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III.   ABSTRACT.tc "" 
The Program Manager, Close Combat Anti-armor Weapon Systems (CCAWS) has focused the life cycle management of modeling and simulation (M&S) in support of the FOTT system into four functional areas: Combat Development, Engineering Development, Test and Evaluation, and Training.  This document describes how M&S will reduce cost, schedule, and performance risks across the functional areas.


The FOTT system is the next generation replacement for the Tube-Launched, Optically Tracked, Wire-Guided (TOW) missile system.  It is composed of the FOTT missile and associated platform integration appliqué kits.  The key FOTT missile system requirements are:  (1) Compatibility with existing TOW 2 ground platforms; (2) Fire and Forget (F&F) mode of operation with an alternate mode as backup; (3) Increased range, lethality, and platform survivability; and (4) Modular design for future growth and shelf life extension.

The FOTT Engineering and Manufacturing Development (EMD) program is scheduled to begin no later than FY98 in order to mitigate TOW stockpile shortfalls.  Risk reduction efforts to date have included issuing a Request for Information (RFI), draft Request for Proposal (RFP), and implementing a contractor-funded Pre-EMD Risk Mitigation Test Strategy.  The Government has an on-going program where industry is authorized access to VPG facilities and resources on a fee-for-services basis.  Analysis of data from these activities is providing initial inputs to existing performance models and is allowing the Program Manager (PM) to conduct preliminary analyses of system performance to support the Milestone (MS) I/II decision.  Constructive combat models are supporting effectiveness evaluations, given various conceptual designs.

An integrated family of simulations supports FOTT throughout its life cycle.  Simulations provide predictions of the system’s performance and effectiveness.  Tests provide the data to refine models and, through the model-test-model process, to validate and support accreditation of the M&S.  The modular design of this family of simulations will reduce unnecessary duplication of effort while providing for Government and contractor requirements across the four functional areas.

The fundamental goals for using M&S in the FOTT program are to reduce time, resources, and risk while improving the quality of information available to the designers, users, and decision-makers.  The specific M&S purposes applicable to the FOTT program were derived from these goals along with a detailed analysis of the available technologies, the needs of the program, and possible uses of M&S within the time and cost constraints of the acquisition strategy.  These purposes are outlined below in the four functional areas.  Listing the FOTT M&S purposes by functional area does not imply that these efforts and the processes that support them are limited or "stovepiped."  All M&S efforts are functionally integrated, as described in Sections VII and IX of this Simulation Support Plan (SSP).

The M&S efforts in the Combat Development area are supporting the definition and refinement of requirements under various conditions and system mixes, development of tactics, techniques and procedures (TTP), and examination and evaluation of crew management procedures.  In addition, M&S are supporting Cost As an Independent Variable (CAIV) analyses and the Analysis of Alternatives (AOA).

The M&S focus in the Engineering Development area is on design analysis and engineering trade-offs.  On-going efforts are estimating the performance and risk of various design concepts.  The FOTT Family of M&S will provide a common design database for all functional disciplines to support the development of error budgets and specifications, to improve confidence in reliability estimates, and to refine designs for man-machine interfaces.

In the Test and Evaluation area, M&S will be used to make predictions of system and subsystem performance and effectiveness, to support the planning and execution of developmental and operational testing and user evaluations, to provide constructive feedback and data for model verification & validation (V&V), and to verify compliance with performance specifications.

The M&S in the Training area will support front-end requirements analysis, training device development, soldier training, and human integration issues from individual through unit levels.

A Simulation Integrated Product Team (IPT) will guide the life cycle evolution and integration of M&S into a consistent and credible set of tools using the Simulation, Test and Evaluation Process (STEP).  The STEP (see Appendix C) process is a set of recurring interrelationships and information flows between the major elements of STEP that provide a method for measuring performance and improving system design.  These information flows also improve the developer's, evaluator's, and user's understanding of the system's performance as it grows in maturity through the development cycle.

The use of M&S will reduce cost, schedule, and performance risks associated with the FOTT program.  The interdependent set of tools that flows from the integration of simulation, test and evaluation reduces duplication of effort between the Government and the contractor.  Close coordination with TECOM and AMCOM MISSILE RDEC is allowing Virtual Proving Ground (VPG) development to meet FOTT’s schedule and performance requirements with minimum cost impact to FOTT.

IV.   PURPOSE.tc "" 
This simulation support plan establishes the management and support framework for the acquisition, control, and integration of M&S to the FOTT life cycle as required by the Military Deputy to the Assistant Secretary of the Army (Research, Development, and Acquisition) memorandum of 24 May 1993.

The fundamental goals for using M&S in the FOTT program are to reduce time, resources, and risk while improving the quality of information available to the designers, users, and decision-makers.  The specific purposes applicable to the FOTT program were derived from these goals, a detailed analysis of the available technologies, the needs of the program, and possible uses of M&S within the time and cost constraints of the acquisition strategy.

tc ""V.   SYSTEM DESCRIPTION.


The FOTT system is the next generation missile system for approximately 7,000 U.S. Army and Marine Corps Tube-Launched, Optically Tracked, Wire-Guided (TOW) ground platforms.  The FOTT missile system consists of the elements depicted in FIGURE 1.  Key FOTT system requirements are:  (1) Compatibility with ground TOW platforms; (2) Fire and Forget and alternate modes of operation; (3) Increased range, lethality, and platform survivability; (4) Modular design for future growth and shelf-life extension; and (5) Backward compatibility with TOW missiles.


The FOTT missile will replace TOW missiles currently in the inventory.  The FOTT will provide the capability to destroy the heaviest known threat armored vehicles, including those with reactive armor, out to the maximum range of the missile.  The FOTT missile, when combined with the Improved Target Acquisition System (ITAS), the Improved Bradley Acquisition Subsystem (IBAS) and appliqué kits for non-ITAS/IBAS vehicles will provide a heavy anti-tank capability for infantry, airborne infantry, air assault, and mechanized infantry battalions.  The FOTT may also be employed against fortifications, other material targets, and helicopters.


The FOTT system will increase the capability of existing ground TOW platforms without degrading current TOW system capability.  The addition of FOTT will not increase the current TOW crew size.  The FOTT system leverages the U.S. Army’s investment in existing TOW launchers by being compatible with existing and planned ground TOW launch platforms.  Compatibility will be accomplished through the use of platform appliqué kits.  Appliqué kits are the hardware and software, which must be added to existing platforms to allow firing of the FOTT missile and the changes needed to the associated support equipment in support of the modified platform.  The composition of appliqué kits will differ according to platform and missile concept.  Maximum commonality will be maintained among platform appliqué kits.
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tc ""FIGURE 1: FOTT SYSTEM.

tc ""

tc ""VI.   PROGRAM ACQUISITION STRATEGY.


The FOTT program has an acquisition strategy that emphasizes the use of M&S to reduce schedule, cost, and performance risk.  Previous M&S efforts on the Javelin and Longbow  programs, as well as Army investments in several state-of-the-art simulation components provide the FOTT program a "first-of-its-kind" set of M&S capabilities.  These capabilities will include the first true end-to-end simulation of an anti-tank missile in the first fully integrated Electro-Optical Target Acquisition System and Sensor Flight Evaluation Laboratories (EOTASEL/EOSFEL).  These capabilities make it possible to do a greater portion of both component and system design and test in simulation, thus reducing overall schedule risk associated with these functions.  These capabilities will reduce FOTT cost risk by allowing a reduction in test missiles to 42 live rounds for the EMD phase.  This is possible because this comprehensive set of M&S tools permits more testing requirements to be accomplished in hardware-in-the-loop (HWIL) simulations before live missiles are fired.  These capabilities reduce performance risk by making it possible to fully evaluate most areas of performance in simulation prior to live firing.  This should reduce the number of design problems found in live testing and focus most live testing efforts on reliability and performance issues related only to the live environment.

VII.   PROGRAM SIMULATION APPROACH/STRATEGY.  

Following EMD contract award the Government and contractor will work in an Integrated Product Team (IPT) environment to integrate FOTT simulations and tests in an effective and efficient manner.  Simulations will provide predictions of the system’s performance and effectiveness, while tests will provide data to refine, validate, and support accreditation of the models and simulations.  The FOTT system performance assessment will be accomplished through an integrated and iterative Simulation, Test and Evaluation Process (STEP) (see FIGURE 2).  This section outlines how M&S will be integrated across the four functional areas during the Pre-EMD, EMD, Low Rate Initial Production (LRIP), Production and Deployment, and Operations and Support phases of the program.
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FIGURE 2: INTEGRATION OF STEP ELEMENTS.

A.  PRE-ENGINEERING AND MANUFACTURING DEVELOPMENT.  Prior to Milestone II M&S will be used to address the four functional areas of system acquisition.  The focus of the FOTT simulation strategy during pre-EMD is to use M&S to: examine multiple design approaches and technologies for system candidates, provide better estimates of system performance for development of design specifications, integrate information and assets across FOTT activities in preparation for EMD, and provide input into the SSEB risk assessment.

Multiple design approaches and technologies have been examined for use by FOTT.  Draft Operational Requirement Document (ORD) requirements were used in the Program Executive Office (PEO) Tactical Missiles Anti-Tank Synergy Study and the Infantry School Anti-Tank Master Plan Study to analytically determine the contribution of FOTT on the battlefield and the “value “ of the requirements.  Cost As an Independent Variable (CAIV) was included as part of the requirements evaluation.  These Combined Arms Task Force Evaluation Model (CASTFOREM) studies were conducted by TRAC-WSMR to support requirements definition.  Additionally, a Janus study was conducted by the Naval PostGraduate School, with support from TRAC-Monterey, to evaluate TOW, TOW-Pre-Planned Product Improvement (P3I), and Fire & Forget technology approaches.


The M&S system performance estimates are being used in the development of design specifications.  The CASTFOREM data analysis is ongoing to examine the synergistic effects of current and planned anti-armor systems.  The majority of the data available is derived from the Anti-Armor Resources and Requirements Study (A2R2).  A conceptual FOTT is being run as the baseline in most of the scenarios.  Excursions are being made with TOW 2B, and in some cases, a FOTT P3I.  New runs are being made to assess the countermeasure effects of three generic Active Protection Systems (APS) on various anti-armor missile systems.  Included in the analysis will be the effects of counter-countermeasures to APS.  Draft Requests for Proposal were released to Industry in May 1996 and February 1997 to allow industry an opportunity to comment on FOTT requirements.  Industry has been using their M&S capability (to include TRAC-approved CASTFOREM scenarios) as a basis for their trade studies and systems analysis.

The PM CCAWS is integrating information from and the assets of AMCOM MISSILE RDEC, RTTC, other Program Management Offices (PMOs), and potential FOTT contractors in preparation for EMD.  As a result of the Draft RFP effort, industry is positioned to take advantage of, and include in the Simulation and Test Approach of their FOTT EMD proposal, the AMCOM MISSILE RDEC and Redstone Technical Test Center’s (RTTC’s) VPG.  The Government has an on-going program where industry is authorized access to VPG on a fee-for-services basis.  Included in the offer were the Missile Research, Development, and Engineering Center (MRDEC) Imaging Infra-Red System Simulation (IIRSS), the RTTC Electro-Optical Sensor Evaluation Laboratory (EOSFEL), the High Mobility Multipurpose Wheeled Vehicle (HMMWV) based TOW Improved Target Acquisition Subsystem (ITAS) Virtual Prototype Simulator (VPS), and the Bradley Fighting Vehicle System A2 (BFVS A2) VPS unit.  These simulators and simulation/test facilities are described in greater detail in Section IX.  Potential FOTT contractors are using this opportunity to mitigate the risk associated with the development of the FOTT missile system.

Two contractor teams have taken the opportunity to test their system approaches to FOTT missile development through the implementation of a pre-EMD Risk Mitigation Test Strategy.  Analysis of data from the Risk Mitigation Testing is providing initial inputs to existing performance models and allowing the PM to conduct preliminary analyses of system performance to support the MS I/II decision.  The five areas of testing are appliqué-kit integration, propulsion, warhead, seeker/tracker, and missile flights.  Analysis of data from the Risk Mitigation Testing will provide initial inputs to existing performance models and allow a preliminary analysis of system performance.

B.  ENGINEERING AND MANUFACTURING DEVELOPMENT.  During EMD M&S will be used to address the four functional areas of system acquisition.  The EMD phase will focus on translating the most promising design concept into a stable, producible, and affordable approach.  In this section, EMD M&S activities are grouped into four phases: Pre-Preliminary Design Review (PDR), Pre-Critical Design Review (CDR), Pre-Production Testing (PPT), and Pre-Production Qualification Testing (PPQT).  Pre-PDR M&S activities support the development of the FOTT top-level design.  Pre-CDR activities support detailed design.  The M&S during PPT will support system integration and early testing.  During PPQT M&S will support final design changes and system evaluation.

1.  PRE-PDR.  The FOTT STEP activities prior to Preliminary Design Review (PDR) will focus on the Early User Assessment (EUA) 1, subsystem architecture verification, and preliminary assessment of system performance error budgets.  The FOTT M&S efforts during this phase include: preparation of the VPSs for EUA 1, development of a FOTT reliability model, hosting of the prime contractors Six Degree-Of-Freedom (6DOF) simulation and Automatic-target Tracker Simulation (ATS) on Government computers, IIRSS Processor-In-the-Loop (PIL) development, design of EOSFEL and EOTASEL interoperability interfaces, and updates to the representation of FOTT in force-on-force simulations.  The relationship of M&S to the four system acquisition functional areas during Pre-PDR is depicted in FIGURE 5.

The Government-conducted, contractor-supported EUA 1 will use Government-developed VPSs and 

Modular Semi-Automated Forces (ModSAF).  Prior to EUA 1 the Government will build the needed synthetic range (targets and backgrounds).  The Government will modify the VPSs to reflect the EMD prime contractor’s preliminary concept.  The contractor will verify the implementation and the FOTT Simulation IPT will validate VPS performance.  The implementation of FOTT in ModSAF will be updated.  Users will conduct simulated engagements using combat developer approved scenarios.  Measurements of: engagement timelines, gunner menu selection errors, gunner errors during primary/secondary mission engagements, and crew work load and system intuitiveness investigations will provide data for preliminary assessments of compliance with system requirements for: ready to fire time, primary and secondary mission capabilities, manpower/human factor appropriateness, engagement modes and appliqué kit man-machine interfaces.  Baseline TOW performance assessments on each platform will support comparison/contrast with TOW.  Data from EUA 1 will flow into PDR and focus the planning for EUA 2.

The Government will build reliability models based on the contractor’s initial reliability allocation provided in response to the FOTT RFP.  Model updates based on vendor inputs to the system prime will allow the Government to refine and compare its estimate of system reliability against the baseline reliability growth curve.

Prior to PDR the Government will host, on Government computers, the initial version of the prime contractor developed 6DOF simulation and begin architecture verification.  This activity will allow the Government to evaluate architecture requirements through identification of component model building blocks based on validation requirements and component test plans.  Component test data requirements will be identified based on these building blocks.  Verification of component models (and sub-system models as they become available) will begin prior to PDR.  These 6DOF exercises will support the identification of environmental, launcher and missile system critical error budget and Monte Carlo parameters.  The Government will use the 6DOF simulation to execute preliminary baseline performance predictions of Probability of Hit (PH), guidance accuracy, and terminal angles as a function of range and aspect angle.  Based on these terminal angles and warhead data, Army Research Laboratory (ARL) and the MRDEC will build the appropriate Probability of Kill Given a Hit (PK/H) maps for the FOTT missile.  The MRDEC will merge the PK maps with 6DOF-generated guidance accuracy and terminal angles to estimate system effectiveness for PDR.  The Evaluation Analysis Center (EAC), Army Material Systems Analysis Activity (AMSAA) and Operational Evaluation Command (OEC) will leverage this data to support their analyses.

The first release of the ATS by the prime contractor to the Government will occur during this phase.  Government-developed trackability and tracker metrics will be incorporated.  An initial assessment of the autotracker aimpoint selection, quality of track, and breaklock/reacquisition design will be made using these Government-developed metrics.
Following EMD contract award, IIRSS efforts will focus on development of the PIL simulation.  The PIL development will require creating the interfaces necessary to integrate FOTT specific hardware and software into this MRDEC facility.  A FOTT-specific simulation computer will be selected and data collection and analysis tools will be modified accordingly.  A PIL Facility Control Program (FCP) will be coded and integrated into the real time 6DOF on the simulation computer.  Timing and data comparisons will be made between the real time 6DOF and non-real time 6DOF to verify consistency.  The Infrared Scene Generator (IRSG) software will be modified to meet the synthetic range database requirements of the FOTT sensor.  The Government will begin modification of a Hit Point Extraction Model and Test Scenario Environmental Database for the IRSG during this phase.  The PIL will operate in a real time closed loop mode using synthetic range databases, which include dynamic targets, background clutter, countermeasures, and atmospherics.  A real time 3-dimensional visualizer (FOTTVIS) will be integrated to graphically display the FOTT IIRSS run on a graphics computer.

Design of the EOSFEL to EOTASEL interfaces will be performed to facilitate FOTT interoperability testing.  The resulting integrated facility will be the Interoperability Test and Evaluation Facility (ITEF).  The FOTT Interoperability Testing in the ITEF will consist of verifying the inter-operation of FOTT subsystems at temperature extremes in a near tactical HWIL test configuration.  In addition to interoperability testing, the ITEF will provide a closed-loop test capability for evaluation of the FOTT Alternate Guidance Mode aside from actual range firings.

Additional force-on-force analyses are not currently planned until the Pre-Production Qualification Test (PPQT) phase when FOTT performance will have been validated.  The PM will also track representations of the FOTT missile in other constructive models such as the Advanced Prototyping, Engineering, and experimentation facility (APEX) and Vector in Commander (VIC) to ensure studies outside the scope of the PM are accurate with regard to FOTT performance.

2.  PRE-CDR.  The FOTT STEP activities prior to Critical Design Review (CDR) will focus on the EUA 2, algorithm evaluations, assessment of system performance error budgets, and Government approval of performance specifications for the prime contractor developed allocated baseline.  The FOTT M&S efforts during this phase include: preparation of the VPSs for EUA 2, updating reliability model input data, validating 6DOF component models, extensive development and evaluation of autotracker using the ATS, IIRSS PIL verification and Seeker-in-the-Loop (SIL) simulation design, VPS-to-IIRSS interface design, ITEF development, and an evaluation of FOTT required changes to EOSFEL.  

Prior to EUA 2, the Government will build the necessary synthetic range databases (targets and backgrounds).  The Government will integrate the FOTT real-time 6DOF simulation into the VPSs.  The prime contractor’s post-PDR design will be implemented into both simulators.  The contractor will verify the implementation of the concept and the Simulation IPT will validate VPS performance.  Users will conduct simulated engagements using combat developer approved scenarios.  Measurements of: engagement timelines, gunner menu selection errors, gunner errors during primary/secondary mission engagements, and crew work load and system intuitiveness investigations will provide data for preliminary assessments of compliance with system requirements for: ready to fire time, primary and secondary missions, manpower/human factors, engagement modes and appliqué kit man-machine interfaces.  Baseline TOW performance assessments on each platform will support FOTT comparison/contrast to TOW.  Assessments from EUA 2 will support evaluation of man-machine interfaces at CDR.

The Government will use data from FOTT prime contractor conducted pre-CDR tests to update reliability models and provide a revised estimate of reliability versus the baseline reliability growth curve at CDR.

Using pre-CDR test data, the 6DOF simulation component (and sub-system as they become available) models will be validated.  Using updated error budget parameters these validated models will generate baseline performance predictions of PH for the alternate mode, guidance accuracy, and terminal angles as a function of range and aspect angle for both modes.  The 6DOF output and PK/H maps adjusted to correspond to the CDR design will be used to support performance critical trades and to estimate FOTT effectiveness at entrance to CDR.  It is not anticipated that lethality maps will be updated again until they are required to support the LRIP decision; however, unforeseen target and warhead changes and test results could initiate the need to update lethality maps.

During this Pre-CDR phase, the Government will conduct more robust aimpoint selection and tracking evaluations based on ATS performance against a spectrum of scenes as well as the expected Pre-Production Test (PPT) flight scenarios.  Evaluations of break-lock algorithms based on ATS performance against a spectrum of scenes, as well as the expected flight scenarios, will provide an assessment of the tracker’s ability to detect break-lock.  Additional evaluations will characterize break-lock conditions according to [image: image4.wmf]D

T, trackability metric threshold, and target types.  Hardware throughput analyses will assess unused processor capability (% free cycles, free Random Access Memory and be used to estimate the size of tactical tracker code.  Acquisition algorithm evaluations will characterize no-lock conditions in terms of: [image: image5.wmf]D

T, trackability metric threshold, and target types; quantify the distribution of lock-on time; and assess the ability to select a lethal aimpoint.  Reacquisition algorithm evaluations will characterize the autotracker’s ability to reacquire targets; characterize the frequency and conditions for reacquiring false targets; and characterize the frequency and conditions under which reacquisition will not take place.  These assessments will allow characterizations of autotracker performance against primary targets at minimum and maximum ranges in support of captive flight, dirty battlefield, and component qualification tests.  The performance characterizations and algorithm evaluations will support entrance into CDR.

In the IIRSS PIL, the Missile Electronics Unit (MEU) software model will be replaced with MEU breadboard hardware, and modifications will be made to the FCP, 6DOF, FOTTVIS, and IRSG input/output software to maintain a closed-loop, real time simulation.  The PIL verification will be performed at the HWIL subsystem-level, which includes the FCP/6DOF, hardware interfaces, IRSG, and HWIL synthetic range subsystems.  Real time PIL simulation runs will be compared to equivalent non-real time DDS runs and MEU performance data will be collected and be used to verify MEU requirements, influence hardware/software decisions, and/or improve MEU design in a model-test-model (M-T-M) process.  Results of these M-T-M exercises will iteratively improve the fidelity and accuracy of the PIL simulation.  The SIL activities include the design of FOTT-specific Infrared (IR) projection optics for the dynamic Laser Diode Array Projector (LDAP) and resistor array projectors, seeker interface, flight motion simulator (FMS) mounting, synthetic line-of-sight (SLOS) interface, and sensor cooling subsystem.  The IR projectors will provide in-band radiance into the seeker through the seeker’s dome, optics, and be deposited onto the detectors at the appropriate radiance values represented by a dynamic detailed 2 dimensional (2D) sequences of IR scenes.  The SIL FCP software design includes initiating coding SLOS and true line-of-sight (TLOS) algorithms.  Finally, the VPS-to-HWIL fiber optic link will be designed during this phase to support hardware and software communications between the man and missile subsystem.

Development of the ITEF will be completed prior to CDR.  The FOTT Interoperability Testing in the adjacent RTTC facilities will consist of verifying the inter-operation of FOTT subsystems at temperature extremes in a near tactical HWIL test configuration.

An evaluation of EOSFEL facility resources will be conducted to determine required enhancements to support FOTT specific subsystems during PPT and maximize commonality with the IIRSS SIL simulation.

The FOTT Missile Test Set (MTS) is a test station for functional testing of the FOTT all-up-round (AUR) missiles under environmental exposure.  The MTS will also be used for the FOTT missile guidance section interface in the EOSFEL, IIRSS, and Infrared Simulation and Test Acceptance Facility (IR-STAF).  Prior to CDR, a preliminary MTS design will be necessary.

3.  PPT.  The FOTT STEP activities during PPT will focus on missile subsystem qualification, ITAS and BFVS A2 appliqué qualification, dirty battlefield testing, and execution of the PPT flight test program.  The FOTT M&S efforts during this phase will support: subsystem qualification tests, appliqué qualification tests, Reliability, Availability, and Maintainability (RAM), captive carry tests, the first dirty battlefield (DBF) test, and PPT flight tests.  

a.  SUBSYSTEM QUALIFICATION TESTS.  The models necessary to begin subsystem qualification testing in the EOSFEL will be developed in the IIRSS.  Commonality between these two facilities will be maximized.  During PPT the MEU “Shop Queen” Control Actuation System (CAS) and seeker prototype will be integrated into the IIRSS.  The FCP, 6DOF, FOTTVIS, and IRSG input/output software will be modified to interface with the real seeker hardware.  Synthetic range databases will be updated to enable the IIRSS with the MEU “Shop Queen” CAS prototype seeker, hardware interfaces, FCP, 6DOF, FOTTVIS, IRSG, IR projectors/optics, and FMS to operate as a real time, closed loop HWIL SIL simulation.  The SIL verification will be performed at the HWIL subsystem-level, which includes the FCP/6DOF, hardware interfaces, IRSG, IR projector/optics, FMS, and HWIL synthetic range subsystems.  Real time PIL and SIL simulations will be compared to equivalent EOSFEL and non-real time Detailed Digital Simulation (DDS) runs to ensure correlation among the simulations.  Seeker performance data from the SIL will be used to verify seeker requirements, influence hardware/software decisions, and/or improve seeker design through M-T-M.  Results of these M-T-M exercises will iteratively improve the fidelity and confidence level of the SIL simulation.  The PIL and SIL will be verified, validated, and accredited (VV&A) to support pre-flight simulation predictions, post flight simulation reconstruction, and system performance assessment.  A fiber optic network and interfaces to link the VPS and IIRSS will be developed to provide for man-in-the-loop simulation capabilities in the IIRSS and higher fidelity missile performance in the VPS.  Development of the MTS and integration into the IIRSS and EOSFEL will be accomplished.

The subsystem qualification tests will be conducted to verify missile subsystem level performance when subjected to natural and induced system level environments.  The EOSFEL will be used to provide baseline and temperature extreme qualification tests for the seeker, MEU, CAS, and the Electronic Safe and Arm Fuse (ESAF) as defined in the subsystem qualification test plan.  During each phase of the qualification testing these missile subsystems will be exercised in an open-loop bench test configuration and in multiple closed-loop flight scenarios.  During the closed-loop flight scenarios the subsystem communication/ interoperability with other available subsystems will be evaluated.  Hardware/software baseline performance will be assessed in the EOSFEL prior to subjecting the hardware to the required environmental tests.  Hardware will be cycled through the EOSFEL during the subsystem qualification test sequence and the performance assessed and compared with the baseline.  When no test data is available, inputs to the subsystem under test will be based on contractor provided Government-approved model parameter distributions for the appropriate environmental conditions.  When failures occur or increased risks are identified, specific design of experiments based tests will be developed to further analyze specific subsystems.  Subsystem qualification tests will provide data to characterize subsystem failure distributions that in turn will be fed into the DDS to explore their interactions and the resulting affect on system reliability.  The reliability and BIT/BITE data generated during qualification testing will be used to update and validate FOTT reliability models.  All subsystem qualification test data, including data from environmental extremes, will be used to help validate DDS and HWIL subsystem models.

b.  APPLIQUÉ QUALIFICATION TESTS.  The appliqué kit qualification tests will be conducted to verify the ITAS and BFVS A2/A2 ODS (Operation Desert Storm) appliqué performance when subjected to natural and induced system level environments.  The EOTASEL will be used to provide baseline and temperature extreme qualification tests for the appliqué kits as defined in the appliqué qualification test plan.  During each phase of qualification testing each appliqué kit will be exercised in an open-loop bench test configuration and in multiple Alternate Mode closed-loop flight scenarios.  During these closed-loop flight scenarios the subsystem communication/interoperability with other available platform and missile subsystems will be evaluated.  Detailed hardware/software baseline performance will be assessed in the EOTASEL prior to subjecting the hardware to the required environmental tests.  Hardware will be cycled through the EOTASEL during the appliqué kit qualification test sequence and the performance assessed and compared with the baseline.  All appliqué subsystem qualification test data, including data from environmental extremes, will be used to validate VPS, DDS, and HWIL appliqué models.

c.  RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM).  Government reliability models entering PPT will be based on vendor specifications provided through the FOTT prime contractor.  To refine its reliability estimate, the Government will update these models based on data from FOTT prime contractor conducted component qualification and contractor/Government subsystem qualification in the EOSFEL and EOTASEL.

System level testing to confirm achievement of RAM thresholds and requirements will supplement reliability predictions.  Flight tests using telemetered missiles will test compliance with performance specifications.  The DDS and IIRSS post flight reconstruction will be used to explain anomalies from predictions and provide for the refinement of digital and HWIL models.  The Government will use reliability data from the IIRSS, EOSFEL, and flight tests to refine reliability models, which will be compared with the baseline reliability growth curve.

The need for a post-PPT CASTFOREM input update to address additional RAM issues will be assessed based on demonstrated FOTT performance.

d.  CAPTIVE CARRY TESTS.  Contractor-developmental captive carry flights will be conducted in FYXX.  The system prime contractor will identify requirements for synthetic range scenes to support system development and simulation validation needs prior to CDR.  The CAIV trades will be applied to balance new target and background developments with the ability to leverage existing targets and backgrounds.  The selected scenarios will be representative of Dirty Battlefield (DBF) 1 and PPT flight tests.  The Government’s trackability metric will be applied to each synthetic scene to characterize its difficulty.  Tracker performance against each scene will be measured using a tracker performance metric.  Batch runs using the DDS and IIRSS will be used to conduct sensitivity analyses to identify stressful conditions for the captive carry flight matrix.  Prior to range testing, the actual captive carry seeker/guidance section hardware will be exercised against these defined captive carry scenarios in the EOSFEL.  The seeker/guidance section will be placed in a 5-axis FMS to provide true seeker to target geometry orientation.  The real-time IRSG will render the synthetic range scene database to drive the FMS mountable Dynamic Infrared Scene Projector (FIRSP/DIRSP).  The 512x512 pixel infrared emitter array of the FIRSP will project a high fidelity IR scene into the entrance aperture of the seeker to simulate the expected range conditions, including targets, backgrounds, obscurants, countermeasures, and atmospherics.  Results from these pre-test laboratory exercises will be used to check out the captive carry hardware/software and optimize test procedures.  The Government will provide aircraft, ranges, targets and instrumentation to conduct contractor developmental captive carry flights to test tracker performance.  The difficulty of the test scenes will be measured with the trackability metric while the tracker’s performance during testing will be measured using the tracker performance metric.  Synthetic range scenes will be developed from recorded captive carry test data and will be validated using trackability and tracker metrics.

e.  DBF 1 TEST.  During FYXX the Government will conduct a contractor-supported DBF 1 Test.  Synthetic range countermeasure data requirements will be determined by the FOTT Simulation IPT based on available synthetic range backgrounds and targets, CAIV, system development needs, threat assessments, and simulation validation requirements.  The Government-developed trackability metric will be used to identify a suite of synthetic range scenes with the requisite levels of trackability difficulty.  Batch runs with the DDS will be used to identify stressful counter-measure scenarios.  The Government will update the VPS man-machine interface, seeker/tracker characteristics, and 6DOF model to reflect the post CDR baseline design.  Preliminary checkout of identified stressful scenarios in the VPS will ensure target placement and motion is correct and of appropriate difficulty for gunners.  Dry runs of DBF 1 test procedures in the VPS will reduce time on the test range.  The IIRSS runs of the DBF 1 scenarios will verify hand-offs and simulate captive flight scenarios before going to the test range.  Prior to range testing, the actual DBF 1 seeker/guidance section hardware and target acquisition system hardware will be exercised against these defined DBF 1 scenarios in the EOSFEL and EOTASEL, respectively.  The FIRSP will project a high fidelity IR scene into the entrance aperture of the seeker to simulate the expected range conditions, including targets, backgrounds, obscurants, countermeasures, and atmospherics.  Similarly, the same high fidelity scenes will be projected into the target acquisition system with the DIRSP.  Results from these pre-test laboratory exercises will be used to check out the captive carry hardware/software, optimize test procedures, and provide gunners with hands-on experience with the tactical hardware.

During the DBF 1 test, target acquisition system and seeker video will be recorded for playback in HWIL and digital simulations where the Government and FOTT prime contractor can conduct open loop runs on problem scenarios.  Following DBF 1 range testing, the EOSFEL/EOTASEL facilities and gunners will be used to test the tactical hardware against DBF scenarios not available on the test range (i.e. season, atmospheric/weather conditions, location, targets, engagement scenarios, etc.).  Following DBF 1 tests the Government will compare pre-test tracker and seeker performance (versus synthetic range scene of comparable difficulty) with the actual tracker and seeker performance during the test.  Synthetic range scenes will be developed from recorded DBF 1 test data and will be validated using trackability and tracker metrics.

A BFVS A3 (IBAS) version of the VPS will be adapted from the existing BFVS A2 version to support the combat and engineering development and test domains as appliqué kits for this system becomes better defined.

f.  PPT FLIGHT TESTS.  The Government will create synthetic range scenarios for the PPT preflight test run matrix from VPG data bases considering target motion, countermeasure conditions, and error budget parameters.  The FOTT prime contractor will update FOTT M&S models as necessary to incorporate PPT phase system refinements.  Based on up-to-date models, preliminary PPT flight test predictions will be made using the DDS and IIRSS.  The DDS and IIRSS runs will provide predictions of PH, hit-point dispersions, and sensitivity analyses.  The DDS predictions will be correlated with IIRSS results.

The seeker/guidance section, CAS flight hardware, actual PPT appliqué kit, Tactical Acquisition Subsystem (TAS) / Fire Control Subsystem (FCS) (ITAS or BFVS A2), flight range Data Acquisition System (DAS), and gunners will be exercised in the ITEF for interoperability testing prior to each PPT flight.  For each pre-flight test, the flight scenario (i.e., climatic conditions, launcher/target geometry, guidance mode, launch platform, etc.) will be replicated in the ITEF to verify proper operation of the flight test hardware.  This verification includes: hardware/software integration, subsystem communications interface, TAS-to-seeker boresight analysis, TAS-to-seeker hand-off evaluation, safety interlock verification, human/system interface, operation at temperature, proper operation of flight range DAS, and overall pre-flight readiness and risk reduction.

Flight tests using telemetered missiles will test compliance with performance specifications and provide the data to validate the digital and HWIL simulations.  Post flight reconstruction and failure mode analysis of PPT missile flights will be accomplished using the DDS and IIRSS simulations.  The DDS will generate end-game performance data for Lethality Models.  The MRDEC will provide a hit-point analysis taken from video and survey data for each flight.  Correlation studies between the DDS and IIRSS/ EOSFEL will be used to correct anomalies and provide necessary information for digital and HWIL simulation verification.  Reliability data from IIRSS, EOSFEL, EOTASEL and flight tests will be used to refine Government reliability models, which will be compared with the baseline reliability growth curve.

4.  PPQT.  The FOTT STEP activities during PPQT will focus on demonstrating FOTT‘s compliance with operational and developmental performance requirements as well as validation of the DDS, IIRSS, and VPS simulations to provide the FOTT performance assessment in support of the LRIP decision.  The FOTT M&S efforts during this phase will support appliqué evaluation, RAM, DBF 2 tests, PPT flight tests, and Limited User Tests (LUT).  The application of M&S across the four system acquisition functional areas during PPQT is shown in FIGURE 8.

a. APPLIQUÉ EVALUATION.  The Government will update the VPS man-machine interface, seeker/tracker characteristics, and 6-DOF model to reflect final PPT design baseline.  The updated VPS will be used for user assessments of the Ground TOW 2 and BFVS A3 (IBAS) tactical appliqué kit design.

b.  RAM.  Government reliability models entering PPQT will be based on predicted/demonstrated performance during PPT.  The PPQT system level testing will be used to monitor adherence to RAM thresholds and requirements.  Flight tests using telemetered missiles will test compliance with performance specifications.  The DDS and IIRSS post-flight reconstruction will be used to explain anomalies from predictions and provide for the refinement of digital and HWIL models.  The Government will use reliability data from the IIRSS, EOSFEL, and flight tests to refine reliability models, which will be compared with the baseline reliability growth curve.  The FOTT CASTFOREM input data, including RAM, will be updated at the end of PPQT based on demonstrated FOTT performance to support the LRIP decision.

c.  DBF 2 TEST.  The DBF 2 will be conducted during FYXX.  Leading up to DBF 2, subsystem models will be updated based on data from DBF 1 data.  The latest digital subsystem models will be integrated into the IIRSS and verified.  Synthetic range countermeasure data requirements will be determined by the Simulation IPT based on available synthetic range backgrounds and targets, CAIV, system development needs, threat assessments, and simulation validation requirements.  The Government-developed trackability metric will be used to identify a suite of synthetic range scenes with requisite levels of trackability difficulty.  Batch runs with the DDS will be used to identify stressful counter-measure scenarios.  Preliminary checkout of identified stressful scenarios in the VPS will ensure target placement and motion is correct and of appropriate difficulty for gunners.  Dry runs of DBF 2 test procedures in the VPS will reduce time on the test range.  The IIRSS runs of the DBF 2 scenarios will verify hand-offs and dry run captive flight scenarios before going to the test range.  The Government will correlate IIRSS and DDS runs to verify proper performance.  The EOSFEL and EOTASEL facilities will provide for integration of the target acquisition system and seeker and will allow a complete system check before putting soldiers on the test range.

During the conduct of the DBF 2 test, target acquisition system/seeker field video will be fed back to the EOSFEL via fiber optic cable to allow system level interoperability checks.  During seeker testing, gunners will pull the trigger in the EOTASEL and the target acquisition system will hand-off to the captive carry test to checkout hand-off.  During target acquisition system testing, gunners will pull trigger on the test range and the target acquisition system will hand-off to a virtual engagement in the EOSFEL to checkout the hand-off.  During the DBF 2 test, target acquisition system and seeker video will be recorded for playback in HWIL and digital simulations where the Government and FOTT prime contractor can conduct open loop runs on problem scenarios.  Following DBF 2 range testing, the EOSFEL/EOTASEL facilities and gunners will be used to test the tactical hardware against DBF scenarios not available on the test range (i.e. season, atmospheric/weather conditions, location, targets, engagement scenarios, etc.).  Following DBF 2 tests, the Government will compare pre-test tracker and seeker performance (versus synthetic range scenes of comparable difficulty) with the actual tracker and seeker performance during the test.  Synthetic range scenes will be developed from recorded DBF 2 test data and will be validated using trackability and tracker metrics.  Correlation among simulations will help with verification of digital and HWIL simulation updates.

d.  PPQT FLIGHT TESTS.  The Government will create synthetic range scenarios for the PPQT flight test program from VPG databases considering target motion, countermeasure conditions, and error budget parameters.  The FOTT prime contractor will update FOTT M&S as necessary to incorporate PPQT phase system refinements.  Based on up to date models, preliminary PPQT flight test predictions will be made using the DDS and IIRSS.  DDS and IIRSS runs will provide predictions of PH, hit-point distributions, and sensitivity analyses.  Correlation between IIRSS and DDS runs will be maintained.  Bench tests using actual flight hardware, tactical target acquisition systems, and test instrumentation (at times under environmental conditions) will be correlated against the DDS predictions to verify the proper operation of flight test hardware.

The VPS to IIRSS/EOSFEL/EOTASEL interoperability tests will support the conduct of dry run exercises for PPQT activities when appropriate.  Virtual engagements using actual missile hardware and target acquisition systems (at times under environmental conditions) will include test instrumentation and a gunner-in-the-loop.  These virtual engagements will be flown against high fidelity synthetic targets and backgrounds representing the test scenario and targets to be engaged in the flight tests.  These engagements will provide unique benefits to gunners, test engineers and analysts.  Gunners, already trained on system operation through the VPS, will test actual missiles using a tactical target acquisition system against a synthetic target.  Test engineers will verify test set-up and performance of data collection instrumentation.  Analysts and simulation developers will ensure the correct data of the right precision is collected to support simulation validation.  Flight tests using telemetered missiles will test compliance with performance specifications and provide the data to validate the digital and HWIL simulations.  Post flight reconstruction and failure mode analysis of PPQT missile flights will be accomplished using the DDS and IIRSS.  The DDS will generate end-game performance data for Lethality Models.  The validated DDS will be used to conduct the FOTT performance assessment in support of the LRIP decision.

e.  LIMITED USER TESTING (LUT).  Prior to LUT, FOTT performance parameters will be updated in Janus and TTPs reexamined.  Changes to TTPs based on the Janus combat model can then be implemented in the VPSs and ModSAF.  The VPSs will then be used for LUT planning and training.  The VPSs interoperating with HWIL facilities will also provide efficient testbeds for LUT activities.
C.  LOW-RATE INITIAL PRODUCTION (LRIP).  The FOTT STEP activities during LRIP will focus on the full qualification of FOTT with contractually-mandated performance requirements, and accreditation of the DDS, HWIL, and VPS simulations to provide the FOTT performance assessment in support of the Milestone III decision.  The FOTT M&S efforts during this phase will support appliqué qualification tests, RAM, Production Qualification Test (PQT), flight tests, Initial Operational Test and Evaluation (IOTE), and update of the MSII AOA.  The application of M&S across the four system acquisition functional areas during LRIP is shown in FIGURE 9.

1.  APPLIQUÉ QUALIFICATION TESTS.  The Government will update the VPS to reflect final PPQT design baseline for ITAS, Ground TOW2, BFVS A2/A2 ODS, and BFVS A3 (IBAS) platforms.  The appliqué kit qualification tests will be conducted to verify BFVS A3 (IBAS) appliqué performance when subjected to natural and induced system level environments.  The EOTASEL will be used to provide baseline and temperature extreme qualification tests for the appliqué kits as defined in the appliqué qualification test plan.  During each phase of qualification testing each appliqué kit will be exercised in an open-loop bench test configuration and in multiple Alternate Mode closed-loop flight scenarios.  During these closed-loop flight scenarios the subsystem communication/interoperability with other available platform and missile subsystems will be evaluated.  Detailed hardware/software baseline performance will be assessed in the EOTASEL prior to subjecting the hardware to the required environmental tests.  Hardware will be cycled through the EOTASEL during the appliqué kit qualification test sequence and the performance assessed and compared with the baseline.  All appliqué subsystem qualification test data, including data from environmental extremes, will be used to validate VPS, DDS, and HWIL appliqué models.

2.  RAM.  Government reliability models entering LRIP will be based on predicted/ demonstrated performance during PPQT.  The LRIP system level testing and simulation will be used to monitor adherence to RAM thresholds and requirements.  Flight tests and the Infrared Simulation and Test Acceptance Facility (IR-STAF) will test compliance with performance specifications.  The DDS and IIRSS post flight reconstruction will be used to explain anomalies from predictions and provide for the refinement of digital and HWIL models.  The Government will use reliability data from the IIRSS, EOSFEL, and flight tests to refine reliability models, which will be compared with the baseline reliability growth curve.  The FOTT CASTFOREM input data, including RAM, will be updated at the end of LRIP based on demonstrated FOTT performance to support the MSIII decision.

3.  PQT FLIGHT TESTS.  The Government will create synthetic range scenarios that correlate with the PQT flight test matrix.  The FOTT prime contractor will update FOTT M&S as necessary to incorporate LRIP phase system refinements.  Based on up-to-date models, preliminary PQT flight test predictions will be made using the DDS and IIRSS.  The DDS and IIRSS runs will provide predictions of PH, hit-point distributions, and sensitivity analyses.  Correlation between IIRSS and DDS runs will be maintained.  Bench tests using actual flight hardware, tactical target acquisition systems, and test instrumentation (at times under environmental conditions) will be correlated against the DDS predictions to verify the proper operation of flight test hardware.

The VPS-to-IIRSS/EOSFEL/EOTASEL interoperability tests will support the conduct of dry run exercises for LRIP activities when appropriate.  Virtual engagements using actual missile hardware and target acquisition systems (at times under environmental conditions) will include test instrumentation and a gunner-in-the-loop.  These virtual engagements will be flown against high fidelity synthetic targets and backgrounds representing the test scenario and targets to be engaged in the flight tests.  These engagements will provide unique benefits to gunners, test engineers and analysts.  Gunners, already trained on system operation through the VPS, will test actual missiles using a tactical target acquisition system against a synthetic target.  Test engineers will verify test set-up and performance of data collection instrumentation.  Analysts and simulation developers will ensure the correct data of the right precision is collected to support simulation validation.  Flight tests using telemetered missiles will test compliance with performance specifications and provide the data to validate the digital and HWIL simulations.  Post flight reconstruction and failure mode analysis of PQT missile flights will be accomplished using the DDS and IIRSS.  The DDS will generate end-game performance data for Lethality Models.  The accredited DDS and IIRSS will be used to conduct the FOTT performance assessment in support of Milestone III.

4.  INITIAL OPERATIONAL TEST & EVALUATION (IOTE).  Prior to IOTE, FOTT performance parameters will be updated in Janus and TTPs reexamined.  Changes to TTPs based on the Janus combat model can then be implemented in the VPSs and ModSAF.  The VPSs will then be used for IOTE planning and training.  The VPSs interoperating with HWIL facilities will also provide efficient testbeds for IOTE activities.
5.  ANALYSIS OF ALTERNATIVES (AOA).  Based on FOTT demonstrated performance and doctrinal, organizational, or training changes, the Government will conduct an AOA using the CASTFOREM and/or Janus combat models to support the FOTT Milestone III decision.
D.  PRODUCTION AND DEPLOYMENT.  During Production and Deployment, STEP will continue to support testing, verification of design changes, and development of TTPs.  Engineering level models and simulations will be used for evaluation and verification of engineering design changes.  The HWIL simulations will continue to be used in the model-test-model process for pretest planning, test execution, and post test analysis in support of further developmental or operational testing.  They will continue to be used to check out actual test hardware and software before conducting live tests on the range.  Virtual simulators may be used for training of crews and mission rehearsals for operational testing.  Data available from live simulations will support the continuous update and validation of virtual and constructive M&S used in the FOTT program.  Lot acceptance testing will include the use of the IR-STAF.

E.  OPERATIONS AND SUPPORT.  During Operations and Support, STEP will support continued testing, verification of design changes, training of crewmembers, mission rehearsal, and the development of operational tactics.  The M&S will be used in support of decisions to initiate major modifications of the system and to identify deficiencies.  Engineering level M&S will continue to be used for evaluation and verification of engineering changes.  Operational impacts of any changes in performance can be evaluated in higher level models.  Virtual simulations will be available to use in examining the potential of new technology applications for FOTT improvements or examine the impact of threat changes in a synthetic battlefield environment.  Stockpile Reliability Program testing will include the use of IR-STAF.
VIII.   MANAGEMENT.


An integrated simulation, test, and evaluation process (STEP) will guide the evolution of FOTT M&S.  The STEP objectives are to provide a method of improving system design and measuring system performance using a combination of test and simulation.  The Test Integration Working Group (TIWG) will facilitate the implementation of the integrated STEP.  Their objectives are:  (1) to leverage simulation, test and evaluation expertise, (2) to leverage instrumentation, targets facilities, simulations, and databases, and to implement simulation and test integration in order to reduce overall program costs, and (3) to ensure that simulation, test and evaluation planning, execution, and reporting are directed towards common goals. 


All simulation activities will be under the direction of the Simulation IPT that will be expanded to include the FOTT Prime Contractor following contract award. The Simulation IPT will ensure the following: required simulations and models are identified and available when needed, simulations and models leverage existing models and simulations to avoid duplication of effort, maximum commonality between M&S, VV&A is accomplished as appropriate, and changes to validated models and simulations are documented and controlled (the responsibilities of the Simulation IPT are contained in a separate Charter).  FIGURE 10 identifies key personnel in the FOTT M&S management structure.
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FIGURE 10: FOTT SIMULATION MANAGEMENT.

IX.  FACILITIES/EQUIPMENT REQUIREMENTS.


The modular design of the FOTT family of M&S shown in FIGURE 11 reduces unnecessary duplication of effort while providing for Government and contractor program requirements.  This family of FOTT M&S will increase confidence in FOTT reliability and performance estimates through correlation among live, virtual, and constructive simulations.  A VV&A summary chart is included at the end of this section.
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FIGURE 11: FOTT FAMILY OF M&S.

A.  LIVE MODELS AND SIMULATIONS.  The FOTT Prime contractor under PM CCAWS supervision will verify and validate component and subsystem models and simulations for use in live simulations.  A joint Government and system prime contractor team will perform structural and output validation of system level simulations by comparison with system flight tests, digital pre-flight predictions and post-flight reconstructions. 
1.  IMAGING INFRARED SYSTEM SIMULATION (IIRSS).  The IIRSS will be used as a tool for the developer to integrate and interface hardware and software and to evaluate the performance of individual components and the integrated system.  The IIRSS will be used to test algorithms and embedded software in a real time environment, provide a platform for initial simulation validation, and conduct system performance testing.  Missile Test Set, Data Acquisition System integration and operation will be demonstrated in the IIRSS.  The IIRSS will be used for pre-flight simulation predictions and post-flight simulation reconstruction during the PPT, PPQT, and PQT phases.  The IIRSS will be used to conduct parametric analysis of the effects of countermeasures on FOTT missile performance in the missile’s primary mode.  The thresholds determined from this analysis will feed the DDS and ARL lethality models.  The IIRSS will also support analysis of FOTT’s capability to use optimized control algorithms in the event of guidance loss or break-lock.  In addition, the HWIL will be linked to the VPS through a fiber optic network and perform simulations in real time.


The IIRSS will be a real-time, Monte Carlo-type, performance-level simulation.  Major elements of the IIRSS include: the FOTT seeker, MEU guidance and control subsystems, CAS and other key FOTT hardware, a Carco three or five axis flight motion simulator (FMS), IR scene projectors, a dynamic real-time IR scene generator (IRSG), a real-time simulation computer, select FOTT 6-DOF models, facility control program (FCP) software, data collection/analysis subsystem, graphics 3D visualizer, system reliability estimates, and missile interface hardware/software.  The IIRSS will operate in the Processor-In-the-Loop (PIL) and Seeker-In-the-Loop (SIL) simulation configurations.  FIGURE 12 provides an overview of the interfaces required for the full-up HWIL simulation configuration using flight hardware.  The solid shaded areas represent the hardware/software subsystems, which the contractor will be responsible for providing.  This consists of missile hardware, and the equipment/interfaces, which connect to the missile hardware (e.g., inter-missile interfaces, integration support equipment missile test set, data acquisition system (DAS).  The contractor will maintain the hardware/software for this equipment.  The open areas represent the hardware/software subsystems, which the Government will provide as HWIL facility resources.  The Government will maintain these hardware/software resources.  The crosshatched areas represent the custom interfaces, which will be specified by the contractor and designed and fabricated by the Government to connect to IIRSS facility resources.  The Government will maintain these interfaces.
The IIRSS verification will be accomplished through confirmation that the hardware under test and the algorithms in the simulation models are correctly implemented.  Output from the subsystem hardware and models must be consistent with the expected subsystem performance.  The IIRSS validation will be accomplished by comparing the system flight test data with data from post-flight reconstruction runs and with the pre-flight statistical performance boundaries generated for PPT, PPQT, and LUT flight tests.
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FIGURE 12: HWIL SIMULATION INTERFACES.

2.  ELECTRO-OPTICAL SENSOR FLIGHT EVALUATION LAB (EOSFEL).  Test programs supported by the EOSFEL include: subsystem/component environmental qualification, pre-flight HWIL test/simulation, post-flight HWIL reconstruction, production and stockpile reliability, dirty battlefield, captive carry, and interoperability.  Benefits of utilizing the EOSFEL for these test programs include: determining system performance with subsystem testing, repetitive scenario testing across entire performance envelope, improved flight test risk reduction, early assessment of climatic effects, and improved failure analysis.

The EOSFEL is a laboratory facility for test and evaluation of electro-optical (EO) sensor subsystems, guidance sections, control actuator subsystems, and electronic safe and arm fuse devices in a closed-loop system level HWIL test/simulation configuration.  Unique capabilities of the EOSFEL include 6DOF hardware-in-the-loop missile subsystem/component testing with high fidelity dynamic in-band IR scene projection, dynamic loading of control actuators, and testing at climatic extremes.  Existing test/simulation assets available to the EOSFEL include: a high bandwidth 5-axis Flight Motion Simulator (FMS), FMS mountable dynamic Infrared Scene Projector (FIRSP), real-time Infra-red Scene Generator (IRSG), real-time simulation computer, Dynamic Fin Loader (DFL), ESAF test station, environmental conditioning chambers, high pressure seeker cooling system, RTTC High Performance Computer (HPC), fiber-optic test/simulation interface network, missile/facility interface electronics, Data Acquisition System (DAS), facility control program, scene generation software, test engagement graphical visualization software, and open-loop guidance section/CAS/ESAF test software.  An interface diagram for these unique EOSFEL resources is provided in FIGURE 13.  These combined resources provide a unique HWIL test capability for performing test and evaluation of missile subsystems at climatic extremes.
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FIGURE 13: EOSFEL SIMULATION INTERFACES.

3.  ELECTRO-OPTICAL TARGET ACQUISITION SYSTEMS EVALUATION LAB (EOTASEL).  The EOTASEL is an electro-optics test facility designed to evaluate Target Acquisition System (TAS) performance.  The facility will be used for performing tests such as First Article Test (FAT), Pre-Production Qualification Test, Performance, Reliability, and Verification Test, Periodic Production Inspection, and Engineering Evaluation and Exploitation.  All electro-optical testing is performed in two modern, class 100,000, clean rooms.  These temperature and humidity controlled facilities allow for testing of various EO Fire Control Subsystems, including 1st/2nd Generation FLIRs, Laser Range Finders, Telescope/Direct View Optics, TV Cameras, and Near IR Missile Beacon Trackers.

Current test resources include numerous optical collimators, visible and infrared targets, computers, data acquisition hardware/software, environmental conditioning chambers, and Lasers.  Equipment currently under development includes a Multi-Axis Motion Simulator (MAMS), a real-time computer image generator for visible and infrared scene generation, and a Dynamic Infrared Scene Projector (DIRSP).  The MAMS provides the capability to simulate the dynamic motion of a vehicle launch platform.  When the DIRSP becomes operational in FYXX, the EOTASEL will provide the capability to test Target Acquisition Systems and Fire Control Systems in a closed-loop laboratory environment.  The DIRSP will project complex real-world like scenes into the entrance aperture of the TAS sensors of sufficient fidelity for the system under test to perceive and respond to the simulated scenes the same as it would to corresponding real-world scenes.  Test programs currently supported in the EOTASEL include ITAS, IBAS, Bradley Commander’s Independent Viewer (CIV), Javelin Command Launch Unit (CLU) Night/Day Sight, Integrated Sight Unit (ISU), and the TOW-2 Ground System.  Close proximity to the EOSFEL allows the EOTASEL to be utilized for FOTT interoperability testing.  A layout of the West Wing of the EOTASEL is shown in the interoperability test diagram in Figure 14.

4.  INTEROPERABILITY TEST & EVALUATION FACILITY (ITEF).  The ITEF is the resulting test facility when the EOSFEL and EOTASEL are integrated to provide closed-loop weapon system interoperability testing.  Beneficial capabilities from interoperability testing in the ITEF include hardware/software integration, subsystem communications interface, TAS to seeker boresight analysis, TAS to seeker hand-off evaluation, safety interlock verification, human/system interface, pre-flight readiness, and overall early decision making capability.  For interoperability testing on the FOTT program the following subsystems will be integrated in a near-tactical human-in-the-loop configuration: the missile, TAS, FCS/MCS/MGS (Missile Guidance Set), and appliqué kit.  The combination of these FOTT subsystems in the ITEF closed-loop test/simulation configuration provides an opportunity for performing Alternate Guidance Mode testing for flight scenarios aside from actual range firings.


Close proximity of the EOSFEL and its missile test capabilities with the EOTASEL and its Target Acquisition System/Fire Control System (TAS/FCS) test capabilities provide the ideal environment for laboratory test and evaluation of the FOTT system in a closed-loop HWIL test/simulation configuration at operational temperature extremes.  The layout of the ITEF is shown in FIGURE 14 and an ITEF functional interconnect diagram for a FOTT/IBAS scenario is presented in FIGURE 15.
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FIGURE 14: INTEROPERABILITY TEST & EVALUATION FACILITY (ITEF) LAYOUT.
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FIGURE 15: ITEF FUNCTIONAL INTERCONNECT – FOTT/IBAS EXAMPLE.

5.  INFRARED SIMULATION & TEST ACCEPTANCE FACILITY (IR-STAF).  The IR-STAF is an HWIL simulation/test facility for performing all-up-round (AUR) testing in a non-destructive laboratory environment.  The purpose of the IR-STAF is to reduce program cost associated with Lot Acceptance, without significantly increasing the risk of accepting faulty materiel.  The AUR will be placed on a 5-axis flight motion simulator (FMS) to allow closed loop testing of the missile system for a full range of tactical flight scenarios.  This AUR laboratory testing will be made possible by using an FMS-mounted Infrared Scene Projector (FIRSP) to project in-band scenes into the seeker of the Imaging Infrared (I2R) guided missile.  The FIRSP will project these real-time, dynamic, synthetic infrared scenes of the fidelity and resolution necessary for the I2R missile to perceive and respond to the virtual range, just as it would perceive and respond during a real-world flight.  One-shot devices (i.e., squibs, warheads, rocket motors, etc.) will not be tested.  Benefits of testing AUR missiles in the IR-STAF include: non-destructive testing allowing missile to be reinserted into stockpile, multiple test scenarios, repetitive scenario presentation for detailed failure analysis, detailed data collection for all simulated flights, minimized number of expended missiles for lot acceptance testing, system shelf-life evaluation through performance grade simulation of stockpiled missiles, and significant cost savings over range testing.  For the FOTT program the utilization of the IR-STAF will be expanded to support pre-flight test for PPQT and PQT programs.  The virtual versus live concept for the IR-STAF is illustrated graphically in FIGURE 16.
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FIGURE 16: IR-STAF CONCEPT.

B.   VIRTUAL MODELS AND SIMULATIONS.
1.  ITAS VIRTUAL PROTOTYPE SIMULATOR (ITAS VPS).  The VPS will support further investigation into potential risk areas associated with various FOTT concepts.  Man-machine interfaces, system performance, and system operation can be rapidly reconfigured in the VPS.  Implementation will also support exploration of man-machine interface concerns and user investigation of the impacts of various missile concepts on tactics, techniques, and procedures.  The VPS will be a primary tool for the execution of the two Early User Assessments.


The ITAS VPS is a modification to the existing TOW ITAS VPS.  The ITAS VPS simulates the form, fit, and function of the tactical ITAS weapon system.  The VPS is mounted on a HMMWV and can also be employed in ground mount mode.  It provides stations for three crewmembers; gunner, commander, and driver.  A worldview will be provided to all crewmembers via a wrap around screen.  The gunner uses an Improved Target Acquisition Subsystem (ITAS) mockup, which includes tactical man-machine interfaces, to accomplish the target acquisition function.  The Commander has increased target search capability through the use of virtual binoculars.  The driver using standard vehicle controls accomplishes movement of the weapon system in a virtual environment.  Candidate FOTT concepts were implemented in the VPS during FY96.  Implementation of these concepts has been reviewed by the combat developer and refinements made.

The ITAS VPS is a Distributed Interactive Simulation (DIS) compliant simulator and was jointly accredited by AMSAA and CCAWS for participation in the Anti-armor Advanced Technology Demonstration (A2ATD) Experiment #6 in January and February of 1996.  Verification of the ITAS VPS will be accomplished through confirmation by the CCAWS Project Office that the algorithms that describe FOTT in the simulation are correctly implemented.  Face validation will be completed prior to EUA 1 using engineering estimates.  ITAS VPS validation to support operational tests will be accomplished by comparing crew performance during live system testing with crew performance during VPS exercises.  Hardware and Software models will be validated similarly to the simulations from which they were leveraged.

2.  BRADLEY FIGHTING VEHICLE SYSTEM A2/TOW 2 SUBSYSTEM (BFVS A2/T2SS) VPS.  Major uses for the FOTT VPS are virtual prototyping, performance evaluation, and TTP assessments.  Verification of virtual prototype simulators will establish that each can properly process input exercise data and provide a functional simulation.  Face validation will be completed prior to EUA 1 using engineering estimates.  The BFVS A2/T2SS VPS validation for operational tests will be accomplished by comparing crew performance during live system testing with crew performance during VPS exercises.


Development of a DIS compliant BFVS A2 simulator began in FY 96.  Significant portions of the hardware and software for this development are being leveraged from existing simulations.  Crew station mock-up and mobility models are being leveraged from the MICOM-developed Bradley Stinger Fighting Vehicle Virtual Prototype Simulator.  FOTT Missile Concept models are common to those used in the TOW ITAS VPS.  Additional cost savings have resulted from consolidating hardware buys of multiple program offices.

3.  SYNTHETIC RANGE (SR).  The SR will be used as the Scene Database input for the Automatic Tracker Simulation (ATS), Detailed Digital Simulation (DDS), Virtual Prototype Simulators (VPS), Electro-Optical Target Acquisition Systems Evaluation LAB (EOTASEL), Electro-Optical Sensor Flight Evaluation Lab (EOSFEL), and Imaging Infra-Red System Simulation (IIRSS).  The SR Database consists of three dimensional signature representations of actual test ranges, objects on those test ranges, tactical ground vehicles, and selected countermeasures.  Much of the SR Database required to support the FOTT program has been, and will continue to be, leveraged from other programs (including Javelin and BAT P3I).  In addition, FOTT will leverage the TECOM VPG SR development (include target and scene requirements).  


Synthetic background clutter databases consist of a digital topography map and a signature map.  These gridded (and rasterized) maps are combined to form a three dimensional representation of the background clutter signature in the associated waveband at a specified instance in time.  Typical synthetic background clutter databases represent on the order of 2km by 7km areas at a resolution of 0.3m by 0.3m.  The capability exists to offer more resolution and area if required.  Typical file sizes are 650 MB (megabyte) for topography and 650 MB for each background signature band of interest.


Synthetic target signature models consist of geometry information in the form of surface facets (polygons) coupled with signature information.  Background discretes, such as buildings, towers, and clumps of trees are represented as objects in the same form as stationary tactical targets.  Texture mapping is incorporated as necessary to provide the required fidelity and processing speeds.  Target models typically consist of between 10,000 to 15,000 facets for the DDS.  Target model facet counts may be reduced as needed to ensure real-time operation in the IIRSS, EOSFEL, EOTASEL, and VPS.  The Government will supply example source code for rendering the background clutter databases and target signature models.  This source code will demonstrate the techniques and procedures used to render the background clutter databases and target signature models and any other discrete objects in the background clutter databases.

Signature attenuation and visualization of models such as Combined Obscuration Model for Battlefield-Induced Contaminants (COMBIC) from the Electro-Optic System Atmospheric Effects Library (EOSAEL) will be used to model the effects of selected countermeasures.

C.   CONSTRUCTIVE MODELS AND SIMULATIONS.
1.  DETAILED DIGITAL SIMULATION (DDS).  The contractor developed DDS will be a non-real time, Monte Carlo-type, performance-level simulation.  Elements of the DDS will be the 6DOF, ATS and system reliability estimates.  The DDS will be used to conduct system design, analysis, and evaluation.  It will support the demonstration of compliance to system performance specifications.  The DDS will use VPG synthetic target and background databases to perform high fidelity preflight predictions of system performance by exercising target and missile tracking algorithms along with missile guidance algorithms against realistic target/background scenarios.  The DDS will allow extensive testing against many different scenarios.  During the PPT and PPQT flight test programs, DDS will provide support for statistical analysis of FOTT system performance under specified flight test conditions.  This analysis will support the definition of performance envelope information for hit point accuracy (probability of hit) and time of flight as a function of range.  Hit-point and angle of attack data for each flight test scenario will be taken from DDS runs and used as input into ARL models for lethality predictions.  The DDS will be instrumental in defining stressful conditions for DBF (countermeasure) tests.

Verification of the DDS models will be conducted at the component, subsystem, and system level to ensure proper modeling techniques and structure as well as to ensure the algorithms are implemented correctly. Behavioral responses and error budget parameters will be verified against test data.  The DDS validation will be accomplished by comparing the system flight test data with post-flight reconstruction data and with the pre-flight statistical performance boundaries generated for PPT, PPQT, LUT, and PQT flight tests.

2.  AUTOMATIC-TARGET TRACKER SIMULATION (ATS).  The contractor-developed ATS will be a non-real time engineering-level simulation for use in conducting algorithm design, development, analysis, and evaluation.  Elements of the ATS will be: automatic target tracker algorithms, seeker model, and computer image generator.  The primary objective of the ATS effort will be to support the early analysis of FOTT autotracker and terminal homing guidance design.  It will support post-flight analyses using recorded images.  Following CDR the ATS will be integrated into the DDS.

Verification of the ATS models will be conducted at the component and subsystem level to ensure proper modeling techniques and structure.  Behavioral responses and error budget parameters will be verified against test data.  The ATS validation will be accomplished by comparing captive and system flight test data with post-flight reconstruction data and with the pre-flight statistical performance boundaries generated for PPT, PPQT, LUT, and PQT flight tests.

3.  SIX DEGREE-OF-FREEDOM (6DOF) SIMULATION.  The contractor-developed 6DOF will be a non-real time, Monte Carlo-type, engineering-level simulation.  Elements of the 6DOF will be: component and subsystem models, guidance and control software code or emulation, models of the environment, and error budget Monte Carlo draws.  The 6DOF will provide a tool for algorithm development and analysis of missile flight dynamics during Engineering and Manufacturing Development (EMD).  The 6DOF simulation will be an all-digital simulation that models the missile flight.  It will simulate the major system performance parameters through functional math models.

The 6DOF verification will be accomplished through confirmation that the algorithms in the simulation are correctly implemented and that the output from the subsystem models is consistent with the expected subsystem performance.  The 6DOF validation will be accomplished by comparing the system flight test data with data from post-flight reconstruction runs and with the pre-flight statistical performance boundaries generated for PPT, PPQT, LUT, and PQT flight tests.

4.  COMBAT ARMS TASK FORCE ENGAGEMENT MODEL (CASTFOREM).  CASTFOREM is a stochastic, event-sequenced, opposing force simulation of ground combat involving up to a BLUE battalion task force and a RED Regiment.  It is accredited for Army combined arms studies.  The CASTFOREM contains high-resolution representations of individual systems, munitions, and firing events, with a portrayal of smoke, dust, countermeasures, and other realistic battlefield environments.  The CASTFOREM has been, and will continue to be, used to assist in system design and requirements' definitions by examining differences in system contribution to force performance given variations in lethality, accuracy, acquisition, timelines (engagement, reload), and missile range.  It plays a major role in quantifying the force effectiveness of FOTT.

Verification and validation of CASTFOREM characterization of FOTT will be accomplished through the use of AMSAA-approved system performance data, TRADOC-approved scenarios, and established TTPs coordinated with the U.S. Army Infantry School (USAIS).

5.  JANUS.  The Janus is a multipurpose ground combat simulation wargame.  It is an interactive, near-real-time model developed to explore the relationships and tactical processes.  The Janus contains high-resolution representations of individual systems, munitions, and firing events, with a portrayal of smoke, dust, countermeasures, and other realistic battlefield environments.  It is used to develop scenarios for CASTFOREM and provides a low-cost alternative to explore FOTT effectiveness in a force-on-force battle where man in the loop decision making is taking place.

Verification and validation of Janus’ characterization of FOTT will be accomplished through the use of AMSAA-approved system performance data, TRADOC-approved scenarios, and established TTPs coordinated with the USAIS.

6.  VECTOR-IN-COMMANDER (VIC).  The VIC is an automated mid-to-high intensity combined arms force-on-force simulation representing land and air forces at the U.S. Army corps and division levels.  The VIC is a deterministic, event-sequenced, Lanchester-equation based combat model; with resolution at the unit level.  The VIC was developed for use in estimating net assessments, performing force deployment studies, and generating information for performing trade-offs among weapon systems.  The outcome of force interactions in VIC is determined in terms of the ground gained or lost, the attrition of personnel and weapon systems, CSS/CS ability to support the battle, and C3IEW collection and dissemination capabilities.

The CCAWS Project Office will work closely with TRAC-Leavenworth to verify proper implementation of FOTT into VIC.  The project office will also review results from VIC studies with TRAC-Leavenworth to validate the system performance demonstrated during simulation runs against live system performance data.

7. LETHALITY MODELS (LM).  Lethality modeling and data will be coordinated closely with ARL.  Lethality performance will be determined based on component type modeling.  Component models treat the interior of an armored vehicle at a high level of detail.  They explicitly evaluate the damage to interior components resulting from a main jet or penetrator along with damage resulting from the fragments formed when the armor is perforated.  For each component hit on a given shot a probability of killing the component is determined.  This probability depends on the type of munitions, the characteristics of the component, as well as the characteristics of the behind armor debris fragments.  A criticality analysis is performed on the vehicle to map the components killed into vehicle loss of function for each cell.  Warhead performance will be predicted using the Shaped Charge Analytical Laminate and Reactive (SCALAR) code for tandem shaped charges or the Ballistic EFP Evaluation Program (BEEP) for explosively formed penetrators (EFP).  SCALAR permits calculations for penetration through arbitrarily defined multiple-element target arrays, both as a predictive scheme and as a reversed data evaluation/diagnoses scheme, with all of the critical jet and armor modeling parameters available. The latter is particularly useful when data and/or comprehensive understanding of target mechanisms is limited.  BEEP currently contains the characteristics of about fifty EFPs. These characteristics include speed, mass, length, diameter and distention, all of which may vary with standoff.  A set of equations employs these characteristics, together with those of a target and the engagement kinematics, to predict performance. The CCAWS project office will coordinate with simulation organizations that use lethality data to ensure use of the latest FOTT lethality estimates.

8. RELIABILITY MODELS (RM).  At Contract Award, the Prime will deliver the initial design reliability models and data.  As testing is completed and the design gains maturity, the most current reliability data will be used to update confidence intervals, identifying and focusing work on the areas of most importance. The CCAWS Project Office will coordinate with simulation organizations that use reliability data to ensure use of the latest FOTT estimates.

D.
VERIFICATION, VALIDATION, AND ACCREDITATION (VV&A).  FIGURES 18a and b have been prepared to clarify the extent and timing of the interagency activities associated with current and future simulation operations.  The Figures show model names and short titles along with the model classification (constructive, live, and virtual) and the dates and purposes of its employment.  The VV&A schedule and proponents/authorities are also shown.  The activity dates shown in the table are based on support requirements for the critical events of the EMD and LRIP phases of the FOTT Program and cover all of the time period between Milestones II and III.  The continuing M&S activities that support the FOTT program throughout the rest of its life cycle will be added as the LRIP Phase and Milestone III approach.
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FIGURE 18a: SUMMARY OF VV&A SCHEDULE.
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FIGURE 18b: SUMMARY OF VV&A SCHEDULE.

X.
 FUNDING.

FIGURE 19 is a summary of projected PM CCAWS (FOTT) funding requirements to support the M&S described in this plan (i.e., there are also other agencies that provide funding to support these activities).

XI.   REMARKS/ADDITIONAL INFORMATION.
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C.   STEP FOR THE FOTT PROGRAM.

APPENDIX A-  ACRONYM LISTING.

ACAT


- Acquisition Category

AMCOM

- Aviation and Missile Command

AMSAA


- Army Material Systems Analysis Activity

AOA


-Analysis of Alternatives

AFB


- Air Force Base

APEX


- Advanced Prototyping, Engineering, and Experimentation

APS


- Active Protection System

ARL


- Army Research Laboratory

ATD


- Advanced Technology Demonstration

ATS


- Automatic-target Tracker Simulation

A2R2


- Anti-Armor Requirements and Resource

AUR


- All-Up-Round

BAT


- Brilliant Anti-armor Submunition

BEEP


- Ballistic EFP Evaluation Program

BFVS


- Bradley Fighting Vehicle System

BPS


- Battery Power Source

CAIV


- Cost as an Independent Variable

CASTFOREM

- Combat Arms Task Force Engagement Model

CCAWS

- Close Combat Anti Armor Weapon Systems

CCD


- Charge Coupled Device

CDR


- Critical Design Review

CAS


- Control Actuator Subsystem

CEP


- Circular Error Probability

CIG


- Computer Image Generator

CIV


- Commander’s Independent Viewer

CLOS


- Command to Line-Of-Sight

CLU


- Command Launch Unit

CM


- Counter Measures

COIC


- Critical Operational Issues and Criteria

COMBIC

- Combined Obscuration Model for Battlefield Induced Contaminants

CPCU


- Common Power Control Unit

CRTC


- Cold Regions Test Center

CS


- Combat Support

CSS


- Combat Service Support

CTSIM


- Closed-loop Tracker Simulation

C3


- Command, Control and Communications

DAS


- Data Acquisition System

DBF


- Dirty Battle Field

DDRE


- Director, Defense Research and Engineering

DIRSP


- Dynamic Infrared Scene Projector

DIS


- Distributed Interactive Simulation

DDS


- Detailed Digital Simulation

DFL


- Dynamic Fin Loader

DMGS


- Digital Missile Guidance Set

DOE


- Design of Experiments

DSN


- Defense Switched Network

EAC


- Evaluation Analysis Center

EFP


- Explosively Formed Penetrator

EO


- Electro-Optical

EOSFEL

- Electro-Optical Sensor Flight Evaluation Laboratory

EOSAEL

- Electro-Optic System Atmospheric Effects Library

EOTASEL

- Electro-Optical Target Acquisition Systems Evaluation Laboratory

EMD


- Engineering and Manufacturing Development

ESAF


- Electronic Safe and Arm Fuze

EUA


- Early User Assessment

FAT


- First Article Test

FER


- Force Exchange Ratio

FCP


- Facility Control Program

FCS


- Fire Control Subsystem

F&F


- Fire and Forget

FIRSP


- FMS mountable DIRSP

FMS


- Flight Motion Simulator

FOF


- Force-On-Force

FOTT


- Follow-On To TOW

FOTTVIS

- FOTT Visualizer

FY


- Fiscal Year

G&C


- Guidance and Control

HAEMP

- High Altitude Electro-Magnetic Pulse

HMMWV

- High Mobility Multipurpose Wheeled Vehicle

HPC


- High Performance Computer

HRS


- High Resolution Scenario

HWIL


- Hardware-In-the-Loop

IBAS


- Improved Bradley Acquisition Subsystem

IEW


- Intelligence and Electronic Warfare

IIRSS


- Imaging Infra-Red System Simulation

IPT


- Integrated Product Team

IOT


- Inter-Operability Testing

IOTE


- Initial Operational Test and Evaluation

IR


- Infra-Red

IRSG


- Infra-Red Scene Generator

IR-STAF

- Infra-Red-Simulation and Test Acceptance Facility

ISU


- Integrated Sight Unit

ITAS


- Improved Target Acquisition System

ITEF


- Interoperability Test and Evaluation Facility

I2R


- Imaging Infra-Red

Janus


- not an acronym; name of combat development analysis 




  model

KM


- Kilometer

LAM


- Louisiana Maneuvers

LDAP


- Laser Diode Array Projector

LOAL


- Lock-On After Launch

LOBL


- Lock-On Before Launch

LOS


- Line-Of-Sight

LRIP


- Low Rate Initial Production

LUT


- Limited User Test

MAMS


- Multi-Axis Motion Simulator

MB


- Mega Byte

MCB


- Minimum Commonality Baseline

MCS


- Missile Control Subsystem

MEU


- Missile Electronics Unit

MGS


- Missile Guidance Set

MICOM


- Missile Command

MOE


- Measure Of Effectiveness

MOP


- Measure Of Performance

MRDEC

- Missile RDEC

M&S


- Models and Simulations; Modeling and Simulation

MS


- Milestone

MTBF


- Mean Time Between Failures

M-T-M


- Model-Test-Model

MTTR


- Mean Time To Repair

ModSAF

- Modular Semi-Automated Forces

MTS


- Missile Test Set

NEA


- Northeast Asia

NBC


- Nuclear, Biological, Chemical

ODS


- Operation Desert Storm

OEC


- Operational Evaluation Command

OPTEC


- Operational Test and Evaluation Command

ORD


- Operational Requirements Document

OSD


- Office of the Secretary of Defense

PDR


- Preliminary Design Review

PEO


- Program Executive Officer

PH


- Probability of Hit

Pk/h


- Probability of a Kill given a Hit

PIL


- Processor-In-the-Loop

PM


- Program or Product Manager

PMO


- Program Management Office

PPQT


- Pre-Production Qualification Test

PQT


- Production Qualification Test

PPT


- Pre-Production Test

P3I


- Pre-Planned Product Improvement

RAM


- Reliability, Availability, and Maintainability

RDEC


- Research Development and Engineering Center

RFI


- Request for Information

RFP


- Request for Proposal

RTTC


- Redstone Technical Test Center

SCALAR

- Shaped Charge Analytical Laminate and Reactive

SE


- Systems Engineering

SEP


- System Evaluation Plan

SIL


- Seeker-In-the-Loop

SGI


- Silicon Graphics

SLAD


- Survivability/Lethality Analysis Directorate

SLOS


- Synthetic Line-Of-Sight

SPG


- Synthetic Proving Ground

SSEB


- Source Selection and Evaluation Board

SSP


- Simulation Support Plan

SADA


- Standard Advanced Dewar Assembly

STEP


- Simulation, Test, and Evaluation Program

STIWG


- Simulation, Test Integration Working Group

STRICOM

- Simulation, Training, and Instrumentation Command

SWA


- Southwest Asia

TACOM

- Tank and Automotive Command

TAS


- Target Acquisition Subsystem

TBD


- To Be Determined

TEC


- TEXCOM Experimentation Center

TECOM

- Test and Evaluation Command

TEMP


- Test and Evaluation Master Plan

TEXCOM

- Test and Experimentation Command

TIWG


- Test Integration Working Group

TLOS


- True Line-Of-Sight

TML


- TOW Missile Launcher

TOW


- Tube launched, Optically tracked, Wire guided missile

TRAC


- TRADOC Analysis Center

TRADOC

- Training and Doctrine Command

TTP


- Tactics, Techniques, and Procedures

TU


- Traversing Unit

T2SS


- TOW 2 SubSystem

USAIS


- US Army Infantry School

UUT


- Unit Under Test

VV&A


- Verification, Validation & Accreditation

V&V


- Verification and Validation

VIC


- Vector In Commander

VPG


- Virtual Proving Ground

VPS


- Virtual Prototype Simulator

WSMR


- White Sands Missile Range

YPG


- Yuma Proving Ground

2D


-Two Dimensional

6DOF


- 6 Degrees-Of-Freedom

(T


- delta (or change in) Temperature
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APPENDIX C - SIMULATION, TEST AND EVALUATION PROCESS (STEP) FOR THE FOTT PROGRAM.
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FIGURE C-1: FOTT STEP PROCESS.

The above figure represents the Simulation, Test and Evaluation Process (STEP) for the FOTT Program.  It is based on the System Engineering “Vee” developed by Mr. K. Forsberg and Mr. H. Mooz.  The legs of the “Vee” represent its two major sub-processes.  They are called: 1) Requirements Decomposition and Definition, and 2) System Integration and Verification.  The FOTT program has enhanced these basic Systems Engineering processes by adding iterative cycles of modeling, simulation, testing, and feedback within and between each stage as described below.

The FOTT STEP process starts in the upper left-hand corner of the figure, where the integrated System Engineering (SE) team enters the first cycle.  The SE team first develops an Understanding of User Requirements and then develops an Effectiveness Model of the system.  This model is used to simulate the system’s performance in response to high level operational factors, such as system battlefield density and system rate of fire.  This allows the SE team to examine sensitivity factors and the relative importance of various system requirements.  Next, tests of mockups, virtual prototypes, or prototype elements of the system are evaluated to more closely examine the “do-ability” or “designability” of certain key features.  This process may be repeated several times as the SE team develops more insight into system requirements and their effects on simulated performance.  This process is called “model, simulate, test and iterate.”  This cycle also helps build the key elements of the System Validation Plan, which is used to examine the final system effectiveness.

Notice that that this iterative cycle revolves around a scientific technique called Design of Experiments (DOE).  DOE is an approach to experimental design that uses a variety of statistical techniques to examine a process (a missile flight) to determine how sets of inputs (launch and flight conditions) affect the planned responses (hitting the target).  The DOE approach shortens the product development cycle and reduces costs, while improving developer’s understanding of the critical factor levels that influence performance.  The DOE approach accomplishes this by examining the effects of multiple factors in every experimental event, while reducing the total number of events to a minimum level.  The DOE approach is tailored the unique requirements of each level of the process.  The tailored approaches are designated by different DOE subscripts at each level.

Also notice in the large arrows at the center of the “Vee” that some of the output products of this first cycle directly influence the Systems Integration and Verification sub-process in the right leg of the Vee.  These outputs include the System Validation Plans, the System Representation Model, and the Experimental Design.  For the FOTT program, the System Validation Plans are defined as the Test and Evaluation Master Plan (TEMP) and System Evaluation Plan (SEP).  The Representation Model is the digital end-to-end representation of the system that will be used in the system effectiveness models during User System Validation.  (This includes Early User Evaluations, Limited User Tests and the Initial Operational Test and Evaluation.)  The Experimental Design is the result of the DOE approach and includes those factors and test events that were used for simulation and testing in the first cycle, and will be used for both the effectiveness simulations and the User System Validation in the last cycle.

Once the system has been defined sufficiently at the top level, the process moves to the next lower cycle, where the cycle in repeated at the performance specification and component levels of detail.  If necessary, information is fed back to a previous cycle to resolve issues discovered as requirements are decomposed and defined at succeeding lower levels.

At the end of the Requirements Decomposition and Definition sub-process, the specifications are finalized and the components are built and verified as meeting specification requirements.  This starts the Systems Integration and Verification sub-process.  At the beginning of this process, component performance is verified in simulation prior actual live verification or testing.  This ensures that there are no design flaws that will make it impossible for a successful live test to be run.  Once simulation is complete, necessary live verification tests are accomplished to verify performance in natural environments.

If the results of simulation or live testing indicate that additional work is needed at an earlier stages in the process, those requirements are fed back to those earlier stages for appropriate analysis, redesign, follow-up simulation, and regression tests. 

Once the systems verification and integration requirements are met at each stage of the right leg, the SE team concludes the process with a User System Validation or IOT&E.
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