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I.  Executive Summary


This report summarizes some modeling and simulation (M&S) Lessons Learned (LL) by several aviation Program Offices within PEO Aviation.  The SMARTeam was at Huntsville, AL, from 25 to 27 May 2004, to conduct a Contact Team event with and harvest M&S LL from the Apache Longbow Block III (Apache) program.  The scope of the LL effort was expanded, because of the availability of Program Office personnel, to include LLs by the Blackhawk, Chinook, and Comanche programs.  Consequently, this report is entitled “Rotary Wing M&S Lessons Learned”.  

II.  Participants

Ms. Becky Shell, PEO STRI

Ms. Michelle Bevan, AMSO

Mr. Jim Wallace, AMSO

Mr. Joe Mills, PEO STRI

Mr. Kevin Nguyen, PEO STRI

III. Lessons Learned

A. ROTARY WING-LL-1 

      
Observation:  Erroneous model parameters led to costly model revisions.

      
Discussion:  Model developers were not included during programmatic changes in the initial stages of development for the Blackhawk helicopter.  Modeler focus was on building the simulation suite and the simulators themselves, rather than model functionality.  

      
Lesson Learned:  Model developers should be fully aware of the functional requirements for the simulations that they develop.  Model developers are an integral part of the coordination of simulation specifications and should be included in an overarching program M&S IPT.  

      
Recommendation:  Model developers need to be included when developing or updating a program’s simulation requirements.

B.   ROTARY WING-LL-2   

    
Observation:  Some contractor model data is not readily available to the government program office after the contract is awarded.  

    
Discussion:  Several programs have experienced difficulties related to model ownership and model updates after a contract is awarded.  The government often wishes to purchase the contractor model(s) and upgrades and associated algorithms, code, data and/or documentation.  The contractor may consider the models to be marketable intellectual property, especially if the government did not pay for the original model development, and may want to retain the rights to sell their models and model upgrades and associated information.  

    
Lesson Learned:  Ensure that the contract language allows the government to obtain all required and desired contractor models and related data.   

    
Recommendation:  Contract language must ensure that the government can have access to and/or take possession of all code, algorithms, data and documentation associated with a developed model or simulation when the government desires to do so. The government must carefully consider what model information and rights it really needs to own and/or have access to.

C. ROTARY WING-LL-3

Observation:  Model developers seldom refer to model and simulation resource repositories when developing new simulation capabilities.  

Discussion:  Rotary wing model developers have employed SMART principles by first looking through available resources for existing models or code that can be reused. However, their experiences are that model repository information is of little value because it is at least 2 years old.  

Lesson Learned:  Information in the repositories must be current to be useful and to ensure that model developers will routinely refer to them when developing new simulation capabilities.  

Recommendation:  Ensure that the model repositories are funded to keep them updated and accessible.  Ensure that potential customers are aware of what resources and capabilities the repositories provide.

D. ROTARY WING-LL-4

Observation:  M&S Verification, Validation and Accreditation (VV&A) can be costly.  It is impossible within system program funding constraints to fully verify and validate all models that will be used on a system.

Discussion:  Program managers and model developers are aware of the requirements for VV&A, but also of the costs and constraints associated with VV&A.

Lesson Learned:  VV&A efforts should be focused on models/simulations that support key program decisions or system priorities (e.g., survivability, reliability, safety).  

Recommendation:  VV&A requirements must be determined early to ensure that critical, perhaps schedule-sensitive, program needs are met.  

E. ROTARY WING-LL-5  

Observation:  There are no (rotary wing) fleet management M&S tools that support coordination across the spectrum of assets, specifically across the Units of Action (UA) and Units of Employment (UE).  

Discussion:  There are no known broad-based tactical and larger simulations for the whole battlefield that include rotary wing system representations and simulate how they fit into the overall battlefield picture.  Existing rotary wing representations do not support cross-spectrum coordination.  

Lesson Learned: An M&S tool that includes all aspects of warfare would support better coordination across the battlefield.

Recommendation:  Develop a rotary wing representation that could be integrated with a battlefield simulation to support fleet management across UA and UE simulations.  

F. ROTARY WING-LL-6  

Observation:  Simulations use outdated Tactics, Techniques and Procedures (TTPs), which is not accurate for an emerging battlefield that is incorporating new technologies.  

Discussion:  Program Managers do not have ready access to simulations that incorporate recent changes to TTPs.  A large amount of time is devoted to simulating old TTPs with new technologies.  The Rotary wing programs have been using a business model that does not incorporate the new TTPs into the simulations. They are aware that this is erroneous, but they need a tool to incorporate and validate the new TTPs in their simulations.

Lesson Learned:  Current TTPs must be incorporated into battlefield simulations to analyze the effectiveness/impact of new technologies. 

Recommendation:  Contact the Analysis Community about this type of model, specifically a model for brigade level simulations.  Research what models could address this need, and register them in the Army Modeling and Simulation Resource Repository (MSRR).  If none are available, address creating one.

     G.    ROTARY WING-LL-7


Observation:  Many hours can be wasted analyzing phantom (simulation, not system) problems.
 
Discussion:  Many integration plans call for use of simulations. However, when a problem is encountered, the analyst must determine if the problem is an artifact of the simulation or is a real system problem.  After the simulation is fixed and retested, it may still not be known if the same problem exists for the real system. Consequently an analogous investigation must be started on the real code, leading to two analysis and/or development efforts and two configuration items. Bottom line is that everything is done twice. This risk mitigation technique may cost twice as much as just testing/fixing the OFP code.  

An additional benefit of using real code in simulations is that it forces the design to be more portable.  Hardware dependencies will become isolated, leading to a more modular and readable implementation.


Lesson Learned:  Using production code in models and simulations may save many hours of troubleshooting and forces the design to be more portable.

Recommendation:  Integrate real code (ideally, verified and validated) into the models as the development progresses.  

H.  ROTARY WING-LL-8


Observation:   Incremental/spiral/block development does not negate the need for full, up front SE.  If the full requirements analysis and flow-down for the entire program is not done up front, then as each new requirement is added, the system implications may be extremely difficult to accommodate if at all.  Thorough requirements analysis and modeling of performance are critical tasks in the SE process and must be tracked and periodically updated to current program baseline.

Discussion:  System Engineering (SE) is recognized as a critical process in development programs.  Program planning normally does not provide the time or resources to ensure timely and comprehensive SE. The program was in development for over 15 years and the EMD program had at least three starts or restarts, yet at the time of termination, SE was not fully complete.   Due to program instability and funding cutbacks, analysis and flow down from the segment specifications into prime item development specifications and critical item development specifications (PIDS/CIDS) and software requirements specifications was inconsistently completed across the team.  Prior to CDR (May 2003) for the production aircraft, a thorough requirements review was conducted which identified a large number of requirement disconnects. The primary source of these disconnects was incomplete requirements flow-down early in the program.  

Lesson Learned:  Utilize M&S in the Systems Engineering process.


Recommendations: 


1.  Model critical parameter and timing requirements and update the models periodically as additional information is known.

2. Bring in the subject matter experts early to work the difficult issues.

I. ROTARY WING-LL-9


Observation:
 The Army's IR modeling ability is very limited.   The ability to accurately model helicopter signature reduction performance in operational environments is extremely limited.  Most other organizations encountered by the development program have models and analytical capabilities that only support high flying fixed wing aircraft.  One must be very careful in where and how data is generated; in many cases it will be very misleading if not completely wrong.  

Discussion: This was the first helicopter to be designed with reduced (low observable) signatures.  A considerable effort was expended in analysis and modeling to develop the specification requirements that would support the operational acquisition distances. The Advanced Tactical Combat Model (ATCOM) was matured through a number of upgrades to support signature level trades and analyses.  Eventually, both Boeing & Sikorsky individually developed their own proprietary Rotor Body Interaction (RBI) prediction codes, which were validated & demonstrated through full-scale model RCS testing.  The body of knowledge accumulated during development activities provides the basis for any future rotorcraft signature reduction efforts.  

At the time of termination, the program had developed and demonstrated all of the required technical capabilities and finalized the aircraft design to such a high level that the design and materials issues were well understood and had been demonstrated analytically and through component, subsystem and system level (via 2 full-scale Radar cross section (RCS) models), high fidelity RCS testing.  Two full scale RCS pole models were tested: the first was the DEM/VAL full scale model which was tested at the Boeing Boardman, OR RCS range in 1993, prior to DEM/VAL CDR and the second was the EMD full scale model, which was again tested at the Boardman range in 2001, prior to the EMD CDR.  Both full scale RCS models met or exceeded signature requirements and incorporated all the shaping and materials of the DEM/VAL and EMD aircraft configurations, providing a high level of confidence that the EMD aircraft would meet the specification.

Lesson Learned:  The improvements in analytical tools and models have come a long way since program inception.  The model that Boeing and Sikorsky use (ATCOM) is mature and has benefited from many upgrades over the years, and while it is the best product available, it should probably be replaced with a new higher fidelity rotorcraft model based on more modern software.  Currently, only Boeing and Sikorsky (AMSAA maintains a version of the ATCOM model, but they rely on Boeing to maintain it) have force-on-force models with sufficient fidelity to be useful.  


Recommendations:  Models need to be maintained for future reuse and improvement.  The Army needs to maintain a capability to model signature/survivability for a possible future aircraft with signature reduction features.  

   K.  ROTARY WING-LL-10


Observation:   Design and engineering; combat development; manufacturability; logistics and support; analysis of alternatives (AoA); life cycle costs; test and evaluation; training; reliability, integrated data environments; availability and maintainability analysis; threat; and survivability and lethality assessments are all key functions that were supported by M&S.  This distribution of M&S application across such a broad variety of subject areas provided many challenges in the coordination and management of M&S assets.  Despite making great strides in the development of an M&S application approach, limited resources prevented the program from realizing the total value of full M&S implementation.  Resources were applied to improving the system representation/performance within both the system performance model and OneSAF Test bed Baseline (OTB) semi-automated force assets.


Discussion:  The guiding document for the M&S approach within the program office was the Simulation Support Plan (SSP).  An M&S strategy was put in place through the SSP to transform established user requirements into M&S applications thereby meeting the needs of the various program user groups.  

As the M&S requirements were analyzed, decisions were made to determine which M&S asset(s) would be applied to address the requirement(s).  This M&S investment strategy relied on the up-to-date identification and analyses of the facilities and tools necessary to address current and future M&S needs.

Throughout its history, the program relied on a combination of constructive, virtual, and live simulations and simulators. With respect to the EMD phase of the program, four subject areas were identified for detailed M&S focus.  These areas included:

1) Aircraft Engineering and Development – Simulation was primarily used to continue design activities as well as to augment developmental flight testing.  Simulation enabled the verification and validation (V&V) of updated software prior to release to test aircraft; resolved current and future human factors concerns; helped reduce the number of design iterations required during development; allowed verification of requirements prior to embedded software development; minimized developmental flight test requirements through the early identification and resolution of specific design issues; and supported evaluation of proposed technologies.

2) Combat Development – Simulation was used in the development of tactics, techniques and procedures (TTPs), and was used to refine various analytical products (e.g. Analysis of Alternatives, the Army Reconnaissance Study, etc.).  Simulation supported Battle Lab experimentation, and was planned for Future Combat System LSI events, and other joint wargames.  These activities contributed to Army future force recommendations and were playing a central role in determining the system’s place within the Future Force architecture.

3) Training – Simulation provided vital assistance in the development of the Integrated Training Program (ITP) to support individual, crew, team, collective and combined arms training activities throughout the system lifecycle.  The synergy afforded by the use of simulation provided realistic and cost effective training.  Its maximum use was planned to offset the high cost of live simulation training.

4) Operational Testing – M&S assets were integrated in the test program to supplement flight test programs and augment ground based testing.  M&S assets provided the capability to: predict critical test conditions throughout the operational flight envelope; predict performance characteristics of the aircraft with installed weapon systems; analyze weapons and/or sensors characteristics in a simulated flight environment; and perform mission rehearsal and playback.  

Given the early termination of the program, M&S application to the full lifecycle of the program was not realized.  There wasn’t an “approved” system representation that could be utilized across all M&S applications.  Only ad hoc processes existed to evaluate/recommend system-specific updates for existing M&S assets (e.g. the CPC and OTB).  As an example, CPC limitations observed during UA Developmental Experiment 1 (UADEX 1) were not addressed before UADEX 2.  


Lessons Learned:  Several lessons learned based on actual experience are specified below:

1)  An extensive and detailed SSP that outlines all major M&S activities supporting the program acquisition strategy will maximize value to the warfighter through effective use of M&S.

2) The SSP should be developed early to guide M&S activities for all program phases.

3) Experimentation Branch participation in several large-scale Distributed Interactive Simulation (DIS) Unit of Action (UA) assisted development of TTPs.

a. Applications of the cockpit simulators.

b. Insights gained into flight representation, fidelity and performance, simulation interoperability, and pilot vehicle interface.

4) The Federation Development and Execution Process (FEDEP) helped address complex simulation integration issues during FDTE.


Recommendation: Programs desiring to effectively utilize M&S must emphasize its place in the program early and stand-up its centralized control through a formal M&S IPT.  The former requirement includes assigning the necessary personnel to work the myriad of M&S actions and issues that will develop throughout the life of the program.  The following benefits could be realized from such an approach:

1) The effective specification and planning of M&S-related activities across all acquisition phases and functional areas of the program.

2) The development and validation of an approved system representation for use in all Army and Joint modeling and experimentation activities as required.

L.  ROTARY WING-LL-11


Observation:  Management of M&S activities within a PMO is difficult.  There was no effective central management/control of M&S activities, funding and products within program office.  There was not enough program emphasis/priority on modeling and simulation.   Limited personnel resources were applied to managing M&S, often resulting in reduced visibility into varied M&S activities and limited understanding of the system representation in often used M&S tools (e.g. ATCOM and OTB).  

Discussion:  As part of the overall M&S Strategy, the Program Office established an M&S IPT.  The purpose of the M&S IPT was to monitor and provide direction with respect to all M&S-related activities across all functional areas of program development.  Briefly summarizing, the M&S IPT sought to implement a process to solicit and gather M&S needs within all applicable program areas.  These perceived needs then, in turn, were translated into M&S requirements, under the direction of the M&S IPT Lead, to ensure that M&S requirements were identified and addressed in a cost-efficient, non-duplicative manner.


The M&S IPT emerged in 2003 as an attempt to integrate M&S efforts.  However, the M&S IPT had no official position within the program IPT structure and independently directed and performed M&S activities remained common within the program.  


Lesson Learned:  M&S IPT resources, albeit limited, provided the PMO with much needed insights:

a. Helped to explain poor system performance in various experimentation events.

b. Enabled improved characterization of the weapons system engagement processes.


Recommendation:  Future programs should place a greater emphasis on M&S early in the program through the assignment of adequate personnel and resources managed by a centralized formal M&S IPT.  The M&S IPT should operate as a central governing body to address the dynamic M&S application requirements that occur throughout the lifecycle of the program.
