Pacific Graphics (2011)
Bing-Yu Chen, Jan Kautz, Tong-Yee Lee, and Ming C. Lin (Editors)

Short Papers

An image-based hair styling system
using layered texture pieces

Hiroki Watanabe, Yoshihiro Kanamori, Jun Mitani and Yukio Fukui

Department of Computer Science, University of Tsukuba

Abstract

We present an interactive system that allows the user to finely edit a hairstyle image so that the image can be
naturally synthesized onto a given facial image. In our system, a hairstyleis composed by stacking texture pieces
(textured belt-shaped polygons) that represent hair wisps. By war ping these pieces, the user can performtypical
manipulations for hairstyles, such as lengthening/shortening, combing (modification of the flows of hair) and
scissoring. We demonstrate the effectiveness of our system through experimental results with various hairstyle

imagesand facial images.

Categories and Subject Descriptors (according to ACM CCS): 1.3.4 [Computer Graphics]: Graphics Utilities—

Application packages

1. Introduction

Today people select their hairstyles to express their person-
ality and satisfy their desire to change. As we sometimes
experience, when a woman changes her hairstyle she may
even look like a different person. Hairstyles can change in-
dividual’s impression drastically [LaF].

Because hairstyles strongly influenceindividual’s appear-
ance that way, simulating a different hairstyle beforehand is
quite beneficial. Here we need to match the hairstyle to atar-
get face to confirm whether the hairstyle fits to the person.
An intuitive option to do so is an image-based approach,
that is, to select an image of an appropriate hairstyle from
a catalogue and then put it on the face image. Additional
image warping can adjust the hairstyle to the face shape
to some extent. Indeed there are several commercial ser-
vices [Hen, LLC] of such approach. However, it does not
suffice; preset hairstyles cannot fulfill demands subtle but
important to express the personality - “Keep the front long.”
or “Can you cut the sideburnsa little more?,” as a customer
asks a beautician at a beauty parlor.

To handle such delicate operations, we present an inter-
active system for image-based hair styling. In our system,
a hairstyle is composed by stacking texture pieces (textured
belt-shaped polygons) that represent hair wisps. By warp-
ing these pieces, the user can perform typical manipulations
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for hairstyles. Specificially, our system offers the following
tools;

Scaling tool: lengthens/shortenshair (Section 3.2).
Combimg tool: modifiesthe flows of hair (Section 3.3).
Cutting tool: cutshair wisps (Section 3.4).

Furthermore, our system also supports functionalities that
are provided in conventional systems; global warping of a
hairstyle image to roughly adjust the face shape [Miy98]
and coloring of hairstyle images (Section 3.5). Our system
is very simple to implement yet powerful to edit hairstyles
even for casual users, as demonstrated in various results and
evaluated through user tests (Section 4.1).

2. Related Work

The representation of hair has been actively studied in the
field of computer graphics since its early decades because
hair greatly enrichesthereality of 3D characters. Pleaserefer
to a survey paper [WBK*07] for details. Here we introduce
recent modeling methods for hair.

There are a number of methods for editing or model-
ing 3D hairstyles; sketch-based hairstyle creation and edit-
ing [FWTQO07, WBCQ7], polygon-based hair representation
for efficient modeling [Y SK09] and hair geometry acquisi-
tion from real hair [PCK *08,JMM09], to namebut afew. For
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3D hair styling, Ward et al. [WGL 07] proposed asystem that
allows the user to emulate real-world operations, e.g., mist-
ing hair with water, cutting hair with a scissor and drying
hair with a blower. Bertails et al. [BAQ*05] presented a new
physically-based method for predicting natural hairstylesin
the presence of gravity and collision.

These 3D methods have high flexibility in designing
hairstyles. To check if a hairstyle fits to a certain face, we
require a photorealistic head model including both a face
and hair. However, preparation of such head model is not
easy; suppose a casua use case where only a few images
are available for an individual face and hairstyle. A realistic
3D facemodel may be automatically constructed from asin-
gle image using, e.g., [BV99], but automatic acquitision of
aplausible 3D hairstyle model is still difficult even with the
state-of-the-art methods [WY ZG09, IMMO09] and thus man-
ual labors (and modeling skills as well) are required. An-
other concernis about editing of 3D hairstyle models, which
also demands modeling skills even with special deviceslike
Sensable PHANTOM(TM) as used in [WGL07].

On the other hand, image-based 2D hair styling is
easy to use and nice to grasp an overview. In Miyata's
method [Miy98], ahairstyle image is integrated with a given
face image by warping. As a preprocessing, the outline of a
faceimage and the curve in a hairstyle image along the face
are specified so that the hairstyle image can be adjusted to
match face images. Chen et al. [CZ06] proposed a method
that constructs a vector field from a hairstyle image and
then warps it to synthesize slightly different hairstyles as,
for example, non-photorealisticillustrations. These methods
can warp the global shape of a hairstyle, but cannot han-
dle fine editing of hairstyles. Common commercial services
such asthe virtual preview [Hen] and atypical iPhone appli-
cation [LLC] share the same drawback.

In our image-based hair styling system, the user can finely
manipulate wisps of hair based on a novel representation,
layeredtexture pieces. A texture piecerepresentsahair wisp,
and thus our model can be regarded as a 2D variant of 3D
hair wisp models [PCP01, BKCNO3].

3. Our System

Wefirst describethe overview of our system. Figure 1 shows
the overview of our system. The inputs of our system are a
hairstyle image and aface image. The hairstyle and the face
can be of the same person or another. The face image is re-
quested to provide the entire face with no hidden part. Asa
hairstyle image, we use an image where regions except hair
are erased using photo-retouching software. To construct an
editable hairstyle model, the user first extracts belt-shaped
small images using mouse strokes. In this paper, we refer to
these small images as texture pieces. These texture pieces
are layered to construct a hairstyle model (Figure 2). The
layered texture pieces form the core of our system to en-
able local manipulation of hairstyles. By making a number
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Figure 1. Overview of our system. Texture pieces are ex-
tracted from the input hairstyle image. Then, a hairstyle
model is constructed by layering texture pieces and is in-
tegrated with the faceimage. The user can finely manipulate
the hairstyle model to satisfy his’/her demand.

w

centerline

Figure2: Texturepiece (left, wireframe only) and a hairstyle
model consisting of layered texture pieces (right). In the
hairstyle model, the centerlines are colored green, top ver-
tices blue and tip verticesred.

of hairstyle models and storing them to a database, the user
can select favorite hairstyles from the database.

3.1. Texture Pieces

Thekey ideain our systemistheuse of what wecall atexture
piece, which is a belt-shaped polygon textured with a hair-
wisp image that is extracted from the given hairstyle image.
By layering a number of texture pieces while allowing them
to overlap each other, our hairstyle model is represented and
rendered. Texture pieces enable fine-scale manipulations of
hairstyles, as described in the following sections.

A texture piece has a width parameter w, centerline ver-
tices{vi} (i=1,2,---N, whereN isthe number of vertices),
and outline vertices. The positionsfor apair of left and right
outline vertices are calculated by offsetting a centerline ver-
tex vj with +w in the direction perpendicular to the center-
line. Their positions are re-cal culated when the texture piece
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(a) Before

(b) After

Figure 3: Artifact handling around tips of texture pieces. (a)
Blocky artifactsin the red oval can be reduced by adjusting
alpha values around tip vertices (b).

is manipulated. Each vertex in a texture piece has a texture
coordinate and an alphavalue.

The alpha values are used for matting with a given face
image and other texture pieces. The alpha values are set as
1 for the centerline and are attenuated towards the outline.
By default, the alpha values at outline vertices are set as
0.8. Note that, if we simply layer texture pieces, blocky arti-
facts might occur around the tips of hair wisps (Figure 3(a)).
To address this issue, we linearly attenuate the alpha values
from the vertices at 25% in length from the tips, and set the
alphavalues of the tip vertices zero.

Extraction of texture piecesis currently done by a manual
operation as follows. The user first specifiesthe width of the
piece, and then draws a mouse stroke along the flow of hair.
The stroke is smoothed and used as the centerline of a new
texture piece. The order of layering of texture piecesis the
same as that of extraction.

This manual extraction is the bottleneck in our current
work flow, which we wish to eliminate in future work. For
example, the time required to construct a hairstyle model is
about 15 minutesin the case of the developer of this system.
However, we do not think it is critical becausethis operation
is required only once for a single hairstyle model and the
model can be reused.

3.2. Scaling Tool

We first explain the scaling tool among the three tools pro-
vided in our system. The user first selects texture pieces by
drawing a mouse stroke across the centerlines of the pieces.
The user can lengthen or shorten the selected pieces by just
dragging the mouse downward to the tips or upward to the
top of the head, respectively.

To roughly guide the direction of shrinking and length-
ening, our system uses a quadratic curve that is fitted to x
and y coordinates separately for the centerline vertices using
least-squares. We denote the curve asC(y) = (x(Y), y(Y)).

The new vertex positions vi = (x{, y{) in scaled center-
lines are calculated as follows. Let g be the scaling factor
calculated as aratio of the distance from the top vertex v to

the start position of the mouse drag and the distance from v,
to the current position of the mouse drag, then

X = x(gi) + (x(i) —x) d M
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Figure 4: Modification of growing directions of texture
pieces. (b) If we fit a curve to each centerline individually,
the growing directions of texture pieces become scattered.
(c) This can be modified by adding an extra control point for
each piece.

i =y(gi)+(y(i)—y)d @]

where d is a coefficient to control the amount to take into
account the differences between original vertex positions
(xi, yi) and the corresponding points on the fitted curve
(x(i), y(i)). If the scaling fator g is larger than one (i.e,
lengthening) and the differences are alowed to be large,
the centerline gradually leaves the fitted curve and becomes
winding. Thuswesetd = 1if g > 1. On the other hand, if g
islessthan or equal to one (i.e., shortening), we setd = g to
make the centerline close to the fitted curve gradually.

Note that naively fitting a curve to each centerline causes
the pieces to grow to scattered directions when lengthening
(Figure 4(b)). To control the growing direction, we add a
control vertex v¢ from each tip of a selected piece to the
direction of the mouse drag when applying least-squares.
Let M be the unit vector that represents the direction of the
mouse drag, then

Vc:VN+am (3)

where o isaweight and vy is an end point of the centerline.
Note that o should be determined according to the number
of vertices in the centerline; whilst the control vertex works
well if the number of vertices is small, the control vertex af-
fects little if there are many vertices, unless it is added far
away from thetip. Consequently, we set oo = N in our imple-
mentation. Thisworkswell to control the growing direction,
as shown in Figure 4(c).

3.3. Combing Tool

Using the combing tool, the user can changethe flow of hair
along mouse strokes as shown in Figure 5. Asthe user drags
the mouse, the selected texture pieces are warped while
keeping their lengths of centerlines.

In the combing tool, a texture piece is selected if its cen-
terline intersects with a circle centered at the current posi-
tion of the mouse cursor. The centerline vertices v; located
within the circle are moved to the new positionsv] along the
direction m of the mouse drag, while keeping the distance



10 H. Watanabe & Y. Kanamori & J. Mitani & Y. Fukui / Animage-based hair styling system using layered texture pieces

(a) Before (b) After

Figure5: Close-upillustration of the combing tool. The flow
of hair is modifed along the mouse stroke (orange).

between vertices vi and vj_.

/. (Vi—Vviig)4+m

Vi=——————|IVi—Vi_1|| + Vi1 4)
iy ey MV

After this operation, v;j is smoothed by averaging the posi-
tions of the previous and next vertices so that the centerline
does not become jagged due to hand movement.

3.4. Cutting Tool

The user can cut hair with the cutting tool when the user
wants to erase certain parts of a hairstyle. When a mouse
stroke crosses texture pieces, we set the alpha values of the
region lower than the cross section zero.

Thistool worksdifferently from shortening by the scaling
tool. Suppose a texture piece whose centerline is straight up
to acertain length and then becomescurly. In this case short-
ening will keep the curled region whilst the cutting tool will
cut it off.

3.5. Automatic Fitting of Hair style Modelsand Coloring

Our system also provides automatic fitting of preset hairstyle
models to a given face image, similarly to Miyata's
work [Miy98]; when a hairstyle model is selected, the
hairstyle is automatically warped to roughly fit to the face
image. For automatic fitting, two oval-shaped point sets are
speficied both for the hairstyle model and the given face
image. The oval for the hairstyle model is arranged man-
ually beforehand whilst the oval for the face image is au-
tomatically calculated in runtime using the face detection
capability implemented in OpenCV. The hairstyle model is
stretched or shrinked so that the two ovals coincidewith each
other. The user can further adjust the hairstyle model by scal-
ing, rotating or translating it based on the oval.

The user can change the color of hair as well. Our sys-
tem represents the hair image in Lab color space. The user
can change the chroma of the hair by changing the ab color
components.

4. Result

Our prototype system was written in C++, using OpenGL,
GLUT, GLUI, OpenCV and DevIL. All experiments were

(b)

Figure 6: lllustration for automatic fitting. The hairstyle in
(b) is warped so that the blue oval coinsideswith (a) thered
oval on the given face.

Figure 7: Editing result with a female face. Faceimage size
is 1065 x 1600, hairstyle image size is 500 x 500, and the
number of texture piecesis 200.

conducted on a PC with Intel Core 2 4300 1.80GHz, an
NVIDIA Quadro FX 570 graphics card and 2GByte mem-
ory. The user could perform all operations at interactive
rates, as demonstrated in the accompanying video.

Figures 7 and 8 show editing results using our system.
The time for editing was about five minutes for each. Fig-
ures 7(a) and 8(a) are the results of automatic fitting of re-
spective hairstyle images onto faceimages. For Figure 7, the
user cut and evened up the forelock, and gave a volume by
spreading the middle of the hair using the combing tool. On
the other hand, for Figure 8, the user shortened the hair us-
ing the scaling tool (Figure 8(b)), and also lengthened the
hair using the scaling tool and changed the flow of the hair
(Figure 8(c)).

4.1. User Tests

To evaluate the controllability of our system, we conducted
user tests where four subjects were requested to edit each
given hairstyle image (Figure 9, right) so that it becomes
similar to a reference (Figure 9, left). About five-minute in-
structions, the subjects edited images up to 20 minutes using
the three tools until satisfied.

Figure 10 shows the results and the corresponding
times required for editing. Overall the subjects success-
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(a) Subject #1 (b) Subject #2

(c) Subject #3 (d) Subject #4

Figure 10: Results of the user test where four subjectswere requested to edit the given hairstyleimage (Figure 9, right) to make
it similar to the reference (Figure 9, left). The times required for editing are; (a) 6 min 21 sec, (b) 9 min 29 sec, (c) 11 min 38

sec and (d) 7 min 59 sec.

Figure 8: Editing result with a male face. Faceimagesizeis
480 x 680, hairstyleimage sizeis 600 x 600, and the number
of texture piecesis 150.

Figure 9: Reference image (left) and a hairstyle image
(right) used for the user test.

fully performed operations such as “separating the fore-
lock”, “changing the length of hair wisps” and “making the
inward flow of hair to outward” within from five minutes to
about ten minutes.

Next we also requested the subjectsto select their favorite
hairstyles and edit them freely. Also in this case the subjects
were given 20 minutes and allowed to edit until satisfied. As
shownin Figure 11, the subjects obtained satisfactory results
in at most about ten minutes.

Here we introduce the comments from the subjects. Re-
garding the scaling tool, a subject said, “ This tool was easy
to use as | could scale the hair in natural directions.” An-
other subject criticized that hair wisps are lengthened unnat-

(© The Eurographics Association 2011.

urally when the tool is used near the top although it works
intuitively around tips. This is probably because we calcu-
late the scaling factor as aratio of distances calculated from
the top vertices and thus the factor changesdrasticaly if cal-
culated near the top. About the cutting tool, subjectssaid “It
works pretty well asif | were cutting with a scissor.” and “ If
used for finishing after using the scaling tool, the hair wisps
were evened up beautifully.” For changing the flow of hair,
the combing tool isimportant. About thistool, subjects said,
“1 could useit intuitively.” “Theuser will useit freely to some
extent if the user gets used to.” On the other hand, there are
also critical comments; “It requires some training to use.”,
“The shape of a wisp can be drastically changed if this tool
is used near the top.” Another important comment is that,
the wisps can get clustered when using this tool, which may
cause gaps between hair wisps. This problem can be avoided
by adjusting the radius of influenceof the mouse, by increas-
ing the number of texture pieces, and probably by introduc-
ing collision handling for centerlines of texture pieces.

5. Conclusion and Future Work

We have presented an interactive system for editing hairstyle
images. The key idea of our approach is to introduce a tex-
tured belt-shaped polygon called a texture piece to repre-
sent a hair wisp, and to model a hairstyle with layered tex-
ture pieces to enable partial manipulations of the hairstyle.
Specifically, we have presented three tool s for fine manipula-
tions; the scaling tool for lengthening/shortening hair wisps,
the combing tool for changing the flow of hair and the cut-
ting tool for scissoring hair wisps. As demonstrated in the
user tests, our system can be used well even by novice users.

In future work, we would like to develop a method to
reduce the manual labor to extract texture pieces from a
hairstyle image. Additionally, we would like to handle the
shading of hair better; when using the scaling tool, the high-
lights on hair wisps are also scaled incorrectly in our current
system. Theillumination differences between the faceimage
and the hairstyle image should be corrected to improve the
realism of synthesized resullts.
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(@) Subject #1 (b) Subject #2

(c) Subject #3

(d) Subject #4

Figure 11: Results of the user test where four subjects freely edited their favorite hairstyles. Upper row: initial settings of
selected hairstyles, lower row: edited results. Each column corresponds to the input and the result of a subject. The times
requiredfor editing are; (a) 4 min 2 sec, (b) 10 min 23 sec, (c) 7 min 30 sec and (d) 5 min 32 sec.
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