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Abstract

The research presented in this paper is to devaldgchnique of virtual human modeling for the gamtne
industry from two photographs of a human body im terthogonal views. Firstly, an efficient segmeiotat
method is applied on the two photographs to oliteércontours of the human body. After that, a tetepbased
feature extraction algorithm is introduced to detiee the feature points on the human contours byam
morphology rules. Finally, a view-dependent defdiamatechnique is described to construct the virtuaman
body by using human contours. Our segmentationriéihgo is derived from the Mumford-Shah segmentation
technology and the level set formulation, and itaiscelerated by applying multi-pyramid levels. The
deformation technique is related to axial deforomatiwith our deformation method, the referencecsiéttes
(the front-view and right-view silhouettes of tharplate human model) and the target silhouettes f(tmt-
view and right-view silhouettes of the human bodynf the photographs) are used to deform the templat
human model, which is represented by a polygonahmeth predefined features. The self-intersectiozblem

in the axial deformation is solved in our deformatapproach. Compared with other virtual human rioge
approaches, the speed of constructing the humarln®ihcreased; and our deformation techniquebidier
continuity and local deformation properties. At #rad of the paper, some potential applicationgHergarment

industry are given to demonstrate the functionadftyirtual human models constructed by our appnoac

Keywords: multi-pyramid segmentation, view-dependent defdioma virtual human, photograph, garment
industry.

1. Introduction
The work presented in this paper comes from thgeprof developing a computer aided 3D pattern mgki

platform. Such a platform is important to help agbaenterprises stay ahead of current technological
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innovations by major retailers and manufactureesiegal papers about building a geometrical modeklbgrse
engineering (RE) have been published [1, 2, 3MRE systems, the geometric model of an objegeiserated
from a cloud of points, which can be obtained bgrdinate measuring machines (CMM) and 3D laserrssan
The accuracy of the models generated from cloudytpds always high. However, their speed is alwslgsv.

In the garment industry, sometimes, a rapid anddost 3D virtual human construction approach il
For example, if a client orders custom-fitting tles over the Internet, only the traditional tapexsueement
number is not enough for the modern 3D customizattlepn making (e.g., the crotch shape and oriemtati
cannot be provided); if he has difficulty in findim nearby service center to take a body scanpgtagihs of
him wearing tight clothes are alternative inputstilve this problem. Some research has recentlyrgte
virtual human models from photographs [5, 6]. Ouetlmd also constructs virtual human models from
photographs, but the speed of human model congtruéd increased, the feature points on silhouedies
extracted automatically, and the continuity and tbeal deformation properties of our deformatiore ar
enhanced. The height of the human body is useldegsarameter for the calibration.

In our approach, an efficient segmentation methodgplied to two photographs (front-view and right
view) to obtain the contours of the human body sspdy. Then, the features on the human contougs ar
extracted based on general human knowledge (in stdp, some information is transferred between the
extraction of two contours). Finally, the view-daepent deformation deforms the template human maitél
reference to the correspondence between the retegimouettes (the front-view and right-view sillettes of
the template human model) and the target silhosi€tte front-view and right-view silhouettes of theman
from the photographs) to obtain the final human ehodhich is represented by a polygonal mesh. T f

chart of the whole system is shown in Fig. 1.
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Fig. 1 Flow chart



At the end of our paper, in order to demonstrageftimctionality of the virtual human models consted
by our approach, some potential applications fa garment industry are given. They are: 1) dimerssio
extraction from human models; 2) rapid prototypfog mannequin manufacturing; and 3) three-dimeradion

garment construction.

2. Related Work

Since rapid and low-cost virtual human constructigrproaches are sometimes required in the garment
industry, some researchers recently tried to gémexairtual human model from photographs. Hiltorale [5]
introduced a technique for automatically buildirgcagnizable, moving 3D models of individuals. Ireith
method, a set of multi-view color images of a parsocaptured from the front, sides and back by aneore
cameras. A model based on the reconstruction giesifmm silhouettes is used to transform a stan@ard
generic humanoid model to approximate the persirépe and anatomical structure. A realistic appearés
achieved by color texture mapping from the muléwiimages. Their approaches focus on the visugdizat
result of human models. In our approach, a newrdedtion technique is developed, which has bettaticoity
and local deformation properties. Lee et al. [§Joapresented a method for full body cloning. Tlssistem
utilizes photos taken from the front, side and ba€lka person in any given imaging environment witho
requiring a special background or controlled illaating condition. A seamless generic body specifiethe
VRML H-Anim 1.1 format [7] is used to generate amdividualized virtual human. Their body-cloning
component has two steps: 1) feature point spetificaand 2) two-stage body modification by usiegtfire
points and body silhouette respectively. The feapaints in their system should be specified irtévaly, they
can be processed automatically in our approactpplyimg human knowledge based feature extraction.

In our virtual human modeling approach, an effitiemgmentation method is applied on the two
photographs to obtain the contours of the humairy.bédrious algorithms are available for boundartrastion
[8, 9, 10]. The active contour model can be consideas an energy-minimizing approach, it searcheshie
local energy minimum on a potential surface. We lddike to give special consideration to a relaljveew
approach [10], which can detect objects whose baries! are not necessarily defined by the gradiethod.
However, this approach is very time-consuminghia paper, we build a pyramid for the given phoapgr and
perform a multi-resolution segmentation, which dexaes the silhouette extraction process.

After the contour of a human model is extractednftie photographs, the features on the human cantou
are extracted by human morphology rules. The sdttes with features defined are the input of our

deformation. We use the reference silhouettesf(tm-view and right-view silhouettes of the tentpldduman



model) and the target silhouettes (the front-viexd eght-view silhouettes of the human from the folgoaphs)
to deform the template human model (which is regmesd by a polygonal mesh) to construct a new human
model. The modeling and animation of deformablesctsj have been an active area of research forgatiime.
Free-form deformations (FFDs) [11] and their vai$aji2, 13, 14, 15] are popular and provide a héylel of
geometric control over the deformation. FFDs aefuldor coarse-scale deformations but inadequatdirier-
scale deformations, even if a very dense latticeustomized lattice shape is defined. Axial defdioma[16]
provides a more compact representation in whidheadegment or a curve is used to define an inigjlobal
deformation. Our deformation technique appearsaietbetter continuity and local deformation projesrtvith

reference to the warping [17] and the wire defoiomaf18].

3. Silhouette from Photograph

We determine the silhouette of human models froratqdraphs by the segmentation technique. Our
segmentation model is related to the Chan-Veseitlign[10]. To reduce the computing time needecetich a
stable result, we improve the Chan-Vese model bgguthe segmentation algorithm in the multi-pyramid
levels. Computation is reduced because we canseptréarge-scale photographs in a more compact endoyn
fewer pixels at a lower resolution.

Basic idea

Before we describe our segmentation model, the signised are introduced in Table 1.

Table 1 Notations for segmentation

Symbol Meaning
Jo(X,Y) The given image

Y The bounded region defined by the active contour
W=1Y The boundary ofY - a variable curve
g(xy) The level set function

H (z) The Heaviside function
d(z) = di H(z) The delta function
Z
(o The average ofj, inside W (depending o)
C, The average ofj, outsideW (depending or\v)

Our segmentation model is based on the level set functionhan@han-Vese energy function [10]. New
implicit representations [19] have been proposed based on te¢ dev methods [20] for the image

segmentation. The level set functigfx, y) is defined as:

>0 xTY
gxy)= <0 (xyT Y- 1)
=0 (x,y)T 1Y



whereY represents the region outsidYe, and Y represents the boundary ¥f. The energy function is
based on the Mumford-Shah variational model [21] that captheesmost general” segmentation energy,

which can be represented by the following equation,

Esnake(vv) = Einside(W)+ Eoutside(W) = nLengt}"(W) + /1 9o - Cl|2dX+ /2 |gO - C2|2dX (2)

inside(w)| outsidgw)
where 17 is a relax factor of the length constraifi, is the ratio of the internal energy, anhd is the ratio of
the external energy. They are used to adjust the segmentatigh [6. Usually, we usen = 005,
/,=05~30, and/, =05~ 30 For the level set formulation of the variation active contmadel, the
unknown variableW can be replaced by the unknown variable, y) . The slightly regularized version of the
functionsH (z) and d(z) is used to solve the associated Euler-Lagrange equation femkmewn function

g(x,y) . After integrating with the level set function, we can iigvthe energy function aEShake(g,cl,Cz) in

the following way,

Esnake(gvollcz) =m v |NH(g)|dxdy+ /1% v |U0 - 01|2H (g)dxdy+/2 x v |U0 - Cz|2(1' H (g))dx. )
The unknown constantss{ and c, ) are explicitly represented as functionsggk, y) . Therefore, we only need
to considerg in the new representation of the energyES—nake(g,(:1(g),c2 (g)) , where c;,c, are fixed.

Esnake(g,cl(g),cz(g)) is minimized with respect tg(x, y), and¢ is chosen as a test function of the same type

of g(x,y), so we obtain

1
lim = (E(g +17,¢1(9).,(9))- Eg,¢(9).¢,(9)) (4)
which leads to
- N
ook m ey v g 11(go- ) +/2(0 - o) Q
nW. since 19-9"-9" 1 soning the ab tial differential equesi btaing™ . Th
. T o y g the above partial differential equatip we obtaing™ . Then,

instead of evolving the curvé , we consider the evolution of the level set fumttiy(x, y) and extract the zero

level to see the results.
Numerical solution

A finite difference method is applied to solve eiipa (5). Let (xi,y]-) be the grid points, so

gi'?j :g(nDt,xi , yj) approximatesg(t,x, y) , Wheren3 Q Discrete the equation (5) by
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which can be converted into the following lineamfo

glnjrl - gl N +Dta! i ]):”L(g )(Clarrll] + C2g|n+l +C3g| j+1 + C4g|n+l

GG ;tcs *Ca) gmhy- 1 (uo,, 01(9 )) (Uo,i,j - Cz(gn))z] "

where

1 1

C, = )
l \/(ginm - g0 )2 +(9i'7j+1 g’ 1 \/(gu 91 +(gir]li - girjlj-l)z/df
1 1
3= 1Cy =
\/(gin+lj - gir]lj)z/4+(girji+l - 9 )2 4 \/(ginﬂj - gir]u-l)z/A'*(gi?J - gir,]i-l)z

The length term d(g]NgidY of equation (5) is converted lb(g”) in equation (7), which is computed by the
Y

following equation after discretization.

m_width m_ heig b 2 e >
L(gn): Lengtr{gn :d = gln])\/ i 29|-L1 + gij+x Zg.,,.l @
i=0 j=0

Applying equation (7) on an image, the active cantmoves towards the boundary of the image objedtet

9" - gl
extracted. Wher—_ - ik
|

< e (wheree is a small constant, e.gs,= 0.005 Yithe iteration stops.

Improvement by multi-pyramid approach

Above single level segmentation algorithm obtaireody results of interested object. However, the
algorithm takes a long time to reach a stable tesspecially for a large-scale photograph. To ceere this
problem, we use multi-pyramid level segmentatidme Tomputing time can be significantly reducedviercan
represent the photograph in a more compact wagwerf pixels at a lower resolution. As shown in FAgthe
grids represent pixels of the given image, andgtiag block represents the “pixel” used in a spedifpyramid
level. When we segment an image, we usually begim lawer resolution pyramid level. Therefore, vanc

quickly get the rough boundary of the object tosbgmented in the given image. After that, we userthugh



boundary as the initial condition of the segmentatn the next pyramid level to obtain a more aatairesult.

Thus, the whole procedure of segmentation is spped

Level 1 Level 2 Level 4

-~ S
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High resolution Low resolution

Fig. 2 Computing nodes in multi-pyramid level sgmentation

¢ 6s

(a) input photograph (size 576x432) (b) 12s

Single Multi- id
Level pyrami
Level
115s 26s

»

(d) stable result with single-level (e) stable result with multi-pyramid level

Fig. 3 Single level segmentation vs. multi-pyraith level segmentation



The comparison between single level segmentatidmauiti-pyramid level segmentation is given in F3g.
Fig. 3a has 576x432 pixels. After applying the Brigvel segmentation algorithm on Fig. 3a, it akd5s to
obtain a stable result (shown in Fig. 3d). The flfwnulti-pyramid level segmentation is shown ig.F3a, 3b,
3c, and 3e. Fig. 3a is segmented with 3 pyramidigeand the resultant quality is equal to that ggted with a
single level. But the computing cost is dramaticaiduced. It takes only 26 seconds to obtain blestaesult
(The testing is performed on a PIll 500MHz PC witB8MB RAM). The pixels on the boundary @ are

detected by searching the points wittx 0. It is straightforward.

4. Feature Extraction

The objective of feature extraction is to estabtist correct correspondence between the silhooéttee
photograph and the silhouette of the synthetic mddle should robustly extract a set of feature tsfor a
wide range of changes in the body shape and simeachieve this, we assume that the person stands
approximately in a pre-specified posture and weigig clothes so that both the armpits and thectratre
visible. Before the feature extraction, we spetiify coordinate system of the silhouettes in thatfulew and
the right view as shown in Fig. 4. The human mddeés along the-axis direction, the-axis is horizontally
pointing to the left of the human model, and texis is vertically pointing upwards. Several kegture points
are defined in the silhouette (see Fig. 4). Theppriion from the key feature points can obtain pguexiliary

feature points, which is very straightforward. Thue focus on the extraction of the key featurenfzohere.
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Fig. 4 Coordinate system of the silhouettes

Some notations need to be defined before featuraation is explained. The total number of points o

silhouetteW is defined byNp; W; represents the silhouette obtained from the fuwiew, andW, represents

the silhouette obtained from the right view; thentiers of points o, andW, areN; and Nj. X(R),



Y(R), and Z(Pi) represent theX , Y, andZ coordinate of poin® on W. We assume that the points @

and W, are sorted in an anti-clockwise ord&,(R,W represents the set of points that comes aftert fdin
along W, and G (R, W) represents the set of points that comes beford Fbialong W .

Before the extraction, we scale and translate tloedinate system to the position and orientatiamwshin
Fig. 4, where theZ coordinates of the two views are the same. Thdmgc@ calibrated by the height of the

human body. An algorithm for extracting featurensifrom W; and W, is given below.
1. Key feature extraction from front view (find poinfs*l_ i6):

Defining the maximum value and the minimum vaIueY()IPi) and Z(Pi) (PT W;) asYpay, Ymin @and
Zrax» Zmin» We use the following steps to obtain poifts. (¢ .

(a) P;, is a point that satisfies the following conditionB;, T W, , Z(P;1)> Z(G,r(P;l,Wl)), and
Z(P;l)> Z(G_ (P;l,Wl)), where

A 2 1 1 3 3 1
Wl :{P| | P| I Wf 1Z(Pi)< (gzmax +§Zmin)v(zYmax +ZYmin) <Y(Pi)< (ZYmax +ZYmin )} ;

(b) P;, is a point that satisfies the following conditiong ,T W, , Z(Pf*z)< Z(G+(P;2,W2)), and
* * ~ 1 .
Z(Pf2)< Z(G— (Pf27W2))! WhereW2 :{P| |P| I Wf ’Ymin <Y(F’i)<Ymin +Z(Ymax - Ymin )} )

(c) P;; is a point that satisfies the following conditionBf;T W, , Z(P;3)<Z(G+(P;3,W3)), and

* * -~ 1
Z(Pf3)< Z(G- (Pf3!W3))’ whereW3 :{P| | PI I Wf vaax - Z(Ymax - Ymin) <Y(Pi)<Ymax} ;

@ P ==Y} R 1RT W 2(R)> Gz + 52

(e) P;s is a point that satisfies the following conditionB51 W, Z(Pf*5)> Z(Q(PF5,W5)), and
Z(P§5)>Z(G_ (Pf*S,W5)), whereWs ={Pi [PT W, f2<i< fl};

(f) P is a point that satisfies the following conditionBq1 W , Z(Pf*6)>Z(G,(Pf*6,W6)), and
Z[Pis)> Z(G (Plo. We)), wherew ={R 1R T W, f1<i < 3;

2. Key feature extraction from the right view (findipts Pr*l_ 7 )



The slope at poin® is defined asS(P). The maximum value and the minimum valuefP ) and
Z(Pi) are represented bX ., Xmin @Nd Z 0y Zmin» WhereP T W, .
(a) P, is a point satisfying the following conditionS(P,*3): max@S(R)), P T W,, andP53 T W, , where

N 2 1 1
W ={R IR T W, Z(R)> (5 Zumax + 5 Zmin): X (R) > 5 (K + X )}

(b) P, = {Z = Z(Pr*3)} Wy ;

(©) P ={X =%(X<P§3)+ X(PL) {RIRT w,,Z(Pi)><§zmax +§zmm)};

* *

(d) P} :{Z = Z(P;l)} Ws, P :{Z = Z(P;l)} Ws, Ps :{Z =Z(P;) + D} Ws, and

*

P =1z =2(P}))+D} W, whereW, ={R [RT W,,X(R) > X(F’s)}, and D = Z(Ps) - Z(P3).

After applying the above rules on the silhouett¢éated in section 3, all the key feature points ban
extracted. The assistant feature points are compayteroportion rules used in the fashion induf2®; 23, 24].
Each feature points on the silhouette of the humadel in photographs have a corresponding pointhen
silhouette of the template human model. In the segtion, we use this correspondence to defornethplate

model to the shapes of the human models in theoghaphs.

5. View-dependent Deformation

With our method, the reference silhouettes (thentfkdew and right-view silhouettes of the synthetic
human model) and the target silhouettes (the fvaw and right-view silhouettes of the human frohe t
photographs) are used to modify the template humadel represented by a polygonal mesh. The system
moves the vertices of the polygonal model so thatdpatial relation between the original positiansl the
reference silhouettes is identical to the relati@tween the resulting positions and the targetséltes. The
movement is perpendicular to the view directiond aertices do not move in the view direction. Thitds
called view-dependent deformation. Our method lated to axial deformation [16]. The self-interseat
problem of the axial deformation is solved in oppwach, and the local deformation property is ddde

Deformation

For a given pointp in the view-dependent space of the object we want to find its corresponding point
g related to the target curve. Firstly, the neapeatit R(u) to p on the reference curve is determined (If there

is more than one point with a minimum distance,drag et al. [16] define to be the parameter with the

smallest value). Two coordinate systems: one onrdéifierence curve and the other on the target caree

10



defined withu (Fig. 5). The reference curve coordinate systemitsaorigin atR(u ) and X, (u ) is given by

the tangent oR at u. Likewise, the target curve coordinate systemitsasrigin atT(u ), and X, (u )is given

by the tangent o atu. ¥, (u) and ¥, (u)can be determined by rotating(u ahnd X, (u) 90 degree in an
anti-clockwise direction.

R ) T *
o

¥,.(u) 1

y(u)

AT

(a) reference curve (b) target curve

Fig. 5 Coordinate system for deformation
After defining the coordinate system, we can fihé x and y coordinates ofp in the reference curve
coordinate systemx(u) = (p- R(U))>X, (u and y(u) = (p- R(u))xy, (u). Next, we determine the poiotu )
corresponding top(u Yy
q(u) =T (u) + X(u) X, (u) + y(u) ¥ (u) ) (9
This is the new location op(u I our deformation.

Self-intersection problem

In cases of curves with a high curvature, selfrsgetion sometimes happens (see Fig. 6a and 6le e
“horizontal” curve is the reference curve and therfded” one is the target curve). In the human inuglethis
always happens at the armhole during the deforma@orrea et al. (1998) [17] used weighted averdgg(u)
for all u to avoid such a problem. With reference to thehmetof Correa et al., we use the following equation

to determine the final coordinate qfu : )

c(u;)a(y;)
q= '=1n— (10)
c(u;)
i=1
whereu; = - 0'5, i=1 ,n.We want the contributioa(u ?jo fall off with the growth of the distanag(u)
n

between the projected points pfu apd R(u ) in the view direction. Thus, we choose the contidn to be

11



c(u) = 1 (12)

Ce+d)f
where € is a small constant to avoid singularities whea distance is very close to zero, ahdis a constant
that controls how fast the contribution falls ofithwdistance. In Fig. 6c, we use=10"° and f = 3 The self-

intersection problem is solved.
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(a) high curvature (b) self-intersection (c) result

Fig. 6 Self-intersection problem

Deformation synthesis
In our virtual human modeling application, the $yiic human model needs to be synthesized from the

deformation in both the view-dependent coordingiaces of the front-view and the right-view. If, eaft

transferring the coordinate, the final coordinafe qfu) in the model space by thigh view-dependent

deformation isg; , the final coordinatey” of q(u) in the model space is determined by taking theames
. 1 n-1 R
qa=— q (12)
n._
i=0

wheren is the number of viewsn= & our system).

Influence area

i,

_—_—
(a) silhouette (b) template (c) global deform (d)dcal deform

Fig. 7 Global vs. local deformation
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After using equation (10) to calculate the deforrpedition of q(u ), obviously, the positions of all points
on the original objeckF are changed (we call it global deformation). Sdelfiormations sometimes do not
follow users’ expectation, i.e., when deforming thmplate human model in Fig. 7b to the silhouiettéig. 7a,
the deformation method of equation (10) leads ¢odiistortion of the arms (Fig. 7c, inside the @Jdbr it is too
close to the silhouette. This is not the intentidrthe users. Here, we introduce a parametewhich can be
used to define the influence area of the deformatm avoid this problem; the parametercontrols the

deformation area through influencing the functim . The new functiorc(u )should satisfy the following

three constraints:

Constraint 1 If d(u) >r, the function should be zero;

Constraint2  The function should fall off with the growth ofdahdistance functiom(u) whend(u) £r,
and it should be a single value function;

Constraint 3 The function should have a maximum value of 1 wHém) = 0, and have a minimum value

of 0 whend(u) =r (C° continuity).

(]
>
§ —— A\
S —0=—8
S —tr—C
T
0 0.2 0.4 0.6 0.8 1
d(u)ir
Fig. 8 Contribution function
It is clear that the following function satisfidgetabove constrains.
d(u)
1- ———=, du)Er
cw= 1" W (13)
0, du)>r

The curve of the contribution functiot(u i) equation (13) is shown in Fig. 8 (curve A). Thange the
continuity atd(u) = Ofrom C° to C!, the contribution function is changed to

d(u)
o(u) = 1- (T)Z' du)£r (14)

0, d(u) >r

13



The curve of the contribution functiog(u) in equation (14) is shown in Fig. 8 (curve B). Tieange the
continuity atd(u) =r from C° to C?, the contribution function is changed to

d(u)
ey = (7 -1, dWEr

0, d@) >r

(15)

The curve of the contribution functice{u in) equation (15) is shown in Fig. 8 (curve C). Afapplying the
new representation af(u above into equation (10), we can obtain a loc&meation result (as shown in Fig.
7d) by using the distance between a feature poidttlae central axis in the front-view d¢u , gnd using half

of the shoulder width in the front-view as
A more accurate method is to get the contours @ ahm separately from those on the body by
segmentation; and then using these contours tthgetrm'’s thickness. However, the garment indusdtrgs not

care about the girth of arms very much [22, 23; &dJour approach is an acceptable solution.

(@) (b) () (d) (e)

(® ) (h)

Fig. 9 Virtual human modeling

1)

6. Result

The whole procedure of virtual human modeling i®veh in Fig. 9, where Fig. 9a and 9b are the
photographs of the front view and the right viewadfuman body wearing tight clothes, Fig. 9c andisalv the
contour of the human with feature extraction resufig. 9e is the template model, Fig. 9f and Sgwskhe

contour of the template model with feature defiréd, 9h, 9i and 9j show the deformation resultewf view-

14



dependent deformation technique. The result modsl many applications in the garment industry. Eig.

shows the results of the other two examples.

(a) example I: male model

(b) example 1I: female model

Fig. 10 Results of two examples

7. Shape Approximation Error

Template W ' Actual ‘l
Model . Model |

Deformed

Model by
Wk andWr

Fig. 11 Shape approximation error
In this paper, we deform the template model fromglthouettes of two orthogonal views: front-viemda
right-view, so the deformation gives an approximaterror for the body surface (as shown in Fig. $ljppose

the dash curve represents the horizontal crosgeeuftthe actual modeM{; is the width in the front-view and

W, is the width in the right-view), the solid curvepresents the horizontal cross-section of the mphode,
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and the bolded curve represents the deformed ctireeshape approximation error is shown by compaitie
cross-section of the deformed model and the crestes of the actual model (the gray region shdvesshape

approximation error).

8. Applications

Some potential applications that might benefit frihis technology are briefly introduced in this ts@t.
They are: 1) dimensions extraction for human mqd8lsapid prototyping for mannequin manufacturiagd
3) three dimensional garment construction.

Table 2 Selected key dimensions (unit: CM)

Dimensions Male (Fig. 9) Male (Fig. 10a) Female (@i 10b)
Height 174.28 175* 180.01 171.86
Head Height 27.00 25 23.07 22.12
Belly Button 100.00 103 104.89 104.69
Crotch Depth 24.67 25 23.46 20.68
In-Seam 75.33 78 81.54 84.01
Knee Length 48.00 49 45.46 46.14
Vertical Truck 168.17 170 173.29 149.21
Half Shoulder Width 23.70 24 22.56 18.99
Arm Hole Circumference 35.75 36 37.07 31.00
Arm Length 56.48 58 60.04 54.01
Head Girth 68.22 64 62.58 66.09
Neck Girth 42.64 44 42.01 39.38
Chest 108.95 109 108.57 91.54
Lower Chest 103.07 103 102.21 75.46
Waist 102.14 102 93.53 74.27
Lower Waist 107.23 105 94.76 83.45
Hip/Seat 114.15 112 107.06 94.44
Lower Hip/Seat 114.23 112 110.41 96.98
Thigh Girth 71.15 69 73.02 62.14
Mid-thigh Girth 58.44 58 59.50 48.40
Knee Girth 45.27 45 38.50 33.74
Mid-calf Girth 41.86 43 39.90 35.61
Below-ankle Girth 36.33 35 35.29 37.75

* This column shows the tailor measurement reduh® human body in Fig. 9.
Dimensions extraction

Since our virtual human model is deformed from tamplate human model, the features defined on the
template are maintained during the deformation ggec Thus, the dimensions of the human model in the
photographs can be obtained easily from the fedines maintained on the reconstructed human mHel
feature lines are defined with reference to thesuh the fashion industry [22, 23, 24]). Tableh®ws the
selected key dimensions of the reconstructed 3Defsdd Fig. 9 and 10, and Fig. 12 shows the humadets
with the feature lines. Studies have shown thatiad6 to 50 measurements are required by pattekenmman

the garment industry. Taking measurements manigkxtremely boring work. Our method is a fast Sohu

By comparing the tailor measurement and the meammefrom our 3D model (Table 2), we can say that t
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result of our method is acceptable. The error mainimes from the shape approximation error shovaeation

7.

(@) (b) (©)

Fig. 12 Human models with feature lines

Rapid prototyping for mannequin manufacturing

In the garment industry, customized physical moadets sometimes required. To produce a custom-made
mannequin model, layered-manufacturing (LM) [25% leeen adopted which builds the model layer byrlaye
repeatedly. Since the stereolithography file (S®.)he standard input format of almost all RP aystéSTL
file represents geometry of objects by a facet M)pdand our system represents the human model by a
triangular mesh, it is very easy to output the nstaucted human model to any rapid prototyping (Bf3fem
from our system. Fig. 13 shows one example of lasttdled custom mannequin model, where Fig. 13avsho
the virtual mannequin model converted from theugrthuman model shown in Fig. 10b, and Fig. 13basho

the manufactured result of the virtual mannequimlehin Fig. 13a using LM.

(a) mannequin from female model of Fig. 10b (b) LMresult

Fig. 13 Full-scaled custom mannequin model usirigyered-manufacturing
Our virtual human modeling approach speeds up ibeedure of designing geometrical mannequin models
for rapid prototyping. Since only photographs fromo orthogonal views are required, so our apprasctery

useful for building a remote or global rapid prgmhg market manufactory for mannequin models.
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Three-dimensional garment construction

The technique of virtual human modeling describedthis paper serves as the foundation of a new
technique that allows pattern designers to desaftems directly on a 3D human model with featuned
defined. Currently, the alternative technique dislguses on the simulation of a 3D dressing reduit,not on
the 3D design. Thus, it needs the 2D patternsamiffut [26]. A demonstration of the new technidggishown
in Fig. 14. This new technique gives pattern desigm tool to design patterns directly on the 3Bvéi model
according to the feature lines. For example, FHig g¢hows the human model with feature lines defaratithe
3D garment profile given by designers (bold curyesyiational subdivision scheme [27, 28] is applie the
profile to construct a 3D surface to interpolate giofile (Fig. 14b); Fig. 14c and 14d are the drgpesults of

a skirt. We found that the garment constructechig/iew technique fits the human model nicely.

(@) (b) (©) (d)

Fig. 14 Examples of three-dimensional garment ogtruction

9. Conclusion and Discussion

The paper describes the development of a techrafwétual human modeling for the garment industry
using two photographs of a human body from two gigegiews. Our demo system is implemented on
Windows NT/2000, using Visual C++ and OpenGL Lilgréfhe interface of our demo system is shown in Fig
15). The whole procedure consists of three stepsapply an efficient segmentation method to obthia
silhouette of a human model from two photograpfhsx@ract the feature points on the silhouetteheftiuman
model; and 3) deform the template human model daogrto the silhouette with feature points. Comganéth
earlier approaches, our method has the followingathges:

The speed of human model construction is increasme the speed of contour extraction is increased.

The feature points on the silhouette are extraateédmatically by human morphology rules.
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Our method is based on a view-dependent deformédicmique, so the features defined on template
human models are maintained, which can benefit@oglications.
Mumford-Shah segmentation, which is little influedcby noise, is applied to photographs to obtain
the contours of a human model; and it is acceldréte applying multi-pyramid levels during the
segmentation process.
A new deformation technique related to the axidbdwuation is derived, and the self-intersection
problem in axial deformation is solved in our defiation approach, and a local deformation parameter
is added. Thus, our deformation technique appeansave good continuity and local deformation
properties.

At the end of the paper, in order to demonstragefiinctionality of the virtual human model, thresgntial

applications in the garment industry are given.

Fig. 15 Interface of our demo system
The limitation of our virtual human constructionpapach is the shape approximation error. Further
research can focus on how to overcome the limitaltip adding more silhouettes from other specifiexive
(e.g., the view where the viewing direction is betw the directions of the front-view and the rigietw) or by

applying human intelligence on the algorithm.
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