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Abstract

A graph theory model of the human nature structure ( GMH) for machine vision and image/

graphics processing is described in this paper. Independent from the motion and deformation of con-

tours, the human nature structure (HNS) embodies the most basic movement characteristics of the

body. The human body can be divided into basic units like head, torso, and limbs. Using these

basic units, a graph theory model for the HNS can be constructed. GMH provides a basic model for

human posture processing, and the outline in the perspective projection plane is the body contour of

an image. In addition, the GMH can be applied to articulated motion and deformable objects, e. g. ,

in the design and analysis of body posture, by modifying mapping parameters of the GMH.
Key words: articulated motion and deformable objects ( AMDO ), human nature structure
(HNS), graph theory, machine vision, image/graphics processing

0 Introduction

The recognition and processing of the human body
in machine vision and image/graphics processing is
significant problem. In general, targets are recognized
and tracked based on their contours and color textures
730 Color texture is a result of light reflex on the
body surface. The texture border and distribution are
related to the light reflex as well as the body structure
and posture. Therefore, texture distribution provides
relevant body pattern information. Because the body
posture is variable, the contour described by the tex-
ture is deformable, resulting in difficulties in the recog-
nition of the target.

In the case of solid or deformable objects, the ap-
pearance features can be described as a shape based on
a rigid or deformable frame. Under different movement
states or visual angles, three-dimensional (3D) space
characteristics of an object determine the contour and
texture of the object in an image. However, despite the
movement of the object or changes in vision angle, the
frame structure ( dimensions and connection of the
parts) of an object does not change. These are exact
characteristics of articulated motion and deformable ob-

jects (AMDO). In the study of AMDO, layered articu-

lated graphics are used to build the relationship be-
tween articulated rigid and deformation contours'®*’.
The spatial graphic is constructed with vertices and ed-
ges to describe the basic structure, thus giving the ob-
ject contours. The graphic describing the object struc-
ture does not vary with the movement of the object,
changing lighting conditions, or vision angles, and

9,10 .
!, Descri-

provides a model of the object’ s shape'
bing the object’ s structure with a graphical methodolo-
gy not only gives different object shapes, but also pro-
vides a new method of recognition''™"'.

By dividing the human body into different basic
units and confirming the connection between them, a
graph theory model of human nature structure (GMH)
is presented. The GMH has simple and clear charac-
teristics, and is invariant with respect to body shape
movement or changes in vision angle, making it a use-
ful tool for human body recognition in machine vision
or AMDO processing.

The human body shape and nature structure prob-
lems are discussed in Section 1, and the basic units of
the human body and associated relationships are de-
scribed in Section 2. In Section 3, the GMH is devel-
oped. Section 4 analyzes the contents of the GMH, and
finally, Section 5 provides a simple example of GMH
application. Section 6 concludes the study.
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1 Human body shape and nature structure

A basic model of the human body is needed for
machine vision and image/graphical processing. Such
a model can be used to describe the human body struc-
ture and movement, and is the basis of the recognition
process.

One characteristic of natural objects is 3D space
distribution. Considering object shapes in machine vi-
sion systems, non-fluid objects (including the human
body) can be described using a 3D frame. For exam-
ple, a spring-articulated system can describe the frame
of objects or the human body. In nature and engineer-
ing, objects have a geometric shape. If certain parts
are considered independent, with little variation, then
an object can be considered as a geometric collection of
several independent parts connected by a specific artic-
ulated structure. Fig. 1 shows geometric approximations
of the human body and a car.

l I

(a) Geometric approximation of the human body

(b) Geometric approximation of a car

Fig.1 Geometric approximation

In Fig. 1, the links are represented as vertices and
the center lines (i.e., the edges) are linked by the
vertices. This simple approach forms an object frame.
Additionally, the link between edges and vertices can
be articulated or rigid.

The link relationship between vertices and edges

and the length of the edges are invariant. This basic
structural feature of the human body and other objects
is called the nature structure, which is an object struc-
ture that is not affected by the shape or movement of
the object, and is a physical feature of solid objects.
None of the vertices and edges, or connections between
the two, is affected by the changing shape of the
object, vision angle, reflective shine, or the body’ s
motion. This is precisely the requirement of image or
graphics processing for body identification and AMDO.
For example, a 3D frame of a car could be built using
a graphical description, as shown as Fig. 1(b). This
frame is not affected by the changing vision angle,
lighting, or motion because the structure of the car is
rigid.

From the perspective of machine vision and image
and graphics processing, the nature structure describes
the inherent structure of the object.

Therefore :

The edges represent parts of the object that are ge-
ometrically unchanged and/or have certain rigidity.

Vertices represent the link between edges. There
are two types of vertices, articulated and rigid. The
connecting relationship of vertices and edges is un-
changeable.

The adjacent relationship of vertices remains un-
changed and is not affected by the motion of the ob-
ject.

There is an angle between two edges connected to
the same vertex, which is fixed for rigid linking and
variable for articulated linking.

As discussed above, the nature structure of the
object can be formed through its decomposition. Differ-
ent shapes or contours of the object are the result of
movement in the edges and articulated vertices, cau-
sing the body posture to change or appear from a differ-
ent angle. However, the connection relationship be-
tween edges and vertices and the lengths of the edges
do not change.

2 Decomposition of the human body struc-
ture

2.1 Body contour in an image

The body contour is dependent on the relative po-
sitions of different parts of the body. For example, the
head direction, relative position of the torso and limbs
spatial position of the limbs, and different clothing
types all affect the body contour. In general, clothing
only affects the body contour in terms of the smoothness
of the curves. Based on the affine principle, two-di-
mensional (2D ) images of the body contour are the
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result of projecting the edge of the body shape under
different vision angles.

Consider plane S in the object’ s coordinate sys-
tem. Normal direction n with respect to S is the gaze
direction of the vision angle, and the 2D image is
formed by the vertical projection of the 3D object. This
image is called vision angle projection ( VAP) (see

Fig.2).

Fig.2 VAP of a 3D object

In fact, S is a plane in the visual range, and
could be a photogram, i.e. , a frame in a video or an
image under some vision angle in machine vision.
Clearly, if the object’s nature structure can be de-
scribed by 3D graphics, then the VAP is a sub-graphic
of the 3D graphic G,, i.e., G, C G.

In image and graphic processing, VAP objects are
commonly encountered. Therefore, target recognition
can be achieved by judging whether a given sub-graph
belongs to the object’ s nature structure graphic. More-
over, the object’s nature structure can be determined
by different sub-graph. Additionally, the sub-graph
can be used for object silhouette processing, and so
on.

In terms of the VAP concept, the human contour
in an image is a VAP of the human body under some
vision angle. The human contour reflects the spatial
distribution of the nature structure, and part or all of
the human nature structure ( HNS) can be obtained
from the human contour supplied by the image.

2.2 Basic units of the human body

Based on the nature structure features and the im-
age feature of the human body contour, the body can
be divided into different units, as shown in Fig. 3.

Fig.3 shows basic units including head, torso,
and limbs. In Fig.4, each basic unit is replaced by a
rigid edge, allowing HNS to be constructed as a series
of connected edges and vertices.

Head: The geometry of the head does not change
as the movement and shape of the body varies. The

head may produce different contours in the 2D image
formed by VAP. Therefore, the head is a basic unit

and is replaced with an edge in the HNS.

Torso; Although the torso has certain bending
functions, it is also considered as a unit of certain ri-
gidity for simplified analysis. Thus, the torso is a rigid
edge in the HNS.

Fig.4 Range of angles among basic units

Limbs: From the skeletal features of the human
body, the upper arms, forearms, thighs, and calves all
have rigid features. Thus, they can be separated into
four basic units. The upper arm and forearm are articu-
lated by one vertex, and the thigh and calf are articula-
ted by another vertex.

Based on the above discussion, the graphic is the
HNS constructed with the center line of the units and
articulated vertices.

3 Graph theory model of human nature
structure

3.1 Complete graph theory model

A full graph theory model requires each terminal
of an edge to have a connection with a vertex, as
shown in Fig. 5.

Fig.5 shows a spatial structure with 11 vertices
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and 10 edges, in which each edge denotes a basic unit
and each vertex denotes a link relationship between two
edges. Connecting all basic units together with articu-

lated vertices forms an HNS.
L

Fig.5 GMH of human nature structure

The GMH shown in Fig. 5 can be considered as a
graphic G = G(V, E, 0) including the following map-
ping relationships

The articulated relationships of the vertices and
edges are fixed.

There is an angle between any two edges.

The mapping relationships show that G = G(V,
E, 0), representing the HNS, is not a dual graph the-
ory model, but is a ternary graphic in which the map-
ping relationships must be taken into account. From an
image and graphics processing perspective, the body
shape is dependent on the mapping value of G = G(V,
E,0).

This proves that the full graphic G = G(V, E, 0)
of the HNS has the following characteristics ;

Vertices denote the linkages between units, the
edges linked to a vertex are fixed, and the link rela-
tionship is not related to the serial number of the edges
and vertices.

For a pair of edges with a common vertex, the an-
gle between two edges varies in the range 0 <0, <@, ...

There are 11 vertices and 10 edges; 5 of the 11
vertices are only connected to one edge.

G is a tree structure that has no loops, meaning
one cannot return to the start vertex via other vertices
and edges.

From the body structure and movement features,
the smallest and largest values of @ are as follows .

Angle between head and torso: — 30° <6, <70°

Angle between upper arm and head: 0°<6, = 0, <
180°

Angle between upper arm and forearm: 0° <, =
0, <180°

Angle between upper arm and torso: 0°<6; = 64 <

180°

Angle between thigh and torso: — 30° <6, = 6, <
180°

Angle between thigh and calf; 0°<9,, = 6,, <180°

Angle between two thighs: 0° <@, <180°

Angle between two upper arms: 0° <@, <360°

It is assumed that the edge is the axis of a certain
cube, e.g., the axis of a cuboid, a 3D human body
model can be built from the GMH, as shown in Fig. 6.
Fig.6(a) is the 3D human body model formed using
GMH and cylinders, and Fig. 6(b) is the 2D image of
the 3D human body formed with a special VAP.

Fig. 6 shows that the nature structure supplies 3D
characteristics as well as body contours in a different

VAP.

@ ®)
Fig.6 Human body model

3.2 Incomplete graph theory model

An edge that links to only one vertex is called a
free edge. After removing some vertices that only con-
nected to one edge from the model in Fig.5, five free
edges appear, as shown in Fig. 7.

Fig.7 Incomplete GMH

In HNS, the vertices denote articulated connec-
tions. A vertex connected with only one edge is a use-
less vertex that can be removed from GMH. In Fig.7,
five edges have one unconnected terminal. Terminals
that do not link with a vertex are called free terminals,
and Fig. 7 has the same function as Fig. 5.

Compared with Fig. 5, the incomplete graph theo-
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ry model G = G(V, E, ) has the following character-
istics

Vertices denote the links among the units, the ed-
ges linking to a vertex are fixed, and the link relation-
ship is not related to the serial number of the edges and
vertices.

For a pair of edges with a common vertex, the an-
gle varies in the range 0 < 0, < 0,

There are 6 vertices and 10 edges, and 5 of the
10 edges connect with only one vertex.

G is a tree structure that has no loops, meaning
one cannot return to the start vertex via other vertices
and edges.

From Fig.5 and Fig.7, the free terminal can be
placed at any spatial position and cannot articulate any
vertices. This is the basic characteristic of human
limbs.

4 Analytic expression of GMH
The mapping of GMH can be described by the

connection of vertices and edges and the angle between
two edges. From the mapping relationships, an analyt-
ic expression for GMH (shown in Fig. 5 and Fig. 7)
can be obtained. This analytic expression is the basis
of image/ graphics processing.

4.1 Basic concepts of graphic analysis

Graphic analysis involves building an adjacency
matrix, an associated matrix, and the matrices related
to the mapping relationship.
4.1.1

In a graph theory model, vertices v, and v; connect-

Adjacency matrix and associated matrix

ed to different ends of one edge are called adjacent ver-
tices. The adjacency matrix denotes the adjacency rela-
tionship between vertices. When two vertices are adja-
cent, there is an edge connecting the two vertices,
i.e.,x; = (v;,v;), wherev,, v, e V,x, e £, and V,
E are the sets of vertices and edges, respectively. For
a graph with n vertices and m edges, the adjacency
matrix is an n X n matrix in which element values of 1
denote that there is an edge between the two vertices
and element values of 0 denote that there is no edge.
In a graph theory model, the relationships among
the vertices and edges can be described using an asso-
ciated matrix. An edge and a vertex are said to be as-
sociated when the edge connects with the vertex. For a
graph with n vertices and m edges, the associated ma-
trix is an n X m matrix in which an element value of 1
denotes that that vertex is associated with that edge and
an element value of O denotes that the vertex is not as-
sociated with the edge. The number of edges connected
with one vertex is called the degree of the vertex, d,.

The adjacency matrix and associated matrix de-
scribe the link relationship between vertices and edges.
However, there are no restricted conditions for the con-
nection relationship, i. e. , there are no limitations on
the spatial distribution of vertices and edges.

4.1.2 Restriction for mapping

Mapping relationships are ignored in general graph
theory and do not affect the analysis and solution of
certain problems, e. g., the selection of optimum
paths. However, in machine vision, the original ima-
ges provide the contour of the body in a certain pos-
ture, and this contour must be analyzed and processed
to construct the GMH. Therefore, both the distribution
relationship and the angle between two edges have to
be considered to determine whether the mapping re-
strictions are satisfied. Furthermore, changes in the
distribution of vertices and edges denote different body
postures. Therefore, the concepts of edge length and
angles have to be established when creating a GMH.
Combining these analysis concepts with the characteris-
tic structures of the adjacency matrix and associated
matrix gives the mapping restriction of the GMH.

From Fig.5 and Fig. 7.

The edges denote basic units and are connected
with two vertices (Fig.5) or only one vertex.

There is only one vertex with d; = 4, there is only
one vertex with d; = 3, and only one edge connects
these two vertices. This edge denotes the torso.

The vertex with d; = 4 denotes the articulated
point of the head, torso, and two upper arms.

The vertex with d; = 3 denotes the articulated
point of the torso and two thighs.

For all adjacent edges that have a common vertex
with other edges, the angle can vary over a certain
range.

These are the mapping restriction relations of

GMH.

4.2 Adjacency matrix of GMH
From Fig.5, the adjacency matrix of GMH is
01 00 0O 0

O =R O = OO0 OO o ~O0o
SO = O = O OO oo

S OO~ OO OO oo 0o
—_— O OO~ OO0 OO oo
O R OO OO OO o oo

S OO OO OO OO~
S OO O~ O = O ~=O
cNeoNeoloNoNoRe =2
eNeoNeoloNoNoReoRel =l
e eNeNeNeN =l =Nel
el eoNeoNeoNeoNel =N

(1)
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In A, the elements a; denote the link relations be-
tween v; and v;, and
(Ui ’ Uj) € E

1
0 (v, vj) ¢ E
In the same manner, the adjacency matrix for

Fig. 7 is

(2)

01 1100
1000 1 1

A_l1 00000 (3)
100000
010000
010000

Eq. (3) is the result of deleting row 1 and
column 1, row 4 and column 4, row 6 and column 6,
row 9 and column 9, row 11 and column 11 in
Eq. (1).

The characteristics of the adjacency matrix of the
GMH are as follows;

n X n matrix, where n is the number of vertices; n
=11 for the complete GMH and n =6 for the incom-

plete GMH.
All the diagonal elements are zero.
A=A"
There is a special edge x = (v;, v;), where v,

links four edges and v; links three edges.

A has nothing to do with the order number of the
vertices and edges.

Changes in the angle between two edges with a
common vertex do not affect A.

The adjacency matrix has nothing to do with the
order number of the vertices and edges, that means
that, regardless of the sequence number of the verti-
ces, Eqs(1) and (3) for A can always be obtained
through permutations of rows and columns of the adja-
cency matrix. For example, exchanging the order num-
ber of v, and v, in Fig. 7, the adjacency matrix is

01 0 0 11

—_—0 O =
oS O O O
oS O O O

0 1 1

1 00

1 00

0 0 0
1 000 0O

From the expression above, exchanging the first
and second rows and then exchanging the first and sec-
ond columns gives Eq. (3). Additionally, if exchan-
ging the order number of ¢, and e, , Eq. (3) can be ob-
tained by executing permutations of rows and columns
in the new adjacency matrix.

The degree of each vertex is given by the
adjacency matrix. The sum of each row or column is
the degree of the vertex represented by the number of
the row or column. In Fig. 1, for example, the sum of

the second row or second column is 4, which means
that v, links with four edges. Rows/columns 1, 4, 6,
9, and 11 all sum to 1, meaning that vertices v, , v,,
Vs, Uy, ¥y, link to only one edge. A vertex linked to on-
ly one edge is called a single edge vertex. Moreover,
in Fig.3, rows 3 ~6 and columns 3 ~6 all sum to 1,
meaning that there are four edges linking to only one
vertex. In a GMH, single edge vertices have the same
function as free terminals. Therefore, the adjacency
matrix of an incomplete GMH can be obtained from the
adjacency matrix of a complete GMH by ignoring the
single edge vertices.

4.3 Associated matrix of GMH

According to the associated concept of vertices
and edges in graph theory, let the number of rows in
the matrix represent the order of the vertices and the
number of columns represent the order of the edges.
The associated matrix of Fig.5 is then

1 000 0 O0OOO0OO
1 1101 0O0O0O0O0
001 1 0O0UO0O0TO0OGO0
0001 O0O0O0O0OO0OO0
00001 1O0O0O0O0
B=/0000O0T1O000O0 0| (4
01 00 0O0OT1O0T1O0
000O0OO0OO0OTT1TTOO
00 00 O0OOO0OT1TTO0TO0
0000 O0OO0OO0OO0OT1I1
000 0 0O0O0OO0OO0°1
where
L {1 v, € V associate e; € E (5)
’ 0 v, € V do not associate e; € E
The associated matrix for Fig. 7 is
11101 000 O00O0
01 00O0O0OT1TUO0T1FPO0
B - 001 1 0O0O0OO0OTO0OO0 (6)
00001 1O0O0O0O0
000 0O0OO0OT1TT1TO0OFO0
000 0 0O0O0OUO0OT11
Eq. (6) can be obtained from Eq. (4) by dele-

ting rows 1,4, 6,9, and 11.

The characteristics of the associated matrix of the
GMH are as follows:

n x 10 matrix, where n is the number of vertices
and 10 is the number of edges; n =11 for the complete
GMH and n =6 for the incomplete GMH.

The sum along each row is the number of edges
linking to this vertex.

The sum along each column is the number of ver-
tices linking these edges.

There is a vertex d; = 4 and a vertex d;, = 3.
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B has nothing to do with the order number of the
vertices and edges.

B is unaffected by the angle between the two ed-
ges linking a common vertex.

As with the adjacency matrix, the associated ma-
trix only describes the associated relationship of the
vertices and edges, and does not uniquely identify the
spatial distribution state of the HNS.

The adjacency matrix and associated matrix of
GMH provide connection information about the vertices
and edges. The adjacency matrix describes the adja-
cency relationships among vertices and the associated
matrix gives the link relationships of vertices and ed-
ges. Therefore, the matrices denote the relationships
among the vertices and edges, but do not describe
differences in body shape. For example, three graphics
have the same A and B in Fig.5 and Fig. 7.

4.4 Angle matrix of the GMH

To describe the spatial state of the body, one must
consider the angle between two edges connected to a
common vertex as well as information about the length
and percentage of the edges.

With respect to the common plane of a vertex and
its associated edges, the angle is the smaller of the an-
gles between the two edges, as shown in Fig.8(a).
There are two angles between the two edges linking a
common vertex in Fig. 8, where the solid line denotes
the smaller angle § and the dotted line denotes the lar-
ger angle @, @ + 0 =2m. Moreover, § = 0 denotes the
parallel edges. In the case of the HNS, the orientation
of the angles cannot be considered, i. e., the angles
are always positive.

Fig.8 Angle between two edges of the same vertex

For G = G(V, E, 0) consisting of n vertices and

m edges, the angle matrix is
6, - 6y,
o= - : (7)
0,0 6,
This is a square matrix of size m X m in which 6,
= 0. If there is no common vertex between two edges

and/or the two edges are parallel, then §; = 0.

From Fig.5, the angle matrix of GMH is the
square 10 x 10 matrix (m =10)

06 6 0 ¢ 0 0 0 0 0
6, 0 6, 0 6 0 6 0 6 O
9, 66 0 6, 6, 0 0 0 0 O
00 g 0 0 0 0 0 0 O
|0 6 0. 0 0 6 0 0 0 0
00 00 g 0 0 0O 0 0
066 0 0 0 0 O 6, 6, O
00 000 0 6 O 0 O
0 0 0 0 0 6, O 0 6,
00 000 0 0 0 g, O

(8)

Eq. (8) is also the angle matrix for Fig.7, be-
cause these representations have the same associated
relationship among the vertices and edges. The number
of edges and the number of associated relationships are
the same, so the angle matrixes are equal and the sin-
gle edge vertices do not affect the angle matrix.

From Eq. (8), it is apparent that the angle matrix
of the GMH is a symmetric matrix, # = ', which
shows that the adjacency matrix and associated matrix
can be simplified by ignoring the single edge vertices.
Such a simplification does not affect the angle matrix;
therefore, the analysis of the body posture will not be
affected.

Considering Fig. 5

2110100000
1210101010
1121100000
0012100000

gFp-|1 110210000
0000120000
01000027110
0000001200
01000071021
0000000012

(9)

The values of the diagonal elements in Eq. (9)
indicate that each edge is linked to two vertices. Ele-
ment values equal to 1 denote that two edges connect to
the same vertex. Element values of 1 also denote that
there is an angle between the two corresponding edges.

From Fig. 7.
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1110100000
1210101010
1121100000
0011000000

gp-|1 110210000
0000110000
01000027110
000000T1 100
01000001 21
0000000GO0 11

(10)

Some of the diagonal elements in Eq. (10) have a
value of 1, indicating edges that are only associated
with one vertex. Again, element values of 1 imply that
there is an angle between the corresponding edges.

4.5 Edge length vector of GMH
In Fig. 5 and Fig.7, let the edge length vector be
L= (ll,""llo>] (11)

For sake of convenience, let

cosO -+ cosf,,
cos@ = :
cosf,, cos0
0 - 0,
= cos| : . :
0. 0
Consider
I, -
(lla""llo)T(l,"',1>10 = .o
Ly = Ly
and construct the following diagonal matrix ;
0 I -
L, 0 -
L, =L(1,---,1), - : :
Ly o
L © Ly O
I, - 0
0 - I,
From the above, the [; projection at /; is calculated
as follows:
[, -+ licosB 4
L cos® = : : (12)
l,cos6y,, - Ly

Moreover, the sum of the mutual projection of
both edges of the same vertex is

Zill- cosf);

cos@ - L = : (13)
2_,-:111' cosf,,

where /,cos; is the e; projection ate,, j, i =1,---,10.

Moreover,
cosO -+ cosf,,

L'cos® = (1,,-,1,) :
cos0
Z ;n:lli cosﬂim)
(14)

From the symmetric character of the angle matrix,

cosf

= ( Z :lzlli cosf,

ml

there is

cos@ L = (L" - cos@®)" (15)

5 A simple application

GMH described in previous sections can be used
to detect the human body in images and/or the pose
design in graph processing.

9]

Convolutional neural networks ( CNNs ) and

multiple-oriented 2D elliptical filters' "’

are good
methods for human detection in images. Both methods
identify human body shapes in an image using complex
computations, but find accurate identification difficult.
In Ref. [10], for example, the head-shoulder shape
obtained from an image has to be matched with a pre-
configured head-shoulder silhouette, which is difficult
because of the different shapes. In contrast, once the
contour has been determined, a GMH can be estab-
lished and the conformity analysis can be done using
the standard matrixes of GMH, such as the adjacency
matrix, association matrix, angle matrix, and edge
length vector. Moreover, the angle matrix can be used
to determine the body posture.

As a simple example for modeling the HNS, Fig. 9
shows the processing result of a video image and infra-
red image, both taken from the same perspective. To
further determine whether this contour represents the

human body, the GMH is established and analyzed in

accordance with Fig.9(c), which is a binary image.

(@)

(a) Frame from a video image, (b) Contour according

to infrared image, (c¢) Combined result of (a) and (b)

Fig.9 Human body shape extraction
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0 x === ==
(a) (b) (© ()
Fig.10 Establish local rectangular boxes

From this binary image, a GMH can be estab-
lished gradually as a series of rectangular boxes
(Fig. 10). The specific steps are as follows:

Step 1 Establish the human body outline rectan-
gular box (HBORB). For pixels with values of 1 along
the x and y directions, the maximum and minimum val-
ues of the pixel’ s coordinates are first identified and a
rectangle is created, as shown in Fig.9(c).

Step 2 Establish the head part rectangular box
(HPRB). From the top down alongthe y-axis for each
row (x-axis), coordinate (x,, v,) of pixels with a val-
ue of 1 that adjoin pixels with a value of 0 is searched
to determine the maximum, minimum, and mean of the
x-coordinate for each row, and stop the search when
y = Y/5 or the difference between the minimum and
maximum values of x in a row is 2X/3. After this
search, Y is the top border of the HPRB, minimum y
is the bottom border of the HPRB, the mean of mini-
mum x is the left border of HPRB, and the mean of the
maximum x is the right border of HPRB. The box is
shown in Fig. 10(a).

Step 3 Establish the torso part rectangular box
(TPRB). From the bottom border of HPRB, the x
border is searched along the direction of the y-axis to
determine TPRB in a similar way as for HPRB. Note
that if the bottom border has not been determined by
the time 0. 4Y is reached, then 0.4V is designated as
the bottom border of TPRB. The box is shown in
Fig. 10(a).

Step 4 Establish the lower limbs part rectangular
box (LLPRB). In a similar way as for the TPRB, LL-
PRB can be formed. Note that the search should stop
at y =0. The box is shown in Fig. 10(a).

Step 5 Establish the upper arm part rectangular
box (UAPRB). Beginning at the top of the TPRB,
pixels are searched from the left border along the x di-
rection. If there is a pixel value of 1 adjoining a pixel
value of 0, then this is the right border of the left UA-
PRB; if no such pixel has been identified by x = X/2,

then set x =X/3 as the right border of the left UAPR.
The height of the left UAPRB is the height of the
TPRB. The right UAPRB is created in the same way.
The box is shown in Fig. 10(b).

Step 6 Establish the legs part rectangular box
(LPRB). Beginning at the top of the LLPRB down-
wards to 2/3 the height of the LLPRB, the border of
the human contour is searched, and the maximum x
and minimum x are used as borders of the left LPRB.
The height of the LPRB is the same as that of the LL-
PRB, as shown in Fig. 10(¢). The right LPRB can be
established in a similar way, as shown in Fig. 10(d).

Step 7 Determine edge e, and vertex v, from the
HPRB. Using the HPRB, the straight line from the
center point of the top to the center point of the bottom
is edge e, , and the central point of the bottom is vertex
.

Step 8 Determine edge e, and vertex v, from the
TPRB. Using the TPRB, the straight line from v, to the
center of the bottom border of the TPRB is edge e,,
and the center of the bottom border of the TPRB is ver-
tex v,.

Step 9 Determine edges e;, e,, es, e, and verti-
ces vy, v, from the UAPRB. From the left upper arm,
if the bottom extends beyond the base of the TPRB or
enters the LLPRB, then v, is the intersection point of
the center line of the left UAPRB and the horizontal
line at 0.2 times the height of the TPRB upwards; if
the y coordinate of the left UAPRB is higher than 0.5
times the height of the left UAPRB, then v, is the cen-
ter point of the left UAPRB. The straight line from v, to
v, gives edge e;, and the straight line from v, to the
center of the top of the LLPRB gives e,. In a similar
way, the right upper arm can be used to determine ver-
tex v, and edges e, e;.

Step 10 Determine edges e, , e, e,, €, and ver-
texes vs, v from the LLPRB. The midpoint of the ver-
tical center line of the left LPRB is vertex vs, and the
point at the center of the top border of the right LPRB
is vertex vs. The straight line from vy to v, gives edge
e, , and the straight line from v, to v, gives edge e,. Fi-
nally, the straight line from v to the center of the bot-
tom of the left LPRB and the straight line from v to the
center of the bottom of the right LPRB give edges e
and e,,, respectively.

By the above procedure, the GMH can be recov-
ered from the body contour, as shown in Fig. 11.
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Fig.11 GMH from the body contour
6 Conclusion

The ability to identify the human body is an im-
portant application in machine vision and image/ graph-
ics processing. Determining how to build a relevant
model is a key process in body recognition. A model
built using the human nature structure has been de-
scribed. The proposed approach uses a graph theory
model of the human nature structure, referred to as the
GMH. As the human nature structure is not affected by
body posture or shape, the resulting GMH is not relat-
ed to the body posture or shape. Unlike general graph
theory analysis, the GMH must consider certain map-
ping restrictions and can also be used for AMDO pro-
cessing and represented analytically by the adjacency
matrix, associated matrix, angle matrix, and the edge
length vector, each of which incorporates the mapping
restriction conditions. The computational complexity of
machine vision and/or image/graphics processing ap-

plications could be reduced by GMH.
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