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Abstract—This paper presents a locally controlled, easy to  Human body modeling by 3D sculpting is an approach
use, morph-based body modeling tool for virtual applicatims. frequently used by artist-modelers where a spherical or a
Morphing is a shape interpolation technique widely used for rectangular mesh is converted into body parts by modifying
3D modeling. It is simple and stable. For local control we hag - .
carried out an anthropometric segmentation of the body. Smoth them W'th the IOF"S of a general purpose modeling tool.
continuity at the boundaries of individual segments is actéved by Commercially available 3D software such as Maya, 3Dmax,

weighted interpolation. The paper also presents a virtual dessing Softimage are some examples. This approach, although ef-

application where the modeler is employed. fective, is very time consuming and requires expertise of
the software package used. It is widely employed for 3D
l. INTRODUCTION animation and special effects work in the film industry, vener

3D human body models are used in a wide spectrum the quy model; for_specifi(_: charfacters are deyeloped ortte an
applications that require images of human replicas. Thesr yused in t_he _ent|re film. Using th_|s technique in human body
in film and entertainment industry and on internet is verfgersonalization for general use is too costly. Below Fig2ire
common. Now that the support for 3D graphics technolod strate_s how a humqn hand is modeled by a combination of
in wireless applications is getting very strong, humanicagl 9€0metric transformations.
will start to play an important role in this field as well.

Parametric modeling of human body provides an in-built
economy to the replica creation and therefore should be con- #
sidered in wireless applications where communication band  TopVier
width is a critical issue. It is possible to enable the cozati W
of a replica at a remote site that keeps a default geometric %
description just by sending a few parameters. These paeasnet
are then used to customize (personalize) the default gegmet
In this sense parametric modeling is a data compression tool

This paper presents a parametric human body modeler based
on shape interpolation. The paper is organized as follows. A
taxonomy for existing body modeling methods are given in
the next section. Shape interpolation is described in @ecti
lll. Body modeler and anthropometric body segmentation is
explained in section IV. Following section briefly presetits
virtual dressing room application. Conclusions followsthi

| Front View

Fig. 2: An example of 3D sculpting: Modeling the hand

Automatic modeling approaches, on the other hand, usually
exploit sophisticated hardware or software to capture flata
the bodies of real humans. 3D laser scanning [1][2], shape
from structured light, shape from silhouettes, shape bjyaisa
The block diagram given in Fig. shows a categorization f@f images[3][4] and image sequences[5][6] are among the
existing techniques in human body modeling. techniques employed. This approach is usually the only-alte
native if a high level of detail modeling of a person is reqdir

II. RELATED WORK

PARAMETRIC One example is the Civilian American and European Surface
3D SCULPTING MODELING: AUTOMATIC Anthropometry Resource Project (namely CAESAR) data set
[7]. This data set contains the most extensive samplingsafrla
scanned human body measurements. Although very efficient
MANUAL "I s AUTOMATIC and effective the required hardware is usually expensiee an

) _ ) ) ) requires the person whose body will be modeled to be availabl
Fig. 1: Techniques in human body modeling at the site where the data acquisition system resides.



Parametric approaches start with a pre-modeled human body ] [
set and create new body models from these by parametrically
modifying them[2][8]. Pre-modeling is usually achieved by
employing a 3D sculpting and/or an automatic technique. In
constructive methods one can parametrically control haw th ‘
body model will be built using building blocks, in deformnai .

based methods one can control how the existing model will Fig. 4: Discrete (left) and smooth (right) interpolation
be deformed to make it look like the intended one[9], and
in interpolative methods one can control the blending amo Mg Ecdy weasuemenr ] Defrion

e . 1 Stature Vertical distance between the top o
existing models for creating the new one. the head and the bottom of the e Q
one. 4
2 Leg Length Vertical distance between the crotch .
[1l. SHAPE INTERPOLATION level and the botiom of the heel
bone
Shape interpolation is based on the idea of creating ngw?® | Amteno® e e o
shapes by blending existing shapes. The term 3D morphingHs—{ewem o e purist bone.

widely used for the specific case where two pre-constructed® | Srest/Bustem F Sonex bt circumference at ches

/ bust height

and properly allgned polygonal meshesn(ﬁrph'a)urce and 6 Under-bust Girth Horizontal girth at the height just

below the breasts

a morph-target) are used to create in-between shapes. -4 J=5=m T = T L
between shapes are created by parametrically combiniRg— ot oo s mgesreor
matChIng p”m't've palrs on the source and target Shap@ (F 10 (LSLI)F\:/'-Ier Leg 7 Lower \lfleoiizs:tzr;?:husftelié:elg.rgest con-|
3) Limb Girth vex hull at the lower leg.
vy v, TABLE I: Anthropometric measurements of the human body
v, V,
) ’ A \A
> V4 V3
>
- IV. Boby MODELER
v, v, V, v, v, v, V, v, We have developed a locally controlled, easy to use, morph-

Fig. 3: A shape interpolation example in 2D, where a squa?é‘sed body modeling tool for virtual applications. Iniyal
is morphed into a triangle ' a number of morph targets (both for women and men)

are sculpted using commercially available software (Fig. 5

Given two sets of vectorS andT where each vector keepsMorph targets are segmented anthropometrically and cali-

the 3d coordinates of a mesh vertex, an in-between shape
B(u) can be parametrically defined as a linear combination
as follows:

S {sili=1...n}

T = {tjlj=1...m} m>n (1)

p = {(k)|s,eS teT} (2
B(u) = {sp+u-(ti—sk)|

s € S,t1 € T, (k1) € p} ®3)

Here the sej: is the mapping. Establishing requires finding

the matching pairs of vertices between the source and target
meshes. This can be done manually or automatically with the
aid of a software tool.

aII;\/A (;rsp h;n\g,]vﬁ;lfe;;g,i :ggt?gnsr;?pso:ﬁ ?ﬁ e”?gj:ggm::dgltggg. 5: Female target models having dress sizes 34, 40, 46 and
target shapes are required if local control is desired. Tthen

transition can take place locally from one source segment to

the matching target segment. This process however can |&5gted using industry standard body measurements from gar-
to unwanted artifacts as shown in Figure 4. ment industry. Table | shows the anthropometric parameters

In our modeler to maintain smoothness at the boundari¢€d in segmentation of the human body. .
of segments a weighted interpolation is used. An in-betweenWe have used three skeletal length parameters for defining
shape is defined as: the body. These are body height, leg length and arm length.

Modifying a length parameter can be achieved by a vertical
B(u) = sk +u-wy - (b — sk) (4) scaling. However, scaling displaces the vertices and ansksa




a problem on segment boundaries. Our modeler copes with thégment region in a step by step fashion. Figure 7 shows the
problem by re-translating the displaced vertices whenirequ segmentation for the waist area. The vertex set in each sggme
All the remaining parameters are body girth measurementgice labeled can be saved and loaded as a VRML file.
Body calibration is achieved by finding the convex hull [10]
for the body at the predefined girth positions, calculatimg t
actual girths of the 3D model at these positions and comgarin
these to the standard measurements. If required the model is
modified by scaling horizontally at these positions. (Fig. 6

----e QOutline of point set

—----® Convex hull

C_ZD Fig. 7. The Segmentation Tool

Fig. 6: Visible girths in the 3D environment

V. VIRTUAL DRESSINGROOM

A. Segmentation We have incorporated the body modeler into a Virtual

Dressing Room application where the users create theiralirt

For segmentation and mapping we have used the tool thafjicas and dress them using photographic images of real
we have developed for editing polygonal meshes. This t09hrments. This is achieved with the aid of a compositing

employs a winged edge table data structure [11]. Table {ljnsystem which creates dressed images of virtual replicas
shows the set oflata tables kept for this data structure. by manipulating layers of photographic images of garments
and layers of images of the modeled body (see Figure 8).

Edge Vertices Faces Left Traverse | Right Traverse
E Start [ End | Left | Right | Pred [ Succ | Pred [ Succ
@ Vg | Vy F1 | Fs Ey | Eg4 FE. | E.

Vertex | Incident Edge
Va a
Vy C

Face Incident Edge
Fl Ed
F2 Ea

£ v "Ee

TABLE II: Edge, Vertex and Face-related data stored in
winged edge structure.

The data structure is constructed using the edges in a
polygonal mesh. Each edge is defined by its start and end Fig. 8: The multilayer compositing
vertices. The two faces shared by an edge are called the
wings of the edge and they are stored in the data structurédBody images are synthesized by the Ray Tracing renderer
as well. Edges of each wing are also stored in a clockwitigat we have developed. We have accelerated the ray tracing
order. Left and right wing'’s edges are stored aspiteglecessor  process by utilizing a bounding box decomposition techaiqu
andsuccessor respectively. We also keep two more tables fawhere a hierarchical octree is fitted to the modeled body.[12]
vertices and faces. The vertex table has one entry for eaclOctrees are constructed by recursively subdividing rectan
vertex which contains an edge that is incident to this vertegular volumes into eight subordinate octants until the Itegyu
The face table has one entry for each face which containslaaf volumes, or voxels, meet some criterion for simplicltige
edge that is one of this face’s boundary edges. leaves of the octree which intersect with the shooting ray ar
Winged edge data structure provides a direct access to theshed onto a testing stack. Then all the leaves in that stack
neighbors of an individual vertex. Thus it is straightfordia are searched for the closest intersecting polygon. As seen i
to find all the closest neighbors of a set of vertices. This h&gure 10, all the tested leaves are candidates for contqini
allowed us to grow, and to assign weight coefficients to eate actual intersection. The acceleration works by findirey t
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Fig. 9: Octree fitted to modeled body Fig. 11: Virtual Dressing Room - Body Personalization

RECHILE S L Gt asiiiey
candidate leaves in @Qg n) time instead of traversing the
whole structure in Qy).

EE e e s e | | 7_«| s | [an | - |
\__\ (a) Neck Marking (b) Background Extraction
[ /\\//// Fig. 12: Face Personalization Wizard

o Q
Tested leaves Mesh cross-section

Intersection

Shooted ray Garment specific information (length, bust size, hip sizé an
Fig. 10: 2D representation of a ray shooting iteration usirRjh€r such parameters) to be used in the garment fitting gsoce
octrees are entered to the system via an easy to use software module

developed for this purpose. Garments are also metrically

After obtaining the point of intersection, we calculate th@arked to guide the fitting process.

ilumination at that point (to be used as the pixel color). Figure 13 shows the Virtual Dressing Room application final
Surface illumination calculation is done by using locafutie render window with the associated web site window. Multiple

ilumination where the surface normaL position of the tighVieWS allow the user to have a better idea of the garment fit.

source and the camera coordinates are taken into account.
An ambient term is also added to simulate global diffuse
illumination. Since specularity of the body skin is igndab
specular reflection is discarded. For anti-aliasing, weehav
implemented super-sampling using a stratified jitteredepat

A. User Interface

The user interface for the modeler (Fig. 11) has been imple-
mented using OpenGL and contains common GUI elements
such as sliders and textboxes. It enables the users to select
an overall body size, to enter their skeletal and girth body
measurements, and adjust the body model using sliders.

Once the body is modeled, the user can personalize the face
of the model. For this purpose firstly a face photograph (JPEG
or BMP format) file is loaded. With the help of the face editor, Fig. 13: The Dressing Room
the parts of the image containing the dress and the backdroun
is removed (Fig. 12) leaving the face and the hair extracted.




VI. CONCLUSION [3]

We have presented an easy to use and intuitive 3D model-
ing tool for personalization. Tool is based on parametérize
shape interpolation. To enable local control, we have usédl
anthropometric segmentation of the body. Smooth geomet-
ric continuity between the body segments is achieved via
weighted interpolation. Early experiments have proved ¢a [
wide spectrum of human bodies can be successfully modeled.
The tool is incorporated into a web-based virtual dressing
application where users create their virtual replicas a@irth
local machines and dress them by downloading garments frofl
the web server. Trials has shown that the application pesvid [7]
meaningful feedback in terms of dress fitting. (8]
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