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Abstract:
To realize 3D garment simulation online and show the wearing effect of different body types, a method for rapid
parametric human modeling is proposed in this article. The parameterization consists of two phases. In the first
phase, the characteristic parameters of the sample model are extracted according to the different types of feature
information. In the second phase, the deformation is realized by combining the axial deformation method and the
radial weight. Thus, according to contrasts between the input measurement and the sample sizes, parametric human
modeling is realized by deformation of the sample model. In the deformation stage, the axis curve is simplified to
the straight-line segment in the axis deformation method, reducing the calculation. Comparative analysis and the
results of experiments demonstrate that the better performance can be achieved at a higher speed, and this method
realizes real-time parametric human modeling.
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1. Introduction

it needs to extract the characteristic sizes and control points of
the human body at first. Lee [8] and Sun [11] proposed an axis
deformation method to realize the reconstruction of the human
model. However, Lee extracts the contour of the photograph
as an axis curve but Sun extracts the internal centerline of the
human model as an axis curve. Moreover, the method of Sun
needs to find the characteristic size of the human body first.
The axis deformation technique used for calculating the local
activity frame and the mapping relationship of the axis curve
is time consuming. On the basis of the analysis of the above
researches, the article proposes a simplified axis deformation
method to achieve rapid deformation of the human model.

With continuous advancement of the virtual network technology,
3D garment fitting online and clothing customization have
been attached with wide popularity. To realize these advanced
functions, the parameterization of human models becomes a
necessary part in achieving this and showing the wearing effect
of different body types. Therefore, it is necessary to establish a
calculation model with high calculating efficiency and favorable
effects.
Numerous researches have been conducted for modeling
human body. According to the modeling method, they can
be classified into primitive construction method, sample
interpolation method, and model reconstruction method. The
primitive construction [1-3] method is relatively complex and
requires a large number of calculation. In contrast with primitive
construction method, the sample interpolation method has less
calculation [4-6], but it still cannot realize real-time simulation.
Model reconstruction [7-8] method has the greatest computing
efficiency, and thus this article adopts this method to build a 3D
human body model.

This article implements parametric human modeling in two
steps. The first step is to extract the characteristic information
of the sample model. First, according to the human body’s
standard, a cross-sectional profile of the human body is
extracted using a variable-step method. Then, the characteristic
points of the human body are divided into bifurcation points,
extremum points, and blur points. The bifurcation points are
defined using a fuzzy function. Finally, the characteristic size is
calculated by the characteristic point information.
In the second step, a deformed body model is obtained using
the axis deformation method, which transforms the axis curve
into a straight line according to the control points of the human
body. A mapping relation is proposed between the points on
the human body surface and the line segment. Lastly, a radial
deformation weight is added for calculating the deformation in
horizon direction. According to the sizes obtained in the first
step and the input sizes, the parametric human modeling is
performed based on the radial weight and the axial deformation.

Some scholars realize human model reconstruction by
modifying the existing model with the spatial geometric
deformation technology. Huang [9] proposed free-form
deformation method to deform the human model whose
result depends on the density of control grids. However, this
method will cause cracks after deformation and requires further
processing. Dong [10] proposed a radial basis function (RBF) to
deform the control points on the human model and applied an
interpolation function to calculate the displacement of each point
to implement the parametric human modeling. In this method,
http://www.autexrj.com
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2. Calculation of characteristic sizes

the intersection points between cross section and human body
model. The intersecting sides should be judged first, and then
the intersection points between side and cross section can be
obtained. The coordinate of intersection point P is obtained
using the following equation:

The extraction of human body characteristic points can be
performed in two steps. First, a cross sections parallel with
horizontal plane are moved from the top to the bottom at
variable step length and intersected with the human model
so that intersecting contour lines can be obtained. Second,
analyze whether the characteristic points appear according to
the nature of different characteristic points.
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2.1 Extraction of cross section of human body

2.2 Judgement of characteristic point

The characteristic points and characteristic plane of human
body are first determined for the purpose of measuring human
body sizes. According to the traditional extraction method of
characteristic point, the cross section moves at fixed step length.
Smaller step length is adopted in order to get accurate location
of characteristic points, but this wastes much search time. In
order to improve efficiency, larger step length is adopted, but
this affects the searching precision. Thus, variable step length
is used in this article to search the characteristic points. The
proportional relation between the height of all characteristic
points and body height can be obtained from GB16160-2008-T
and the study of the Clemson University in the United States
[12]. The estimated height values of characteristic parts of
human body can be obtained according to equation (1).

hx = λxH

(x , y ,z )

1 1 1 and
2
2 2 are the coordinate values
where
of two endpoints on the side intersected with cross section and
y 0 is the height of cross section.

The characteristic sizes extracted in this article include
height, shoulder breadth, chest circumference, waistline,
hipline, leg length, thigh circumference, hand length, and
arm circumference. The characteristic points are divided into
three categories according to the required characteristic sizes.
Category I refers to the bifurcation points, such as armpit point
and perineum point. Category II refers to the extreme points,
such as chest circumference, waistline, and hipline. Category
III refers to fuzzy characteristic information, such as shoulder
point and thigh.
The characteristic points of category I are bifurcation points, the
intersecting contour lines of which produce the minimum value
of intersection angle. The information on characteristic points
of the human body is not absolute. Therefore, judging criteria of
characteristic should be carried out with uncertain information
reasoning ability. A fuzzy rule of membership function of
Cauchy distribution has been proposed in this article to identify
characteristic points. In the fuzzy theory, the fuzzy set M is
depicted by its membership function µM (f ) that refers to the
membership of element f in the fuzzy set M . µM (f ) makes
each object in the fuzzy set M corresponds to a real number
within the range [0,1]. The value of µM (f ) closer to 1 leads to
greater probability of f being subordinated to M .

(1)

where H refers to the body height, x refers to a characteristic
point, and λx refers to the proportionality coefficient of
characteristic height to body height.

In order to improve the searching efficiency, only the area of
characteristic points should be searched. The search range of
the characteristic points adopts the middle height between this
characteristic point and last characteristic point as the upper
limit and the middle height between this characteristic point
and next characteristic point as the lower limit. The step length
Xi {Pik , i , k ∈ N } is the intersection point set between search
for searching can be calculated using the following equation: =
section Si and human model, where Pik is the kth point
hi − hx
H
=
εi
×
(2)

hx

500

However, when hi = hx and step length ε i =0, the entire
search process would be stagnant. In order to prevent the
occurrence of such an endless loop, the value of ε i should
be judged after each calculation. If ε i =0, ε i should be set
as a very small value, such as ε i =0.0005. According to the
searching method of variable step size, when the distance
between the search section Si and characteristic point X,
namely hi − hx , is large, the step length ε i is also big.
Similarly, when the distance between the search section Si
and characteristic point X is small, the step length ε i is also
small. The cross section sequence generated by variable step
size is shown in Figure 1.
The human body models used in this article are the OBJ file
derived from other software, in which the human body model
surface is composed of triangle. Therefore, the intersection
points between cross section and each side of triangles are
http://www.autexrj.com/
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on the intersecting contour line Xi . An intersecting contour
point set is shown in Figure 2,, where Pik −1 is the point on the
intersecting contour line Xi next to Pik on the left and Pik +1
is the point on the intersecting contour line Xi next to Pik on
the right. The intersection angle of Pik is defined as α , and
α (Pik ) can be obtained through cosine law.

According to the computed results through formula (5), (6), and
(7), respectively, the point Pik on the intersecting contour line
Xi belongs to the degree of membership µSmall (α (Pik )) ,
µMid (α (Pik )) , and µL arg e (α (Pik )) of S, M, and L. The
fuzzy judgment rules of the inflection points are made as
follows:
If ( µSmall (α (Pik )) > µMid (α (Pik ))) & &( µSmall (α (Pik )) > µL arg e (α (Pik ))) ,
α (Pik ) ∈ Small .

i.

 (Pik Pik −1 )2 + (Pik Pik +1 )2 − (Pik −1Pik +1 )2 
 (4)
2 × (Pik Pik −1 ) × (Pik Pik +1 )



α (Pik ) = arccos 

ii. If α (Pik ) ∈ Small ,

The bifurcation position of human body can be judged from
the inflection points of section point set, including perineum
points and armpit points. Perineum point is the bifurcation
point between thigh and torso. The cross section of perineum
point is shown in Figure 2. It can be seen that the cross section
with two inflection point is where the perineum point locates.
Similarly, there are two inflection points on the characteristic
plane of left and right armpit points. Therefore, there are four
inflection points on the characteristic plane of armpit points.

Pik

is the inflection point.

The perimeters of characteristic points of category II are
compared to determine the position of characteristic points,
where X i is the intersection point set between the ith search
section Si and human body and l i is the length of section
profile calculated from the intersection point set. The cross
section of the characteristic points is from Si to Sm . The
sets of intersection points between the cross section of the
characteristic point and human body are from X i to X m .
The length of cross section is from l i to l m . Lt is the set
of length of all cross section. To take the chest circumference
point as an example, the judgment rule of the characteristic
points appear is written as follows:

=
l max max {Lt , t ∈ N} , where Lt = {l i , l i+1,..., l m-1, l m } (8)
The cross section of l max is the characteristic cross section
of chest circumference. The characteristic points of category II
include chest circumference, waistline, and hipline. The cross
section of chest circumference and hipline have the longest
sections profile, and the cross section of waistline has the
shortest section profile.

Figure 2. Contour point set and its angle diagram

The fuzzy judgment criterion of inflection points is that if the
intersection angle at the inflection point is small enough,
the judgment rules of characteristic points of category I are
described by taking perineum point as an example.

The points of category III are used for shoulder breadth and
thigh circumference. The height of characteristic points of
category III can be calculated from the proportional relation
between the height of all characteristic points of human body
and body height.

The angle space can be divided into three subsets, where small
angle set is S = Angle Small, general angle set is M = Angle Mid,
and large angle set is L = AngleLarge. The membership
function of S is µ AngleSmall (α ) , M is µ AngleMid (α ) , and L is
µ AngleLarge (α ) . Membership function formulas of set S, M,
and L are written as follows:

µ AngleSmall

2.3 Calculation of characteristic sizes
The characteristic sizes of human body are divided into two
categories in this article. The first category refers to vertical
linear size, such as body height and perineum height. The
second category refers to level circumference size, such as
chest circumference, waistline, and hipline. Y coordinate
difference value method is used in this article to calculate the
characteristic sizes of the first category. The value of points in
the OBJ file derived from the software is not the actual value of
human body and there exists some proportional relation, so the
body height of model is set as H. The height of characteristic
cross section is calculated as follows:

1, x ≤ AngleMin

1

, x > AngleMin
=
4
−
α
(
AngleMin
)
1 +

AngleMin
(5)

µ AngleLarge

0, x ≤ AngleMin

1

, x > AngleMin
=
−4
1 + (α − AngleMin )

AngleMin
(6)
1
µ AngleMid =

1+

(α − AngleMin )
AngleMin

ht =( y t − y min ) × ( y max − y min ) / H

4

(7)

where y t refers to the coordinate of characteristic cross
section on Y-axis and y
refers to the minimum coordinate
min
value of point cloud data of human body on Y-axis.

=
AngleMin min {α (Pik ), Pik ∈ Xi }

where

α (Pik )
α (Pik )

and the membership of
in three sets can be compared to determine which set
is subordinated to.
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The perimeters of intersecting profiles are obtained to calculate
the characteristic sizes of the second category.

automatically according to the variation of parameter values of
morphological characteristics, so as to realize the parametric
deformation of model of human body.

The point at the left bottom obtained from the search point set
Xt is P1 and the unit vectors that P1 points to other points in
point set are obtained. The unit vector of the second point has
the largest height value, and
 P2 is the second point as shown in
Figure 3(a). The vector P2P1 is obtained from the point
P 1 and
P2. Then the cosine values are obtained between P2P1 and
the unit vectors P2 pointing to other points in point set. And
the cosine value of the third point is largest. This method can
be used to obtain other contour points required. If the point
obtained is P1, search should be stopped, and the obtained
point set that forms a convex polygon is shown in Figure 3(b).
The circumference corresponding to characteristic points is
obtained according to formula (10).

=
lx

n

∑ l (P , P
k =1

k

k +1

) + l (Pn , P1 )

(10)

where the function l (Pk , Pk +1 ) is the distance between the
point P and the point P ; l (P , P ) is the distance between
k +1
n
1
the last point and the first point.
Figure 4. Control points on the human model

3.1 Axial deformation algorithm
The shape of template model can be changed through axis
by three-dimensional axis [13]. First, axis curves should be
generated for each part of human body in order to realize
axial deformation of human body model. Second, each point
of human body surface is mapped to the corresponding axis
curves. And then the axis curves are adjusted to get the
corresponding coordinates after axial deformation. Finally,
inverse transformation of the original mapping relation should
act on the human body surface to achieve deformation. The
axis curves have been simplified to be straight lines for the
purpose of simplifying calculation in this article. The following
example of arm explains the arm deformation achieved by
three-dimensional axial deformation method. As shown in
Figure 5, the three-dimensional axis L on the upper arm is a
straight-line segment connected by the control point 7 and 8
(point P1 and P2 in the figure). Point A is a vertex on human
body surface of upper arm, and point B is the point mapped by
the point A to the axis L.

(a)

(b)
Figure 3. Convex polygon of cross section

3. Parametric deformation of human body

The three-dimensional coordinate of point A on human
body surface is ( x A , y A , zA ) , the coordinate of P1
'
'
'
'
is P2 ( xP 2 , y P 2 , zP 2 ) , and the coordinate of P2 is
( xP 2 , y P 2 , zP 2 ) . So the mathematical expression of the axis
L is written as follows:

According to the definition of characteristic points of human
body, 19 main control points are established on the standard
model of human body. To take the standard female model as a
simple, the diagrammatic drawing of control points on the model
is shown in Figure 4. Three-dimensional axial deformation
technology is used in this article to achieve parameterized
human body deformation, and human body models in different
sizes can be generated from the deformation of template model
in accordance with the control points. The template model is
divided into six parts when it is parameterized, namely, head,
body, left arm, right arm, left leg, and right leg. The length and
circumference of all parts of human body should be adjusted
http://www.autexrj.com/

x − x p1
y − y p1
z − zp1
=
=
x p 2 − x p1 y p 2 − y p1 zp 2 − zp1

(11)

Point B is the projection point from point A
to the axis L, that is,
the
of cross product of the vector AB and axial vector
value

P1P2 is 0. The expression is written as follows:
 
AB × P1P2 = ( xB − x A )( x p 2 − x p1 ) + ( y B − y A )( y p 2 − y p1 ) + ( zB − zA )( zp 2 − zp1 )=0

(12)
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Because the mapping point B of point A on the axis is on the
line segment P1P2, the value of k can be obtained from formulae
(13) and (14).
=
k
k=

xB − x p1
y B − y p1
zB − zp1
= =
x p 2 − x p1 y p 2 − y p1 zp 2 − zp1

(13)

( x p 2 − x p1 )( x A − x p1 ) + ( y p 2 − y p1 )( y A − y p1 ) + ( zp 2 − zp1 )( zA − zp1 )
( x p 2 − x p1 )2 + ( y p 2 − y p1 )2 + ( zp 2 − zp1 )2

(14)

The three-dimensional coordinate of B can be obtained as
follows:
B : ( k × ( x p 2 − x p1 ) + x p1，k × ( y p 2 − y p1 ) + y p1 k × ( zp 2 − zp1 ) + zp1 )

(15)

Figure 5. The three-dimensional axis on the upper arm

In the axis transformation of axial deformation calculation, the
positions of control points are changed according to the input
sizes, and the coordinates of P1 and P2 are changed to be
P1' ( xP' 1, y P' 1, zP' 1 ) and P2' ( xP' 2 , y P' 2 , zP' 2 ) . The axis L is a
straight-line segment, and the proportional relation between
the mapping points and two control points remains unchanged
before and after the change, so the value of k can be expressed
as follows:
=
k

xB − x p1
x ' − x p' 1
= 'B
x p 2 − x p1 x p 2 − x p' 1

(16)

The coordinate of the mapping point B′ after the change is
obtained as follows:
 k × y p' 2 + y p' 1 k × y p' 2 + y p' 1 k × zp' 2 + zp' 1 
B' : 
，


1+ k
1+ k
1+ k



Figure 6. Schematic diagram of radial deformation

where w is the radial weight, DP3 is the distance from point
D to point P3 , DP4 is distance from point D to point P4 ,
and P3P4 is the distance from point P3 to point P4 . The
'
mapping point after the change of axis is D , the coordinate
'
of point C is C , and the coordinate of C is obtained in
combination with axial transformation and radial deformation
weight, as given in formula (20).

(17)

The distance between the two points after the change remains
'
unchanged, so the coordinate of the point A after the change
is obtained as follows:

(

)

A' : x A + ( xB' − xB )，y A + ( y B' − y B ) zA + ( zB' − zB ) (18)

(

C ' : ( xC + ( xD' − xD )) × w ,( y C + ( y D' − y D )) × w ,( zC + ( zD' − zD )) × w

3.2 Radial deformation
The axial deformation method based on the control point
provides the mapping relation between point and axis. And it
solves the deformation of human body model in the lengthwise
direction. The deformation perpendicular to the axis is called as
radial deformation in this article. Specifically, it takes the area
between the waistline and chest circumference as an example.

http://www.autexrj.com/

DP3
DP4
+(r2 − 1) / r2 ×
P3P4
P3P4

(20)

4. Results and discussion
The combined programming of C# and OPENGL is used to
realize characteristic information extraction of human body
and parametric deformation through the program flow shown
in Figure 7.

As shown in Figure 6 the control point of chest circumference
is P3 , the control point of waistline is P4 , C ( xC , y C , zC ) is a
vertex of human body surface in the interval, and point D is
the mapping point of the vertex C mapped to the axis. If the
specific value of chest circumference between the user and the
standard model is r , the proportion of waistline between the
1
user and the standard model is r . For the purpose of smooth
2
transition of different areas of human body model, the radial
deformation in the interval between the waistline and chest
circumference needs to be calculated according to r1 and r2 .
The computing method of radial deformation weight is given in
formula (19).
w=
(r1 − 1) / r1 ×

)

4.1 Characteristic sizes of human body
In this article, the characteristic sizes were extracted for
models with different body types and positions. There are three
different simple models, which are shown in Figure 8. Model
X is the relative standard body, model Y is shorter and fatter,
and model Z is tall and thin. The characteristic sizes of models
extracted by the method proposed in this article are shown in
Table 1. It can be observed from the table that the waistline
and hipline of model Y are larger than those of model X, the
waistline and hipline of model Z are smaller than those of
model X, and the chest circumference of model Y and model Z
is smaller than that of model X. Moreover, Table 1 also reflects
other informations, such as the height and leg length of model

(19)
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Figure 7. Work flow diagram

Model X
Figure 8. Template body models

Model Y

Model Z

Table 1. The extraction results of important characteristic sizes of sample human body (unit: mm)

Sizes

Model X

Model Y

Model Z

Body height

165

160

173

Neck circumference

35

32

32

Shoulder breadth

36

35

38

Chest circumference

94

85

85

Waistline

62

68

58

Hipline

96

104

91

Leg length

75

74

79

Thigh circumference

51

51

48

Hand length

58

62

62

Arm circumference

22

24

22
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Z are larger than those of model X and model Y, but the thigh
circumference is smaller. From the above analysis, it can be
concluded that the extracted characteristic sizes correctly
reflect the model type in Figure 8. Therefore, it proves that the
method extracted is more accurate.

the overall deformation, and the results of the human body
model are fine.
4.3 Analysis of efficiency
In the reference mentioned, references [10] and [11] extracted
characteristic information before deformation and then
reconstructed it according to the input measurements, which
are similar to this article. Therefore, this article compares the
efficiency of the two methods.

4.2 Parametric deformation
Figure 9 shows the models of human body deformation in
different measurements, in which the models are obtained
from the template model deformation based on the specified
measurements. In Figure 9, the sample model is the model
X in Figure 8, and the model A to model D are the human
body with deformation. The specific measurements of
model X and model A to model D are given in Table 2. In
addition, model A has undergone local deformation based
on the original sample model, and model B to model D
have undergone overall deformation. It can be concluded
from the results that the parameterized deformation method
proposed in this article can realize the local deformation and

Standard model

Model A

The time consumed by the modeling of reference [10] is
compared with the time consumed in this article. Table 3 shows
the time consumed to implement the modeling in Figure 9,
which use the method of this article and the method adopted
in reference [10]. From the data given in the table, it can be
concluded that the method proposed in this article is nearly
one order of magnitude faster than the method proposed
in reference [10]. In reference [10], RBF and interpolation
algorithms were used to implement model reconstruction and

Model B

Model C

Model D

Figure 9. New human body model generated from the template body model deformation based on the sizes in Table 2
Table 2. Different user-specific sizes (unit: mm)

Sizes

Standard
model

Model A

Model B

Model C

Model D

Body height

165

165

175

155

155

Neck circumference

35

35

35

35

35

Shoulder breadth

36

36

36

36

34

Chest circumference

94

94

100

100

78

Waistline

62

66

70

80

55

Hipline

96

110

95

106

85

Leg length

75

75

80

62

62

Thigh circumference

51

55

48

55

42

Hand length

58

59

61

58

58

Arm circumference

22

20

22

23

19

Table 3. Modeling time comparison (unit: ms)

Method

Number of
Vertexes

Number of
face

Model A

Model B

Model C

Model D

Proposed
Method

58,591

115,520

4

5

4

4

RBF

58,591

115,520

38

41

37

38
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adopted to realize real-time parametric human body modeling.
Finally, the higher efficiency of the method proposed in this
article is verified.

the interpolation calculation for each vertex consumed more
time.
Because there is no related data for modeling time and the
modeling process used in this article is similar to that in
reference [11], this article analyzes efficiency by comparing
the methods used in the implementation process. In reference
[11], the human body was also deformed by axial deformation,
in which the axis curves in the axis deformation were cubic
spline interpolation curves. The following is a brief introduction
to the parametric modeling process and the methods used
in reference [11]. The first step is to calculate the spline
interpolation curve function. The second step is to establish
the local activity frames of the spline curve. The third step is
to establish the relationship between the body surface vertex
and the frames. In this step, the interval of the active frame
that the vertex belongs to is found and the corresponding
local coordinate vector is calculated. The fourth step is to
calculate the axis curve required for the deformation and its
local moving frames according to the input size. And then the
mapping coordinates in the third step are used to calculate the
coordinates of the deformed vertex. The method for establishing
a local activity frame is to represent the activity frame F as a
four-tuple (t, T, N, B), where t is the interpolation parameter of
the axis corresponding to the spline interpolation curve. The
vectors T, N, and B are orthogonal to each other and form the
three coordinate axes of the activity frame F.
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