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Executive Summary

SCOPE.  This paper describes a proposed Simulation Based Acquisition (SBA) Pilot Project that builds on the Army’s simulation investments as an SBA tool to integrate soldier-in-the-loop in a combined arms context through the entire acquisition process.  This pilot project is intended to provide valuable support to the Future Scout Cavalry System (FSCS) program and to develop a framework of simulation support that can be used by all Project Managers.  This SBA approach will embody a diverse and validated synthetic environment that can be used by combat developers, operational testers, trainers, and materiel developers to maintain a continuous check on the usefulness of the system under development, in its operational context, end-to-end across the life cycle process. 

The Army’s modeling and simulation infrastructure includes an increasingly integrated set of models and simulations that span simulation domains for application in analysis, development, and training support. This paper focuses on how the existing modeling and simulation infrastructure can create a Synthetic Environment (SE) support all phases of the acquisition process.  This synthetic environment includes tools like CCTT, WARSIM, ModSAF and others.  As the newly approved OneSAF program is developed, CCTT SAF and ModSAF will be merged into a single SAF and employed in the SBA concept described here. Another example, the Bradley Advanced Training System (BATS), is a virtual simulation derived for an engineering testbed and is currently becoming interoperable with the CCTT environment.  Hence, the intent is not to exclude other simulation or systems, but to focus on reuse and interoperability as an enabler in a first step in creating a common synthetic environment across a system development program.

Therefore, while the simulation tools are available and the SBA policies are in place, a solid framework for implementation to integrate the tools, policies, organizations, across programs and phases of programs in support of affordable system development is missing.  This paper describes that missing framework and illustrates an approach as a SBA Pilot Project for the Future Scout program. 
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I. OVERVIEW

Use of modeling and simulation (M&S) in the acquisition process is not new.  Typically, modeling and simulation tools are used to support Concept Development, Requirements Definition, Engineering Development, and Operations and Support (e.g. training). Simulation Based Acquisition (SBA) is defined as the integrator of simulation tools and technology across acquisition functions and program phases.  SBA is a concept for efficiently managing M&S as a resource to be exploited by the PM to accomplish acquisition objectives.

SBA envisions an integrated approach to the use of M&S in systems acquisition.  The application of the simulation tools has been stove-piped in many cases as the tools available were designed for the immediate intended purpose and did not address other life cycle phases.  An integrated set of simulation tools, across the phases, permits analyses to address the full implications of competing concepts including initial effectiveness analyses, man/machine interfaces, tactics, techniques and procedures on a combined arms battlefield, and analysis of concept implications to manufacturing, reliability and supportability. The philosophy of an early use of M&S, designed with the entire life cycle in mind, provides the benefit of reusing an expanding, validated, consistent, and up to date, and common M&S infrastructure.
While SBA promises to significantly reduce both cycle times and total cost, this has not always been achieved so far. However, with SBA, several new possibilities are opened up that should result in a faster, better, cheaper acquisition process, in building the best product the first time, and affordably. Recently in this regard, at two SBA conferences, PMs reported experience with these novel ideas, which will be folded into this pilot project as appropriate:

· Start the development process with the training simulation/simulator as the virtual prototype; this capability supports T&E and soldier train up.

· Defer formal system operational requirements until the virtual prototype is built, tested, and system capabilities and life cycle costs are known (capabilities-based vs. threat-based development).

· Use of a common synthetic environment (SE) across program phases and across programs (seamless flow of data and reuse).

· View development programs from a “system of systems” perspective (battlefield C4I interoperability).

· Testing in the virtual synthetic environment with live testing used to validate the virtual SE (model-improve-model).

The project described in this paper proposes to develop a framework that incorporates these emerging ideas. The project leverages STRICOM’s experience in providing simulation solutions for the Army…solutions across the live, virtual, and constructive spectrums.  Through the STRICOM PM for Combined Arms Assessment Network (PM CAAN), STRICOM also provides TRADOC a simulation based “Blackbook Enabler”.  Some examples of STRICOM simulation capabilities include:

· Materiel Developer of the Army’s Premier Virtual Training Simulation – CCTT

· Materiel Developer of the Army’s Premier Constructive Simulation – Warfighter Simulation (WARSIM) 2000 (Land component of JSIMS)

· Previous and On-Going Support Relationship with the Army’s Battle Labs

· Leader in application of DIS technologies

· DoD’s Executive Agent for Aggregated Level Simulation Protocol (ALSP) 

· Support Agency to DMSO for HLA technological development 

· Leader in C4I/training system integration

This SBA pilot project works within framework for SBA and the Simulation Test and Evaluation Process (STEP) and will rely on the following:

· Experience.  This SBA pilot program builds on the experience and knowledge of the Battlefield Distributed Simulation-Development (BDS-D) program that provided a rich legacy of tools, techniques, and applications across the entire spectrum of M&S domains and throughout the DOD and industry.

· Horizontal Integration.  The Army PMs are being encouraged to adopt SBA into their acquisition programs and to describe their planned use of SBA in their required SSPs.  A common approach to SBA that also strengthens the PM/RDEC/Battle Lab partnership is consistent with the Army’s Requirements Determination Black Book vision.  This SBA Pilot Program will provide PM’s an improved capability to do front-end work throughout their programs.

· Digital Revolution.  The Army is leading the way to the digital battlefield of the future.  Warfighters and their systems will be more interdependent.  They will operate as systems of systems for command, control, and communications using computers to process and distribute intelligence obtained through sophisticated surveillance and reconnaissance (C4ISR) techniques.  Commanders will be able to command their forces with virtual command centers, distributed geographically.  Thus, a way must be provided for new system concepts to be examined and traded-off in a common synthetic environment that also includes the roles of legacy weapon systems and materiel.

· Soldier-Centered Design.   This SBA Pilot Program will be modular and reconfiguarable so that all concepts and designs can be analyzed using the latest state-of-the art subsystems for terrain representations, and man/machine interfaces.  The SBA Pilot Program will interoperate with existing and planned simulation based design (SBD) processes in the RDECs and industry.  The SBA Pilot Program will put soldiers in the design loop so that a true IPPD process can be conducted throughout the entire life cycle, for both new start acquisitions and legacy systems.
· Logistics Focus.  The SBA Pilot Program environment must also contain a strong focus on training, supportability, and sustainability throughout the life cycle so that estimated Total Ownership Cost (TOC) of the system can be assessed earlier in the life cycle.

II.   SBA AS A SPIRAL DEVELOPMENT PROCESS

The following depiction shows a spiral process using SBA as an integral part of the acquisition from Milestone 0 through Milestone III and beyond into operational use.  A typical system will progress from initial concepts and requirements, governed by the TRADOC Requirement Generation Black Book, into the development phase, through testing and into deployment and use.  The strength of SBA is an integrated set of models and simulations that evolve through the acquisition cycle with the weapon system. An integrated set of tools representing a common synthetic environment that evolves and is used across the weapon system life cycle allows:

· Coherent, cross spectrum analysis with insights into force structure impacts, man-machine interfaces, detailed design characteristics, producibility of the product, and supports tradeoffs.

· Support to Cost as an Independent Variable (CAIV) tradeoffs that allow in depth views of  Combat/Training Development concurrent with Weapon System Development.

· Combat/training development concurrent with weapon system development. 

· An evolving capability that can be used for testing and training, reducing cost and leadtimes for training system development.

· Feedback from warfighters throughout the life cycle and warfighter inputs into concept/design tradeoffs.

· Consistent environment to support concept, development, and test of varying weapon systems to allow a level playing field for evaluation of alternate weapon system capabilities.

Paradigm shift.  Historically, the Army has created/utilized Modeling and Simulation (M&S) tools as needed as the weapon system moves through the acquisition process.  The tools have been focused on immediate needs and discarded or converted for use on other programs as required.  The Army is poised for a major paradigm shift in the application of M&S.  Simulations and supporting infrastructures, developed for the later stages of the process (i.e. training) can now be applied to provide valuable support early in the life cycle of the system. 

Application of existing virtual environments (e.g., CCTT and the Bradley Advanced Training System [BATS] and future constructive environments [e.g., WARSIM and JSIMS]) can provide a means to evaluate concepts, refine prototypes, perform tradeoff analyses, support/reduce testing, and provide required system training. In short, the Army has a capability to inject the weapon system into a Combined Arms, Soldier-in-the-Loop environment to “Fight the Concept, Fight the Prototype, Test, and Train” with the system throughout the life cycle by applying existing M&S capabilities.  Thus, SBA, as described here, optimizes the combat system around the soldier in the development phase and the soldier around the system in the training phase.
With the soldier in the loop, the Army can:

· evaluate tactics, techniques, and procedures for “fighting” the weapon system,

· get valuable Warfighter feedback on the utility/limitations of the system – early requirement tradeoffs,

· evaluate the MANPRINT (Useability) issues associated with operation of the system,

· obtain a measure the effectiveness of the system on an integrated combined-arms battlefield against a reactive and intelligent opposing force,

· use soldier-in-the-loop feedback to refine COEA modeling and analysis input.

At the end of the development cycle, the Army has a simulation system that is current with the weapon system and can immediately be produced as the training capability for the weapon system.  An example of this concept is application of the Close Combat Tactical Trainer (CCTT) and other simulations as an M&S tool throughout the life cycle of an acquisition program (e.g. Future Scout System).  These ideas represent a new paradigm for acquisition reform as shown in the pictorial below.

A NEW PARADIGM
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Take the traditional training synthetic environments for the soldier-in-the-loop now on the back end of the acquisition process – flip it around to the front end – and spiral through the entire development process.

III.  STRICOM’S SBA SUPPORT CAPABILITIES

A synthetic environment capable of supporting the SBA process will require the seamless integration of legacy M&S, tools, databases and technologies.  The resultant support environment must also allow for the interaction of force structures ranging from individual entities through Corps and Division.  Past STRICOM accomplishments have produced a series of increasingly more complex, integrated, and validated, synthetic environments to support training, analysis, and development.

Virtual simulators tailored to support specific systems (such as the Bradley Advanced Training System [BATS] used to support the Bradley Synthetic Environment Live Fire [SELF] program) successfully immersed end users into the virtual environment.  A key to developing a general purpose SBA testbed is to integrate a general purpose virtual simulator into the environment that can provide a reasonable level of fidelity to a broad class of potential systems.  

This pilot program proposes to use the highly successful CCTT element of the Combined Arms Tactical Trainer (CATT) family of virtual, in a distributed interactive simulations with other simulations and real systems to provide this key function.  The resultant simulation environment will provide an interoperable and reusable environment for supporting all phases of the acquisition process.  Once developed and validated, this synthetic environment will provide an open format that other SBA elements (e.g., distributed, collaborative development support) can be developed.
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CLOSE COMBAT TACTICAL TRAINER (CCTT) is the first member of the Combined Arms Tactical Trainer (CATT) family of virtual, distributed interactive simulations (DIS) for collective training.  It supports the training of Armor, Mechanized Infantry, and Cavalry units from platoon through battalion/squadron echelon, including the staff.  The primary training audience operates from both full-crew simulators and mock-up command posts.  Crewed simulators - M1A1, M1A2, M2/3A2, FIST-V, M113A3, and HMMWV - are of sufficient fidelity to require individuals and crews to correctly perform their respective tasks in order to successfully accomplish their collective missions.  Infantry platoon and squad leaders can also exit their BFV and move to a Dismounted Infantry workstation where they can control their virtual dismounted elements.  Commanders and staff members of the training audience use computer workstations located in mock-up command posts to provide artillery, mortar, combat engineers, and logistics units to the synthetic battlefield.  The units created and controlled from these workstations require the training audience to plan for and coordinate the implementation of other Battle Operating Systems in support of their tactical maneuver.  Semi-Automated Forces (SAF) workstations provide additional supporting units (i.e., aviation and air defense artillery) and all opposing forces.  Thus, while maneuver units (combat crews and battalion-level staff members) constitute the CCTT primary training audience, all Battlefield Operating Systems are represented in the simulation to ensure quality training within a combined arms training environment - under daylight, night, and fog conditions. 

Digitization of CCTT – CCTT reflects the current configuration of fielded systems.  The CCTT program has an on-going effort to modify specific systems to support the Digitized Army.  CCTT digitization will incorporate systems such as Force XXI Battle Command Brigade and Below (FBCB2) into the CCTT manned modules. Communication effects such as line of sight disruptions are already modeled in CCTT. The digitization effort will add models of the Army’s Tactical Internet to ensure a realistic simulation of the Army’s battlefield capabilities and limitations.  An interface is being developed that will allow realistic command and control message/data between CCTT and the Army’s command and control systems.  All these capabilities will be critical to evaluation of future scout vehicle concepts and designs.

UK Combined Arms Tactical Trainer (UK CATT) – UK MOD has a simulator program, based on CCTT as an initial starting point.  The UK CATT provides similar capabilities to CCTT with UK expansions in their focus areas.  As CCTT and UK CATT are being developed under an agreement for cooperative development and are committed to interoperability, the concepts described in this paper apply to both CCTT and UK CATT.  Some tailoring of products may be necessary but sharing and integration of the products from a cooperative SBA effort should not be difficult. 

IV.   SBA APPLIED TO THE FUTURE SCOUT PROGRAM

 (Conceptual Application of a SBA Toolbox)

A time-phased approach will be developed to provide a coherent plan for use of simulation to support the total system acquisition process.  The future scout vehicle is early enough in its planning to plan and implement such a SBA approach.  A simulation environment can be configured to support the Future Scout System program beginning in the Concept Phase.  As the Future Scout acquisition program plan evolves, the simulation SE plan will also evolve to support and augment it throughout all its phases and milestones.
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Concept Phase.  During this period, vastly different concepts can be explored as potential solutions the warfighting requirement. CCTT and the supporting Synthetic Environment (SE) provide a unique opportunity to investigate concepts in a Combined Arms battlefield focusing on combat effectiveness, information flow, tactics, techniques and procedures, command and control, and soldier constraints of using the concept under test. 

“System-of Systems” Concept.  Existing software and hardware can be modified to create the “conceptual capability/system design” as a functioning system on the battlefield.  The system could interact with all other combined arms elements on the battlefield.  Multiple executions of scenarios can be executed investigation possible tactical procedures for use of the “capability/design under test”.  The analysis could focus on multiple system concepts and multiple procedures for employment of the concepts. 

The virtual man-in-the-loop simulator, continuously validated in parallel with system design/validation procedures, provides the eventual training simulator needed in later phases.

The man-in-the-loop exercises/analyses above could be combined with typical ACR activities to provide and overall picture of system effectiveness and implementation to support concept tradeoffs.  ACR studies could use a CCTT Semi-Automated Force (SAF) variant (OneSAF when available), to facilitate common data and algorithms or could use typical ACR models and reconcile results by further analysis.

Engineering Phase.  This phase typically will use engineering and high-resolution design models to support preliminary and detailed design tradeoffs.  The models could be interfaced with CCTT, either in a man-in-the-loop mode or in a SAF/automated mode allowing the impacts of the engineering design to be evaluated in the total Combined Arms environment.  

Test and Evaluation.  Another benefit is to the testing area.  Once the system is implemented in simulation, the need for separate live testing is reduced.  For example, using the synthetic environment again, the program can realize reduced testing quantities.  Training for the tester can also be provided in this environment prior to test and a shortened test cycle is realized due to the reliability of the simulation, employing the model-improve-model paradigm for assessment.

Deployment Phase.  The benefits from early concept activities in SBA Pilot Program are immediately realized in the deployment phase.  The TTPs associated with the selected concept will be directly transferable to support training.  The physical design of the training system, algorithms that simulate the system and an initial software implementation will already be in place.  

V.   FUTURE SCOUT PILOT PROJECT

STRICOM proposes a Future Scout Pilot Project in support of the FSCS/TRACER Program to be executed with our UK partners.  The pilot project is phased to provide early demonstration of support capabilities and to define follow-on work that best supports the needs of the program. Initial focus will be on Virtual, Soldier-in-the-Loop simulation (specifically the CCTT simulation environment).  Follow-on efforts would expand the environment to Constructive and Live simulation to support concept definition, development, testing, and training as required.  Follow-on efforts on the US side would also include “institutionalization” of the simulation support environment by fielding of the simulation capability to the Battle Labs, RDECs, and as an Army-provided tool for use by contractors.  Migrating CCTT to selected  (i.e., Mounted Warfare) battle labs provides the next generation of maneuver simulation beyond SIMNET for TRADOC concept development capabilities.

Initial activities (Phase I and II) would focus on capability demonstration in order to provide the basis for planning future work.  The figure below indicated the overall conceptual framework for the pilot effort. Phases I and II would occur in the program’s conceptual phase.  The primary customer for the capability would be TRADOC and the system PM as concepts are analyzed.  The work to be done would be a modification of the CCTT simulation environment (SAF, Synthetic Natural Environment (SNE)) and to prototype hardware mock-ups of the FSCS as needed.  The capability produced would allow TRADOC/PM to “fight” the conceptual design on a combined arms battlefield against an intelligent OPFOR in a realistic National Training Center environment.  Prototype hardware could be Advanced Concept Research Tools (ACRT) -- commercial prototypes being procured now by PM CAAN to upgrade simulation capability at the battle labs and core DIS facilities (DIS) -- or government owned CCTT modules that could be modified to investigate early man-machine-interface limitations.

As the program moves from the conceptual phase to the development phase the early conceptual capabilities can be refined or modified.  This synthetic environment can be modified to represent any new interactive capabilities.  Finally, as the system moves from development into support phases the simulation capabilities and prototypes used in development become the basis for a virtual collective training system. 
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Note:  The figure above includes depiction of simulation capabilities beyond the scope of this paper (e.g. WARSIM).  The pilot program, although initially focused on CCTT, will be expanded so that the simulation environment reflects an integrated system of Virtual, Constructive, and Live simulations. Also, as the program proceeds, the simulation environment that “hosts” the conceptual and developmental simulation tools can be evaluated for embedding into the tactical system.  This is possible as the developmental environment will be the same as the objective training environment.

VI.  INITIAL PILOT PROJECT PROPOSAL

As the Future Scout acquisition program plan evolves, the simulation SE plan will also evolve to support and augment it throughout all its phases and milestones. 






Phase I – Early Demonstration Phase (Concept Capabilities) – 

· Duration:  months 

· Scope:  Demonstration of FSCS capabilities at a select site (i.e. UAV-type demonstration; Ground Vehicle-type demonstration) in Combined Arms Virtual Environment

· Location:  Mounted Warfare Test Bed, in conjunction with the Fort Knox Battle Lab (with some early simulation design at STRICOM)

· Effort:  Create Stand-Alone CCTT capability (stand-alone CCTT SAF); modify CCTT SAF to include an UAV-type scout representation; modify CCTT to include a vehicle scout representation; run demonstration exercises.

Phase II – Prototype Demonstration Phase –

· Duration:  1 year

· Scope:  Demonstration of early prototype manned-FSCS capability operating in a Combined Arms CCTT Environment; initial stand-alone CCTT SAF capability provided to TARDEC (concept development for FSCS).

· Location:  Fort Knox (manned module); TARDEC (SAF iterations), STRICOM (simulation design)

Deliverables – The first deliverable product of this pilot project will be a proof-of-principle demonstration at the end of the first year that will provide an initial operational capability of the synthetic environment, including CCTT manned simulators, at Fort Knox and TACOM, to stimulate and simulate a Future Scout representation.  Beyond that, this project will lead to reusable federations of object modules and a federation of reusable tools and data bases suitable for use by all Army PMs.

VII.  ROLES IN THE PILOT PROJECT

· PM – Provide system concept and simulation funding – IN CHARGE OF THE OVERALL PILOT PROJECT

· STRICOM- Provide overall lead for the supporting soldier-in-the-loop simulation environment; integrate all other soldier-in-the-loop simulation support activities including: CCTT, WARSIM, Combat Training Centers (CTC) support 

· TACOM/TARDEC – Best technical approach tradeoff analysis and other modeling support to PM (e.g., mobility and survivability modeling)

· Ft Knox – Battle Lab and Core DIS Facility support to pilot project and follow-on activities

· CECOM – C4I Tools, facilities, expertise

· TECOM – Virtual Proving Ground, T&E support

· OPTEC – Continuous evaluation, operational test and evaluation

· AMSAA – Verification, Validation, Accreditation (VV&A), interoperability

Challenges - The challenge before the Army is to plan and implement a process to exploit the benefits of the virtual environments as applied to the particular weapon system.  For the Future Scout System, this will involve:

· Working with our partners in the UK to develop a Simulation Support Plan.  The plan must address all implementation issues.  These include overall program schedules with specific M&S support requirements, definition of simulation support tools, costs and schedules for modification/application of the M&S tools to support the needs, and integration of the simulation tools within phases and across all phases of the life cycle.  The close relationship between the US/UK on an interoperable, CCTT-based synthetic environment will ease the task of planning the application of CCTT to this effort.

· Determination of the process to be used intra-Army for the US side of the effort, including responsibilities, location of work activities, resources, agency agreements, and so on.

VIII.   INSTITUTIONALIZING THE SBA PROCESS

The Army has an infrastructure to support “institutionalizing” of the SBA process described above.  The Army’s Core DIS Facilities (CDFs) provide a real-time, warfighter-in-the-loop, combine arms synthetic environment to support the model-test-model and “fly before you buy” approach.  These facilities primarily support experimentation efforts including a varied of applications in Combat Development, Training Development, Test and Evaluation, and Dual Use technologies.  Capabilities include Local Area Networks, Wide Area Networks, DIS and HLA protocol-based virtual, constructive, and live simulations, data collection and analysis, visual systems, Computer Generated Forces (CGFs/SAFs), Virtual Prototyping, C4I interfaces, and others.  CDFs are supported through STRICOM’s Advanced Distributed Simulation Technology (ADST) II contract with customers ranging from TRADOC Battle Labs, Schools, and Centers, AMC activities (e.g. PMs), to DMSO and DARPA, plus Joint customers such as USSOCOM. 

This Army M&S Infrastructure must be reviewed to evaluate its support of SBA using a common synthetic environment.  Required tools and capabilities need to be available to the CDFs as well as PMs, RDECs, the Contractor Support Base, Educational Institutions, and other Government agencies.  For example, the CDFs currently utilize systems such as ModSAF, SIMNET, JANUS and other simulation support tools. These facilities need to be provided the Army’s future M&S infrastructure (CCTT, SE Core, OneSAF, WARSIM, etc.) so that they can support an integrated acquisition support activity across the Army. Planning during the SBA Pilot Project must address the cost, schedule, and priority of upgrading these facilities.

IX.  CONCLUSION and RECOMMENDATION
CONCLUSION – The Army has an unprecedented opportunity to capitalize on its investments in M&S through application of SBA principles. An example of this is application of the CCTT/UK CATT Synthetic Environment in support of the Future Scout Vehicle program beginning early in its life cycle.  Application of synthetic environments normally considered operational support tools, beginning in the program’s concept phase, is a paradigm shift but offers the Army many advantages as described in this paper. 

This project would take advantage of the successes of the projects mentioned above and lay out a seamless, end-to-end, electronic collaborative processes, including tools, M&S libraries, and SBA architecture.  This project will have the added benefit of stimulating the movement toward the High Level Architecture since SBA may require us to define federations of object modules for each of our commodity areas, linked by a common synthetic environment. 

The transition to SBA will not be easy on many Army engineers, scientists, and mangers.  This project will be a challenge since a source of funding is not identified.  Many of the stakeholder organizations are already engaged in the kind of research and projects needed for this effort.  The need to direct and reallocate existing scarce resources will be an important organizing factor. 
RECOMMENDATION - Execute this SBA Pilot Project as described.

The Army should maximize its leveraging of industry success.  Many of the elements of this SBA process are already developed, validated, and in place.  What is needed now is for the Army leadership to direct an effort to define the Army’s process and policies and direct a demonstration pilot project.  This project could serve as a valuable assist to the DoD SBA ExCom directed SBA Roadmap effort due in October, 1998.  We propose that the Army develop this SBA Pilot Program that addresses the full potential of the process.  This requires that the pilot encompass the requirements definition, development, testing, and maintenance phases of a product lifecycle. 
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