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ABSTRACT  

Today’s operational environment necessitates joint or combined operations at all levels. Modeling and 
simulation (M&S) is a key element supporting combined or joint forces experimentation, training and 
decision support needs. M&S has been widely used for many years by NATO nations and a considerable 
number of Simulation Systems have been developed for specific military needs. However, there are few 
joint Simulation Environments that can support current and future requirements, and that will range from 
low to high level of fidelity. Very few tools can support the thus far elusive concept of “Scalable Fidelity’’. 
We have thus tested the hypothesis that Joint Forces Command (JFCOM)’s Joint Semi Automated Forces 
(JSAF) has the potential for the integration of models with varying levels of fidelity, therefore making it a 
suitable Synthetic Environment (SE) with scalable fidelity, which is a highly desirable feature for CD&E 
activities.  We believe this was achievable in part due to JSAF’s open architecture,its reliance on open 
standards and being” open source” or more precisely, “government source available”. 

Results indicate that JSAF’s open architecture allows easy internal replacement of both low and high 
fidelity models. Results also show that JSAF’s open architecture brings the flexibility to update the system 
according to CD&E specific requirements. In terms of reusing M&S developments in spiral CD&E work, 
JSAF seems to support the concept of “Scalable Fidelity” quite well since it supports designing or 
composing with the anticipated attributes of the planned future. However, a number of problems were 
encountered with JSAF. Some inevitable problems were related to both the lack of documentation in 
particular for the current version (it is the version used for MNE-4 experiments) and the implementation 
of the environment.  

We present data from our present efforts that supports accepting our hypothesis and we conclude that 
JSAF as an open architecture and open source SE can be used effectively to support spiral 
experimentation that requires not only interoperability, but also reusability, scalable fidelity, extensibility. 
In this context, a JSAF knowledge base portal is needed and when  our related efforts are shared with the 
community, this will help make JSAF a more reusable and robust platform, particularly if the scalable 
fidelity capability allows the models to seamlessly scale up from concept development, to experimentation 
material acquisition and  to training. 
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1.0 INTRODUCTION 

The future of strategic capability has gained increased prominence in the consciousness of the DND/CF. 
There has been an increased focus on the issue through the publication of a number of keystone 
documents. ‘Canadian Defence Beyond 2010-The Way Ahead’ was promulgated in May 1999. A month 
later DND/CF published its vision for the future, ‘Shaping the Future of Canadian Defence’: A Strategy 
for 2020.  

This concept paper ‘Creating the CF of 2020’ and the April 2000 symposium that preceded it are the direct 
result of way ahead paper. The Symposium, which concentrated on Concept Development and 
Experimentation and the integration of Modelling and Simulation (M&S). Another document released 
Strategic Capability Planning for the CF, advocates a new capability-based approach to force 
development. In order for this process to be successful, right tools must be provided to those who work in 
the force development domain. A robust CDE capability and integrated M&S tools are key to achieving 
the transformation to the DND/CF of the future. [1, 2, 3] 

CDE process involves the examination of new concepts in doctrine, organization and technology required 
for the future forces through workshop and symposia, M&S, technology demonstrations, and computer-
aided and field exercises.  

A three-their approach to CDE in Canada is envisaged as shown in Figure 1. 

 

Figure 1 The Three Tier Concept 

The main focus of the second their, Joint Experimentation, is experimentation with future joint 
capabilities, with emphasis on the mid-term 5-15 year timeframe. Additionally, it must ensure the 
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continued interoperability of the CF with coalition and allied partner, as well as with other departments of 
government, particularly in the area of doctrine and C4I. Canadian Forces Experimentation Center (CFEC) 
is responsible to identify and prioritise Joint Experimentation opportunities, co-ordinate experimentation 
activities and establish CDE/M&S procedures, protocols and standards. Future forces Synthetic 
Environment Section at Defence Research Development Canada support CFEC at M&S- R&D studies. 

M&S is defined as the use of models, including emulators, prototypes, simulators, and stimulators, either 
statically or over time, to develop data as a basis for making managerial or technical decisions. The terms 
"modeling" and "simulation" are often used interchangeably at DMSO M&S Glossary. 

Defense modeling and simulation is a growing technology industry that provides readily available, 
operationally valid environments for war fighting training. In addition, it provides opportunities to train 
jointly, develop doctrine and tactics, formulate operational plans, and assess war fighting situations. In 
today’s world of tight budgets, limited training ranges, and over-used equipment, M&S offers safe and 
innovative solutions to complex military training challenges. Its interoperability, reuse, and affordability 
hold the potential to revolutionize war fighting capabilities. [4] Shortly simulation is a key element for 
transformation and CD&E.  

If you plan to use M&S at CD&E studies you have to take care of the most prominent standards like HLA 
and Real-time Platform Reference Federation Object Model (RPR-FOM) that helps you at interoperability 
issues. We will talk about the effects of the standards at CD&E M&S studies at the following paragraphs. 

A common SE platform is also important for CD&E. It helps you at designing the experimentation; you 
don’t have to deal with different environment and platform databases (platform attributes, visual models, 
behaviour models…), scenario files and also interoperability issues. A common SE also reduces time, 
budget and effort at your experiments.   

To support DND/CF CDE/M&S needs, we examined effectiveness of JFCOM’s JSAF as an open 
architecture, open source synthetic environment. 

2. JSAF AS A SYNTHETIC ENVIRONMENT 

Joint Semi-Automated Forces (JSAF) is a simulation system used to generate entity level units such as 
tanks, ships, aircraft, and individual combatants, including their associated sensor systems and munitions. 
The individual units are organized within appropriate command structures that may be controlled as 
collective units. JSAF units execute tasks and behaviours appropriate for the type of unit simulated and 
users may override or interrupt many of the automated behaviours [5]. 

JSAF provides a graphical user interface (GUI), referred to as the JSAF Plan View display (PVD), that 
enables operators to create, task and interact with units in a JSAF scenario. JSAF is a High Level 
Architecture (HLA) compliant federate that publishes battlefield states and events. JSAF has various 
Federation Object Models (FOMs) and an internal Simulation Object Model (SOM) that describe the 
objects and interactions that are published through HLA.  

2.1. “Open Source” or “Government source available” 
To achieve concept objectives you have to use military platforms or systems; to support concept 
development phase you have to make live and virtual experiments; to make good CD&E with M&S you 
have to represent real world and platforms or systems as good as possible. Your synthetic environment 
should be flexible so that you can easily modify it to support your experiment. Open source systems help 
you tailor it according to your needs and prevent you look for another synthetic environment for your 

https://www.dmso.mil/public/resources/glossary/
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other experiments. JSAF is an open source environment. You can modify the entity attributes, tasks & 
behaviours; even it is not an easy task. Current version of the JSAF that we have doesn’t have a good 
documentation. This was one of the difficulties we encountered while we were using the JSAF; even we 
have the operator and developer course it took time to understand hierarchy. JSAF (in our current version) 
has 1591 entity and object files. This gives a great flexibility & power to design your experiment 
according to your needs; by updating the entity parameters you can change characteristics of platforms or 
systems. You can define M1-A1 tank as improved or modernized M1-A1 tank by updating IR sensor 
capability.  Also you can change the fidelity of the sensor this gives you a grate power also. You can apply 
your R&D studies on platform or systems to the experiments with the help of open source synthetic 
environment. 

2.2. Open Architecture 
When you talk about open architecture you also talk about the open standards. JSAF is a HLA compliant 
and FOM agile SE. In following paragraphs we talk about the HLA and FOM Agility concept, which is 
important for open architecture of JSAF. 

2.2.1 High Level Architecture (HLA) 

HLA originated to provide flexibility to develop, reuse, and connect federates into groups (federations) to 
satisfy a diverse set of requirements. HLA provides a standard set of distributed M&S services and data 
interchange formats that, with appropriate expertise, can be used to achieve interoperability amongst HLA 
federates. HLA was developed based on the notion that a single, monolithic, simulation cannot satisfy the 
needs of all simulation users. Originally mandated by US Department of Defence, HLA adoption policy 
(including exclusion) based on requirements, resources, component priorities, or security is now up to 
each US DoD Component. HLA has been in development since 1996. In September 2002, DMSO ceased 
to develop, distribute and support (at no cost) the DMSO RTI and users were instructed to purchase 
commercial versions of the RTI. HLA began as a US DoD standard and has evolved into an open standard 
– the Institute of Electrical and Electronic Engineers (IEEE) Standard 1516. The IEEE HLA standards 
consist of three main components: a set of architectural rules, an object model template (OMT) 
specification, and an interface specification. 

The Run-Time Infrastructure (RTI) software implements the HLA interface specification and provides 
simulation components with a set of distributed services. A set of software Application Programmer 
Interfaces (APIs) provides a well-defined interface by which federates interact with an RTI. 

HLA capability of JSAF lets you connect other federates to your JSAF federation. We could run JSAF 
federation with DMSO RTI 1.3 NG. JSAF federation can be expanded according to experiment needs. 
Even it is not an easy task this gives you a great power and flexibility.  

2.2.2. HLA FOM/SOM Interoperability 

There is a misconception that if a federation supports a particular FOM then all federates in the federation 
support all components described in that particular FOM. This is no longer true. The FOM enables all 
federates in the federation to form a common understanding of what data is available to be communicated 
on the HLA network and how and when that data will be made available. What information is supported 
by any particular federate is defined by the federation FOM and the federate’s SOM and RTI interfacing 
code.  

We used RPR-FOM 2.0 which is usually standard at JSAF federation; RPR FOM 2.0 is created from SISO 
standard FOM RPR FOM 1.0. With the help of RPR FOM you can easily connect other federates to your 
JSAF federation. It helps you    
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2.2.3. FOM Agility 

FOM agility is the ability of a federate to readily participate in multiple federations that use different 
FOMs [5]. The objective of FOM agility is to build a HLA application once and to enable that HLA 
application to automatically, or simply, switch between different FOMs without recoding and/or 
recompiling applications. FOM agility is implemented in middleware. Figure 2 shows MaK Technologies 
FOM Agility implementation (in VR-Link) using a combination of a FOM independent, Middleware API 
(to do FOM component conversions) coupled with a FOM Mapper capability that can be switched to use 
different FOMs without having to modify the application code. To use a different FOM requires a FOM 
Mapper file to be created for each specific FOM. However the same FOM Mapper file can be used by any 
HLA application with the required FOM Mapper support. The FOM Mapper files could be placed in a 
shared library to be loaded at run-time therefore not requiring the application to be recompiled and re-
linked. 

Figure 2: MaK Technologies FOM-Agility Appr
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In this context, a JSAF knowledge base portal is needed to share lessons learned at implementation phase 
and updated libraries. When this evolving portal is shared with our community of practice, this portal will 
help make JSAF a more reusable and robust platform and also save development time, i.e.: agility for the 
development of other experimentations. 
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