart on the same aligned stitching edge we585

consider the proportional offset distance to each one. If these dis-586

tance are similar then we interpolate the respective stitching edges587

of the darts. If the offset distance differ significantly we remove588

the first dart and insert the second. We use analogous procedures to589

add/remove/interpolate side-pleats.590

For mid-panel-darts and pleats we use a similar procedure, but591

instead of computing the offset distance proportional to a single592

stitching edge endpoint, we compute the offset distances to the three593

closest stitching edge endpoints that share the same attachment la-594

bels. We then linearly interpolate these offset distances to generate595

the intermediate position of the dart or pleat. In the cases we have596

tried the intermediate dart or pleat always stayed within the panel597

contour. However our algorithm does not guarantee this property.598

Finally, consider the case of adding a hemline (Figure 8 (bottom)).599

We first identify the stitching edge of P2 that runs parallel to the600

hemline and find the corresponding stitching edge in P1. We then601

insert a virtual hemline into P1 that is initially co-located with this602

stitching edge. We then interpolate the relative distance between603

the virtual hemline in P1 and the hemline in P2. As with darts, we604

consider a minimum hemline width threshold before adding it to605

the intermediate pattern.606

8.2 Hybrid Results607

Figure ?? shows several garment hybrids created with our appli-608

cation. In the top row the user interpolated complete garments (all609

panels). In the transition between 9306 and 7951 note how the neck-610

line smoothly changes while the pleats in the Sleeve and Skirt pan-611

els gradually disappear. Interpolating from 7951 to 6047, introduce612

new side-darts to the Front and Skirt panels. These darts fit the gar-613

ment closer to the body without using pleats as were originally used614

8
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Figure 9: Hybrid results. (top) A user interpolates between two pairs of dresses, first going from 9306 to 7951 and then from 7951 to 6047.
(bottom) A user only interpolates the Sleeve panel of 6046 and the Collar, Front and Back panels of 6010.
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Figure 10: (left) A user sketches a Sleeve (top) and a Front panel
(bottom). (right) After specifying target panel name, our system re-
trieves other panels that match the target name ranks them by sim-
ilarity to the sketch. The number below each retrieved panel indi-
cated the pattern it belongs to.

in 9306. The neckline and sleeves also change significantly in shape615

in the intermediate designs.616

In the bottom row, the user specifies subsets of panels to interpo-617

late. On the left side, the user interpolates the sleeves marked in618

blue. Note how the number of pleats in the sleeves increase. On619

the right, the user interpolates the Front, Back and Collar panels.620

The intermediate designs introduce many new pleats at the side of621

the garment and reduce the size of the Front and Back panels to622

make the garment tighter and shorter. In addition the Collar opens623

up significantly.624

8.3 Search and Navigation of Pattern Collections625

The look and style of a 3D garment is largely dependent on the626

shape of its panels and styling elements. Yet, online sewing pattern627

collections today force users to navigate the collection by scrolling628

through lists of pattern names. To help users better navigate the629

space of garment designs we have developed a sketch-based search630

application.631

With our application users sketch the shape of a panel, and specify632

a target panel name. Figure ?? (left) shows two examples of panels633

sketched by a user. Our search algorithm first retrieves all the pan-634

els that match the target panel name and then uses the shape context635

algorithm of Belongie et al. [?] to rank each panel by similarity to636

the sketch. Each retrieved panel also provides a link back to the637

pattern it belongs to in the form of a pattern number. As shown in638

Figure ?? (right) users can easily find all the patterns that contain a639

particular style of Sleeve or Front panel. Inspecting the correspond-640

ing patterns and 3D drapes allows users to see how similarly shaped641

panels can affect the look of different garments.642

9 Conclusion and Future Work643

Sewing patterns designed for human tailors are readily available on-644

line. We have presented techniques for automatically parsing such645

patterns into 3D garment models. Our approach significantly re-646

duces the time, effort and expertise required to create detailed cloth-647

ing models for virtual characters. We also demonstrate two applica-648

tions that use our collection of parsed patterns to help users explore649

the space of garment designs. We believe that automated parsing650

of sewing patterns can enable many more such data-driven applica-651

tions.652

Data-driven resizing. While sewing patterns do contain panel con-653

tours for a range of garment sizes our parser only extracts the panels654

for the largest size. Extending the parser to extract the entire size655

range would enable accurate grading of virtual garments and could656

serve as ground-truth data for recent algorithms for automatically657

resizing 3D garment models [?].658

Suggestive garment design tools. Computer-aided tools for design-659

ing sewing patterns (e.g. Optitex PDS, Marvelous Designer, etc.)660

assume that users have enough garment design knowledge to know661

how to shape panels and where to place styling elements. Using662

a database of parsed patterns it should be possible for the system663

itself to suggest where styling elements might be placed even as664

the users starts creating panels. Similarly the system could suggest665

the most likely stitching edge correspondences for each panel when666

designing a new garment. Such automatic suggestions could further667

enable inexperienced designers to create garment designs.668

Precomputed drape. Consistent reuse of common panel types over669

large collections of garments makes pre-computation and learning670

of corresponding 3D physical drapes another interesting avenue of671

future exploration. With a large database of example drapes, pre-672

computed drape shapes will allow beginning users to quickly mix673

and match constituent pattern parts with instant feedback.674
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