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SMART Lessons Learned Case Summary

Program Name: Joint Common Missile

Acquisition Category (ACAT) Level: 1

Current Program Phase: Technology Development Leading to Milestone B Decision

Site Visit Date: 30 July 2003

I. Executive Summary

The Joint Common Missile (JCM) program will be the first Missile program to reach a Milestone B decision without conducting a live fire test.  This is due to the dependence they have placed on Modeling and Simulation (M&S) as opposed to a full prototype test.  The work JCM has performed to develop this level of confidence in their M&S assets is the primary focus of this Lessons Learned (LL) for Simulation and Modeling for Acquisition, Requirements and Training (SMART).  The program is currently in the Technology Development (TD) phase with several competing contractor teams preparing for Milestone B in 2004.  This Lessons Learned Study documents significant findings showing how the JCM program is implementing SMART concepts that are beneficial to the entire Army.  The findings documented here are:

JCM-LL-1)  Specify M&S Requirements in the Request for Proposal (RFP);

JCM-LL-2)  Develop Mechanisms to ensure Contractor Trust;

JCM-LL-3)  Involve Testing Community Early in the Simulation Planning Process;

JCM-LL-4)  Develop Common Infrastructure/Environment instead of Specific Models;

JCM-LL-5)  Validate Models on a Component Level;

JCM-LL-6)  Correlate Range Data; and

JCM-LL-7)  Use Research and Development Engineering Center as an M&S Asset

II. JCM General Description

The Joint Common Missile (JCM) program office is in Huntsville, Alabama.  Huntsville is the center of Missile and Rocket technology development, and provides facilities to combine test, research and development, and program maintenance for a missile program.

The JCM program has followed an integrated approach to control schedule, cost and risk across the program.  Planning, building and using modeling and simulation (M&S) technology is essential to the program's success.  The program itself started as an effort to modernize the Hellfire missile. The JCM has expanded to include Army, Navy, and Marine Corps requirements for air-to-surface missiles (Joint), as well as incorporating the United Kingdom (UK) as an international partner (specifically building to North Atlantic Treaty Organization (NATO) standards, which has assisted in this process).

The final operating capability of JCM provides one missile for all rotary and fixed wing aircraft.  It will include a package of three different sensors, countermeasures, multi-effects warhead, and a propulsion package that exceeds the capability of currently fielded systems. The requirement is for the JCM to be contained within the same physical dimensions as the current Hellfire missile.

III. JCM Use of Modeling and Simulation

The M&S tools used by the JCM program is described in the Simulation Support Plan (SSP) [Reference 1].  The AMSO Lessons Learned team was interested in the process behind the use of M&S on the program.  This process incurred a vast amount of coordination, effort and expense to make sure that the system met not only system requirements, but also those of interoperability and authoritative representation during the Concept Technology and Demonstration (CTD) acquisition phase.  The Aviation and Missile Research and Development Engineering Center (AMRDEC) provided extensive support in people and expertise to JCM.  The Common Simulation Framework (CSF) is the main infrastructure under which the system level simulation, the Integrated Flight Simulation (IFS), was developed in this program, and is detailed as a part of the lessons learned below.  

The IFS was developed during the CTD phase to facilitate the competing prime contractor’s design efforts.  It was a contract deliverable from the prime contractors to the government under System Definition and Risk Reduction (SDRR) contracts.  The updated IFS will be a contract deliverable under the System Development and Demonstration (SDD) contract to be awarded during FY04.  The IFS being developed during SDD will have the following components:  (1) missile seeker model, (2) missile six-degrees-of-freedom (6-DOF) simulation, (3) missile tracker, and (4) environment (target, terrain, natural and man-made objects, countermeasures).  The key features inherent in the IFS concept are (1) tactical missile software is contained in the simulation adding to the realism of the simulation; (2) the environment is of high enough fidelity (6 inch resolution of targets and terrain is the current fidelity required, higher resolution may be needed later) to allow the IFS to be used as a tactical software design tool; and (3) the IFS is sufficiently robust to be used to assess system performance in a wide variety of scenarios and determine whether the missile can meet its requirements (this is usually not performed until Milestone C when the system design is mature).

This version of the IFS will be the centerpiece of the entire JCM SDD simulation program and will serve as the baseline for the “one simulation – multiple applications” concept to be used by the Common Missile Project Office.  Later in SDD, the prime contractor will be required to deliver a Software Test Station (STS).  The STS will include a tactical processor suite that will execute the tactical software interfacing with the remaining IFS components and have the capability to support system and software design.  Also, the prime contractor will be required to provide missile hardware and support to the government to enable the government simulation team to complete development of the Advanced Multispectral Simulation, Test, Acceptance Resource (AMSTAR).  The AMSTAR consists of two hardware-in-the-loop (HWIL) facilities located at Redstone Arsenal, AL.  The Performance Test Bay will be the first AMSTAR facility developed and will be used by the government and prime contractor as a risk reduction tool for missile seekers.  The facility will also perform system and subsystem tests, as well as pre-flight test predictions and post-flight test reconstructions and analysis.  Those items not utilizing actual tactical hardware will use IFS models to comprise the entire missile.  The Production Test Bay will be the second AMSTAR facility developed and will incorporate full tactical missiles.  The Production Test Bay will be used primarily as a safe, non-destructive production acceptance test capability with the objective of cost savings from performing less destructive testing of production missiles.  The Production Test Bay will use IFS models to stimulate the missiles under test.  Both the Performance Test Bay and Production Test Bay are a combined development effort of the AMRDEC and the Redstone Technical Test Center (RTTC), a subordinate command of the Army Test and Evaluation Command (ATEC) who is the primary financial sponsor.

The prime contractor-developed and-delivered IFS is the only system level simulation of JCM and will be tailored during SDD by the government simulation team to meet the needs of the project office in the constructive, virtual, and live simulation environments.  The IFS will be taken to a lower level of fidelity and implemented into appropriate force-on-force simulations in order to accurately portray the JCM in force effectiveness analyses and Analysis of Alternatives (AoAs) for the Army, Navy, and Marine Corps.

Additionally, the IFS will be tailored for implementation in virtual simulation environments on rotary and fixed wing aircraft.  This will aid in the development of Tactics, Techniques, and Procedures (TTPs) for the user community, provide insights on the design to the development community, and provide a tool to the training community to accurately train the user prior to live testing and fielding of the missile.  [Reference 2]
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V. Summary of Findings

The JCM program has presented its SMART Approach at the annual SMART Conference and has made a wealth of material available in order to fully document its experiences in executing SMART.

JCM-LL-1) Specify M&S Requirements in Request for Proposal

Issue:

The Program cannot require a contractor to provide full source code rights to any simulation developed (according to Defense Finance & Accounting Service (DFAS) regulations).  Therefore, the Contractual Requirements in the Request for Proposal need to be very specific.

Program Experience:

JCM’s Request for Proposals (RFP) requires an IFS of the proposed concept to be delivered with the proposal.  The RFP Statement of Work (SOW) Simulation Sections specifies capabilities for SDD and a Family of Integrated Simulations and Tools (FIST) approach to satisfy IFS, STS, HWIL and a Virtual Prototype Simulator.  The RFP Sections L & M also have specific Simulation Requirements.

Take Away: 

Programs should evaluate their M&S needs and consider developing an RFP that requires Models as Deliverables and uses models as a part of the source selection process for Milestone B.

Recommendations for SMART:

Identify DFAS barriers and ensure that Programs evaluate them when writing their RFP with respect to M&S requirements.  Specifically work with the legal department from very early on to ensure that required information is gathered in an appropriate manner beneficial to the government and fair to the bidders.

JCM-LL-2) Develop Mechanisms to ensure Contractor Trust

Issue:

Contractors will not release source code unless they are absolutely confident security of their proprietary information is guaranteed.

Program Experience:

The government office maintained 3 separate computer hardware setups for the evaluation process to protect each bidding contractor's source code. The Program Office took extra steps to make them comfortable, including pre-release of the RFP, bringing in each contractor to meet with the government analysts.  The contractors were allowed to see and experiment with the environment, and the government set up a schedule so that all of the contractors had equal time to ensure that their simulation software was compatible with the government High Performance Computers (HPC). 

Take Away: 

Must plan for how Contractors' specific M&S will be stored and evaluated.  Involve Contractors in decisions to build acceptance.

Recommendations for SMART:

Document Mechanisms used in various programs.

JCM-LL-3) Involve Testing Community Early in the Simulation Planning Process
Issue:

A core SMART issue is the early identification of M&S requirements.  The testing community is very important to a Program’s success and thus should be included in the initial planning.

Program Experience:

JCM involved the Army Test and Evaluation Command (ATEC) and the U.S. Army Materiel Systems Analysis Activity (AMSAA) from the start of their Simulation Planning.  The M&S team was moved from its traditional place in the Technical Management Division to the Test Division.  This resulted in extra effort being required to coordinate simulation activities with the design and development activities, but greatly improved integration with testing requirements and the test community in general.

Take Away: 

Form liaisons with AMSAA and ATEC as soon as possible in a program and work towards accreditation standards.

Recommendations for SMART:

Identify AMSAA and ATEC assets and requirements for Simulation Planning.

JCM-LL-4) Develop Common Infrastructure/Environment instead of Specific Models
Issue:

How can programs determine the right mix of M&S Infrastructure vs. Program specific M&S?

Program Experience:

JCM used the AMRDEC to provide infrastructure support.  As described in [1], a very wide variety of infrastructure was developed.  Much of it was reused from other Missile programs.  The program cited many benefits to this emphasis on infrastructure.

Take Away:

If a Program is acquiring equipment that is well-characterized, then it can specify model parameters and modules and concentrate on developing infrastructure to evaluate different designs and assist the design process.  If a Program is developing new equipment/systems, then it may invest more in R&D or specific models.

Recommendations for SMART:

Develop guidelines for  infrastructure investment for programs when it is warranted .

JCM-LL-5) Validate Models on a Component Level

Issue:

How can models be validated in a cost effective fashion to support acquisition decisions?

Program Experience:

The JCM Program had confidence in its models based on Component Level Validation.  This was due to a long investment, over many programs, in characterizing Missile Models and being able to functionally decompose missiles into Sensor Models, Tracker Models, Propulsion, Aerodynamics, Controls and Kinematics Models.  Each of these models could then be analyzed to a level sufficient for verification purposes.

Take Away: 

When possible, perform R&D to characterize the type of equipment being acquired and reuse.

Recommendations for SMART:

Evaluate when component level validation is appropriate for a Program.

JCM-LL-6) Correlate  Range Data
Issue:

Lack of correlated Range data.  Data is often provided for Targets without Background, Clutter and Range data.  Need Tri-mode Data.

Program Experience:

JCM is planning to collect data from up to 6 ranges as well as using existing data from legacy programs.  A long-standing issue is the correlation of data for model verification purposes.  The JCM will have a tri-seeker head and thus requires target and clutter data in multiple wave bands with very high resolution.

Take Away:

Programs need to plan out their target/threat data requirements and ensure that appropriate resources are allocated

Recommendations for SMART:

Identify appropriate correlated data formats and repositories.

JCM-LL-7) Use Research and Development Engineering Center as M&S Asset
Issue:

JCM relied upon AMRDEC support for its M&S evaluation.

Program Experience:

The Army has acquired many Missiles (e.g., Hellfire, TOW, Longbow, Javelin) and developed many models to support this process.  The AMRDEC has utilized this experience to both standardize a model development environment (the Common Simulation Framework) and to provide specific support to JCM for IFS, STS, and HWIL facilities

Take Away:

Programs should form collaborative relationships with their respective RDECs to ensure reuse and access to expertise across programs.

Recommendations for SMART:

Foster collaboration mechanisms with RDECs and Battle Labs.
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