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S. ARMY TEST AND EVALUATION COMMAND 

Future Combat System Test and Evaluation White Paper

Executive Summary


The Future Combat System (FCS) will be a networked system of systems that will provide the Army’s Objective Force the capability to project overwhelming military power and to achieve full-spectrum dominance anywhere in the world.  The complexity of the FCS and an aggressive schedule introduce fundamental risks into the acquisition program.  An appropriate test and evaluation (T&E) program is essential for the Army to mitigate these risks.  The U.S. Army Test and Evaluation Command (ATEC) proposed concept for the FCS T&E program is based on the following principles and enablers that are the program's building blocks.  

· A fully integrated contractor and government T&E program.

· Maximum use of modeling and simulation (M&S) throughout testing and evaluation.

· A systems integration lab (SIL) to support and integrate development, testing, and evaluation.

· A unit dedicated to FCS combat and materiel development and testing and experimentation.


Because of the complexity of the FCS, ATEC will execute a comprehensive T&E program to resolve most technical and operational issues well before starting the IOT.  A single evaluation plan will guide all developmental and operational testing to reduce risks, assess contractor compliance, and provide information to senior decision-makers.  This T&E program will be fully integrated across government and industry, supporting both the contractor and program manager (PM) with system design and development and the Army system evaluation.


M&S will be a key enabler for effectively focusing and executing the tests and evaluations.  Before hardware is available to test, models and simulations will be used to provide data useful to both the system development and evaluation.  M&S will help prioritize live testing, expand the testing envelope, and reduce overall risk.  An Army-wide coordinated virtual environment will support system development, combat development, and T&E throughout FCS development.


The SIL should benefit all FCS participants.  Software interoperability will be the major challenge in building the FCS.  The SIL will provide a central facility to develop and integrate all of the software and also give the PM and industry critical feedback from the user.  The SIL would initially use virtual tools to provide this support and eventually transition into a hardware in-the-loop facility.


It would be beneficial for the Army to establish a dedicated operational unit to support FCS materiel development, combat development, and T&E.  This would ensure early and continuous user involvement in the FCS program.  This unit would provide soldiers to support early system and subsystem assessments.  Training and Doctrine Command (TRADOC) could use the unit to conduct experiments for developing Objective Force doctrine, tactics, and organizational structure.  The unit could also support limited user tests for FCS subsystems and then transition into the first unit equipped and Initial Operational Test (IOT) unit for the FCS.

Background


The FCS system of systems will be the core building block in Objective Force Units of Action to develop overwhelming combat power, sustainability, agility, and versatility necessary for full-spectrum military operations.  FCS will include a suite of information technologies; reconnaissance, surveillance, and target acquisition networks; and battle command systems that will enable the tactical unit to operate at a level of synchronization and situational understanding previously unachievable.  FCS-equipped Objective Force units will see first, understand first, act first, and finish decisively. 


The Chief of Staff of the Army has challenged the Army acquisition community to produce and field this capability by the end of this decade.  This is an aggressive, high-risk schedule.  The FCS concept departs from traditional acquisition and warfighting strategies.  Success will require a T&E strategy that is equally aggressive and nontraditional.
Test and Evaluation Strategy


The Army must prove that the FCS is effective, suitable, and survivable and capable of supporting the Objective Force.  This requires testing and evaluating a production representative system in an operationally realistic environment with typical troops -- to test it in the IOT as it will be used in wartime.  The T&E program leading up to the IOT must be focused on ensuring that the hardware, software, training, and support structure are ready before IOT.  Every increment of developmental testing must be a step toward how the system will perform during IOT. 


The proposed overall T&E strategy for the FCS is represented in figure 1.  Execution of the evaluation strategy is shown from left to right, and the planning strategy is shown from right to left. 


This T&E strategy starts from the operational and organizational concept that defines the FCS mission capabilities.  From that, we determine the parameters defining effectiveness, suitability, and survivability (ESS) for both systems and soldiers.  
This strategy will use capability-based metrics as the means for determining system performance in the evaluation.


The operational and organizational concept addresses what the unit of action will experience in an actual combat environment.  This establishes the operationally realistic environment for the FCS IOT.  The IOT, as a prerequisite for initial operational capability, provides a definitive goal to the PM that establishes the level of technical and operational performance the system must achieve.  In a program with much uncertainty, following the strategy depicted in figure 1 provides valuable structure to the FCS acquisition program.  


To maximize the probability of success at initial operational capability via the IOT, the period between the two endpoints in figure 1 will be a continuum of developmental (technical) tests, operational tests, experiments, and evaluations.  These events will generate constructive feedback critical to the materiel developers’ efforts to improve the system's overall effectiveness, suitability, and survivability.  The combat developers will use these events to support TTP formulation and ATEC will use these events as the rationale for the independent evaluation.  


Many types of tests will be conducted to support the program throughout the system's life cycle.  From system design and development through system evaluation to operational employment, testing can provide the analytical basis supporting many critical decisions.  To prove the system works, information from all testing sources will be used.  An integrated government and industry T&E program will be implemented to plan and execute this testing.  The integration will be the responsibility of the FCS T&E integrated product team and will include contractor and government participation in the planning, execution, and analysis of all technical tests.  The government’s internal strategy will also be integrated to give some technical tests an "operational" flavor and enable operational tests to provide technical test data.  All T&E strategies will be integrated to ensure all vital issues are evaluated, yet prevent unnecessary duplication of effort.  


Because of the aggressive schedule, ATEC will integrate data from sources other than ATEC-specific testing, including appropriate data from other sources, such as Joint Virtual Battlespace (JVB) and TRADOC Battle Lab experimentation. The contractor will perform much of the technical testing during the system design and development process.  These test data will be fundamental components of the overall T&E continuum.  ATEC's early involvement will ensure that the government T&E community positively influences the development and execution of contractor testing, enabling it to support the overall T&E strategy. 


FCS testing will follow a building block approach.  First, testing will certify the feasibility of the technologies that are proposed.  Then components will be tested, followed by subsystems.  The interaction between the subsystem and its operational and physical environments will be assessed, as well as interactions among the subsystems, as shown in Figure 2 on the following page.  After subsystems have been tested, we will test at the system level in a controlled environment.  The last step will be to test the full system in an operationally realistic environment.  


While DT, OT, and live-fire test (LFT) will be integrated as much as possible.  Each type of test will be needed to support program development and critical decisions.  


DT will assess the safety, technical capability, and feasibility of components and systems.  DT will examine environmental impacts, begin to test survivability and lethality effects and provide the critical feedback to the developers.  DT will verify the system's readiness to enter into operational tests and provide the required technical data to support FCS programmatic decisions for low- and full-rate production and fielding.


OT will ensure the systems and equipment being developed and fielded are effective (perform as designed), suitable (meet the needs of the soldier), and survivable (have acceptable risk from all threats).  Because of the complexity of the system, the operational testing on the FCS program will not be limited to the IOT.  Rather, a comprehensive series of smaller, focused, operationally realistic limited user tests will be conducted to assist in the system development process and build toward the IOT.  These tests will allow us to more easily control the operational environment, while reducing risk and constraining test costs.  Results from OT events will be provided to the materiel developers to enable a focus of resources to address operational issues.  The operationally realistic tests, along with selected phases of early DT, will enable the early inclusion of soldiers into the design, development, and evaluation process.  The goal is to resolve the majority of the operational issues well before the IOT.  Given the nature of the FCS, the IOT will be a relatively large and complex event, and should be the means to assess the interoperability of the FCS components and the most global operational issues.  Based on our experience with the Interim Brigade Combat Team (IBCT), the FCS IOT will probably take the form of a meaningful representation of the real unit of action surrounded by a virtual environment of simulators and stimulators.


Live-fire test and experimentation will evaluate the vulnerability of specific systems against expected battlefield threats.  This T&E effort will begin early in the program’s development to influence the system design as early as possible and minimize the cost of vulnerability reduction design changes.  The vulnerability evaluation effort will be designed to assess protection to the crew as well as critical combat systems that may be remotely operated but likely to be targeted by threat weapon systems.


The evaluation of the FCS will be extensive and assess many different aspects of the system.  As a system of systems, the FCS performance relies on more than the technical performance of an individual component.  Instead of a technical specification, the requirements and the ensuing evaluation will focus on mission effectiveness.  Synergies among the subsystems may not be specifically mandated in the operational requirements document, but should be addressed by the evaluation. 
.


The FCS will have blocked requirements.  The system's full capabilities will not be realized after one iteration but will grow as the required technologies mature.  Follow-on versions of the system will progress toward the desired capabilities through a vigorous upgrade program.  Therefore, the objective capability of the program will require multiple, overlapping sequences of T&E.


The T&E program will be designed to minimize the cost and the impact of T&E on the program schedule, but the primary focus will be to provide the necessary data to support critical design and program decisions.  Virtual environments will be used extensively, but some data will be available only through live operational testing.  

Modeling & Simulation


Due to the limited availability of hardware, the majority of early testing and experimentation will be conducted using models and simulations.  Some tests and experiments will use little or no physical hardware but will provide extremely useful data that can be applied to system development and the evaluation.  As hardware becomes available, virtual testing will shift toward physical testing, and ATEC can begin to test at the component level.  As components become subsystems and subsystems become systems, live testing will increase to determine the actual synergism of the family of systems.  The evaluation will begin to focus on actual test results rather than mathematical representations.  Testing will never be completely physical, even during the IOT, because size, complexity, and interoperability requirements will demand that a virtual environment be wrapped around the IOT unit.  


To support FCS testing, ATEC will use the Virtual Proving Ground (VPG), which has a comprehensive and integrated set of synthetic environments, stimulators, support test tools, and an integrated information system to store and retrieve test data.  These simulation test capabilities provide a synthetic environment for testing a complex system of systems.  VPG test simulations, integrated through a distributed architecture with geographically disparate physical DTC test capabilities, will support hardware- and human-in-the-loop testing with synthetic entities and stimuli.  These applications provide higher quality system performance data in a shorter period of time and use far fewer hardware prototypes.  Test simulations will range from computer-based simulations to hardware-in-the-loop physical testing of components, subsystems, or the full system.  This will result in a significant reduction in program costs and performance and schedule risks.


The JVB and the Research, Development, and Engineering Centers’ (RDEC) Federation of modeling and simulation will also be applied.  The RDEC Federation provides a distributed environment and M&S tools to support realistic, engineering-level trade studies of technologies and systems.  It supports the design, development, testing, and validation of future system concepts and virtual prototypes.


To accommodate the operational testing of FCS, ATEC is developing OASIS, a suite of models, simulations, instrumentation, and analytic software that will enable the testing of any virtual or physical system in a robust battlefield environment.  OASIS will use other models and simulations to build an operational environment flexible enough to generate any terrain, with any threat, and still be rigorous enough to support operational tests.  


Extensive M&S will improve the T&E that is conducted.  M&S tools provide valuable insight into important test metrics and assists with the prioritization of the live test requirements.  Validated M&S expands the test envelope beyond traditional methods required to test the complex system of systems materiel and provides operational solutions.  Virtual supported and physical testing must be combined in the appropriate proportions for T&E to support a successful program.


The FCS program will use M&S extensively in areas other than T&E to develop requirements, doctrine, and training programs and to refine engineering designs, and TTP.  This will reduce FCS program costs and schedule and performance risks.  To support FCS development and fielding, an integrated set of M&S tools must be established and maintained across the Army and must include legacy tools as well as new developments.  M&S tools used by the RDEC Federation, TRADOC, and ATEC should be compatible and mutually supporting, reducing unnecessary duplication of new tools.

Systems Integration Lab


As a complex, networked system of systems, the FCS will have unprecedented integration issues.  These issues will be evident throughout system development process, testing, and operational employment.  ATEC's experience with Army digitization has shown that a single site that is focused on integration is essential for the development of complex, software-intensive systems.  The creation of the Central Technical Support Facility (CTSF) at Fort Hood has been key to the development and fielding of the digital force.


To integrate the materiel and combat development and the T&E process, the Army should establish a systems integration laboratory (SIL) as a shared asset among the three communities.  A SIL would enhance integration between the government and the contractors, and provide a focal point for hardware and software integration. 


While software and hardware integration is the main purpose for the SIL, it would also provide a critical analysis capability to assist TRADOC in an intensive force development test and experimentation program.  This program would examine different operational concepts and provide the analytical underpinnings for the operational requirements document updates and the TTP development.  


The SIL would provide ATEC with a streamlined means to conduct distributed live and virtual testing.  A centralized asset shared with TRADOC injecting operational realism into a developmental test should be much easier to use and more effective.


The SIL would allow the PM and the contractors numerous experimentation opportunities to analyze system design and development and provide an effective means for the contractor to obtain critical feedback from the user.


The SIL would use virtual tools before hardware production.  As actual system prototypes and production hardware and software become available, the SIL would provide the means for hardware and human in-the-loop tests, experiments, and evaluations.

Dedicated Unit


The Army should consider designating a brigade-sized organization to support the development, testing, and fielding of the FCS.  This unit would be a shared asset between the developer, the user, and the T&E communities.  Since the FCS-equipped Objective Force unit is an extension of ideas being developed for the IBCT, the ideal unit to support this mission may be an IBCT.  This would provide individuals and units with experience in digital command and control and in the concepts of integrated reconnaissance, surveillance, and target acquisition and combat units.


Although the unit would initially continue to train as an IBCT, its primary mission would be to help speed its eventual transition into the first FCS-equipped unit.  Along the way, it would provide subject matter experts to the PM for user juries and feedback on initial equipment designs; assist TRADOC with the execution of experiments and the development of doctrine, organization, and TTP; and provide test participants for both developmental and operational testing.  All limited user tests and the IOT would be executed by this unit.  The unit would remain operational and be tasked by a joint committee (made up of members from the PM, TRADOC and ATEC) to allow for rapid response without having to have HQDA or TSARC approval.  


The net result would be an accelerated development program with constant user feedback.  Coming out of the IOT, the Army would have a fully trained, deployable Objective Force unit.

Conclusion  


The technological complexity of the FCS and its aggressive schedule introduce fundamental risks into the acquisition.  An integrated T&E program, using the appropriate mix of testing, is the best way for the Army to mitigate these risks.  While law requires the independent evaluation, IOT, and Live-Fire Test and Evaluation, a comprehensive T&E strategy can tremendously benefit the overall design and development process.  ATEC is poised to support the acquisition strategy, ensuring that soldiers will have the capabilities for success across the entire spectrum of operations and will be able to fight, survive, and win on any battlefield.
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Figure 1.  Test and Evaluation Strategy
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