FY05 M&S PROJECT PROPOSAL 

(Note:  The proposal should not be more than 2 pages in length but must provide enough information to facilitate a selection decision.  While some implementation information should be included, detailed information is not required until a project is selected for funding. The quality and completeness of information submitted for funding consideration will influence funding determinations.  It is incumbent upon proposal developers to complete all information requirements thoroughly.)

PROJECT TITLE:  Health Utilization Management System (HUMS) Knowledge Base Demonstration Supporting Advanced Prognostics Capability Development
RECOMMENDED TYPE PROJECT:  Model improvementProposals are sought that address model improvement, advanced simulation technology, or standards in at least one of the following four categories: data, models, simulations, and interoperability between M&S and C4I systems. Please indicate the type (e.g. model improvement) and category of your proposal.
DataD/Data 

SPONSORING AGENCY/USER:  PEO Aviation, UH60 PMO 

POINT(S) OF CONTACT: (Technical) 
POINT(S) OF CONTACT: (Res Mgt)        

Mr. Peter J. Grazitis



Ms. Christy Foley




Phone: (410)278-5895 / DSN: 298-5895
Phone: (410) 278-5805 / DSN: 298-5805

FAX:   (410)278-5032 / DSN: 298-5032
FAX:   (410) 278-3548 / DSN: 298-3548

E-Mail: PJG@ARL.ARMY.MIL

E-Mail: CFOLEY@ARL.ARMY.MIL 
U.S. Army Research Laboratory

U.S. Army Research Laboratory 
Attn: AMSRD-ARL-HR-MB, Bldg 459
Attn: AMSRD-ARL-HR-F, Bldg 459

Aberdeen Proving Ground, MD  21005
Aberdeen Proving Ground, MD  21005

CONTRACTOR(S) SUPPORTING THE EFFORT: (Specify whether contract support will be used, and identify the specific contractor if known)Knowledge Based Systems, Inc.

FOCUS AREA COLLABORATIVE TEAM (FACT) ORIENTATION: This proposal supports the FY-05 theme by providing the ability to use on-board data systems data to relate system’s usage with reliability and availability.  The proposal aligns with the LOG FACT M&S focus area ‘Fix the Force’.

OBJECTIVE OF PROJECT:  The objective of this effort is design and demonstrate a knowledge base supporting the development of advanced prognostics for UH-60 helicopters equipped with on-board sensor suites.  
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Demonstration of concept feasiblity will be accomplished by i) organize recently collected on-board sensor data and actual physical inspection results collected at Corpus

Christi Army Depot (CCAD) of components removed for overhaul during RESET operations at Fort Campbell and from Phase maintenance operations in Mosul, ii) demonstrate the possibility of establishing relationships between the sensor data and physical findings in the depot, and iii) experiment with identifying correlations between sensor data and physical conditions.  

The proposed effort will provide a knowledge-based management framework to accelerate the development of engineering and expert systems to provide diagnostics / prognostics and indicators/warning benefits from HUMS data.  ARL’s relationship with UH-60 PMO, their recent investments in on-board data collection systems, and the consequent accessibility to sensor data that has heretofore been unavailable provides a unique opportunity to associate the teardown findings with the HUMS sensor data sets.  This effort also supports the emerging initiative by Mr. Lou Kratz, Assistant Deputy Under Secretary of Defense (Logistics Plans and Programs), to make the 4/101st a pilot for predictive maintenance.

TECHNICAL APPROACH:  Provide the technical details of the project approach.  Include known / perceived risks and planned mitigation strategies.  The proposal must clearly articulate how/why the products produced are technically feasible and achievable during the period of performance.  How will products produced and activities performed support M&S reuse?  

Emerging onboard built-in test equipment (BITE) technologies are seen as providing the opportunity to more accurately assess part failure risk, and consequently, expose proactive repair options that can improve overall system availability and reduce total maintenance costs.  They are also seen as valuable aids in correctly diagnosing maintenance problems, thereby reducing the frequency of non-value-added repair activities.  These are the basic arguments behind the Future Combat System (FCS) initiative supporting investments in BITE technology.  These arguments also supported the investments that have already been made in the Army’s UH-60 helicopter fleet under the Health Utilization Management System (HUMS) program.  

While the HUMS system provides valuable trend information and indications that can tell maintenance technicians where they should look for potential problems, much is still not known about how to interpret the data, how to compute the critical indicators (CIs), how to interpret the CIs, or where to set limits that guide maintenance actions.  In this sense, elements beyond the data acquisition level of the overall CBM vision are, as yet, quite immature.  

	Data Acquisition: Provides access to digitized sensor data.

	Data Manipulation: Perform single- and/or multi-channel signal transformations along with specialized CBM and prognostic feature extraction algorithms.

	Condition Monitoring: Compares features against expected values or operational limits and output enumerated condition indicators.

	Health Assessment: Determines if the health of a monitored system, subsystem, or piece of equipment is degraded and should take into account trends in the health history, operational status and loading, and maintenance history.

	Prognostics: Project equipment future health state or estimate remaining useful life, taking into account estimates of future usage.

	Decision Support: Recommend maintenance actions and timing based on health assessment and prognostics taking into account operational history (including usage and maintenance), future mission profiles, high-level unit objectives, and resource constraints.


To date, thirty UH-60 Blackhawks have been instrumented with HUMS on-board sensor suites at a cost of nearly $8M ( another $100M will be spent to implement across the fleet.  The HUMS system includes 28 sensors that monitor vibration patterns, stress and strain, rates of heating and cooling, and so forth in 63 flight regimes.  UH-60 PMO is funding a two-year study to determine the critical indicators (CIs) reflected in the HUMS sensors data.  Ideally, one would like to do a full physical inspection of the end item to
determine the root cause(s) for changes in sensor data patterns.  Only while the aircraft is undergoing depot overhaul or phase maintenance is this truly feasible.  In these settings, physical inspection data is already collected that could be compared with observed patterns in on-board sensor data.  Only in this way can we begin to eliminate speculation about what different sensor patterns truly indicate.

The proposed effort involves the following tasks:

1. Define requirements for a KB that could capture critical knowledge for developing diagnostics / prognostics insights from HUMS sensor data.  This includes that needed for structuring raw sensor data and maintenance findings, for converting that data into a structure supporting the data mining analytics needed to discover and catalog correlations in the data, and for storing the evolving knowledge in a form that can be applied for maintenance decision-making. 

2. Configure web-based portal to house the data and a prototype KB.

3. Populate the KB with HUMS data gathered through the PEO/AVN Utility PM Fleet Management HUMS Demonstration Program on the 4/101 UH-60 helicopters both in combat conditions and in billeted operations at Ft Campbell in the KB.

4. Populate the KB with component teardown findings for HUMS-equipped helicopters removed during current RESET operations at Fort Campbell or removed during Phase operations performed in Mosul.  (NOTE:  Access to this data has been provided.)
5. Apply data mining analytics (e.g., statistical analysis, neural nets) to investigate possible correlations manifested in the data.  Segregate a sample of the data from that used for analysis to use for testing hypotheses.  Using on-board sensor data in testing sample, forecast expected findings during physical teardown.  Compare expected findings with actual observations recorded in testing sample.  

PROJECT FUNDING INFORMATION:  The proposed effort leverages UH-60 PMO investments in HUMS technology application to the fleet and has high payback potential supporting Condition Based Maintenance (CBM) and two-level maintenance concepts.  The proposed investment will be cost effective to the Army, both in time and dollars. Leveraging existing technology will allow for faster turn-around and will reduce development cost and associated technical risk.Project funding information must include the FY05 funding requirement as well as prior and future funding amounts, funding types, funding sources, and total project funding.  Include any other sources of funding for FY05.  Describe why Army investment in the project will be cost effective. 

	FY
	Source of Funding
	Type of Funds
	Amount ($K)

	FY 04
	PEO Aviation, UH-60 PMO
	RDTE
	$2800K

	FY 05
	BCSE
	RDTE
	$160K

	FY 06 
	BCSE
	RDTE
	$  40K


MILESTONES and DELIVERABLES:  This will be a 16-month spiral development effort. It will include semi-annual technical reports and a final report describing project findings and analysis results, and a demonstration of the HUMS knowledge base.   

EXIT CRITERIA:  

· Successfully demonstrate the feasibility of establishing relationships between data collected from on-board sensors and actual physical inspection results.  

· Successfully demonstrate the feasibility of applying knowledge based applications to support diagnostics / prognostics as evidenced by actual data.  
(An agency/user who will benefit from this project should be identified. Alternatively, the initial sponsor may be BCSE if this is an introduction of new concepts, processes or techn
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