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INTRODUCTION

Theproblem of human body modelingwasinitially tackled
to solve applicationsrelated to the film industry or com-
puter games within the computer graphics (CG) commu-
nity. Since then, several different tools were developed
for editing and animating 3D digital body models. Al-
though at the beginning most of thosetoolswere devised
withinthe computer graphicscommunity, nowadaysalot
of work proceedsfromthe computer vision (CV) commu-
nity. In spite of thisoverlapped interest, thereisaconsid-
erabledifferencebetween CG and CV human body model
(HBM) applications. Thefirst one pursuesrealistic mod-
els of both human body geometry and its associated
motion. On the contrary, CV seeks more of an efficient
than an accuratemodel for applicationssuch asintelligent
video surveillance, motion analysis, telepresence, 3D
video sequence processing, and coding.

Current work isfocused on vision-based human body
modeling systems. Thisoverview will present someof the
techniques proposed in the bibliography, together with
their advantages or disadvantages. The outline of this
work isasfollows. First, geometrical primitivesand math-
ematical formalism, used for 3D model representation, are
addressed. Next, abrief description of standards used for
coding HBMs is given. Finally, a section with future
trends and conclusion is introduced.

3D HUMAN BODY
REPRESENTATIONS

M odeling ahuman body impliesfirstly thedefinition of an
articulated 3D structure, in order to represent the human
body biomechanical features. Secondly, it involves the
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choice of an appropriate mathematical model to govern
the movements of that articulated structure.

Several 3D articul ated representationsand mathemati-
cal formalisms have been proposed in the literature to
model both the structure and movements of ahuman body
(Green& Guan, 2004). Generally, aHBM isrepresented as
achainof rigidbodies, called links, interconnectedto one
another by joints. Links can be represented by means of
sticks(Y 0o, Nixon & Harris, 2002; Taylor, 2000), polyhe-
dron (Saito & Hoshino, 2001), generalized cylinders
(Sidenbladh, Black & Sigal, 2002), or superquadrics
(Marzani, Calais& Legrand, 2001). A joint interconnects
two links by means of rotational motions about the axes.
The number of independent rotation parameters will de-
finethe degreesof freedom (DOF) associated withagiven
joint. Figure 1 presents an illustration of an articulated
model defined by 12 links (sticks) and 10 joints. Other
HBM representations, which do not follow the af oremen-
tioned links-and-joints philosophy, have been also pro-
posed intheliteratureto tackle specific applications. For
example, Douros, Dekker and Buxton (1999) present a
techniqueto represent HBM s as singl e entities by means
of smooth surfaces or polygonal meshes. This kind of
representation isonly useful asarigid description of the
human body. Onthecontrary, Plankersand Fua(2003) and
Aubel, Boulic, and Thalmann (2000) present aframework
that retainsan articul ated structure represented by sticks,
but replaces the simple geometric primitives by soft ob-
jects. The result of this soft surface representation is a
realistic model where body partssuch aschest, abdomen,
or biceps muscles are well modeled.

Thesimplest 3D articulated structureisastick repre-
sentation with no associated volumeor surface (Liebowitz
& Carlsson, 2001). Planar 2D representations, such as
cardboard models, have also been widely used (Huang &
Huang, 2002). However volumetric representations are
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Figure 1. Stick representation of an articulated model defined by 22 DOF
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preferred when more realistic models need to be gener-
ated. In other words, there is a trade-off between accu-
racy of representationand complexity. Theutilized mod-
els should be quite realistic, but they should have alow
number of parameters in order to be processed in real-
time. Table 1 presents a summary of some of the ap-
proachesfollowed in theliterature.

Each of the aforementioned geometrical structuresis
complemented by means of amotion model that governs
itsmovements (Rohr, 1997); the objectiveisthat thefull
body performsrealistic movements. Thereisawidevari-
ety of waysto mathematically model articul ated systems
from akinematics and dynamics point of view. A math-
ematical model will includethe parametersthat describe
the links as well as information about the constraints
associated with each joint. A model that only includes
this information is called a kinematics model and de-
scribes the possible static states of a system. The state
vector of akinematics model consists of the model state
andthemodel parameters. A systeminmotionismodeled
when the dynamics of the system are modeled aswell. A
dynamics model describes the state evolution of the
system over time. In a dynamics model the state vector
includeslinear and angular vel ocitiesaswell asposition.

After selecting an appropriate model for a particular
application, it is necessary to develop a concise math-
ematical formulationfor ageneral solutionto thekinemat-
ics and dynamics problems, which are non-linear prob-
lems. Different formalisms have been proposed in order
toassignlocal referenceframestothelinks. Thesimplest
approach is to introduce joint hierarchies formed by
independent articulation of one DOF, described interms
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of Euler angles. Hence, the body postureissynthesized by
concatenating thetransformation matricesassociated with
thejoints, starting fromtheroot. In order toillustratethis
notation, let us express the coordinates of point A inthe
global reference frame associated with the root of the
model (seeFigure 1):

x Trans

root-global hip-root

A =Trans

global X Tr ansknet-}hip X A

knee
whereA, _ representsthecoordinatesof pointsA relative
to the local reference frame placed in the knee-joint;
Trans | isthe corresponding transformation matrix to ex-
pressreferenceframei inreferenceframej; thismatrixis
defined as:

CoCOCy—-SpSy —CoCOSy—-SPCy Cop SO t,
e _|RIT]|seCoCU+Co8y —sscosy+cocy s,
57011 —scy Dy co

0 0 0 1

C and Srepresent the cosine and sine respectively, and
(¢, 6, w) arethe Euler angles. Thiskind of matrix concatena-
tion can be used to express every body part in the body
global referenceframe.

3D HUMAN BODY CODING
STANDARDS

In order to animate or interchange HBMs, a standard
representation is required. Related standards, such as
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