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Human Body/ Motion Modeling and Database Des1gn ,
based on the Medlator Concept

 SAYAKA IMAL! TAK’A‘SHI Towmiit and HIROSHI ARISAWA!

‘This paper proposés a modeling methodology of human body and the motions for database:
storing:and retrieval. In order to describe human motions with small amount; of data, we
introduced “Mediator” which can represent typical figures and structure in a human body
and postures in a specific motion. By using Medjator, stormg, retriéving and replaymg the
original motions are possible. ' We evaluate the expressive ability by comparing' a Motion

~Mediator with the original posture sequence. : :
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Abstract

This paper presents a method of motion and posture analysis of a human in the real world based on
multi perspective images, for storing into Spatio-temporal Databases. At first, we consider the body of
the human as Parts-Joints model, and construct a mock-up model that reflect individual characteristics
of the human bédy data. Then we offer a matching algorithm between assumed postures of the mock-up
and a fegion of the human in the image. Also, we have implemented a motion analysis system by using.
parallel computer and evaluated it.
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Abstract

This paper presents a new methodology in researching next-generation broadcasting. Generally a feature of
next-generation broadcasting is interactivity, digital broadcasting, high.definition. As for interactivity, audiences
may request to a broadcasting station and using the results,he edits programs. But in recent years, a high speed
network technology on a base of rapidly spreading Internet, it is possible to accumulate very large multimedia data
like a video data by a technology of storage, s0 we suppose a new possibility of next-generation broadcasting.
So this paper presents a new filming environment for a multi channel camera, and a system of transferring
the obtained video data in it on high speed network, then accumulating those data in database.We design the
systemn(MCVDB), and verify high speed network in this system,describe accumulating s&stem on the database

schema.
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Design and Construction of Human-Body Motlon Database
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This paper presents a new methodology of human-body motion simulation with Bone-Based
Human Model (BBHM) as a part of spatio-temporal analysis/modeling system. In order. to
describe detailed’ human-body motion in skeleton level, bone base modehng is quite useful.
Also, we introduce the Simplified Human Model (SHM) as an essence of logical structure of
the human-body instead of full bone model. We evaluate propriety of BBHM precision and

the way of motlon mappmg by usmg SHM
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Table 2 Correspondence of SHM joint with»BBHM Joint.
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Abstract  This paper presents a methodology for handling soccer game 'scenes 6n a database. We offer a new
modeling method , along with relevant database design and storage technique for the medna ana]ysns data. When modeling
complex, spatio-temporal information as the one involved in soccer game scenes mformat:on standardization vs.
representation of individual mformat;on is a very important issue. As a solution, m thls research the Cartesian aggregation
of standard and individual element is regarded as an entity, and is modeled through the ‘Mediator concept. Also, we show
that such an approach makes possible the representation of information about Medlator s location in the media. Further,

employing the model, soccer game scenes information is broken down into time-independent and time-dependent parts,

and each is stored in the database with a relevant schema.
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<?xm] encoding=”Shiit JIS"7>
K!ENTITY % remote-resource-semantics.att
"role CDATA #IMPLIED
title CDATA #IMPLIED
show {embed | replace | new) #IMPLIED
. actuste {(auto | user) #IMPLIED
behavior CDATA #IMPLIED”>
K!ENTITY % local-resource-semantics.att
”content-role CDATA #IMPLIED
content-title CDATA #IMPLIED”>
<!ELEMENT scene (scenelnio‘,movanBJ*,AbsoluteT:me,
background?)>
. <!ELEMENT scenelnfo (#PCDATA)>
' <!'ELEMENT movinOBJ (Objlnfo, structure ,motion+4)>
<!ATTLIST movinOBJ
id ID #REQUIRED>
<!ELEMENT Objlnfo (ObjName?, ObjAge" Objl‘lelghf’
ObjWeight?)>
<!ELEMENT. ObjName: (#PCDATA))
<!'ELEMENT ObjAge (#PCDATA)>
<!ELEMENT ObjHeight (RPCDATA)> .
" <!ELEMENT ObjWeight (#PCDATA)>
, <!ELEMENT structure (Strlnfo* ,puts-i—,;omt’,connechon')>
<!ELEMENT Sirlnfo (#PCDATA)>
<!ELEMENT parts (partsname? ,elementputs-{-))
. <!'ELEMENT partsname (#PCDATA)>
<!ELEMENT elementparts (elementiparisTransform?,
. elementpartsColur‘shape)> .
‘<'ELEMENT elementpartsTransiorm (elementpartsPosition?,
elementpartsRotation?,elementpartsMagnification?)>
<'ELEMENT elementpartsPogition (x,y,2)> "
<!ELEMENT elementpartsRotation (Rx,Ry,Rz, anglc))
<!BELEMENT angle (#PCDATA)>
<!ELEMENT elementpartsMagnification (x,y,z)>
<!ELEMENT elementparisColor {R,G,B)>
!ELEMENT shape.((model lPolygon)‘
<!ATTLIST model -
visnalize (yes |no) #IMPLIED>
<!ELEMENT model (Box | Cone [ Cy]mder | Sphere)>
<!ELEMENT Box (widih,height,length)>
<!ELEMENT widih (#PCDATA)>
<!ELEMENT bheight (#PCDATA)>
<!ELEMENT length (#PCDATA)>
% <!'ELEMENT Cone (bottomRadius,height)>
<!ELEMENT boitomRadins (#PCDATA)>
<!BLEMENT Cylinder (r&dma,he;ght))
<!ELEMENT radius (#PCDATA)>
<!ELEMENT Sphere (radius,SphereTransform?)>
<!ELEMENT SphereTransform ((TraPoint,fixpoint*)*)>
<!'ELEMENT TraPoint (theta,phi,magnification)>
<!ELEMENT theta (#PCDATA)>
<!'ELEMENT phi (#PCDATA)>
<!ELEMENT magnification (#PCDATA)>
<!'ELEMENT fixpoint (theta,phi)>
<!ELEMENT Polygon ((surface,point+)+)>
<!ELEMENT surface (surfacenumber)>
”’aurfacenumbm‘ (#PCDATA)>

oint (#PCI))ATA)>
onnection (loca,tor")>
'ATTLIST connection

D #REQUIRED .
in CDATA #FIXED ”extended”
¢ alsone) "true’
urce-semantics. ati;
-semantics.att;>

N otion (motionlnio+,Movement+)>
T.mohon!nfo (#PCDATA)>
Movement (PointInTime,movinObjPosition; .

4 IBLEMENT ﬁxovabJPnsnmn (X,Y,2)>

“<!ELEMENT posture (startPoint,(connectionangle,locator)*)>
<!'ATTLIST posture -
xml:link CDATA #FIXED ’extended’
inline, (true [false) “true’
Y%remote:resource-semantics.att;
Y%local-resource-semantics.att;>
<!ELEMENT startPoint (X,Y,2)>
<!ELEMENT connectionangle (Rx,Ry,Rz,angle)>
<!ELEMENT AbsoluteTime (PointInAbsoluteTime,locator*)4>
<!ELEMENT PointlnAbsoluteTime (#PCDATA)>

* <!ATTLIST PointlnAbsoluteTime
id ID #REQUIRED
xml:link CDATA #FIXED ”extended”
inline (true | false) *true’
Poxemote-resource-semantics.att;
%local-resource-sémuntics.ait;> -

<!ELEMENT background (BGIn{o‘ BGObJ‘)>

<!ELEMENT BGlInfo (#PCDATA)>

<!ELEMENT BGObj (paris+)>

& 7. »—» DTD



(<"me version="1.0” encoding="Shift"JIS"?>
<!DOCTYPE scene SYSTEM Yscene.dtd” >
<sc=ne>
<scenelnfo>Man is walking. </scenelnfo>
<movinOBJ id="Ergol”>
<0b1[nfo><Ob3Name>Drgo</Ob]Na.me></Ob11nfo>
<structure>
<parts>
<partsnameD>head</partsname>>
<elementparts>
<elementpartsTransform>
<elementparisRotation>
<Rx>1</Rx><Ry>0</Ry><Rz>0</Rz>
<angle>4.71239</angle>
< /elementpartsRotation>
</elementparisTransform>
<elementpartsColor> .
<R>0:3</R><G>0. 5</G><B>0 3</B> : -
< /elementpartsColor>
<shape><Polygon>
<surfa.ce><s\|ria.cenumher>1</suxhcenumber></surla,ce>
<point)> g
<x>0. 0849784</x><y>0 0668291</y><2>0 768533< /2>
</pointp
<point>; : :
<x>0.0544988</x><y>0 482136</y><z>0 759036< /2>
< /poini>: - .
<point>
<x>0, 0435708</x><y>0 757098</Y><2>0 743548(/2)
g /peinty "
g <surince><s\uiacennmbet>2</s\lrfacenumber></anrface> <
<poxnt> f

</pomt></Polyson></shape>
< /elementparts>
<elementpans>

</e1emen1.pa.rts>
</parts> :
. <parts> </PM"S>
' <joint>neck</joint>
: <Jomt>nghtShoulder</)omt>
- <Jomt>LeﬂShoulder</;omt>

<connection id="head-neck”>

<locator href= ":d(Ergol).child(l structure)
.children(1,parts)” role="parts” />

<locator href="id(Ergol).child(1,structure)
.child(1,joint)” role="joint” />

< /connection>

<comnection id="body-neck”>

<locator hrei:"xd(Ergol) child(1,structure)
.child(2,parts)” role="parts”/>

<loeator href="id(Ergol). cln]d(l structure)-
.children(1,joint)” role="joint”/>. .

< /connection>

<connectmn xd="body-nghtsbo\llder”>

</connecnon>
&< /structured>
‘ Lmotion> N
<mononlnio>advance</motmnln{o>
<motmnlnfo>wal)ung(/mononlnfo>
<Movement>
. <PomﬂnTxme>0</IPo1nﬂnT1rne>
<movinObjPosition>
<X>0</X><KY>0</Y>LZ>0</2>
</movinObjPositicn>
<posture>
<stariPoint>
' o <X >-0.0571652</X><Y>0.631467</YD>L2Z>-
0.0367109< /2>
< /startPoint> X
<connectionangle>
<Rx>0</Rx><Ry>0</Ry><Rz>0</Rz>
<angle>0< /angle>
</connectionangle>
<locator href="id(head-neck)” />
<connectionangle>
<Rx>0</Rx><Ry>0</Ry><Rz>0</Rz>
<angle>0< fangle>
</connectionangle>
<1oca.1.or href="id(body-neck)” />

</postuxe></Movement></motmn>

</movinOBJ>
<AbvsoluteTime)>

<PointInAbsoluteTime 1d—"2001/02/04/05 43:45.00” >
00:00:00.00< /PointInAbsoluteTime)>

<locator href="id(Ergol)” title="toMovinObj” />

<locator href="id{Ergol).child(1,motion)
.child(1,motionlnfo)” title="toMotionlnfo"” role:"sta:t"/>

<locator href="id(Ergo1l).child(1,motion)
.children(1,Movement)” title="toPointInTime” />

</AbsoluteTime>

-

< /scene>
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Abstract

This papei proposes a new We aim at realizing the database whxch accumulates the behawor (motxon of objects
in 3-demensional space) in spatiotemporal space, such as, real world to retneve an event mformatlon We propose
" thetechinique to retrieve the aspéct’(similar situation in a certam v1ewpomt ) espec:ally for spatxotempora.l space
where.two or more human beings exist. In order to construct database for information of such spatiotemporal
space , we should consxder accumulatmg not only pomts coordmates information such as one 's position but also
region changes on progress of time is requ1red to realize h1gh flexibility query.-Therefore, in thls ‘paper; we propose
the technique to descnbe cha.ngmg region , we call it * spatxotemporal-cell” expressed using the product of space
reglon and time-interval. And ta]ung up the soccer game as an_example, we show spatiotemporal mformatmn

modeling and retrieval techmque based on concept of "spatiotemporal-cell”,
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- </xsdrall> " * o
</xsd: complexType>
</xsd:element’ -

<xsd: complexType name="parts'>
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<xsd: element ‘name night P type=‘30int"/>
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(’;obJect>

' <Humanlame>A</Humanlame>
<HumanParts> -
<Chest>
- <shape> ..
. <Box>
"' ¢width>0.4</width>
" <Weight>0.3</height>" -
<length>0. 2</1ength>
</Box>’
-’<center>0:0 0</center>“
</shape> .
<center>0d 0 0</center>
</Chest>
<LeftUpperArm>
<ghapes - "
<Cy11nder>
¢ <radius>0. 1</rad1us>
<height>0.35</height>
</Cylinder>
<center>0 0 0</center>"
N </shape> s
<center>0 O o</center> o
</LeftUpperArm> )
. UTﬁﬁLA—V®4/x&/z&®r€m
</HumanParts> o
<HumanStructure>
(LeftShouldet>
© ¢JointPosition>2 0.1 0</JointPosnt1on> :
. <connect>. . .
<locator href=
"origin() .ancestor(1,JointPosition)"/>
<locator href= . .
orzgin() ancestor(i Chest)"/>
</connect>
<JointPosition>-0. 1 0 17 0</JointP081t10n>
<connect>® ‘. -
<locator href= 3
“origin() .ancestor(1, Joint?os1ticn)“/>
<locator href=
' “orlgin() ancestor(1, LeftUpperArm)‘/)
 </connect> - : 0 o
</LettShoulder> ' '
uTﬂﬁL/a4/bo4/z&/zt®r€
R . - :

" ¢/HemanStructures

.</object> ' - . oo R o
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In this paper, we propose the mterface Wthh the user can browse the v1sua,hzed schema and mstances
for the purpose of the user can g;rasp 1ntu1t1vely the. schema, and mstances of multlmedra. database. In

many cases, a lot of instances are accumulated along w1th the com 'ca,ted schema. in the multunedra.

»database. In that case,it is physically impossible to v1suallze a.ll the schema and msta,nces on a screen,
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instance which a user needs out of huge instances. Then, in this paper, while a multimedia database is
visualized using an interface, as a method of the operation called “sift operation” that extracts freely
the portion needed among the schema and an instance, is proposed.
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HUMAN BODY/MOTION MODELING BASED ON THE ‘MEDIATOR” CONCEPT

Imai, S.*, Tomii, T.**, Arisawa, H. **
*Dept. of Comp. Sci., Gunma University, Japan
**Fact. of Env. & Info Sci. Yokohama Natlonal Unlversny, Japan

In this paper, we propose a methodology for modelmg of the human body and its motions in
order to store and query them on a database. For storing all available data about human
motions, we need a precise human body model as well as method for representing its motions.
In a separate presentation, our group proposes bone-based human body model, coupled with a
detailed computer graphics representatlon methodology [1]. Here we concentrate on the human
motions modeling. C

In a previous work, we have mtroduced the concept of mediator as a means for representmg
typical figures and structures in the human body, and its postures during some abstract motion
[2]. Storage, retrieval, and replaying of the onglnal motrons all become possible through the
mediator (Fig.1).- '

Here, for the modeling of specific motions of human bodles in the real world we define the
following levels of a motion:

Real World Data level — A set of joint values: for each of human body’s joints. These values are -
extracted from “raw data” about the Real World Scene obtained by various devices, like
cameras, scanners, etc. -
Semantics level = Common motions or. postures as well as characteristic gestures. Semantlc
information is included as annotation into each posture’s description.

Mediator level = Comprised of data about’ mdlwdual motlons gestures and charactertstlc pomts
based on the common motions.

As a result, mediator-based modeling makes possrble unrfred representatlon of individual human
motlons in the database and querying them. :

o "/ F o
/ .

’ Steren Images
CExpression of E Steren Im & .
.

Chaructefiatic Moli mm‘
+ LStaning Motion
! i / AN

I:Moticn g
il-1 Right toe ~ /
“-\

U-2 Right1oois &1 pround -’ —
-3 Lef toe e 4
114 LR 106 33 & grownd.. R
15181 . ‘[T'
. | T2
112, Ending, Motion—_ " “
=l i
\\‘ f : L1618

Fundamental. - e " Motion
Motion Model ' - ~“Motion Mediator Real World data

" Fig.1: The Common Model, the Mediator and Real
World Data of some motion

Reference: : v
Arisaw.H, Sato.T. Human Body motion simulation using bone-based human model and posture

database Premus2001. Arisawa.H, Imai.S. Mediator-based Modeling of factory workers and
their motions in the framework of Info-Ergonomics, M. Takano, E.Arai and T.Arail eds., Human
Friendly Mechatronics. Selected Papers of the International Conference on Machine
Automation, 25-27, September 2000, Osaka, Japan Elsevier Science (to appear).
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HUMAN-BODY MOTION SIMULATION USING BONE-BASED HUMAN MODEL AND
POSTURE DATABASE : ;

Arisawa, H.* Sato, T.**
*Fact. of Env. & Info. Sci., Yokohama National University, Japan
=Div. of Elec. & Comp. Eng., Yokohama National University, Japan

This paper presents a new methodology of human-body motion simulation with Bone-Based
Human Model (BBHM) as a part of spatio-temporal analysis/modeling for human bodies and
posture database.
Model-based simulation and load estimation are essential to the prevention of work-related
musculoskeletal disorders and raise the need for precise models of human muscles and bones.
Observable movements of the human body quite often involve muscle and bone movements
that are by na means intuitive, thus making their recreation extremely difficult. However, in the
medical science, data is available about the way larger-scale body movements translate into
movements of part's bones. Several modeling approaches do exist, but they are highly
specialized to the medical field and their use by non-specialists is not feasible.
In our approach an “action” of the real human body can be detected through video image
analysis and mapped on a simplified human mock-up, called a “mediator”. The mediator consists
of minimum number of parts to describe the human structure and typical motions. Also, in order
to achieve the precise motion simulation, we have developed a system that automatically
derives the movements of precise skeleton model from a simple mediator, adjustable to the
individual characteristics of humans. ' S
On the other hand, we have created a 3D graphical skeleton model by scanning human bones
with 3D non-contact scanner. Based on medical knowledge, we have made the scalable model
depending on the “real” human body. -
Fig. 1 shows the total architecture of our system.
With our system, it becomes possible to recreate
postures of the skeleton model that faithfully
represent real bone movements. Further work
should concentrate on the implementation of
muscle-related issues, load estimation based on
the model, and detection of uncomfortable and
strenuous postures, etc.
Fig.1 the total architecture of our

BBHM database system
Reference
1. Hodgins. J, O'Brien. J. Perception of Human
Motion With Different Geometric Models, |EEE
Trans. On Visualization & Computer Graphics, 307-
315, Vol. 4, No. 4, Oct.-Dec, 1998.
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Motion Modeling and Simulation of Human Workers
based on Info-Ergonomics Concept

Sayaka Imai!, Takashi Tomii? and Hiroshi Arisawa®

I Department of Computer Science, Gunma University,
1-5-1 Tenjin-cho, Kiryu, Gunma 376-8515 JAPAN
E-mail:sayaka@cs.gunma-u.ac.jp
2 Graduate School of Environment and Information Sciences,
Yokohama National University,

79—7 Tokiwadai, Hodogaya—ku, Yokohama, 240-8501 JAPAN
E-mail:tommy@ynu.ac.jp, arisawa@ynu.ac.jp

Abstract. This paper presents a new approach of modeling motion of factory
workers and working simulation of their motion. Also a concept for Mediator-
based human body/motion modeling for application to Info-Ergomomics is of-
fered. In Manufacturing Process Design, many simulations are executed in order
to improve efficiency of designer’s work. But in many cases they are focusing on
simulating and evaluating machines’ performance. In the present paper we will
propose a method of working simulation by using CG based on Info-Ergonomics.
Also, we consider it as a possible way for unifying all the data used in various
applications (CAD/CAM, etc) during the design process and evaluating all sub-
systems in a virtual Factory.

1 Introduction

As a result of the significant advancement in computer technology many new applica-
tions of image and graphical data are brought to life. Those include the fields of Image
processing and retrieval, Engineering Simulation, Tele-robotics, and so on. Computer
graphics (CG) in particular has been widely used for a long time in CAD/CAM/CAE
- systems as a visualization tool. Recently some new applications supporting the design-
ing process of a virtual factory and simulating its work are gaining popularity in areas
like process planning and work scheduling. In addition to the CG, they involve many
new other types of data, such as video and X-ray images, sensing information, etc. High
complexity of those information causes a lot of difficulties to the researchers and de-
velopers. Here we would like to point out two problems we consider important for the
future development of those systems.

First, as those applications use mainly application—oriented data, sharing data with
other applications is quite difficult and very often —impossible. In our opinion, a flexi-
ble automation system requires data about a given product to be used in all applications.

Second, we think that eco—factory human factors are usually overlooked or under-
estimated. Human labor has an important role in the manufacturing process. It is exam-
ined from the viewpoint of industrial engineering, ergonomics, etc. and results are used
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in product planning, working analysis, and work environment design. But aspects
comfort of the workers and optimal human—machine co-existence are not explored

As a promising solution to the above problems we have proposed the use of
World Database(RWDB) and Info—Ergonomics simulation[1]. RWDB is able to ca
various types of data, namely characters, video images, 3D graphics, and shapes o
objects. We call all those Real world data. The data of all types are unified and st
in a Multimedia Database(MMDB).

On the other hand, we consider it necessary to focus on human—machine coQ
eration, especially for employees in the factories and analyze their work evalua
environment, and amenities against this background. We offer a model for analy.
employee’s work evaluation and using the results in the manufacturing process de
We consider it possible to use Info—Ergonomics simulation data in human—mac
cooperation simulation and in the production design, which would result in an
grated data model for manufacturing process applications. In order to realize this a
cation, we consider that the human body/structure and motion modeling for the h
Body/Motion database(for Working simulation system) is very important. We pro
a methodology for modeling of the human body and its motions in order to store
query them on a database. For storing all available data about human motion, we
a precise human body model as well as method for representing its motions.

This paper presents an extended Info-Ergonomics system and Mediator-based mg
eling of workers in a factory, which includes the human body structure, work motioy
and work semantics. B

2 Info-Ergonomics

2.1 Concept of Info-Ergonomics

Info-Ergonomics(Information Ergonomics) is the concept for computer aided syst
in the field of such as Ergonomics, Industrial Engineering, factory work design abg
factory workers and so on.

The technical bases of Info-Ergonomics are Real World Database System, Mediatc
based human body/motion modeling and graphic simulation system for human motlor%
Details of the concept of Info-Ergonomics is shown in [2].

2.2 Info-Ergonomics for Factory Workers’ Motion Simulation

Info-Ergonomics is one of the research priorities in the integrated computer-aidcd ma
ufacturing process design from the viewpoint of human factors. Recently modeling t tﬁ
machines in the factory, creating virtual machines by using CG, simulating their WOl
and evaluating it are coming into use gradually [3].

But modeling human beings and creating “virtual employee” by CG still has
limited use, because of the human body’s high complexity and the limits impose
the computer techniques.

However, recently the development of computer technology enabled the modeli
of complex machines based on kinematics and kinetics characteristics, analyzing m
chine’s motions and represent virtual machine by means of CG in real time. )
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We focus on human body modeling along with the machines, and evaluating em-
ployee’s working in the factory from human-machine co-operation and employee’s
point of view, so we propose Info-Ergonomics as the framework for CG simulation
and evaluation of virtual employees’ work.

The purpose of Info-Ergonomics can be defined as follows:

— Pursuing comfortable environment for employees (factory workers).
— Simulation and evaluation of employee’s action with simplified human body.
— Modeling of skilled employees and storing their skills into Multimedia Database.

Info-Ergonomics provides the designers with modeling, evaluating, and visualizing
tools for designing the optimized working environment for the factory employees. This
is an important component of “virtual factory”.

As the whole informations are schematized and integrated based on the RWDB con-
cept, the user can extract arbitral part of them and reorganize multimedia data adapting -
to requrements of application.

The use of CG has significant advantages. For instance, Info-Ergonomics-based
simulations allow more precise evaluation than real measurement because virtual em-
ployees can be made to do any more (even those causing pain, dangerous ones, etc) and,
in addition, we can perform the evaluation itself at a much more detailed level visually.

And then, to replay the skilled employees’ work in the Real World Database (RWDB)
with CG, and to study from all angles is visual aids for beginners. In addition, we can
keep safety and work space for employees, and design comfortable work environment.

3 The human Body/Motion modeling based on the “Medlator”
Concept

3.1 Introduction of “Mediator”

In order to construct a human body/motion database, storing human body and motions,
which are approximated to capturing data from real world by using 3D scanner and
stereo video cameras, and spatiotemporal query method are needed. But surface data
(polygons) captured by 3D scanner and spatial points sequence data analyzed from
stereo video are very huge data, and are not able to display in real time. As a solution
* of this problem, we propose the “Mediator” concept about human body/structure and
motion. In our previous research, we proposed the Shape Mediator[4][5]. In this paper
we extended this concept to the human body and structure, and then we propose the
human Motion Mediator. Each Mediator will define as follows.

— Shape/Structure Mediator — We suppose a human body as a 3D graphic model that
is constructed from “parts”(head,arm,hand,...), which don’t change its shape along
time, and “joints”. Each part is defined as collection of individual polygon surface
and texture, and each joint is assigned Degree of Freedom and Range of Motion.

— Motion Mediator — We suppose the human’s motions are sequence of postures,
consequently we define the human’s Motion Mediator as collection of charac-
teristic internal posutures, namely, relative time and joint angle(value) of each
Shape/Structure Mediator in this time, in which characteristic internal postures of
a motion of a human. -
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Shape/Structure Mediator is made individually. Therefore, Shape/Structure Medifzf
‘reflects difference of each human shape and range of motions. On the other hand, M
tion Mediator is made for each motion of a human, and represent differences each m
tion of a human. By using this Mediator concept, you can represent the human bod’
shape, structure and motion in database. Considering Mediator, expression of a Cara
teristic by using minimum data and of common semantics between common data
Mediator.
In next subsection, we discuss about “Hub”(Common Model) and Mediator Creatig
based on Hub. g

Simplified Head
with Texture

....... A Detected Shape
.......... e and Texture
“Head”--""" e
yes Points
top
botton T Nose point
“Chest]” Joint
Position
“Torso” e, >
« Hlp § A% 3
L L Range of Motion(Head,Neck:
0£Ox £108
' DOF(UpperAm,LowerArm)=1 050y =<0
= DOF(LowerArm,Hand)=3 0 <0z £90)
Hub Shape/Structure Shape/Structure
Mediator Real World Data

Fig. 1. Hub, Mediator and Real World Data about a shape and structure of the human

3.2 Creation of Mediator from a Hub

A Hub is the information for expressing the essence in common and standardizin 4
about shape and structure of the human body and their motions. Definitions are glve
as follows. f

— Shape and structure Hub — is expressed with the graphic object which has simpli
fied the composition parts of a human body, and sticks the ‘“‘semantic” informatiol
which the object has in the specific position of the surface. Furthermore, each pat
has “joint position” which defined connection between parts, in order to descrit
the structure of the whole human body.
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— Motion Hub — is expressed with the intermediate posture along which it surely
passes in case it appears in common with the motion is performed using the mutual
position relation of the human body parts in shape and a structure Hub.

It can be said that the Hub shows the minimum “item” for describing the characteristics
about shape, structure and motion of the human. The Degree of Freedom and the Range
of Motion of the human are able to measure by carrying out easy motion for the human
from a medical viewpoint. As opposed to the Hub, Mediator is data which transformed
the Hub to the example a concrete individual exception and by motion, gives value.
Next, the technique of creating Mediator from Shape/Structure Hub is follows. The
Shape Mediator can be offered by transforming and carrying out fitting of the Hub
using the detailed data obtained from the 3-dimensional scanner. Therefore Mediator
can be constituted easily. Fig.1 shows an association of Hub-Mediator—Real World Data
about shape and structure. On the other hand, when Motion Mediator is created from a
Motion Hub, it is important what intermediate postures are chosen as a Motion Hub. At
a present stage, the designer has to design a intermediate posture for every motion. For
example, a characteristic intermediate posture sequence which generally raise “Motion
which tightens a screw with a drill” in factries can be show as follows.

Tightening a screw using a drill:

I: Starting Motion — The posture in which the person is touching the drill.

II: Motion

[I-1: The posture in which the person located the drill at the tip of a screw. .
I1-2: The posture into which the person finished tightening a screw with a drill.
I1-3: Next II-1, repeat sometimes.

I1I: Ending Motion — The posture to which the person turned the drill.

Generally, it is very difficult to extract human’s posture precisely from videos by
using stereo video cameras etc. But, if it restricts to the specific postures specified by the
Motion Hub, the analysis of postures (joint angles) can be carry out easily by means of
detection of corresponding points of characteristic points on the human body. Therefore,
the Motion Mediator can be create from the Motion Hub. Fig.2 shows a relation of Hub—
Mediator—Real World data about a motion of tightening a screw using a drill of worker
in factories. The posture sequence about Hub, Mediator and Real World Data shown in
Fig.2 displays joint value data of motion for convenience as a shape of a posture.

4 Infe-Ergonomics Database based on the human body/motion
database

4.1 Objectives of Human body/motion Database

Objectives of Human body/motion database are follows.

1. Storing a huge number of information about human motion with their intention.

2. Expression each human motion of same human as different instances in the database.

3. Query information in the database from point of view aggregately and intensively,
for example, queries which calculate average value of bend value in motions of 100
people.

110



5 Expression of

% Characteristic Motion

~1: Starting Motion /|
Touching the drill

".’ II:Motion

*II-1 Locating the drill /1
at tip of the screw

F II-2 Tightening a screw-

IIL:Ending Motion
Release the drill ™

Motion
Real World data

Hub Motion Mediator

Fig. 2. Hub, Mediator and Real World Data about a working motion of the human

4. Spatiotemporal query based on common points between human body and motion;

For the purpose of satisfying these objectives, especially 3. and 4., it is necessary {
unify the character of the human body and motion in the database schema. And it
necessary to correspond between “type” and “instance” from the point of view of 24
and to express shape and motion by using a few data as a various type of index from
point of view of 3..

In the earler our research, about the human body parts, we offered basic comm
information (Hub: for example, the human head can be approximate cylinder), and M¢
diator which fitted Basic Model to real body shape(for example, surface which captur
by 3D Scanner). And we discussed its ability for spatiotemporal query [5]. But for th§
purpose of storing the human motions, the human structure and motion have to be mod
eled in database schema. ‘

4.2 Realization of a database of body shape and motion based on Mediator

In order to accumulate motion of the human into a database, as we described previ
section, the data belonging to each level of a common model, and a real world modg
must be able to be accumulated with the reference relation. The kinds of data are ng
only a character and a numerical value but a stereo image, and various things, such as
polygon texture. v ‘
Moreover, query to a database is performed, combing the data accumulated fre

and ad hoc query is performed according to user’s purpose. Meanings of Mediatol
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which was proposed in this paper, are not depended on data models for data expression.
However, in order to realize the above query, the data model need to have the small unit.
of the data which defines as the mechanism with the simple reference relation of data,
and is accumulated is desirable.

Then in this paper, in order to design human body, structure and motion database, we-
adopted functional data model “AIS(Associative Information Structure)”[6] as a schema
description. Fig.3 shows database schema and its instances of the human body/motion. *

For example, corresponding to operation with the real world, motion Mediator is
defined, and accumulated as instances, the motion Mediator instance consists of the se--
quence of a intermediate posture, and the one intermediate posture is defined by the joint
angle value for every joint. Thus, a complicated relation can also be directly expressed
as relation of an instance level. Moreover, you can query to tracing this path freely. For
example a query, which is “Parts shape of the joint part both ends at the time of being -
in a certain motion”, can be realized by tracing the following route, (1)<(2)-(3)~(4)<5)
in Fig.3. '

SCANNED_DATA
&)
R DOF=1
:;;;;;/ : ROM=0-130
' I,-@FXO 7
. ——
G Gl
DESCRIPT M%%Kg}éi L—L ) (2)/“1\ xlma I\
MEDIATOR -+, AV T=01
AN P osme | Tr;% 4
i T 0) e
IF-1 Loc, ) 1=
2 ﬂ%‘}; f%%%
Release the dri TR
COMMON MODEL MEDIATOR REAL WORLD DATA

Fig. 3. Database Schema and its instances of the human body/motion

4.3 Consideration about flexible query of motion

In Fig.3, the instances of Hub, Mediator and real world data, which correspond to hu-

man shape, structure and motion, are accumulated separately. Moreover, as Shape/Structure -
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and motion of the human are independent each other, it is possible to combine a hu
body and motion by query variously. It is realizable not only the combination of motj
of the human and the body of the human captured from real world, but to create t}
virtual motion animation as a query result. In short, 3-dimensional animation “Mon
of the human B who imitated motion of the human A” can be create by querying “M
tion of the human A” and “The body of the human B” and combining them. Medxat.
expresses parts shape and structure, and the individual feature of motion and has als’
described the difference between same parts shape and structure, and motion. Ther
fore, various query can be performed from Motion Mediator, for example, “An mea
time of tightening a screw in motions of worker A”, “An average of unit work time}
and “Maximum of the distance which extend the worker A’s right arm to take a drill”é

Moreover, in Fig.3, The structure allows powerful and flexible data retrieval. As
most interesting type of query we consider the reconstructing of a new world using C@
data from the database. Generally, CG Data includes shapes, polygons, textures, pos
tions, lights, view points, motions and so on. Thus, 3—Dimensional CG data is huge ang
extremely complex. In the Info-Ergonomics Database, the query result is provided af
complex data object. And you can get working simulation data as a CG by reconstrucg
ing it.

5 Info-Ergonomics Simulation

5.1 Info-Ergonomics Simulation System

We have designed an Info-Ergonomics Simulation System based on RWDB and EN;
VISION(DELMIA Corp.)[7], and are developing now a prototype system. Fig.4 show¢
the Architecture of Info-Ergonomics Simulation System. Basically working sunulatlo
is designed as a part of man-machine coexisting system, and then evaluated. All resul
can be accumulated into the Multimedia Database together with worker’s data. Thos
data might be referenced by the Manufacturing Process designers when designing a new
process or a factory. In short, we propose Info—Ergonomics as an approach supportm%
the work analysis and work design with knowledge and data.

o )

h&.ﬁ&

6 Concluding Remarks

S

!

In the present paper we have reported the concept of Info-Ergonomics as a framewor
for Manufacturing Process Design. It supposes shared data usage between apphcatlon
by means of Real World Database which can incorporate all the daia through an inte
grated data model. Such approach would be beneficial to Manufacturing Process De;
sign. Future work should focus on the detailed design of the Real World Database
System and the further development of the simulation system.

To ¥
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Human-Body Motion Simulation Using Bone-Based
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Abstract. This paper presents motion simulation/evaluation system for factory
workers in the framework of “Info-Ergonomics.” One of the key technologies is
CG simulation based on the precise human body mockup called “Bone-Based
Human Model.” Using BBHM, “real” motions of workers can be mapped for
precise simulation. Another important issue is data and knowledge integration.
For the purpose of schematizing such data and providing retrieval functions are
discuss in an extended database system, “Real World Database.”

1 Introduction

Motion Simulation of factory workers is one of the core technologies to achieve op-
timum Human-Machine Co-existing Environment in modern factory design. IMS -
HUMACS Project has been pursuing such core technologies and their principles es-
pecially from the viewpoint of “Human” aspects[1] for about last 10 years. Among them
the authors group proposed “Info-Ergonomics” as an integration of simulation/evaluation
technologies of human workers’ motion, in conjunction with database technologies
which provides storing/retrieving functions for those knowledge[2]. We think that hu-
man centered factors are oftenly overlooked or underestimated although human labor
has an important role in the manufacturing process design. It is usually examined from
the viewpoint of Industrial Engineering, Ergonomics, etc. and results are used in prod-
uct planning, working analysis, and work environment design. Info-Ergonomics is a
promising solution to provide total environment of work simulation and evaluation.
It consists of a number of component technologies like Human body modeling, Cus-
tomizing human body model to specific workers, Motion description, Capturing mo-
tions from video images, Simulation, Storing time-dependent data into databases, and -
Spatio-temporal retrieval on databases. This paper outlines the Info-Ergonomics con-
cept and technologies, and explains RWDB(Real World Database) as the back-ground
technology. Then we will focus on the “precise” human body modeling, called Bone-
Based Human Modeling. Total system architecture to realize Info-Ergonomics will be
also discussed.
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2 Real World Database»

To discuss the human body modeling and motion descnptlon we must consider ¢ on
the technical and the theoretical background of such data processing. For this purpose
we proposed “Real World Database (RWDB)” as the Data processing platform. The
objective of the RWDB is to provide a total environment for capturing, analyzmg,};
storing, and retrieving physical or logical objects in the real world. Everything in the
real world could be modeled through it and any type of data could be accumulatedg
For this purpose, RWDB must involve at least 4 components listed below. Conceptuf
architecture of RWDB is shown in Figure.1.

— Real World Capturer (RWC)
The objective of RWC is to capture the external form of objects in the real worldj
There exists various types of 3D or spatial information depending on capturing deg
vices. The simplest one is a set of video cameras. We can get a sequence of fram
from, for example, a left-eye camera and a right one simultaneously. Another typ
of input device is “3D Scanner” by which we can get a perfect surface (polygon)
model for static objects. The practical solution is to get above two kind of infor:
mations from the real world and to combine two models into one in the database
level.

— Real World Modeler (RWM)
RWM is a set of tools each of which analyzes original frame images and generat<
a new information. For example, the Outline Chaser[3] catches the outline of ax
object in a certain video frame, and then trace the outline in preceding and su@
cessive frames. Many algorithms are investigated and evaluated for range 1mag<
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generation in Image Processing area [4]. All the results of analysis are stored into
database preserving the correspondences to the original images.

— Multimedia Database (MMDB)
MMDB is a database which treats a variety of data types such as full texts, graphic
drawing, bitmap images and image sequences. The features of such data are quite
different from the conventional DBMS’s ones, because some of them are contin-
uous and might occupy much more space than traditional data types. As to data
model, in order to integrate all types of data, introduction of simple primitives to
describe real world entities and the associations between them are essential. More-
over, the query language of multimedia data handling must involve various types
of media-dependent operations for retrieving and displaying. Especially, in RWDB,
the result of a query creates a new “Cyberspace”. A query may retrieve a certain
unit work and project it to another human worker. The author proposed a total data
model to describe the 2D or 3D data, and also presented query language MMQL
for flexible retrieval [4].

— Cyber World Reconstructor (CWR)
The result of database consists of various types of data such as frame sequence and
3D graphics data. In order to visualize the query result, RWDB should provide a
“player” of result world. CWR is, in this sense, an integrated system of 3D com-
puter graphics and 3D video presentation. Unfortunately, the modeling method of
objects in the field of 3D graphics and VR systems are quite different from the DB
approach because the former is focusing on natural and smooth presentation of sur-
faces of objects and their motions, whereas the latter makes deep considerations on
semantic aspects os these objects.

3 Info-Ergonomics Modeling

Based on the above RWDB Concept, we concentrate ourselves into modeling on human
bodies and motions especially for factory workers. We offered Info-Ergonomics for
storing Human Working Data and reconstructing it in CG Simulation.

3.1 Info-Ergonomics

Info-Ergonomics is a framework of information integration for conceptual design of
Manufacturing Systems. Recently modeling the machines in the factory, creating vir-
tual machines by using CG, simulating their work and evaluating it are coming into
use gradually [5]. But modeling human beings and creating “virtual employee” by CG
still has very limited use, because of the human body’s high complexity and the limits
imposed by the computer techniques. We focus on human body modeling and cooper-
ative works with machines, especially from the viewpoiat of comfortability, safety and
efficiency. .

Info-Ergonomics provides the designers with modeling, evaluating, and visualiz-
ing platform to design the optimized working environment for the factory employees.
From the viewpoint of IMS-HUMACS Project, Info-Ergonomics is considered as a liai-
son between traditional simulation/evaluation technique and highly mental aspects.(See
Figure 2.) '
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Fig. 2. Info-Ergonomics for Factory Workers

As the whole informations are schematized and accumulated based on the RW
concept, the user can extract arbitral part of them and reconstruct 3D objects and si
lation data adapting to requirements of application.

The use of CG has significant advantages. For instance, Info-Ergonomics-ba
simulations allow more precise evaluation than real measurement because Virtualjé
ployees can be made to do any more (even those causing pain, dangerous ones, etc) ai
in addition, we can perform the evaluation itself at a much more detailed level visual

Replaying the skilled employees’ work from Database to CG enables us to sty
body-motion from all angles intuitively. In addition, we can keep safety and work s spa
for employees and design comfortable work environment.

3.2 The Human Body and Motion Modeling

In order to store and retrieve Human motion data, we need an integrated datam
which can describe all kind ‘of objects and materials about the human body, fort
in all applications. Creating realistic model of the human body requires cons1dera!:
amount of data because of object’s complexity. Therefore from ergonomical pomﬁ
view we must re-modeling the human body with small number of primitives. We ¢;
it “Simplified Human Body”, which involves, for example, simplified head, arms, bg
and legs, connected by small number of joints each other.
The human body and motions can be described as follows.

1. Surface Model ’
Human body’s figure can be described by a set of Polygon and Texture Models‘é
body-parts, that is, each part of human body can be defined as CG surface mod
An example of polygon model and texture image are shown in Figure. 3(a)(b)

2. Structure Model
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( 1}0 ol (b) Texture Image (c) Structure Model
of head of head

Fig. 3. Human Model

Human body consists of more than 200 bones, which are connected so that the
body can move using the power of the muscles [6]. But mechanism is too complex
to model it completely. We focus on movable joints and select 24 of them in order
to create a simplified model of the human body, Simplified Human Model (SHM).
Also we can define much more precise human body model (called BBHM) as dis-
cussing later. As for SHM, it can be regarded as hierarchical parts system, that is,
each child component (usually a bone) of SHM has its own coordinate system, the
origin of which means the connecting point (i.e. joint) to the parent component. An
example of SHM connections between arm parts are shown in Figure.3(c).
3. Motion Model '

For a certain employee’s work, the action of each component of human body should
be traced and modeled under the restriction of inter-joint structure. This Dynamic
Model is defined on the Simplified Human Model discussed above. Each joint
moves along with time. That is, the motion model of each workers (action) can
be defined as the time sequence of joint-angles. On the other hand, it seems to be
very difficult or impossible to define BBHM movement directly because of its com-
plexity. Converting mechanisms from SHM motion to BBHM one wil be discussed
in the section 4

4 Simulation with Precise Human Mockup |

4.1 Objectives of Precise Human Modeling

As discussed in the section 3, the objective of info-ergonomics is to explore comfort
actions, etc. for the purpose of providing a platform that can be applied to all fields
where human actions are handled (such as medical service, manufacturing, arts, and
sports). Application of info-ergonomics to precise analysis of human beings at work
sites such as factories will require a doll (“mockup”) that not only has skin and hair,
which is externally visible, but also has the internal structure of human body, especially
bones, muscles, tendons, and others (flesh, blood vessels, nerves, etc.), together with
freedom of joints. This research has therefore proposed and worked out a framework for
the shape and structure of a detailed virtual human being that can be actually utilized on
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the scene of medical treatment. When medical data is handled in info-ergonomics,
is a desire to visually simulate operations and rehabilitation in advance, using CG,
respect to a large number of humans, reflecting their individual differences. How
since data on shape, structure, and actions of humans in the real world amounts to
volumes, it is necessary to schematize (represent) such data before simulation in o,
to create a database of human information. In addition, since individual human beiy
are different in height and arm length, we need a mockup that allows interactive chan
to parameters for individual parts of human body. If the structure and actions of hum
body can be systematically stored on computer in this manner, it will become possil
to analyze lumbago of workers and record movable range of joints and other actiong
check progress in treatment. :
Various human mockups have been proposed to represent human actions on co
puter. One of these mockups represents human actions mathematically, another rep;
sents each joint as a point, still another draws a line between one joint and another, 3
yet another mockup expresses each segment (each part of the body) as a rigid bo
However, these mockups either have rough contours as a result of reduced amounts;
_information or fail to reproduce essentially smooth movement of human body becay
of an extremely limited number of joints. What is more, since these mockups c:
not represent internal structure (bones, muscles, tendons, nerves, etc.), they can har
meet the medical need for data as to which joints are under load or how the moveme;
of bones are. Some of the mockups certainly represent bones and muscles of hum;
body, but since being based on the analysis of only a part of human internal structu
they are not instrumental in the understanding of the exterior (skin) of human bo
Moreover these mockups do not permit changes to scales of individual parts so as
represent humans of different heights and arm lengths. As a result, a mockup that ¢
meet our demands must be 2 3D CG human mockup that has detailed contours, ¢
faithfully reproduce the movement of skeleton, permits interactive editing of differ
body structures and movements of individual humans, and allows observation from:
angles.
To this end, we first created a precision mockup based on human skeleton that ¢
reflect different heights of individual humans and varied ranges of movements of th
joints. By changing the angles of joints of this skeleton mockup, we simulated a sen
of actions of humans at work and practicing sports. Prototype of such precise humaj
body is displayed in Fig. 4.

4.2 Bone-Based Human Model

In order to simulate and evaluate human motions, precise 3D human body model ShOUig
have internal structure with the rigid bones and joints, and flexible surface structurel
required. We propose Bone-Based Human Model (BBHM) as one of such models. -

BBHM is a 3-dimensional object which consists of the parts representing the bO':
shape of a human body, and an outer skin expressed by the flexible surface model
have 155 parts, 76 joints, and 126 degrees of freedom. Parts are connected each otheri
movable joint which reflect the human body’s motion. Almost all human body mOtIO;j
can be expressed precisely except a motion of ribs at the time of a breath etc. Usm

.
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Fig. 4. Bone-Based Human Model

such model, we can achieve precise load evaluation taking physique, joints’ supple, and
so on. into account.

4.3 Modeiing and Schematization of Bone-Based Human Mockup

Based on the above discussion, a schema of BBHM, expréssing the main‘point ofhuman
body structure is shown in Fig. 5. Also a “real” bone structure corresponding to Fig. 5
is displayed in Fig. 6.

nght knee
right hip

Fig. 5. expression of bone structure on database with instance examples

Bones and joints, which are independent sets of instances, are expressed with PART
and JOINT, respectively. And these Cartesian aggregation, CONNECTION, express
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Fig. 6. bone structure of human-body

sets of connection. By relations among PART, JOINT, and CONNECTION, gener‘
human body structure can be defined.

For example, right_femur has connections between right_hip_joint or rlght_knee_Jol
Right_knee_joint is constituted by three connections among right_femur, rlght_ﬁbul
and right_tibia. |

Now, we can express the person’s bone with Cartesian aggregation between huma
body parts (PART) and PERSON , which type name is INDIVIDUAL_PART. Chara4
teristics of bone, for example, length, are attribute of INDIVIDUAL_PART. JOINT ar
CONNECTION are considered similarly.

As a result, we can schematize human body structure on a bone level.

4.4 Design and Realization of a Simulation System

To achieve human motion evaluation, we must embody three types of requirements:

1. precise simulations of actual motion in a certain situation

(ex. simulation of rehabilitation clients, etc.)
2. motion mapping from a person’s one to another

(ex. an amateur dancer simulates a motion of a professional dancer, etc.)
3. extracting typical motions from a specific group of samples

(ex. workspace design for “aged” workers, etc.)

Based on the concept we proposed in the preceding section, we 1mp1ementedf
BBHM simulation system by using engmeermg simulator ENVISION version 5.0 (def
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corp., the U.S.A.[7]). The conceptual architecture and data flow of this system is shown
in Fig. 7. '

13
"

n

Physical/Medical

Fig. 7. Spacio-Temporal Analysis and Motion Modeling for Human Body

In this diagram, black rectangles denote “converters” or “modules™

1,10 : measurement module for the human body
2 : motion capturer

3,5,8,12 : data loader (to database)

4,6,9,13 : database query processor

7 : mapper

11 . graphic simulator

We define human body motions on SHM firstly, then convert them to BBHM mo-
tions by using “mapper” and finally execute simulation/evaluation on the BBHM. Be-
cause motion data and mapper parameters are strictly schematized, we can various types
of motion simulations on various types of human bodies.

We aim to evaluate both actual motion and imaginary motions. So we take two
categories of motion definition:

1. obtain “real” motions from video images
2. define motions artificially by operating “3-D Mouse”
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Every part’s size, ranges of motions, and mapper parameters, are stored in
database, we can perform the simulation united with the individual. The default ma
parameters stand on medical knowledge provided by [8].

45 Motion Data Convert System and Motion Database

It is possible to express correctly the load state of each part of the human bod
defining various motions to BBHM. But it is difficult to map the human motionjy
BBHM faithfully, because BBHM has a large number of degree of freedoms. In me
science, the ratio of each joint in a global motion of the human body was investigate
Therefore, we consider it is possible to map the human motion, which was evaluatedj
BBHM correctly by using knowledge and technology based on medical knowledg ‘
our research, we propose “Mapper” algorithm as a method to map of the motion de
using SHM to BBHM by using dignity attachment parameters. The simplest metho
calculating dignity attachment parameters from the ratio of the joint value(ang]
SHM and the method of calculating a joint value(angle) from a ratio of the joint valy
are follows.

o Rij L.
Pij(%0) = S aRn X 100 o)

Bj = SixPjj : ~ )

Bj : BBHM’s jth joint angle

Si : SHM’s ith joint angle

Pij : diginity attachment parameter from SHM’s ith joint to BBHM’s jth joint
Rij : rate at which SHM’s ith joint angle effects BBHM’s jth joint angle

SHM Motions are stored in motion database. Motion schema is shown in Fig. !

4,6 Motion Simulation

As an example of motion evaluation on BBHM simulation system, we compared
sured motion data with range of motion of BBHM. For example, we simulated t
motion, which range of freedom is restricted by knee’s angle (Shown in Figure 9

5 Conclusion

In this paper we described a motion analysis and modeling technique based on a pré
human model called BBHM. We also described a motion definition technique, S
Mapper. As a result, detailed description about human body and various simulatiof
human body motion are possible with database.
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Many problems are left for future. Implementation of components of huma;
other than skeleton model, motion analysis based on inverse kinematics and (
ization of a load and a amount of fatigue about human body are remained as fij
problems. By modeling of the other components of the human body such as tendg‘;
muscle, it becomes possible to evaluate human motions more precise and it bedg
a lead to understand diseases and factors, which restrict degree of freedom of jo;
visually. In this paper, we proposed the human body model as rigid model. Modeh%

flexible surface of the human body is also open for future.
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Abstract ¥

We propose Scrap-and-Build DBMS based on the multi-agent system which does cooperation work
through a shared memory as DBMS in consideration of the on-line extehdibility of a flexible system.
In this system, the mechanism in which efficient exclusion control when two or more agents perform
- simultaneous writing to a shared memory was realized was designed, and this paper estimated using the

system.’
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