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Abstract :  Highly realistic virtual human models are rapidly becoming commonplace in computer graphics. These models, often represented by complex shape and requiring labor-intensive process, challenge the problem of automatic modeling. This paper studies the problem of an interactive modelisation of 3D anthropometrical human structure. Methods for capturing the shape of real people, parameterization techniques for modeling static shape (the variety of human body shapes) and dynamic shape (how the body shape changes as it moves, or could they change the entire human body for different sort of persons) of virtual humans are the most important actions to obtain an anthropometrical  interactive model. Finally, methods for study humans in biomechanical researches are presented by using software dedicated to make an interactive model.
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1. INTRODUCTION 

The word ANTHROPOMETRY is from Greek language, Anthro=man and pometry=measurements. Literal meaning: “measurement of humans”, the study of measurements or proportions of the human body according to sex, age etc. for identification purposes.
 Human body modeling and animation have been one of the most difficult tasks encountered by researchers in biomechanical fields using anthropometrical models. In particular, realistic human body modeling requires an accurate geometric surface throughout the simulation. At this time, a variety of human body modeling methodologies are available and they can be classified into three major categories: creative, reconstructive, and interpolated. Anatomically based modelers, such as Scheepers, Shen-Thalmann and Wilhelms -Van Gelder fall into the former approach.

2. Anthropometry and Human body model classes

Traditional anthropometry has focused on sets of one-dimensional measurements.
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Fig.1.  Classical anthropometrical measurements 
The  field of anthropometry, the study of human measurement, uses combinations of bodily lengths and perimeters to analyze body shape in a numerical way. 

Understanding and characterizing the range of human body shape variation has applications ranging from better ergonomic design of human spaces (e.g., chairs, car compartments, biomechanical studies and clothing) to easier modeling of realistic human characters for computer animation. The most important source of whole-body 3D laser range scans is the Civilian American and European Surface Anthropometry Resource Project (CAESAR). The CAESAR project collected thousands of range scans of volunteers aged 18-65 in the United States and Europe. Prior to scanning, 74 white markers were placed on the subject at anthropometric landmarks, typically at points where bones can be palpated through the skin. The 3D location of each landmark was then extracted from the range scan. In addition, anthropometric measurements were taken using traditional methods, and demographic data such as age, weight, and ethnic group were recorded. The raw range data for each individual consists of four simultaneous scans from a Cyberware whole body scanner. These data were combined into surface reconstructions using mesh stitching software. Each reconstructed mesh contains 250,000-350,000 triangles, with per-vertex color information. The reconstructed meshes are not complete, due to occlusions and grazing angle views. During the mesh-stitching step, each vertex was assigned a „confidence” value, as described by Turk and Levoy (1994), so that less reliable data are marked with lower confidence. 
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Fig.2. The CAESAR data set is a collection of whole-body range scans of a wide variety of individuals [12]
Full body 3D digitizing allows one to increase the number of measurements from a hundred to a million, in ten’s of seconds and thus provides a better description of the human body surface. Furthermore each value in the data set is related to a common coordinate system, allowing an accurate and detailed 3D reconstruction .

After collecting a large number a body scans, the challenge is to analyze the human body shape variability using the provided 3-D database in order to improve the sizing strategy in the design of many products. 

To achieve this goal, a compact description of the human body shape is required. Even though a 3D scan provides a good description of the body surface, it represents a large amount of data (thousands of polygons), which is not convenient to study the variability of the human body shape. The description should also provide a faithful reconstruction of the original shape; otherwise it will not be more valuable than traditional measurements. 

This paper proposes a technique to achieve this goal and to create a new system to simulate the different shape of human body using the software 3DstudioMax and a data source written into Delphi software, two software interconnected for this purpose, to make an interactive system to study the human body behavior in different situations.

3. Mathematical bases

Among the methods proposed in the literature of 3-D objects modeling, three-dimensional implicit functions such as algebraic functions, superquadricss and hyperquadrics provide a compact description. 

Algebraic functions used by Sullivan and Keren [1 si 2]require high order terms and several constraints to represent significant shapes. Superquadrics introduced by Pentland [3] and modified by Barr [4] and Solina et. al [5] are a family of parametric shapes which are extensions of ellipsoids. Hyperquadrics proposed by Hanson [6], are volumetric shape representation. Even though they have more representation power than superquadrics, hyperquadrics have a difficulty in representing objects with concavities. Ohushi et.al [7] developed the extended hyperquadrics to overcome this problem. However it has been demonstrated that the presented implicit functions are not adequate to represent complex objects such as the human body. 

We consider the use of the Karhunen-Loève expansion, also known as Principal Component Analysis (PCA) as outlined in Lebart et al [10]. The main idea of the approach is to find a set of vectors which best account for the distribution of the body shape within the entire shape space. 

Each 3D person is converted into a vector form 
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 describing the occupancy of the n voxels. The mean person over a set of N persons is given by: 
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Deviation vectors 
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are generated and arranged in a data set matrix A as follows: 
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The eigenvectors of the covariance matrix C defined as : C=AT A form the orthonormal basis that optimally spans the subspace of the human shape.  The eigenvectors, and their corresponding eigenvalues, of this (n x n) symmetric matrix C are ranked such that (λi >λj ) for (i < j) . 

From these mathematical considerations we can start to build and develop a structure which make possible the analyze of the different human body parts, like face, visual and had fields.  

[image: image8.wmf] 


Fig.3. The face dimensions important for simulation of the human had
4. The combinative method for interactive model of the human body 

To study full human body shape for rehabilitation actions it is necessary to establish a basic and normal configuration and to attach, at each parts of the body, the restrictions of movement, the dimensions and the initial limitations. These actions are very important because they establish the possibilities to obtain an ideal human body, with an ideal movement (gait, running, jumping). 
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Fig.4. The computer representation of the human body model build for database 
With these initial conditions and human body shape we start to create a database, using  Delphi software, interactive, to make the configuration usable into analyze of physiological or rehabilitation process. That means that it is possible to have for each man or woman the ideal model of his or her body and to compare it (stability or movements) with the image of the real body recorded with a video camera. These compares put in evidence if there are future problems of stability, balance, initial neurological disease, postural problem or other manifestations on the human loco-motor system.

We propose and we develop this system for the image of human body that will be recorded with a high speed video camera and using also a force plate type Kistler to have the diagram of the force and moments information’s from the gait and stability conditions an human feet. 

The results will be an interactive model anthropometric and dynamic of the human body activities (static and dynamic).

3. CONCLUSION
The researches presented into the paper are the subject of the Grant nr.A1088/2006 CNCSIS Romania.
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