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ABSTRACT

This paper presents a modelling and simulation process based on state-of-the-art software engineering
concepts, tools and best practices. It aims at guiding modellers in the development of extensible, reusable and
interoperable models to be used in integrated simulations. Although this process has a very broad reach, it is
incubated in a project for weapon system engagement simulation in order to better focus its application.
The first iteration of the process development, which is reported here, is aimed at assessing the validity of the
proposed concept. It was observed that despite the availability of tools and guidelines, no successful and cost-
effective simulation is possible without teamwork, communication, common infrastructure, agreement,
education, constraints and integration.

1.0 INTRODUCTION

In the context of defence related research and development, Modelling and Simulation (M&S) is often used as
a tool to obtain precise answers to very specific questions. Due to time, resource and expertise constraints,
several models or simulations are commonly developed in an executable format, with few customisable
elements, to satisfy very specific requirements. Consequently, a more or less significant model rework is
required for even slightly different applications. Another common weakness is the lack of rigorous, common
and enforced modelling method, which often produces non-reusable and non-interoperable models.

The actual quest for a global synthetic environment is a catalyst to increase the span of M&S benefit. In this
new vision, the real world is represented as a virtual environment where autonomous entities, behaviours,
terrain, environment and information interact dynamically. A specific simulation only observes a subset of the
entire environment. This conceptual approach may lead to some solutions to the M&S reusability and
interoperability problem. However, the demanding system integration needs to be supported by effective
teamwork and large-scale software development methods applied to the M&S domain.

From this point of view, new requirements for successful and cost-effective M&S include reusability,
extensibility, portability, modularity and interoperability. Recently, the software engineering domain has
tackled these problems with success. Therefore, since M&S relies on software applications, these novel M&S
requirements could be fulfilled using state-of-the-art software engineering concepts, tools and best practices.

Paper presented at the RTO NMSG Conference on “NATO-PfP/Industry/National Modelling
and Simulation Partnerships”, held in Paris, France, 24-25 October 2002, and published in RTO-MP-094.
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A M&S Process to Achieve Reusability and Interoperability ORGANIZATION

This paper proposes an integrated M&S process to guide the modellers in the development of reusable and
interoperable models to be used inside extensible simulation frameworks. The proposed process has been
initiated by modellers from the engineering and engagement levels, at the bottom of the M&S levels pyramid
(Figure 1). The team adopted a vertical approach and focussed on the modelling process. Model engineering
[1] is essential to create models for high-fidelity sub-system simulations as well as for a higher-level
synthetic environment. Emphasize was then on potential uses for the models instead of specific deliverables,
which implied that modellers had to understand the different contexts in which their models may be useful.

Engagement

Engineering

Figure 1: The M&S Levels of Detail Pyramid [2].

However, since modellers are rarely software engineers, an integration specialist is required. To foster the
application of the proposed process, this person must understand the physics and the software aspects of the
problem. It stresses the point that, to maximize reusability and interoperability, the bottom of the pyramid
must understand the top and the top understand the bottom. For instance, the modellers must accept to be
constrained, to some extent, to ensure that their models will be reusable and interoperable. The process must
allow the modellers to focus on what they are good at, the modelling of physics.

This paper first describes the proposed M&S process and, afterwards, its practical implementation using
specific software tools. The results section explains the incubating project surrounding the development of this
process. Finally, the concluding remarks presents the lessons learned from the development and application of
the proposed M&S process.

2.0 THE PROPOSED M&S PROCESS

As shown on Figure 2, the typical phases of any simulation are: modelling, execution and analysis [1].
The proposed process takes place to complement the M&S development theory in guiding the M&S teams in
its concrete application. It essentially relies on software engineering concepts, tools and best practices applied
to the M&S domain.

11-2 RTO-MP-094
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Figure 2: The Proposed M&S Process.

This is also an iterative process in the sense that the top-down integration can be restarted at any time in the
development of a simulation and be completed within a few minutes time scale. In the software engineering
domain, it is often called a micro-process spiral life cycle [3]. The automated steps standardize and speed up
the model development process.

2.1  Simulation Modelling

The simulation modelling includes three main activities: 1) the conceptual modelling of the elements to be
simulated; 2) the modelling of the physical behaviour of each element; and 3) the modelling of the scenarios
describing the interaction between the various elements.

2.1.1 Conceptual Modelling

Conceptual modelling [1] is the first step of any structured M&S process. It is the abstraction of the entities,
properties, behaviours and interactions to be simulated. In the proposed M&S process, the conceptual
modelling is the reference of design. It means that modellers shall always go back at this level to make any
changes. From a very high level perspective, representing the simulation requirements, it is possible to
progress toward a model closer to the implementation.

In a software engineering approach to M&S, modularity and reusability can be expressed using the object-
oriented (OO) paradigm and the component-oriented approach. As a standard for representing these concepts,
the Unified Modelling Language (UML) [4] was selected to support the conceptual modelling. Therefore,
applications of the simulation are described using “use case” diagrams while the static and dynamic aspects
of the simulated system are represented using ‘“class” and ‘“sequence” diagrams, respectively. Finally,
the implementation of the system is conceptualized using “component” diagrams. A consequence of this

RTO-MP-094 1-3
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approach is the fact that modellers must be educated on UML and object-oriented programming to agree on a
common conceptual model.

Design patterns [5] and domain specific standards, such as the Real-Time Platform Reference Federation
Object Model (RPR-FOM) [6] in defence M&S, are also introduced at this level to synthesize reproducible
and globally accepted concepts.

A simulation developed with the proposed process gains its extensibility from the incremental additions at the
conceptual model level. This process fosters reusability by inviting the modellers to extract the commonality
of their models. It also promotes interoperability by forcing them to agree on standard concepts and interfaces.

2.1.2 Physical Modelling

Physically based modelling [7] is the mathematical representation of the real world behaviour. In order to
remain at a manageable complexity level, the physical models are tailored to satisfy specific use cases.
Various physical models may then be necessary for different applications, which is also called multi-
modelling [1][8]. This concept is essential for bottom/up and top/down reusability of models in the M&S
pyramid (Figure 1).

Once the stakeholders agree on requirements and the modellers agree on concepts (entities and interactions),
each specialist can model the physics that is under its responsibility. Stand-alone work is possible at the
condition of strictly respecting the conceptual model or updating it appropriately if a modification is required.

At the final stage of the physical modelling, the model is implemented into a software format. The software
model can be directly written in an object-oriented programming language or encapsulated into a class if it is a
legacy model. However, since modellers are not necessarily programmers, it is often impossible to require
structured and standardized code from them. On the other hand, they can be assisted by automatic code
generation tools providing a standardized code skeleton limiting the code to be written. Visual programming
and simulation tools are also favoured for physical modelling without specific programming skills.
Indeed, these tools were especially created for specific domain engineering-level rapid prototyping, test and
validation. They often allow the reuse of functionalities through common libraries and the interoperability
with other specialists. The only constraint is then to design physical models compliant with the OO and
component-oriented conceptual model and to break the functionalities into discrete, more or less fine-grained,
modules. The main challenge resides in switching from block and wire to object thinking and to manage the
time steps synchronization between the integration schemes.

2.1.3 Scenario Modelling

The execution of a simulation requires the prior modelling of the scenario. In the OO approach, conceptual
and physical modelling are dealing with generic objects while scenario modelling refers to instances of these
objects. It typically includes the specification of model parameters, initial conditions for the state variables,
the dynamic assembling of sub-models composing higher-level models, the recording of output results and the
instantiation of objects composing a simulation scenario.

Scenario modelling generates the data characterizing the simulation. By scripting, in opposition to hard
coding, these elements, it is possible to reuse parameters and initial conditions, to select the output to be
logged and to dynamically compose, at run-time, the parts of a model or the entities of a scenario. A standard
and flexible data format, such as the eXtensible Markup Language (XML) [9], can significantly fosters the
exchange, the modularity and the portability of these data.

1-4 RTO-MP-094
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2.2  Automatic Code Generation

To automate and speed up the M&S process, software tools can generate the code of the model components
and data. This practice promotes software quality and model consistency. The model code generation can be
done directly from the conceptual model. This option involves a manual intervention of the modeller to
include, in the skeleton, his physical model written in the appropriate programming language.

Alternatively, the modeller can use a visual programming tool to develop his physical model and, afterwards,
automatically generate the model code including all the behaviours. This option allows reusing the visual
prototype to produce the final model components. Similarly, a tool associated to scenario modelling can
automatically generates the model data.

2.3 Model

The outcome of the modelling phase is a software model that includes a component and its associated data.
The component is the generic software implementation of a model while the data contains the features of each
instance. For example, the simulation of two different instances of a model can be achieved by using the same
model component with different data files.

To maximize the model modularity and reusability, the components must encapsulate fine-grained generic
code modules. Moreover, in order to optimize the modeller’s efforts, the components shall contain physical
model code independent of any simulation framework. In practice, components are generally compiled in a
library that can be dynamically instantiated and linked at run-time.

Model data specify what is left generic in the model components, each component having customizable
parameters and initial conditions. Parameters are the model data that remain constant over the simulation
while initial conditions change over time.

Entities are container models that can be dynamically composed of part models using configuration files.
Similarly, simulation scenarios are composed of entity models with their respective configuration files.

2.4 Adapter

To maximize reusability, the generic models and data files are adapted (from the “Adapter” design pattern [4])
to specific simulation frameworks. The adapter relationship with the simulation framework and the model
component is shown on Figure 3. An instance of the adapter is required for each instance of a model entity.

Simulation
Framework
Model Adapter
Component Plug-in

Figure 3: The “Adapter” Concept to Integrate a Model with a Framework.
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Theoretically, the adaptation is possible with any OO and component-based simulation framework. However,
a different adapter must be built to fit each specific framework. For a particular framework, the anchoring
points can be limited to one or a few adapters depending on its extensibility and the compliance of the
concepts between the custom models and the framework. Depending on the architecture and the complexity of
the interaction, a variable level of effort may be required to benefit from the various built-in functionalities of
a framework.

Practically, a model adapter is programmed using the Application Programming Interface (API) of the
selected simulation framework and inserted into it as a plug-in. It acts as a dynamic model component
interface with the simulation framework. The association of the model with the framework then does not
require any recompilation and, depending on the framework, it may be run-time selectable. Scenario data file
adapters can take the form of import/export capabilities.

Adapters have the advantage of reducing the dependence on a particular software product or environment.
They contribute to improve the reusability of generic models, the modularity of the dependence to simulation
execution and the extensibility of the simulation framework.

2.5 Simulation Execution

In the proposed process, the simulation execution is delegated to an existing commercial-of-the-shelf (COTS)
framework that provides functionalities such as scenario creation, execution control, doctrines, trajectory,
viewers, etc. Some frameworks may even include built-in model components and data. This approach
originates from the fact that the expertise of the process initiators mainly resides in simulation modelling not
in time management, distributed simulation, terrain database, visualization, etc.

The use of a recognized simulation framework contributes to the interoperability between the modellers by
providing a common infrastructure. Within the defence community, such interoperability may also be
improved if the chosen framework is compliant with the High-Level Architecture (HLA) [10].

2.6  Source Control and Web Page

The proposed M&S development process needs to be supported by version control, ownership tracking and
exchange functionalities to ensure the integrity of the information. This can be achieved using, for instance,
a shared database and a project web page. This practice shall be applied through the entire M&S process
including: the conceptual model; the visual prototypes; the source code; the model components; the data files;
and the documentation.

3.0 THE M&S PROCESS SUITE OF TOOLS

Practically, several software engineering tools are required to support and automate the proposed M&S
process. An option analysis was carried out to determine the most appropriate suite of tools to demonstrate the
proposed process. Some are COTS solutions and others are custom tools especially developed to be as generic
as possible. It should be noted that these tools are not a unique solution but represent the best compromise
when the option analysis was conducted. The automatic integration of these tools prevents subjective manual
operations, promotes the iterative refinement and accelerates the process. Figure 4 shows the software tools
associated to the M&S process while Figure 5 presents screen snapshots of the different tools.
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Figure 4: The Concrete Steps Implementing the Proposed M&S Process.
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Figure 5a: Step 1 — Agreement on a Conceptual Model in UML with Rational Rose®.
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Figure 5b: Step 2a — Generation of XML Default Parameters Files from Rational Rose®.
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Figure 5f: Step 4a — Prototyping the Physical Model in MATLAB/SIMULINK®.

Figure 5 cont’d: Screen Snapshots of the Tools Supporting the M&S Process.

Figure 5e: Step 3b - Filling the C++ Skeleton with a Physical Model in C++ or Wrap a Legacy Model.

11-10

RTO-MP-094



A M&S Process to Achieve Reusability and Interoperability

Figure 5g: Step 4b — Associating the SIMULINK® Model with XML Data Files Using the XML Toolbox.
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Figure 5 cont’d: Screen Snapshots of the Tools Supporting the M&S Process.

Figure 5h: Step 4c — Generating the DLL Using RTW®, TLC® Custom Script and Makefile.
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Figure 5j: Step 6a — Developing a STRIVE® Adapter in Microsoft
Visual C++° and Inserting the Plug-In into the SFX.

Figure 5 cont’d: Screen Snapshots of the Tools Supporting the M&S Process.

Figure 5i: Step 5 — Controlling the Versions and Sharing the Project Files with Sourcesafe®.
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Figure 5I: Step 7 — Executing the Simulation in STRIVE®.

Figure 5 cont’d: Screen Snapshots of the Tools Supporting the M&S Process.
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3.1 Simulation Modelling

Simulation modelling includes a series of tools to support the conceptual, scenario and physical modelling.
Their link with each step of the proposed process is shown on Figure 4.

3.1.1 Conceptual Modelling

The process starts (Figure 4, Step 1 and Figure 5a) by agreeing on a conceptual model in UML using the
Rational Rose® visual modelling tool [11]. It is a COTS product implementing the UML design standard and
supporting OO and component-oriented conceptual modelling. The typical elements of the UML notation
(use cases, class, sequence, component diagrams) are used to represent the conceptual model. The class
attributes (parameters or initial conditions), methods, interaction and documentation are also systematically
included in the UML class diagram.

3.1.2 Scenario Modelling

The second step of the proposed process (Figure 4, Step 2a and Figure 5b) consists in generating the XML
parameter and initial condition files from the UML conceptual model using an automated functionality
integrated into Rational Rose®. Practically, this is done in stereotyping, with the tag <<XML>>, the classes
that require a parameter file. All class attributes that need to be configurable, either as a parameter or as an
initial condition, are also tagged. Then, a custom script, integrated into the Rational Rose® tools menu,
automatically generates default XML parameter files with the corresponding parameter names, data types,
initial values and documentation. The practice of properly documenting the conceptual model and
automatically generating the data insures the quality of the parameters data files.

Afterwards, the creation and the edition of the XML data files can also be done using a custom Java interface
called the Studio (Figure 4, Step 2b and Figure 5c). This interface automatically adapts the Graphical User
Interface (GUI) to the number and the name of the parameters defined into one model. It also dynamically
represents the parameters according to their type. The data type entered by the user is validated and the
minimum and maximum ranges permitted for each parameter are verified. Units and documentation are also
displayed. The drag-and-drop capability of the GUI allows composing scenarios from entity models and
entities from part models. The Xerces C++ and Java XML parsers [12] allow reusing the XML files at the
scenario graphical modelling level, at the visual programming level and at the simulation framework level.

3.1.3  Physical Modelling

Based on the conceptual model, a C++ skeleton of the physical model can be automatically generated with
Rational Rose® (Figure 4, Step 3a and Figure 5d). Moreover, Rational Rose® is integrated with the Microsoft
Visual C++® development environment. The practice of systematically referring to the UML model to make
any change on the skeleton and redo the automatic code generation ensures that the conceptual model always
reflects the state of the implementation. It also improves the quality and the uniformity of the documentation
and the code.

The modeller can then add the physical model directly in the reserved area of the C++ skeleton (Figure 4,
Step 3b and Figure 5e) using Microsoft Visual C++® or any other appropriate development environment.
At this stage, the modeller also has the possibility of wrapping a legacy model into the C++ skeleton of the
class.
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Alternatively, the modeller has the opportunity to use the MATLAB/SIMULINK® [13] visual programming
tool for prototyping the physical model (Figure4, Step 4a and Figure 5f). However, the SIMULINK®
model should be consistent with the OO conceptual model to ensure the compliance between the SIMULINK®
and the skeleton generated code.

When using MATLAB/SIMULINK®, the modeller shall associate the visual model with a XML data file
(Figure 4, Step 4b and Figure 5g) to be consistent within the process. Custom tools were developed to use the
XML data files with MATLAB/SIMULINK®: 1) XML files for SIMULINK® models are automatically
generated using a m-file export program called MATLAB2XML; 2) parameters defined in XML can be
imported in the MATLAB® workspace using the XML2MATLAB m-file program; and 3) the SIMULINK®
blocks can be automatically associated with the XML Studio using an automatic configuration m-file.

If the modeller uses the MATLAB/SIMULINK® environment to develop the physical model, the proposed
process allows to automatically generate a model component compiled as a Dynamic Link Library (DLL).
The component is produced using the Real-Time Workshop® (RTW®) and the Target Language Compiler®
(TLC®) COTS products (Figure 4, Step 4c and Figure 5Sh). RTW® is integrated within SIMULINK®
and automatically generates portable and executable C code from the block model. Using the TLC®, included
with RTW®, it is possible to customize the generated code and, for instance, wrap the produced C code into a
C++ class compliant with the conceptual model. The interface of the resulting class is identical to the one
automatically generated from the conceptual model with Rational Rose®. In addition, this code contains the
calls to the MATLAB/SIMULINK® functions responsible for the mathematical modelling and the numerical
integration. Finally, a custom makefile automatically compiles the generated code into a DLL to produce a
stand-alone component.

3.2  Source Control

The modelling process produces model data for parameters, entity parts and scenarios in XML file format and
model components in DLL file format. The different versions of these files are tracked using Microsoft Visual
SourceSafe® COTS product (Figure 4, Step 5 and Figure 5i). SourceSafe® is integrated with the other
modelling tools (Microsoft Visual C++®, Rational Rose® and MATLAB®) to optimize file management.
Practically, it automates the sharing and the version control of the UML conceptual model, the C++ source
code and the SIMULINK models.

3.3 Adapter

STRIVE® from CAE (Montreal, Canada) [14] is the simulation framework selected to demonstrate the
process. It is an HLA-native framework that internally uses publish and subscribe as interaction mechanism.
It implements distributed simulation using the Run-Time Infrastructure (RTI) [10] and supports an extended
RPR-FOM. Its architecture is divided into two main elements: 1) a simulation framework, called SFX and 2)
a Computer Generated Forces (CGF). It allows adding custom models that only use the SFX or use also the
behaviours provided by the CGF.

Custom models are added into STRIVE® as plug-in components in DLL file format. To avoid coding the
physical models using framework-dependent API, the proposed M&S process uses an adapter between the
generic model DLLs and the STRIVE® SFX. The adapter can be initialized from a library template
automatically installed by STRIVE® into Microsoft Visual C++® (Figure4, Step 6a and Figure 5j). In a single
command line, the plug-in is inserted into the STRIVE® framework.
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Similarly, the XML data files shall be adapted through a STRIVE® specimen initialization file (Figure 4,
Step 6b and Figure 5k). This step represents the minimal effort required so that custom models could be
recognized within the STRIVE® CGF.

3.4 Simulation Execution

Finally, the simulation is executed in STRIVE® (Figure 4, Step 7 and Figure 51) to benefit from its built-in
functionalities i.e., HLA compliance, distributed capabilities, visual scenario and doctrine creation tools,
trajectory waypoints, 2D and 3D viewers, etc. Nevertheless, the custom model remains responsible for
initializing dynamically its parameters from the XML files and the simulation results are always logged into
XML files to maximize their portability.

4.0 THE INCUBATING PROJECT FOR THE M&S PROCESS DEVELOPMENT

This M&S process has been demonstrated in the context of an R&D project aiming at developing a weapon
system engagement simulation environment. Typical requirements for such engagement simulations are,
for example, to simulate a specific threat X, with the parameters Y, engaging a target Z that could counteract
in specific ways. Implemented using a classical approach, this would have resulted in narrow simulation
capabilities. With the use of the proposed M&S process, it has been demonstrated that various configurable
subparts developed by several specialists can be connected and interchanged dynamically in the STRIVE®
simulation framework.

The conceptual modelling allowed to devise and properly structure the main concepts of the simulation
i.e., autonomous “Base Entities”, composed of “Parts” equipments, are detecting each other within the
“Environment” of the simulation “Theatre”. Standardized terms from the RPR-FOM (such as “BaseEntity”,
“WorldLocation”, “VelocityVector”, etc.) were adopted to describe similar concepts. In order to meet the
engagement simulation requirements, the base entity concept was specialized, for example, in “Aircraft”
or “Weapon” and the part concept, in “Airframe”, “Sensor” or “Propulsion”. The conceptual model proved to
be independent of the number and the assembly of instances.

The physical models of the parts used in the simulation were exported to DLL components from an existing
MATLAB/SIMULINK® weapons library. All parameter, initial condition, base entity parts composition,
scenario and log files were associated to XML files for universal use across the entire M&S process.

The execution of the simulation in STRIVE® allowed to play different scenarios by dynamically instantiating
“Aircraft” instances composed of interchangeable parts, each with all configurable parameters. Through
STRIVE®, the models also became HLA compliant.

The main objective of the incubating project was to establish a solid architecture and good teamwork practices
such as information sharing and documentation. The experimentation of the process showed that such
methodology and tools greatly improve the quality of the end product while easing further developments.
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5.0 CONCLUSION

This paper proposed an automated iterative process, supported by a suite of software engineering tools and
best practices, to guide modellers in the development of reusable and interoperable models. The application of
this process brought to light the following advantages:

* the reusability of component models independent of any simulation framework;
* the interoperability improvement from an agreement at the conceptual level;

* the modularity of the models XML data and DLL components;
+ the extensibility of the conceptual model and the simulation framework;
* the portability of the simulation data in XML format; and

* the quality and consistency of the outcome due to many automated steps.

On the other hand, the application of the process also showed some noticeable disadvantages like:
* the maintenance of custom tools developed to support the process;
* the uncertainty of being at the mercy of COTS tools providers;
» the significant integration work requiring specific skills;
* the learning curve of the modellers for the conceptual modelling; and

* the rigorous information (database) management required.

Through the experience of the incubating project, the following lessons were learned:

* despite the availability of tools and guidelines, no successful and cost-effective M&S could be
achieved without a major change of mind about teamwork in the defence R&D community;

» transparent and efficient information sharing and appropriate communication and documentation must
be established within the team;

* reusability and interoperability only occurs with an agreement at the conceptual model level;

* modellers must be left to do what they are the best at, the mathematical modelling of physical
behaviours, while conforming to a rigorous method to maximize reusability and interoperability;

* modellers shall be properly educated on subjects such as the UML and the object-oriented paradigm —
it is believed that these initial investments would lead to long-term payoff; and

* someone must be responsible for the integration in order to maximize the process efficiency.

Finally, the proposed M&S process only fosters model reusability and interoperability in providing guidelines
to modeller teams. However, the object-oriented paradigm does not guarantee reusability and interoperability
of the concepts. In order to achieve these requirements to a higher level, some constraints on the abstraction of
entities, properties and interactions must be imposed [15].
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» Object-oriented programming or wrapping
» Visual programming
Benefits
» Quality, consistency, interoperabillity, reusability

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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@7 3.3 Scenario Modelling

« Aim

» Configuration of simulation instances
Concepts

» Data representation standard

» eXtensible Markup Language (XML)
Approach

> XML schemas
. Parameters and initial conditions
- Parts
. Scenario
. Log

Benefits
» Modularity, reusability, portability, dynamism

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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@7 3.4 Code Generation

e AIM

» Automatic software representation for the
model components and data

Concepts

» Software integration and automation
Approach

» Speed up and standardize the end product
Benefits
» Quality, consistency, uniformity

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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&Y
[{,‘/ 3.5 Model Component / Data

« Aim
» Outcome of the modelling phase
Concepts
> Model = Component + Data
» Component = generic object, dynamic, DLL
» Data = specific instance, configuration, XML
Approach

» Pure model independent of the simulation
framework

Benefits
» Modularity, reusability, dynamism

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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@7 3.6 Adapter

s
« Aim
» Adapt pure models to specific simulation
frameworks Simulat
imulation
° COI’]CGptS Framework
> “Adapter” design pattern T
> Framework API o p—
o ApproaCh Component Plug-in

» Run-time selection of the model to be instantiated
» Component plug-in

» Scenario data import

Benefits

» Modularity, reusability, extensibility

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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r@? 3.7 Simulation Framework
© AIm

> Simulation and time management are left to a
simulation framework

Concepts
> Common infrastructure

» Object-oriented and component-oriented
framework

Approach

» Take advantage of built-in functionalities like
execution control, scheduling, visual scenario and
doctrine creation, HLA compliance, distribution,
trajectory waypoints, 2D and 3D viewers, etc.

Benefits
> Reusabillity, interoperability, extensibility

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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r{, 4. The Suite of Tools

UML/Rational Rose®
® - MATLAB®
Rose® XML script IMULINK ©
XML Studio ATLA’ XML
RTW /TLC

Model XML file ™ DLLfile )
‘Data Impor] BaseEntlty Adapter
[ Simulation TS TRIVES J
Execution

R =
s'mUIat'.o" XML log file XML Studio J
Analysis

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier

Rose” C++
skeleton

Simulation
Modelling

SourceSafe®
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r@? 5. The Incubating Project

R&D project for weapon engagement simulation

> to connect and interchange dynamically
configurable subpart models developed by several
specialists

Conceptual model

> Entities, Parts, Theatre and Environment

> Standard: RPR-FOM (BaseEntity, WorldLocation, etc.)
Physical Models

> MATLAB/SIMULINK® weapons library

Simulation Execution

» Dynamic instantiation of configurable entities in
STRIVE®

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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@7 6. Advantages

Interoperability

» Agreement at the conceptual level and common
framework infrastructure

Modularity
» XML data separated from DLL components

Reusability

» Modular models independent of any simulation
framework

Extensibility

> Up%rad_e the conceptual model and add functionalities
to the simulation framework

Portability
> Simulation data in XML format

Quality

» Consistency and uniformity preserved by automated
steps
Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier

11-16



IV :
7. Disadvantages
RiJ 9

Maintenance of custom tools
Rigorous information management
Being at the mercy of COTS tools
Learning curve

Significant integration work

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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r@? 8. Lessons Learned
riee

Change of mind

Transparent and efficient information sharing,
appropriate communication and
documentation

Agreement at the conceptual model level

Modellers must do what they are the best at,
while conforming to a rigorous method

Training is an initial investment that leads to
long-term payoff

Someone must be “responsible” for the
integration

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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r@? 9. Way Ahead

 From fostering ...

> The proposed process only fosters reusability
and interoperability by providing tools and
guidelines to modellers

> Object-oriented paradigm does not guarantee
reusability and interoperability

 To achieving...

> Constraints must be imposed on the _
conceptual abstraction of entities, properties
and interactions

> Meta-model to allow interaction between
models without prior knowledge of each other

Defence R& D Canada—Valcartier » R & D pour ladéfense Canada — Valcartier
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L eader en sciences et
technologie de la défense,
la Direction de larecherche
et du développement pour
la défense contribue

amaintenir et a

accr oitr e les compétences

du Canada dans

ce domaine.

e
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@7 The M&S Pyramid

Mission

—> Engpgement

Engineering

Defence R& D Canada—Valcartier ¢ R & D pour la défense Canada — Valcartier
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%+ Rational Rose - KARMA UML.mdI - [Class Diagram: Missile Package [/

File Edit YWew Format Browse Report Query  Tools  Add-Ins  MWindow Help

DEH|2E (SR O ERERE BelaadmE

[} KARMA - Class Diagram - Missile Package -
@ KARRMA LML s & Her Majesty the Queen as represented by the Minister of National Deferce, 2001, I—

|:| ge Case Wiew hEL
L——_II:I Logical Yiew

; &7 Concepts saillants
-7 Dynamic Modsl
=67 Static Modsd

Fioot
<ML name : Data::%tring = Unnamed

[

<<wirtual s> getParameten’)
<<wirtual s> setParameten’)

- E initialize
=87 KaRMa Package o Foot()
&7 BaszeEntity Pact = [I‘l
(3 Countermeasure |
: 7 Base Entity
E Dynamics Pack <<¥ML> > angularfcceleration : Data:hvectord = 0,0,0
; &7 Expendable Pac = <HLE > centerOfGrawity : Data::Mectord = 0,0,0
: A <L ¥ Acceleration'dector : Data:weetord = 00,0
-] Integrator Pack. < <<¥ML>+ Orientation : Data::vectord = 0,00
|_:_|E| Mizzile Package j <<¥hily = Angularilocitytdector @ Data:vectord = 0,0,0 #part List Part
..Ej Atapilat Pe N <<¥ML> > WMiord Location : Data:Mvectord = 0,0,0 - ohzerve
; EJ Contral Pac .t ZHMALE > Selocityector | Data:vectars = 0,00 p.® " [$<wvirtual>: rung) o=
; <<¥hL>> period : Data::Double = 1 Part() -
E:I Fuse Packz [ ﬂ
iG] Guidance P r Baze Entity )
. <4yirtual s F rn
&7 Propulsion F— J,_) intialize() 0
E:' Seeker Pac computehdach Humben)
i| copy Main d E}
GET EI'
B Accelerome = bz zile
E Autopilot _E}I'I'HSSDISIEHGE : double
B Combineds. B ovirtual = runc)
B Contral Miszilal)
B ContralSurfe —
B Dynamics
B Fin
E F Sensor Guidance Autopilat Control Fuze
uze <<ihilxx FOV : Data::Double = 2| <03 commandedAccelaration : \Wector? <405 deftaCommanded <0 dattaspplied detonation @ Boolean
B costucts> 0 <<|>» LOSRate <<|»» commanded Acceleration 24]3 dettaCommanded | ftarget Position : Wectord
E Guidance [ <4yirtual =+ mni) <<l + fuzing Cone Length
B Guidancels Senzor) < <yirtual> > run() <virtuals> mng) <4yirtual s> run) <<¥hiL>> fuzing Cone Half Aoy
Guidance) <<MMIL: > target Geometrnyh
B Gyoscope ﬁlﬁl\. change Stated)
¥ % [kALI bl P FirndTarget()
< I k Force Generator run)
<4virtuals* man)
ﬂ Seaker) <yirtual > mung) |
-
. [
4 | [

£|||4|4| FINI'\ Lag /
i3 |

Faor Help, presz F1
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#* Rational Rose - KARMA UML.mdl - [Class Diagram: Missile Package / copy Main {fread-only}] - =] %]

File Edit Yew Format Browse Report Query | Tools Add-Ins  Window Help == x|
~u L . . 3 5
D@ 2R &g/FO BB - 5 a0
Check Model
|I; |KARMA - Class Diagram - Missile Packag iodel Fronertios Al
. @ Her Majesty the Queen as represented i s ational Defence, 2001.
= Opkions. .. Root
Open Scripk. .. <<iML== name : Data:;:String = Unna...
Mew Scripk
= ORI i ccicati 20
o SYMChrEOniEE: .. <avirtuals:
|_) ANST Ct v | [initializeq Components I Mested I Files | C++ | h5WC
i i Attributes Fielati
S Root() General I Detail I O perations | elations
CORBA ' v Show inherited
=
. Ei ' | Ster... | I ame | Par... | Type | | mitial
E  Model Integrator T #ML name Root  Data:S1 Unnanmes
4 o #ML  angulathocel St e
A {{im ::}} ang'-”agi'_‘é“ Wb Publisher. . rEIBETI:? L. & AML centerDfGray 21|
- e > center ra = #hL  Accelerationt .
[ <<ML>> Acceleratior  O5im Y B=00p0 2 WML Orentation ool | Detsil | co | M|
L ::imtiz Erlenrat{fr} C COM 2 Elt 3= ¢ AML -‘*‘-”QUHNE'E{C M arne: IEIrientaliu:un Clazs: BaseEntity
s NN EIG P = oo & *ML  wordlLocatio
“<<iMLz> W':'rld_l-':":at' Wisual C++ v §00 . & *ML  Velocityecte  Type: |Data::"-"ech:ur3 j ¥ Show classes
# <<pMl== Yelocityec ] 0,00 & ML period
= <<XML>> period ; Daty  Yersion Control b &, missDistance  0'SEOPE [hL =] —_|
KARMA XML Code Generatio " _
% BaseEntity() I riitial walue: IEI,EI,EI
<<wirtual== run() Class Wizard.,. 2 it
. initialize() wpart Lontro
computetachMumber) ' Fublic € Protected € Frivate £ Implementation
1
Z} Documentation:
— I The yaw, pitch and roll angles between the entity's attitude ;l
Missile gk Cancel _’: and the reference coordinate systerm axes [calculated az the
: : . Tait-Bryan Euler angles specifying the successive rotations
Qm‘lISSDIStanEE > EoUtle needed ta transtorm from the world coordinate system to the
N irtual 0 entity coordinate system).
<<yirtual=> run
hdissile()
QFk. I Cancel | Spply | Browse vl Help | I
Sensor Guidance Autopilat Contral Fuz
| 2 ZWhAl == FOW - DNata -Nanhla z<Mz= rammandadArcalaratinn - War == deltanmmandead i daltafinnlian datrmnating - Panlaar :.
1

|Default Language: &nalysis [ |_ 11-23



£  Karma Studio

File Edit Help

== %]

F'Ianiﬂcatinnl Scenariaatiun| Simulatinnl Analysial

% Part Tree _| O | % Base Entity i =]

_4 Part

=1+ 4 Sensor
=4 Seeker

. b® Seeker

L CompositePart

% Parameters and Initial Conditions

Missile 4 | ircraftxmi Sensormi | Missilemi |
IF'arts *I |Parameters ;I

—Seeker TFO
Mame: | 2|
Seeker —RelativeLocation

| | | 0| 0| 0|
Parameters: Browse Open rReIativeOrientatinn
C:‘-.karma‘-.karma‘-.xml‘-.par eteral defannltinart) Seslreyr | |:|| |:|| 1|

Documentatian:

target TED.

Femove |

coordinate system to the entity coordinate system).

The yvaw, pitch and roll angles between the part's attitnde and
the coordinate system axes relative of its base entity or parent
The Seeker class inherigpart (calculated as the Tait-Bryan Euler angles specifying

the missile. The role othe successive rotations needed to transform from the world harMethod

brationhlethod

=

"periu:u:i

~Sensor

Marme:
Sensor

Farameters: Browse |

Qpen

Documentation:

The Sensor has the role

Femove |

C:vkarma\karma\xmlyparameters'default\part! densor

The 3ensor class represents an abstraction laver from the Seeker.

View (FOV). It is a part that composes the missile base entity.

of detecting targets within its Field 0f

11-24



#* Rational Rose - KARMA UML.mdl - [Class Diagram: Missile Package / copy Main {fread-only}] == x|

File Edit Yew Format Browse Report Query  Tools  Add-Ins  MWindow Help == x|
NEEH| +B2E&8 RO BRREE B« aa@m
HARMA - Class Diagram - Missile Package = — = =
® Her Majesty the Queen as represented by the Minister of National Defence, 2001. B class specification for 2l x|
Raoat General I Dretail I Cperations I Attributes I Relations
<<¥ML==> name - Data S Components I Mested | Filez C++ | M 5WE
& Set - ' |
l; ==virtual=> getParameter = Idefaul.t L] eciss.
<<yirtual=> setParameter tadel Froperties
= initialize) * | M ame | Yalue | Source |A
Rootl) Codet ame Drefault
= IrnplementationT ype Drefault
Z; Clazzley clazz _ declzpec( dlle Default
—r | GenerateEmptyFRegior All Default =
|_) . PutBodiezlinSpec Falze Drefault
1 BaszeEntity GenerateDefaullCong DeclaredndDefine Default
- <<xML=> angularAcceleration : Data:Vectard =0 DefaultConstructoryisi Public Default
: <<¥ML>> centerOfGravity - Data:Wectar3 =000 nlineD efaulitonstuct False Defal
= <<uhdl== Acceleration™ector - Data:Vector3 =000 ErplicitDefaultonstiu False pefault
E . . " S b= GenerateCopyConztru DeclaredndD efine Drefault
- {‘:im::}} E”E”rat\"fr} : Dai?..VEI:tDE\S = E{-';' 'D. _ CopyConstructoryisibil Public Drefault
4 S == AngularvelocityWectar — InlineCopyConstructar False Drefault
N <<ebdl== WorldLocation : Datase Open ISDEEIFIEatIDn... ExplicitCopyConstiuch False Default | |
o <<pMl== YVelocityWector - Data:ve Sub Diadrarnis i GenerateDestructor— True Default [
|_ saphdlz > FIEI’iDd : Data::Double =1 Iew AEbribute Proctontod it e Pt
I New Operation [Hyemde | [efault | Fewert |
r BaseEntity()
<<virtual== run() Select In Brawser Ok - &
S I prly Browsze - Help
A initialize() Relocate | | = | |
=] computetachMumber) i
b Dpkions L
%l' Z} Farmmat F
— : Edit 3
Q}mlssttance : double Browse Header
Browse Body
¥ avittualz= runi)
hdissile()
4| | b [

£|||4|4| FINI'\ Lag /
i3 |

For Help, presz F1 |Default Language: Analysis [ 11-25




‘o KARMA - Microsoft ¥isual C++

=17 %]

JJ File Edit View Insert Project Build Tools Window Help

|8 s E@ s 2@ -

- || mE R | G process RIENIE N E RERUR

Ajrcraft files

B azeE ntity files
ExpendableDizpenzor files
Guidance files
Inteqgrator files

Main files

Mizsile files

Platform filez

El--- Seeker files

=143 Source Files

E precompiled. cpp

43 Header Files

-2 External Dependencies
- [E8 SeekerlF files
E-E8 Senzor files

+1

1 |
B8 Classisw | Fileiga |

Seeker ;"'W'in32 Debug
} al x| & KGOAKARMAN SeekerhSeekerh ¥ - |EI|£|
Workzpace 'FARMA 12 project(z) g
.-'fl.Dala fles ot Documentation: The Seeker class inherits from the Sensor class which i= a part of the

cla== KARMA DLL_EXPORT Sesker public Sensor A¥f Inherits: <unnamed:*3C079026012D
ok begin KARMA: Seekers3iBRELSTFCO194 initialleclarations preservesyves

Sk end KARMA:  Seslker=iBRES?FCO194 initialleclarations

public:
SRR Constructors (generated)
Seekeri():

Seeker(con=t Sesker édright): J
o Constructors (specified)
SRR Operation: Sesekerx3C978CE2A0399

Seeker (=td: =string _name. =td::string _paransters):

S<EF Destructor [{(generated)
virtual “Sesker():

I!I I 4

ARMA"Seeker' Seeker.cpp *
wold Sesker: run ()

SRR begin KARMA Seeker:  runs3BE9D3ICENOBC . body preserve=ves
S#zall run of parent to s=ens=e what entities are within our FOV
Sen=zor: run( )

‘~add model code here
Fi]_. :

-

A7

Jlﬂl 4 ¥ [ Build 4 Debug s, Find in Files1 % Find in Files2 % Results §

el | <

Ready

Mni6z cosz2 [reci 11-26



[ Library: munitiontoolbox o ] 4 == x|

File Edit Miew Formak Help

D ZES| fBE |0 hEs ~10x]

File Edit YWiew Format Help

D ed& s+ 2RO REY

hunition Toaolbox librany. -
Versian 2.7 —
Genencﬁutnpllnts
by Modelisation Group, Deliveny Systems Section, DREW
Last madification :29-0et-2001 12:55:20
flestage - Wed Aug 01 14:57:16 2001 - Version 2.7 Libran,
Library nowe part of 3 WSS DB 4
Library create
3 loops autopilat Cascade autopilot by Modelisation Grau
ﬁ.utoplloisforﬁ-.F’ airframes Last mad
N
20-C
: hlodi
' rlestage -- Mon Jul 3
Integrator windup prol
Airframe Autopilot Guidance Environment
} Autotuning Autotuning gain-scheduled
'H\ ! Autopilot Autopilot control_angle_com(4]
A% & Autopilots for DATCOM airframes.
h empty 1017
i
Sesker Simulation contral Uilities Sink empty(l)
empty 3§ljopilot state (11
empty <1}
Improved Autotuning gain-scheduled emptySl)
Autopilot for dateom aiframe
Fropulsion Temporany Sensors farheadifuze emptyEil]
I:Ither controls
Autopilot connector

Speed autapiloti Raoll angle autapilot
Dbsnlete
— [ hd
1| | 3
Ready [100% Lort-~

Ready 100% Locked P 11- 27



£ Karma Studio for Matlab

8] x|
File Edit Help
1o/ Aicratmi|
File Edit Wiew Simulation Format Tools  Help |Initia| Conditions LI
,, B Iﬁ " : :
O d&E| & 20 2 » = [Nomal | |—Or|entat||:|n
I — | 0l 0l 0l
, roll angles between the entity's attitude
Karma xML Toolbox Blodk Librany ) dLocation
Copyright 2002 Her Majesty the Queen as represented by the Minister of Natio ordinate system axes (calculated as the | Dl Dl |:||
rles specifiing the successive rotations
from the world coordinate system to the entity FIVVEEIOr
e A=l EEE——

Generate XML from a Simulink block Configure a black with XML

L] cairceaft *

File Edit Miew Simulation  Faormak

Tools

Help

T

Fead XML into Matlab motspace
<

Ready

[100%

=

AccelerationWector

Orientation

Angularselocity’,

Aircraft

Ready 100%:

|ode4

RELS L Block Parameters: Aircralt

Bank ta Turn T arget [mask]

Thiz block modelize a plane that bank. at rate defined the roll speed wect:
and that applies an pitch acceleration of amplitude defined by the
acceleration vector,

Parameters

Imitial pozition [m]

IWDrIdLDcatiDn

Imitial welocity [mdz]

I*v"elu:ucit_l,l"v‘ectnr

Initial Euler angles [rad]

IDrientatiDn

Ok Cancel Help

Apply |

11-28



File Edit View Simulation Format Tools  Help

. Simulation Parameters; CAircraft N ] B

| H & | Y ER | | H E t @ | P = INDrmaI I Sulverl Wu:urk&pau:el.flzll Diagnn&tic&l .&dvancedl Real-Time Warkshop

Rea

—— FReady [Ln 450, Cal18 [REC [COL [OWA [READ
Ready

Cateqary: I Target configuration j Build |

=10l x|

[#pply changes and build

Configuration

System target file: | karma_malloc.tlc Eru:uwse...l

Template makefils: I karma_malloc.tmf

 ake command: | make rtw

[T Generate code only Stateflow options. .. |

AccelarationVector

Orientation

Angulamfelocityyectar

Aircraft

0k, | Eancell Help | Apply

*.. Microsoft Yisual C++ - [CCAircraft.cpp *] ;Iglﬂ
JJ@ File Edit Yiew Insert Project Build Tools “Window Help -12] x|
KEARMA DLI EXPORT bool Aircraft:: La=tStep() < KARMA modif j
{ Y

return { |GBELbuf  stopExecutionFlag &é& |ssGetStopRequested(S));
} # Fin LastStep()

<7 Fonction guil exécute une itération du code du modéle Simulink
#7 C'e=t dan= cette fonction gque l'on passera les wvaleurs de input nécessalires a
P n:haque ité&ration =1 le modéle en exige. C'est Egalement dan=s cette fonction

<7 que 1'on récuperera les waleurs de output =i 1'on veut les récupérer & chague itération 0
I{ARHA DLL_EXPCRT woid Aircraft:  run() S KARMA modif (20
1

FILE *logFile;

logFile = fopen{ "K:.~-KARMA -=rc-logFile. t=t"., "a" }:
fprintf{logFile., "Dan= le run de AlrcraftHatlab\n"}
felose({logFile):

} # Fin Run

-
4 4

11-29




ﬁ ¥isual SourceSafe Explorer —- KARMA

File Edit Wiew SourceSafe Tools web Help

== %]

ol ¢ | B | B o 2| e o R | | | 5[ 2

all projects: Conkents of $/srof/KARMAMissile

{working Folder: K:\KARMALSRCIKARMAMISSILE

wml

FlozeS crptt AR b Awxml
WESGroupProjects

Marme

Missile. h

Mizgile. dzp
precompiled.h
precompiled. cpp

Historny: 12 items

|Jzer

i History of $/src/KARMA Missile Mis

Drate-Time

3M59/02 1:24p
AN402 324p
310402 10:43p
34002 10:42p

Check Out Folder

=10l %]

Cloze |

W erzian ser [rate

Jplouffe 3413402 1:25p

d AData 1 Jplouffe 3/19/02 1:07p
1 Aircraft 10 Nharriso 3114402 359
; E:;:EQ;E’IE[”SDEHM 3 Mharrisa 3414/02 1109
1 Guidance a Jploufte 30102 9344
7 Mharrizo 1/31/02 5:29p

E Mharrizo 13002 5:30p

] MNharrizo 1/24/02 5:36p

4 Mharriza 12/05/01 4:52p

1 Seeker 3 Nharriso 11414401 3:00a
gzﬁ:jm 2 Nharriso 11/09/01 434p
; 1 Mharrizo 11408401 3:40a

Action

LR kA Mizzile
Checked in $/src/RARMAMizzile
Checked in $/src/RARMAMizzile
Checked in $/2rc/FARMAMizzile
Checked in $/src/FARMA Mizsile
Checked in $/aro bt e

Wiew |
Detailz |
Get |

Pl Mk I

Checked in $/5rc ket il

Checked in $/21c
Checked in $/zrc
Checked in $/zrc
Checked in $/src
Created

Ready

File: £/, MizsileMizsile. cpp
Version: 12

Drate; 319402 1:25p

Idzer: Jplouffe

Label: I

Cloze
[ext
Previous

Help

IEhecked in $fzrc/KARMA Mizzile

Comment;

[Label comment;

Code regeneration with correct model properties.

Y

A




—151 ]

JJ@ File Edit View Insert Project Build Tools Window Help _|51|5|
N namnespace KARMA j
, { -
Wwiorkspace ‘tdaptert 1 project(s] SFE_LDECLARE PUBLISHABLE ACTOR_TYPE({ ADAPTERFPLUGINLIE, Adapter):
El--- AdapterPlugin files
E“Eﬂpmmn < clas=s BaseEntity: ~~forward declaration of Strive=??7EARMAT?? Base Entity
R . o
H : KﬂHMﬁ_ﬁdmﬁmPMgncm ## {group:KARMA Examplel}
KARMA_AdapterPluginh s
Ela Adapter S Structure: KARMA: :Adapter
KARMA,_Adapter.cun s Title: Skeleton for an entry point
: KARMA,_Adapterh e L
: - <  Description:
(] Extemal Dependencies o The Adapter class shows an imnplensentation of a
£ ztructure that only uses an entrvy point.
o

cla=s=s ADAPTERPLUGINLIE Adapter . public Cgf: :PhysicalEntity,
public wirtual Sizx::ISfzEntrvPoint.
public wirtual I0bjectModel.
public wirtual IDvnamic

SFX_SETUP_STRUCTURE_TYFPE:
SFE_CANONIC( Adapter):

SFE_EWAELE DVNAMIC ALTOCATION: =
public:

S Service: KARMA:  Adapter: :Adapter

s Title: Constructor for this instance

S Arquments:

A ofType — The type descriptor of the instance.

o

Adapter({ Sfx: ISf{xType &ofTyvpe = SFE_TYPE(Adapter)):

<« Serwvice: KARMA: :Vehicle::~Adapter
WINNT System32 cmd.exe

C:v>Efxadm —insert AdapterPlugin.dll

FOETL IIIE gL ITOyIamIC_ I

#include "Cgfifz-Cgf_ IDvnamic.h"

S See Also: Sfx: Value: processAction
| _PI wirtual booli? processAction controliction é&aControl):

1]
L Elass"u‘iewl File"u"iewl I ‘ I I i T Tl S i 3 'LI

Ready 11-31




=10l x|

type = Missile infrared seeker

cormponent = Coverage

Scan area center = (0.0 0.0}
Azimuth scan area width = 240.0 deg
Elevation scan area width = 180.0 deg
end

Maximurm detection range = 8000.0

File  Edit i=-:-|i-1'-.':=. Help

=10 %]

Missile Fuse Section

type = Missile fuse
Fusing range = 10.0
type = Missile fuse

Fusing range = 10.0

type = KARMA: Adapter

Entity model = F/A18
Country name = United States

Type of the base entity = AircraftMatlab
Filename for the parts of the base entity
Filename for the parameters of the base entity
Period of the time step of the model

hultiple of the Period of the model

Cirigin of the terrain

AARMASxmITest/parts2 xml

[
FoAARMA UMk armalkARMA mlAIrcraft. xml

]
1
MOO:00:00.00/200:00:00.00, 0.0rm
; Dynamics

;component = Fixed-wing dynamic #1

Default and maximum acceleration. Maximum walue = 10.0
‘Default and maximum acceleration. Default value = 5.0
Default and maximum deceleration. Maximum value = 7.0
Default and maximum deceleration. Default value = 3.0
Melacity limits. Maximum value = 750.0
SMelacity limits. Minimum value = 103.0

;Default velocity for navigation = 2500

4]

B 4

WINNT '\ System32cmd.exe

C:~>CgfSpecimenCreator KARMA.ini

: Missile Fuse Charge Section
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|G S QMArT &2 3 B EEO

=]

Scale: |1 39955 =

Elm Air-Fired wing

Ry KARMA aircraft
. @y SU-27 Fighter
1'_‘ Air-Rotary wing
1'_‘ Ground-Fixed
1'_‘ Ground-Tracked
- GroundWheeled
(P Surface-Ship
- Subsurface-Submaring
E|1'_i Other-Other

- KARMA miszile

{KARMA missile A

- KARMA missile &

-y A-10 attack sircraft model
[+ {Fy F-15 fighter aircraft moded
- Fy JSFASTOWL fighter aircrafl

1

&% Scenano Q Specimen | |

1 Termain "Germany' loaded

FARMA aircraft KARRA dll init EARMA: Adapter
FARMA mizzile & KARMA dil init EARMA: Adapter
KARMA mizzile B KARMA dil init KARMA: Adapter

1 Added player "KARMA aircraft [FA4-18]

1 Added player "KARMA missile A" [Other)

1 Added player "EARMA missile B" [Other)

T T —
)] N T =T, A = 1F T
: ! ] anidt i
l'.'::=.‘_“=— :-l'__.{!ij.!| T 3l lli @| ' g
=t !
I = il
il
j \ ST
l o b 1 nitﬂ pit
( =i : -
5 . i E e [
(TR | s T
S Tl ﬁ‘w" SN
Wik
Drescription | Yalug |:| f
Damage State Mo damage 5
Faorce identifier Friendly J
|dentifies attached articulated parts i
Type of the baze entity hizzile J J
Filename faor the partz of the baze entity k. ARARMA I/ T est/partabizsied, wml @ .
Filename faor the parameters of the baze entity K. AARMA il /T et/ parambdissiled, sml \‘\75/ /' /
Pearind nf the lirme sten af He mndel 1 ;I \\_I/( .4(,',
“ e B
Ok Cancel -|'> M; M /\Vj
| | . f'gﬂx as f
N : KARMA missile B -0 x| -‘\G
H-{9 KARMA missile B | Description Value |
Maarme KARMA missile B LA
Damage State Mo damage
Force identifier Frigtdly 00:00:00
|dentifies attached articulated parts [ruall) 00:00:00
Type of the baze entity Mizzile 00:-00:00
Filename for the parts of the baze entity kA ARMA mlA T et/ part: 3=l 00:00- 00
Filename for the parameters of the baze entity KA ARMA AmlA T est/parambdizzileB. sml 12:D|:I:EIEI
Perniod of the time step of the model 1 ;I e
2 12:00:00
Ok I Carel | 12:00:00
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[Ready

[Editing

|f‘wl=’r‘3:1‘3:56.18,I'EI:I8:4‘3:15.44J 0.00rm
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|G H &= QmArh®2 32| B BEEO
JPIayer:I j JScaIe: |1-951

=-£% Clock
o1 Date - 25/04/2002
fe i Join Time - 12:00:00
[—]. Terain
b 1 Mame - Germary i
----- 1 ME comer - H43:24:00.00.
e 1 5W comer - N49:13:12.00
- Vehicle simulation

B KARMA sircraft

----- {9 EARMA missile

24 |
e o

L g
b 0(? -} ,;i

N | ] !--

o Exercize Ii. Specimen | ¢ ¢ | v | [

1 Joined to exercize 00:00:00
1 Tenain "Gemany' loaded 00:00:00
1 Added player "KARMS sircraft [F/4-18) 120000
1 Added player "KARME missile" [Other) 12:00:00
FARMA aircraft reached waypoint #1 120002

4| »|, Log £ Query } Status i Instruments » Rule Editar f ~—
[Ready [Furming  [M49:21:35,44/E0S: 45 44,99, 0.00m 1ziomor

Defence R& D Canada—Valcartier ¢ R & D pour la défense Canada — Valcartier

11-34



	A M&S Process to Achieve Reusability and Interoperability
	ABSTRACT
	1.0  INTRODUCTION
	2.0  THE PROPOSED M&S PROCESS
	2.1  Simulation Modelling
	2.2  Automatic Code Generation
	2.3  Model
	2.4  Adapter
	2.5  Simulation Execution
	2.6  Source Control and Web Page

	3.0  THE M&S PROCESS SUITE OF TOOLS
	3.1  Simulation Modelling
	3.2  Source Control
	3.3  Adapter
	3.4  Simulation Execution

	4.0  THE INCUBATING PROJECT FOR THE M&S PROCESS DEVELOPMENT
	5.0  CONCLUSION
	6.0  REFERENCES


	Link to presentation: 


