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Abstract

One of the important issues of the virtual reality
researches is the design and management of the
scenario database. Traditionally, the historical data
of a virtual world are imported manually and
laboriously into the scenario database. Based on
the  standard  proposed by  American
DOD(Department Of Defense), the virtual world
can be expressed by the Federation Object Mod-
els(FOM) and Simulation Object Models(SOM)
from the High Level Architecture(HLA).  For the
future HLA-compliant simulation, the scenario
database format should base on the standard of
Object Model Template(OMT). This paper pro-
posed an easy-use, semi-automatic, and reusable
framework for managing the historical scenario
data. The major components of the framework are a
Scenario Designer and a Data Importer. In this
way, the data in the scenario database can be easily
reused to restore an original virtual world or
generate a new virtual world. An example is also
presented to verify this framework.
Keywords: HLA, SOM, FOM, Scenario Designer

1. Introduction

VRML(Virtual Reality Modeling Language) is
an ASCII language that is used to describe the
three dimensional virtual environment. The major
purpose of using an ASCII file to specify a three
dimensional virtual world is to assure the efficien-
cy of transmission and interaction in a low band-
width network environment across different plat-
forms. As the VRML is a standardized scene de-
scription language, it is used to describe the com-
ponent objects of a virtual world. In additions, the
VRML also take the event triggering and time
sequencing into consideration to provide the man-
machine interaction feature. In this way, the
VRML can describe most of the virtual world
scenario and is used in many applications. How-
ever, it still has limitations in certain special ap-
plications. The major limitation of the VRML is
that it just discusses the shape of objects in a sce-
nario and the behavior of objects depend on other
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third party mechanisms such as JAVA from SUN
or ActiveX from Microsoft[7].

On the other hand, the HLA(High Level Ar-
chitecture) which is proposed by American DoD
is defined by three components such as the HLA
rules, Interface specification, and the OMT(Object
Model Template)[4,5,6]. The OMT discussed in
HLA(High Level Architecture) is used to describe
the specific behavior of objects in a virtual scene.
The characteristics of OMT is to provide the rec-
ognition, realization, repeatability and reusability

- of virtual scene[3,15,16]. There are two compo-
“nents in OMT which are FOM(Federation Object

Models), SOM(Simulation Object Models). The
SOM contains the information of potential capa-
bilities that a federate can provide to a federation.
The FOM records the capabilities of all the par-
ticipants in a specific federation execution. These
two components are expressed in terms of tables
that define shapes, interactions, attributes,
parameters of objects.

The OMT also provides the guideline to reuse
objects of a virtual world, however, OMT does
not provide the visual view to achieve this task.
To overcome this problem, this paper proposes a
reuse framework that is based on OMT to de-
scribe the reuse method of the historical data. The
data formats of the reusable framework are com-
pliant with the OMT and stored in a scenario da-
tabase for future reuse. The major components of
the framework are a Scenario Designer and a
Data Importer which use UML(Unified Model
Language) as the basis to reuse objects inside the
scenario database and to convert the historical
data into the scenario database. The other compo-
nent such as the Data Maintainer is provided the
interface of OMT tables for the user to add the
new data into the scenario database step by step. It
also can modify or delete the historical data of the
scenario database.

In the rest of this paper, section 2 surveys the
existing approaches for solving the data manage-
ment of a virtual environment. Section 3 elaborates
the architecture of the proposed framework and the
result of implementation. Section 4 gives an exam-
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ple to verify the proposed framework. Finally,
section 5 is the conclusion and the future work.

2. The Problem-Solving Approaches

There are two approaches for developing the
OMT/HLA compliant systems. The first is using
the CASE tool to provide a visual view to develop
the OMT for a virtual scenario[16]. This tool is
developed by the Naval Undersea Warfare Center,
Division Newport for the Submarine Multi-
Mission Team Trainer(SMMTT) program. The
tool called the Run-Time Infrastructure Modeling
Extensions(RTIME) provides the development of
Entity Relationship Diagrams(ERDs), state mod-
eling, and Program Design Language(PDL) pseu-
docode. The RTIME Developing Approach is
shown as Fig. 1 in which the ERDs of RTIME is
drawn by the user manually through the Visio™
(graphical editor) on a Windows 95 platform. The
SOM, that is produced by the RTIME tool, is
generated by MS Excel™. The RTIME tool set
supports the HLA federation development by
automatically producing SOM spreadsheets from
the RTIME OO models.

The advantage for using the CASE Tool to
develop HLA compliant system is easy and under-
standable. However, it also shows that this CASE
tool is unable to completely express the data of
HLA OMT. That is, the Object Class Structure
Table of OMT is fully support, and the other ta-
bles of OMT such as the Attribute/Parameter
Table and Object Interaction Table are partially
support in this CASE tool.

FOM Library [+

l

RTIME ERDs, State Modeils, and PDL

3
RTIME
generated
RTI! code

(2 Execution
Specific
FOM

| I
Fig. 1 RTIME tool Developing Approach

The second approach is using the
UML(Unified Modeling Language) compliant
methodoloy to propose a reusable method[13].
The proposed UML compliant method is called
ICON Computing Catalysis and is used to define
the objects in an acoustics simulation. The Cataly-
sis process is compliant with both Object Model-
ing Technique (OMT) and UML and is empha-
sized on the reusable frameworks or design pat-
terns. Catalysis offers “design by contract”, mul-
tiple inheritance, reusable frameworks of inter-
acting objects, building on previous Object
Modeling Technique (OMT) experience and is
implicitly supported by UML tools developed by
Rational Corp.

SOMs
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Although the Method of Catalysis can express
the detailed behaviors and interactions of objects,
it does not generate tables that is fully compliant
with the OMT tables of HLA. Besides, it cannot
produce the object attributes and Interaction
parameters for the OMT tables. Therefore, It can-
not generate the fed file which is used by a simu-
lation program using the RTI service of HLA.
Another problem is that the Catalysis is an UML
compliant method, it has made the extensions such
as multiple inheritance, ..etc. Therefore, it is not
easy for users to use the Catalysis method. To
overcome the above problems, this paper pro-
poses a framework to keep the essence of the
CASE tool of the first approach and use the UML
diagrams to semi-automatically produce the OMT
tables of HLA. If the data of UML diagram is not
enough to generate OMT tables, the framwork
triggered a dialog box to ask the user to input the
required data for OMT tables. The UML diagrams
is used to describe the objects and interactions of
a system significantly. These diagrams are fol-
lowed the format of OMT tables.

3. The Architecture of the Framework and
the Result of Implementation
3.1 The Architecture of the Framework
This paper proposes a reusable framework to
extend the OMT architecture with the help of
tools to develop the OMT objects. Through these
tools[11], objects can be created and reused. The
architecture of this framework is divided into
three phases such as off line, initial time, and run
time workspaces as depicted in Fig. 2. In the off
line workspace, it provides mechanisms to con-
struct SOMs from ferderates into a scenario data-
base. In the initial time workspace, it can retrieve
data of the federate from the scenario database to
organize a new FOM for a new federation. That is,
the FED and DIF files for the simulation program
are produced in the initial time workspace. In the
run time workspace, it utilizes the API from RTI
of HLA to organize the FOM and SOM into a
execution status of a simulation program.

N

-
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(e JI N i

Run Time nitial Time Off Line

Fig. 2 The architecture of the framework
Three phases of this framework are elaborated
as followed:

Z
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1.Off Line workspace:

There are three components in this workspace
such as the Data importer, the Scenario database,
and the Data maintainer. The Data importer is a
CASE tool which provides a graphical user inter-
face which is based on the UML diagram for user.
This tool is to help the user that are not familiar
with the OMT to convert the data of UML dia-
grams into the tables of OMT. Through the dia-
grams provided by UML, the user can easily
mode! a SOM of OMT. Although the user can use
the UML diagrams to describe the relations and
interactions of object classes, there are still lack of
information to combine the data of UML diagrams
into the tables of OMT. To solve this problem, the
Data importer also provide a dialog box for user
to describe the missing data that are required by
the tables of OMT. In this way, it can semi-
automatically convert the data in UML into the
tables of OMT. Fig. 3 shows the internal flow and
module relations of the Data importer. A user can
describe a virtual world by the visual diagrams
provided by the Data importer. As shown in Fig.3,
the kernel of the Data importer is divided into the
UML Standard and UML Extension modules. The
UML Standard module is the basic diagrams of
the UML such as the use case, class, sequence
diagrams, ...etc. The UML Extension module is
the module to handle the missing data of the UML
diagrams for tables of OMT. After these steps, the
Meta Data are produced by combining the data
receiving from the UML standard and UML ex-
tension modules. Finally, the OMT Generator
Module use the Meta Data and the Scenario da-
tabase to produce the OMT Instance Informa-
tion(OII). The OII can be used to construct the
federate object into the Scenario databases.

Graphic User Interface

|
I
|
|
:
UML UML 1
Diagram Model Extension ]
|
1
o] |
i
i
1 Database :

I G
oMmT T 1 H
_____________________________ ]

h 4
OMT Instance

Fig. 3 Data Importer Module

The scenario database[9,10] is the database to
store the SOM data and some other extension for
system module. As a part of SOM data container,
the scenario database should follow the specifica-
tion of OMT. Owing to the object-oriented con-
cepts of OMT, the data of OMT should be stored
in an object-oriented database. This paper sug-
gests that the scenario database can be a relational
database which uses the OO-API and rules to
describe the Object Model Identification Table,
Object class structure table, Interaction class
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structure table, attribute table, parameter table,
Attribute table/parameter table sub-components,
Routing Space table. For future reuse, the data in
the scenario database can be reorganized into the
tables of OMT by the predefined SQL language.
The extension of the scenario database is to
provide the required information of a federation
such as the rules of a federation, the emergency
handling of a federation, the analysis of a federa-
tion ... etc. Through these data, the modules of a
federation can be plug-and-play dynamically. Fig.
4 shows part of the ER Model of the scenario
database[8}. In Fig. 4, most of the table and at-
tribute design follows the data format of OMT and
some of them are designed as needed in this
framework.

Fig. 4 The ER Model of the Scenario Database

The Data maintainer[2] is a CASE tool for the
user that are familiar with the OMT of HLA. This
tool provides a dialog box for users to maintain
the scenario database. A user who are not familiar
with the OMT can use the data maintainer as a
guide to construct a SOM step by step. The other
user that are master in the OMT can modify or
delete an existed SOM directly. The data main-
tainer also provides some utilities for user to get
more related information from the scenario data-
base. Fig. 5 shows the internal flow and module
relations of the Data Maintainer. In Fig. 5, a user
can use the data maintainer to describe a virtual
world follows the concepts of OMT. Through the
data maintainer, the OMT Sheet Model is pro-
duced. In the meantime, the OMT Generator
Module uses the information of the OMT Sheet
Model and the Scenario Database to produce the
same as OII in Data Importer Module. The OII
can be used to construct the federate object into
the Scenario database.
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Fig. 5 Data Maintainer Module

2.Initial Time workspace

There are two components in this workspace
which are the Scenario Designer, and the Federa-
tion Parser. The Data importer is a CASE tool
which provides the graphical user interface that
are used to model a FOM of OMT. This tool uses
the UML diagrams to describe the FOM of OMT.
Fig. 6 shows the intenal flow and module rela-
tions of the Scenario Designer. In Fig. 6, when a
user use the UML diagram to describe a federa-
tion, the scenario designer will reuse the data of
the scenario database. Since the detail information
of a federate already exists in the scenario data-
base, the user does not need to specify the detail
specification of a federate, in stead, the user just
input the object class and corresponding interac-
tions. The scenario designer collects all the user
inputs to the Scenario Generator Module. The
Scenario Generator Module will according to the
user requirement and the data in the scenario da-
tabase generate the scenario information for the
Federation(Fed) Parser.

Graphical User Interface

Scenario Database
Reference
r'y

UML Diagram
Model

y

Scenario Generator

Scenario
Information

Fig. 6 Scenario Designer Module

Based on received scenario information, the
Fed Parser produces the SOM and interactions
needed by a federation. These SOMs and interac-
tions are generated in FED and DIF file format for
simulation program. Fig. 7 shows the internal flow
and module relations of the Federation Parser.
The Federation Generator Module will reference
the scenario information and the data in the sce-

e e el it

§ . : DafaBase | |

: |Scenarion Informatioq | Reference | :

Federation Generator
FED DIF

Fig. 7 Federation Parser Module

3.Run Time workspace

There are two components in this workspace,
they are the Simulation program and the Rti
service that are all proposed by the DoD. The
Simulation program follows the spec of HLA by
using the c++ version of API to interact with the
Rti Service and builds a federation for simula-
tion{15].

3.2 The Implementation
The proposed system is implemented in Win-
dows platform. The purpose of the data importer
is to provide a CASE tool for user to enter the
SOM data by the diagrams of UML. Through the
conversion of the Data Importer, the SOM data is
produced and is stored in the scenario database
for future reuse. Fig. 8 shows the Use Case dia-
grams of the data importer. The Use Case diagram
is one of the diagrams for the user. The other
diagrams such as class diagram, sequence dia-
grams ... etc. are also used by the user to describe
the scenario data. To compensate the missing data -
of SOM, the data importer provides the dialog
windows to guide the user to input the required
data. As shown in Fig. 9, the extended data of the
UML diagram for SOM are input through the
dialog windows. The data importer will shows the
required information in the dialog box to guide
g data.
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¥
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Fig. 8 The Use Case diagram of the data im-
porter
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as followed:

Use case name: Naval Simulation

Actor’s name:

Condition: The platform of ships are simulation in
a virtual world, The ship can use the weapon to
attack the enemy and can detect whether it was hit
by some objects.

Function: Weapon_Fire, Collision, Detonation

Use case description: Weapon_Fire — Platform
fires the weapon to the target and destroys it.

Use case description: Collision — Platform moves
and detects whether a collision occurred.

Use case description: Detonation —- The weapon
destroys the target and detonates.

S : The Class diagrams of the example are divided
o — into two parts. One is to describe the static struc-
ture of objects(federates) as shown in Fig. 11. The
roc orpmiton: | other is to describe the internal dependency of
POC Telephane: federates in the entire federation as shown in Fig.
POC Emai: r"——_— 12. From these two Figures the inheritance rela-
tionship of HLA OMT Object Class are obtained.
Munition
Fig. 9 The dialog boxes for the data importer / \
Platform Platform
4. An Example to Verify the Proposed

Framework
In this section, an example is shown to explain

how to use UML diagram to map the data format Fig. 11 Class Diagram(1)

of HLA OMT. There are eight diagrams in UML “Entity Plaiform Ground Vebict

4 M FORCE KX shast DAMAGE_STATY —
to descfnbe a system. These diagrams are Use ST ; — _.;::
Case diagram, Class diagram, Sequence diagram, e | TR ) e
Collaboration diagram, State diagram, Activity oot Mo STl | | e o o
diagram, Component diagram, Deployment dia- oy

gram. These diagrams are obtained from the data
importer except the Component diagram and De-
ployment diagram which are input from the dialog
windows. This example is taking from the federa-
tion of Navy. From this example, the Use Case for
the Use Case diagram are Platform and Munition.
The interactions are also happened between the
two objects and the Use Case diagram is shown as
Fig. 10. for i e [ Gl |

lﬂh| M;\iﬂﬂl

Fig. 12 Class Diagram(2)
The Sequence diagram is to describe the event
handling according to the time. As shown in Fig.
13, the events are platform move, platform fire

Fig. 10 UML Use Case Diagram weapon and weapon detonate.
The corresponding Use Case description is listed
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— are collect from the user by using some dialog
Pl Mov Muniton  Plaformi(contact windows as shown in Fig. 9 are necessary. These
P,f,‘f,fﬁ’e”“ B;] SE88__collision signal 4 data such as the fields of the Attribute table and
- Parameter table. In the Class diagram of UML, the
P‘;;gg"" D firing signal ‘ I attribute and parameter just focus on the data-type.
Weapon However, there are still some fields that are
Weapon detonate needed in the Attribute table and Parameter table
detonate E destron, ) of HLA OMT as shown followed:
®  Cardinality
Fig. 13 Sequence Diagram @  Units
The Collaboration diagram is showing the ob- ® Resolution
ject relations and the message exchanging status ®  Accuracy
as shown in Fig. 14. ®  Accuracy condition .
® Update type (Parameter Table doesn’t have
firing this field)
Platform signal d:itgll:[w ® Update rate/Condition (Parameter Table
RS doesn’t have this field)
T lccs’:;,s,zn i?;:ly . l ® Transferable/Acceptable (Parameter Table
firing doesn’t have this field)
signal “‘Sg;m ® Updateable/Reflectable (Parameter Table
doesn’t have this field)
® Routing Space
Fig. 14 Collaboration Diagram The above data will be obtained from the user
The State diagram shows the internal state tran-  through the dialog windows. The conversion re-

sition by the events. This is the micro-view of a sult is the tables as shown from Table 1 to 4.
system to describe the status of internal changes.

The internal state change of the Munition object is
shown in Fig. 15.

Object Class Structure Table

Eeo[Pes) [GVEsfTies) [Ts)  M1Gps)
(T72(ps)
AFV(ps) (ps)
Be fired to
the target BMP(ps)
object AV (ps) fA(ps)
Fig. 15 State Diagram(1) for Munition Object (s I(ps)
The Activity diagram shows the detailed event M(s) 1G®s) [AG(®s)|TOW(ps)
handling procedures as shown in Fig. 16.
AT5(ps)
Collision collision LGB (pS)

detection

AA(ps)[SA16(ps)

Table 1 Object Class Structure Table

Weapon Destroy target Interaction Class Structure Table
detonation

Fig. 16 Activity Diagram JICOLLISION (IR)
WEAPON_FIRE (IR)

The Component Diagram and Deployment .
Diagram are to describe the physical component DETONATION (IR_)
and the configuration of running processing ele- Table 2 Interaction Class Structure Table
ments. As these two diagrams are focus on the
system physical software components and systems
architecture, these two diagrams are not necessary
for the data importer.

For the conversion from the UML diagrams to
the tables of OMT, the needed data that are col-
lected most from the diagrams. The other data that
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Attribute Table Object Model Identification Table
Object |Attribute [Datatype |Cardinality Units§.. Category Information
E F_ID fshort 1 E Name Iccrr SAF
'Version lBuild 7
V_X double |1 'm/s {Date [08/01/1997
A_X double 1 lavs2 |... Purpose Support team training
P D S_A [short 1 E Application Domain [Training and Analysis
M [FIRE_ID flong ) /A Sponsor “ISTRICOM / DMSO
GV |A_S short 1 E [POC rMs.Christina Bouwens
POC Organization JSAIC
D_S_F_P |short 1 E POC Telephone |Christina Bouwens
AFV JA L IShOﬂ 1 E [POC Email IChristina.Bouwens@cpnv(.saic.com
Table 3 Attribute Table Table 5 Object Model Identification Table
Parameter Table 5. Conclusion and Future Work
- - This paper proposes a reusable framework ar-
Interaction |Parameter [Datatype |Cardi..JUnits}.. chitecture to handle the scenario data of a federa-
COLLISIO |ColLID  |long 1 /A tion. The framework is divic‘led into three work-
spaces to process the scenario data. The off line
N workspace is to collect the historical data and add
R L_X Gouble. It M the new dz%ta. 1n t%le scenario dat.abase for.ﬁxture
reuse. The initial time workspace is to describe the
WEAPON_ [Firing_ID |]long 1 IN/A needed reusable scenario for a new federation. The
FIRE outputs of this workspace are the files needed by a
federation. The run time workspace is followed the
IM_Type string 1 IN/A HLA RTI to simulate a real world environment.
Through this framework, the historical scenario
DETONATI [M_ID flone ! /A data can be reuse easily. The advantages of this
ON framework are the developing process from design
=W - = to the result is visualized and reusable, the work
BD. snort ! for add in or reuse the scenario data is easy and
Table 4 Parameter Table clarified, and the modulized design of each

The other table such as the Object Model Iden-
tification Table is to record the information of the
Object Model. The data of this table can be ob-
tained from the user as shown in table 5.
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mechanisms in this architecture can be plug in and
play easily.

For the future work, there are three parts of
works can be investigated. The first is that the
basis methodology of kernel — UML can be re-
placed by other methodology that is more feasible
to convert into the HLA OMT. The second is that
the data in the scenario database can be trans-
formed by the VRML parser into the VRML file
for simulating in the internet browser. The third is
that the HLA RTI service can be rewritten as a
plug in and play or replace module for the flexi-
bility of the system. In this way, it can promote the
performance and flexibility of the simulation.
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