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Abstract 
Increasingly, the forces of NATO nations are turning to modelling and simulation (M&S) through the creation of Synthetic Environments (any combination of live, virtual and constructive simulations used to create a representation of the world) to meet their own strategic, operational and tactical objectives.  Synthetic Environments (SEs) are merging the real and virtual worlds in ways that empower leaders to visualize the future, analyze decision alternatives and prepare for operations throughout the spectrum of conflict.  Simulation interoperability promises to help enable coalitions of NATO forces to achieve their coalition objectives.  There appears to be a tendency, however, to focus on a tools first approach in determining how to best meet the objectives of a particular experiment or training event.  This paper proposes the requirement for a simulation interoperability framework (SIF) that can serve to identify specific application requirements that can be mapped to the desired outcomes as articulated by the coalition goals.  Using the American, British, Canadian and Australian (ABCA) Armies coalition as an example, a sample framework is provided and used to map existing tools, identify gaps and help prioritize the means by which the gaps can be filled.  Future plans to leverage simulation interoperability to achieve ABCA coalition interoperability and how these might be extended to meet the needs of NATO are also discussed.

1.0
introduction – abca case study
Simulation is discussed in Chapter 7 of the ABCA SOP [1] as “an enabling capability that allows ABCA nations to examine a wide range of critical topics through the conduct of effective and economical exercises and experiments.  Simulation must contribute more to any given activity than it encumbers it in order to be effective. Therefore, simulation systems within the Armies must be highly interoperable, easily configurable and consistent with national development efforts.  The most effective method of achieving the required level of interoperability is to have all nations support the same simulation system or systems.  Additionally simulation systems should conform to ABCA - endorsed architecture, thus reducing the engineering burden of developing an acceptable level of interoperability for ABCA activities”
.  

In order to assess the current degree of simulation interoperability, the following task was directed by the ABCA National Directors (NDs) at the ABCA Annual Meeting at Victoria in April 2007:

	SHORT TITLE
	SIMULATION INTEROPERABILITY

	Task Number
	07E2SG003

	Description
	The objective is to establish policy, practices and procedures to enable the creation of a shared baseline for constructive simulation so that ABCA nations can share nationally validated models and simulations in support of ABCA exercises and experiments. This will be achieved by cooperative development of OneSAF models and behaviors, with CA as the lead. These models and behaviors are to reflect the types of operations intended for EXERCISE COOPERATIVE SPIRIT 08.

	Identified Interoperability Gap
	The interoperability gap is the lack of a common simulation tool across ABCA that includes a shared baseline and nationally validated models and behaviors.

	Product
	Report (Feb 08) and demonstration (TBC)

	End Date
	AGM 2008

	Meetings
	Opportunity Meetings only

	Meeting-linked Tasks
	Exercise Cooperative Spirit 2008

	Lead Nation
	CA

	PT Leader
	Army Synthetic Environment Coordination Officer – Kingston, CA

	Rationale 
	Modeling and Simulation (M&S) can provide the ABCA armies’ with tools to support: capability development, doctrine assessment, contingency planning, training, mission rehearsal and operations.  

The introduction of a common constructive simulation, ABCA One SAF, will enable simulation interoperability and facilitate the exchange of simulation data in a seamless manner. A shared baseline will result in a multinational simulation tool that can be used for ABCA exercises and experiments.


Table 1: Simulation Interoperability Task E2SG 2007/2008

1.1
Task Methodology
The task was structured along two tracks:

a. A review of the aims and scope of the ABCA Armies Program and how simulation interoperability could support them.

b. A review of ABCA Armies simulation programs in order to identify opportunities for interoperability.

2.0

The ABCA Armies Program

The ABCA Armies Program aims to optimize interoperability among Program members in order to enhance coalition operations. The focus of the Program is on interoperability, defined as: “the ability of Alliance Forces, and when appropriate, forces of Partner and other Nations, to train, exercise and operate effectively together in the execution of assigned missions and tasks”. 

2.1
ABCA Vision 

“The ABCA Program will achieve the effective integration of the capabilities necessary to enable ABCA Armies to conduct the full spectrum of coalition land operations successfully in a Joint environment, now and into the future”.

2.2
ABCA Mission

“The ABCA Program is to optimize interoperability through cooperation and collaboration in the continuous pursuit of standardization and mutual understanding in order to integrate the capabilities of the ABCA Armies in coalition operations”.

2.3
ABCA Program Goals.  
To support the strategic direction of the vision and mission further, the Program’s goals are to achieve and maintain:

· Relevance and Responsiveness.

· Standardization, Integration and Interoperability.

· Mutual Understanding.

· Knowledge Sharing.

· Efficiency and Effectiveness.
2.4
Simulation Interoperability in support of the ABCA Program

Increasingly, the ABCA Armies’ are turning to modelling and simulation (M&S) through the creation of Synthetic Environments (any combination of live, virtual and constructive simulations used to create a representation of the world) to meet their own strategic, operational and tactical objectives.  Synthetic Environments (SEs) are merging the real and virtual worlds in ways that empower leaders to visualize the future, analyze decision alternatives and prepare for operations throughout the spectrum of conflict.  Through simulation interoperability, the ABCA Program has an opportunity to significantly enhance the value of the overall program in support of the current program goals as follows:  
2.4.1
Relevance and Responsiveness

This goal implies the requirement to have an ability to assess relevance, a capability that will be critical in supporting the analysis required to determine which combat capabilities are required and how to sustain them.  Without realistic representation of future battle spaces, decisions regarding which doctrinal and technological advances to pursue and their corresponding impact on coalition interoperability will be problematic.  Simulation interoperability can provide a shared lens, through which the ABCA Program can assess relevance and determine responsiveness requirements.   Analysis of authoritative representations of future conflicts comprising nationally verified and validated representations will enable decision makers to build consensus over contentious interoperability decisions.  Risk taking is inevitable, however, rather than relying on qualitative risk assessment, SEs offer the opportunity for visualization and quantitative risk analysis that will provide a degree of analytical rigor to the decision-making process that has not been possible in the past. 
Using simulation to determine methods to; improve, test and enhance coalition operating processes, procedures and systems in peacetime can only improve the conduct of those operations when they are implemented and employed.  While the current emphasis is on stability operations, coalition forces should be able to operate effectively through the continuum of operations. The Program must remain responsive to Armies' changing requirements and likely future coalition developments.  As the National programs increasingly rely on simulation to determine assess these requirements, standardization in support of simulation interoperability will help the ABCA program to leverage this work to help ensure relevance and increase responsiveness.
2.4.2
Standardization, Integration and Interoperability

Exchange of doctrinal, technical and materiel information amongst the ABCA Armies is fundamental to achieving the Program’s goal of enhancing interoperability.  The exchange is carried out by ABCA (Capability and Support) groups and (Information) teams as part of their normal Program activities and other ABCA Armies’ personnel and organizations using the Program as the conduit for sharing
.  This process has been primarily paper based although the ABCA private website has increased the efficiency with which the documents are shared.  Through simulation interoperability and the adoption of a set of common tools, information exchange can be taken to a new level – experience sharing.  Consider the case of tactical lessons learned or TTP development.  Rather than making a document available, simulation interoperability would allow the sharing of scenarios that could be distributed in a similar way to an after action review of a simulation supported training exercise.  Those receiving the lesson or TTP could even be afforded the opportunity to take a first person role in the scenario in order to actually experience what the creators of the TTP or lesson scenario intended.  These same scenarios could then be rapidly deployed to support training or further analysis.   
2.4.3
Mutual Understanding

Mutual understanding is achieved through effective communications and willingness on the part of those communicating to seek first to understand before being understood.  Simulation interoperability would serve to achieve this through the sharing of nationally verified and validated models and simulations that the partner nations could use on an on-going basis as authoritative representations of each others capabilities.  This implies the requirement for data sharing arrangements and possibly configuration management of agreed to tool sets.  

Mutual Understanding is currently enabled, in part, by the biennial activities described in the E2 plan.  Roman, Bethel, Huston, Morgan, and  Rasch [2], described the range of activities
 that can be employed as part of the biennial program and how those activities can be enhanced through simulation interoperability.  These activities include: experimentation, training exercises, seminars and technical demonstrations all of which can be enhanced through the use of simulation.   

2.4.4
Knowledge Sharing

As described above, the concept of experience sharing enabled through simulation interoperability offers the potential to significantly enhance the ability of the coalition partners to share knowledge.  Consider the Coalition Lessons Process as described in Chapter 7 of the ABCA SOP.  The ABCA Program uses coalition lessons from operations, exercises and experiments to inform the development of interoperability objectives and for the conduct of interoperability gap analysis
.  The process consists of three phases; collection, analysis and sharing and dissemination.  Recent enhancements to simulation scenario generation capabilities are making it increasingly easier to perform battlefield reconstruction in simulation.  Over time, the coalition operations lessons learned database could be populated with saved vignettes that illustrate the lesson as appropriate.  Initially these might be video files, but over time could become complete simulations that could operate automatically or allow individuals to join in the scenarios.    

2.4.5
Efficiency and Effectiveness

Efficiency will be greatly enhanced through the adoption of common tools.  Development efforts can be prioritized and shared among coalition members and the opportunity to share data in known formats will make collaboration easier, faster and cost-efficient.  As a knowledge sharing mechanism however, the biggest payoff is in effectiveness.  Simulation interoperability can help enable the ABCA program to transition from a paper based information exchange program to a simulation based experiential sharing and learning program as described above. 
2.5
Summary of ABCA Simulation Interoperability Requirements
The general discussion above has served to provide the motivation for simulation interoperability, however is limited in terms of how to specifically use simulation to achieve the program goals.  In order to identify specific application requirements that can be mapped to the desired outcomes as articulated by the program goals, the Simulation Interoperability Framework was created.  This framework can serve to map existing tools, identify gaps and help prioritize the means by which the gaps can be filled.  The current ABCA program goals are listed as outcomes in the last column of the framework.  In the first column, five applications based upon the program requirements have been listed.  The Exercise and Experiments Support Group (E2SG) supported activities are represented by the bottom row of the framework.  These exercises need to be planned, should be rehearsed (preparation) and will eventually actually take place (perform).  If the individual contingents from each nation were provided with a synthetic environment appropriate for them to plan and rehearse their expected scenarios prior to an exercise, the very limited opportunity to use the very expensive live training facilities would be maximized leading to improved efficiency and effectiveness.  Canadian experience using VBS to rehearse the cognitive skills required to properly execute the TTPs has been found to greatly enhance the effectiveness of the live training that was conducted in preparation for the Battle Group currently serving in Afghanistan.  The middle three columns represent the natural progression from planning through preparation and performance of an actual activity which could be an ABCA event or an actual coalition operation.  
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Figure 1: Simulation Interoperability Framework

The value associated with using simulation in support of TTP development and interoperability was discussed above and is easily extended to the case of doctrine.  The lessons learned process can achieve a much higher level of effectiveness based upon the experience sharing opportunity as described above.  Perhaps the highest payoff however is based upon the value of the ABCA armies being able to plan, prepare and perform during actual operations.  In addition to the advantages of a more effective lessons learned process, shared simulation scenarios could be used for course of action analysis, mission rehearsal and in-theatre training.  Existing tools are being used for these purposes by some of the individual nations and there is a significant opportunity for the coalition to take advantage of this.  

3.0
Simulation Interoperability Requirements

Roman, et al. [2] describe that all ABCA Armies have very similar requirements and are gravitating toward OneSAF and VBS2TM as primary tools to meet them in the near term.  In  fact, after reviewing all of the simulation tools in use by all of the member Armies, these were the only two tools that all of them had in common.  As stated earlier in this document and to amplify Chapter 7 of the ABCA SOP, simulation interoperability is best achieved through the adoption of common tools.  Figure 2 provides a conceptual representation of simulation interoperability preferences from an ABCA program point of view.

Figure 2: Simulation Interoperability Preferences

The use of common government of-the-shelf (GOTS) software with full access to source code and regulated configuration management would be the preferred common tool option and is achievable with OneSAF.  Each ABCA nation is pursuing or has already purchased OneSAF through bi-lateral Foreign Military Sales (FMS) contracts with the US.  This is an excellent step toward simulation interoperability and the project team continues to work towards establishing configuration management procedures.  On its own, however, OneSAF does not presently provide the rich visualization capability that is increasingly available through the serious games like VBS2TM.  This commercial product is receiving considerable attention as a stand alone training application by the ABCA nations.  Work continues however, to integrate VBS2TM with OneSAF to be able to capitalize on the benefits of both tools however it is proving to have considerable stand alone use in training with additional applications being developed.  The problem with commercial tools however, is a lack of rigorous verification and validation as is the case with GOTS tools like OneSAF.  In order to take advantage of the strengths of both tools, integration efforts are ongoing based upon their ability to federate them together using distributed Interaction simulation (DIS) and the high level architecture (HLA).  Both of these tools can be used in stand alone mode or integrated together when necessary would serve to enable many of the simulation enhancements to interoperability as described earlier in this document.  Looking well into the future and being cognizant of the trend towards embedded training, future live coalition training would be greatly enhanced if all ABCA nations used OneSAF as the entity-based constructive component.

3.1
OneSAF Interoperability

The U.S Army OneSAF program is a critical component of the overall Army Training Strategy with a multitude of interoperability requirements for training, experimentation and research.  Of note, the OneSAF Operational Requirements Document (August 2004) requires OneSAF to have interoperability with Army Constructive Training Simulations (ACTS); Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance (C4ISR) systems (both analog and digital); and replace Close Combat Tactical Trainer (CCTT)/Aviation Combined Arms Tactical Trainer (AVCATT) SAF and be used by CCTT/AVCATT virtual simulators.  Additionally, OneSAF is a critical component in linking virtual, constructive and live training.  Early releases of OneSAF have already demonstrated interoperability with C2 (formerly C4ISR) systems and has also demonstrated interoperability with several other constructive and virtual systems utilizing interoperability protocol standards such as High Level Architecture (HLA) and Distributed Interactive Simulation (DIS). 

To ensure OneSAF interoperability into the future, the U.S. Army Program Executive Office for Simulation, Training and Instrumentation (PEO STRI) has utilized a common components approach across several of the simulation programs.  The OneSAF software utilizes and conducts maintenance and configuration management of two of those components.  The Common Synthetic Natural Environment (SNE) includes the terrain format and environmental runtime services that are utilized by the U.S. Army WARSIM and Synthetic Environment CORE (SE CORE) programs.  The C4I Adaptor is also utilized by both of those programs to ensure that interoperability with C2 devices is seamless from program to program from an interoperability perspective.

To further assist in interoperability, the OneSAF system is distributed with source code to allow changes, modifications and tweaking to assist the end user with implementation.  The OneSAF Product Management Office (PMO) encourages users to make enhancements, modify or develop new models for OneSAF that can then be passed back to the PMO for integration into the baseline and disseminated back out to the field.  This relatively new open-source paradigm for government software makes OneSAF an ideal selection for ABCA simulation interoperability studies.
3.2
VBS2TM Interoperability
VBS1 was conceived in 2002 following the release of the highly successful commercial game Operation Flashpoint, a celebrated title that won game of the year in 2001. Operation Flashpoint was a uniquely different game in that it provided very large terrain areas (up to 50 x 50km) with high levels of detail and a wide range of operable vehicles.  This is made possible through the underlying architecture of the Real Virtuality game engine that separates the terrain from objects such as houses and vegetation.  This is contrary to the typical game engine approach whereby objects are stitched into the terrain creating one large 3D model that has to be stored in memory resulting in significant performance degradation as a function of the size of the terrain box.  Operation flashpoint was adopted by the US Army under the name DARWARS Ambush and has been used continuously since 2003 for conducting convoy drill training.  The development company, Bohemia Interactive (BIA) also allowed the game to be highly modified and provided tools to ease the process of generating new content for the game.  This has enabled a robust requirements definition effort between the USMC, the ADF and to a lesser extent the British Army culminating in the recent release of VBS2TM for which each of the ABCA nations have begun using this tool in support of training. 

There are three high level capabilities that distinguish VBS2 from its competitors and account, in part, for the broad adoption of this tool.  It has real-time mission editing, the capability to rapidly generate large, geo-specific terrain data sets and it incorporates agent-based artificial intelligence (AI). Furthermore, as a result of this success, it is becoming a defacto standard for the ABCA armies.  Looking beyond ABCA, a recent NATO report [3] from the Allied Command Transformation (ACT) group documented an initial assessment of the suitability of VBS2TM for ACT.  Although preliminary in nature, the recommendation supported further evaluation of VBS2TM for training, education, experimentation in support of the ACT capability development process.  Although far from a common NATO specification at this stage, VBS2TM appears to be the only serious game under consideration at the moment. 
As a commercial product, however, VBS2TM users are not provided with source code.  BIA has, however, adopted a very favourable business model whereby ABCA countries that purchase an enterprise license are allowed to share in the development efforts funded by any of the nations involved.  An ABCA VBS2TM user group has already been established with a view to helping set development priorities and to avoid overlapping development.  Here the COTS status of the tool is an advantage in that the nations can share development funding without having to rely on government to government channels as is the case with an FMS contract.  Furthermore, the sharing of models, scenarios and related information in VBS2TM formats can be relatively straight forward through file transfer protocol or similar commercial mechanisms to be worked out by the ABCA VBS2TM User Group.  

4.0
CASE STUDY CONCLUSIONS
Simulation Interoperability through common tools and standards has the potential to greatly enhance the ABCA Program.  Figure 3 shows a potential mapping of how OneSAF and VBS2tm could be applied to meet the simulation interoperability requirements as described earlier in Figure 1.


[image: image2]
Figure 3: Potential Tool Mapping

Simulation offers the potential to transition the ABCA program from a paper based information exchange program to an experience based learning organization paradigm.  All nations are already doing this as a matter of course, and it would be inappropriate not to take advantage – common tools appear to be the key.  OneSAF and VBSTM 2 have been assessed as the lead contending common tool contenders to make this possible.

5.0
Implications for NATO

Allied Command Transformation (ACT) is currently in the process of articulating an M&S Vision with a draft document being circulated.  Given their transformation mandate, this vision can indicate how M&S can used to assist NATO in meeting the defence challenges out to 2015. The draft vision statement reads as follows:

“The ACT M&S vision is to exploit modelling and simulation to support NATO transformation wherever it can enhance capability, increase interoperability, save resources or reduce risk in the application areas of training, operations, defence planning and capability development”

The ABCA case study’s focus on increasing interoperability maps directly to the corresponding ACT M&S goal.  In this regard, the simulation interoperability framework as presented in Figure 1 could be used directly or slightly modified for use in helping to achieve the ACT M&S vision.  Populating such a framework based upon common tools, standardized protocols and procedures however, would go a long way to assist in the achievement of the other goals as well.  Given the large number of nations in NATO, compared to ABCA, however, suggests that the adoption of common tools may be considerably more difficult.  Investigating which tools are in use by the largest number of nations seems an appropriate course of action.  The initial assessment of VBS2TM for suitability for ACT based upon a survey of the NATO nations is an excellent step in this direction.  This idea is clearly captured in the ACT M&S Vision document as portrayed in Figure 4:


Figure 4: M&S Support Application Areas (from draft ACT M&S Vision, 2008)

Additional frameworks targeting the four application areas could also be developed and used to assess current capabilities, identify gaps and help set priorities on filling those gaps.  
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