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Abstract 
A comprehensive Prognostic and Health Management (PHM) system is currently being developed 
for the Joint Strike Fighter program.  PHM is a key enabler for the Autonomic Logistics concept that 
will provide next generation decision support capabilities across areas such as maintenance, supply, 
training, flight operations, manufacturing, business management and sustaining engineering.  An 
Enterprise approach to Health Management poses a number of challenges in order to successfully 
integrate at the sub-system, system, individual aircraft and fleet level.  Lessons learned from past 
programs have highlighted the need to focus on key areas in developing such highly integrated 
systems.  These include areas such as requirements and verification, enterprise wide architecture 
design, data management, planning for maturation and successful engagement and integration with all 
stakeholders.  In addition, there is a need to apply new approaches to successfully transition 
emerging technologies to platforms and systems of record.  A common reference model/framework 
and systems engineering process for enabling the transition of HM technologies is presented and is 
based on five key pillars including business, architecture, S&T capability, infrastructure and 
implementation. 
 

Introduction 
 
While failure prediction and detection systems in the past have provided marked improvement in the 
safety of many systems, the benefits of understanding the current and future health of a given system 
is now extending benefits to a wide range of areas across the Enterprise.  The application of 
Prognostics and Health Management is the basis for enabling a number of logistics and management 
initiatives such as CBM+, Transformational Logistics, Autonomic Logistics and other programs in 
both the commercial and defense sectors.  Affordability and supportability of these systems is 
becoming paramount and is now a designed-in feature rather than an add-on.  The extension of 
health management to enable improvements in areas such as lean supply chain, just in time training 
and to enable business initiatives such as performance based logistics (PBL) has created the need for 
a greater level of integration both within the engineering design as well as policy and process. 
 
Health Management may be defined as: 
 
“intelligent, informed, appropriate decisions across the Enterprise about design, logistics, 
maintenance and operational actions based on Health Management Data or information, 
available resources, acquisition strategy, and operational demand“ 
 
Health management therefore uses information about the state of health of components, sub-systems, 
systems and the entire platform and fleet to enable better decision making.  This provides a greater 
challenge and also a far greater payoff.  Understanding the health is now seen as an additional “value 
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stream” rather than purely an engineering consideration and has therefore a more prominent place in 
the operation of the Enterprise. 
 

The Health Management Enterprise 
 
The Health Management Enterpriser consists of many areas of potential benefit (Figure 1).  
Understanding these benefits and the needs across all these areas is a challenge for system design, 
integration and implementation.  While traditional HM systems have focused on areas such as 
maintenance the benefits derived from integrating with other enterprise elements represent new value 
streams.  For example, with the introduction of Performance Based Logistics, understanding the 
performance and current state of your product in the field is of vital business benefit.  The value 
derived from Health Management is being realized by many OEMs and Integrators. 
 

 
Figure 1:  The Health Management Enterprise 

 
The benefits of Enterprise Health Management extend to a large number of areas across the 
Enterprise, some of which have been relatively unexploited (Figure 2). 
 

 
Figure 2:  List of benefits of Health Management in Enterprise Sectors 
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Maintenance:  This is an area where HM has traditionally been the focus of benefit.  The reduction 
of no fault found rates through fault detection, isolation and decreased false alarm rates provides 
much improved efficiency in the maintenance workforce.  Prognostics has the ability to provide 
decision support for deferring or bringing forward (batching) maintenance activities. 
 
Operations/Fleet management:  Knowledge of the state of health of a given platform is a great 
benefit to planning its utilization.  Planners can better understand the current capability offered by the 
functioning systems.  Improved fleet management can improve system availability to better fulfill 
planned missions. 
 
Sustaining engineering:  Sustaining engineering cover the understanding on how systems are 
currently performing and where opportunities exist for improvement.  Technologies such as 
knowledge discovery can also be used to identify key trends that can alert users before adverse 
impacts are realized. 
 
Manufacturing/Depot/OEM :  This area covers the understanding of system health as component 
are manufactured (initial health state) or after they are refurbished or repaired.  The knowledge of the 
health history of a given system can help OEMs better understand the causes of current system 
performance and identify opportunities for improvements. 
 
Support Equipment/Training and Supply Chain:  The supply of components based on the current 
health of components in the field can provide a significant reduction in spares quantities and the 
logistics footprint of a given system.  Understanding the trends in health state and the rates of 
anomalous maintenance events can also alert trainers to focus on certain systems. 
 
Business Operations :  Performance based logistics (PBL) or other “power by the hour” concepts 
greatly benefit from the supplier having an intimate understanding the health of their systems in the 
field.  Knowing the health state of all installed systems and their trends can greatly reduce the risk of 
not meeting performance targets such as availability.  Prognostics can also play a vital role in ensuring 
that unscheduled maintenance events do not reduce performance below target levels.  The business 
policy applied to the management of a system can have a great impact on how the vision of 
Enterprise Health Management is executed and there plays a key role in fielding and maintaining HM. 
 
The integration of HM throughout the Enterprise is therefore an area of very challenge and high 
payoff.  It has been realized that the core foundation attributes of a particular HM capability will 
support most if not all the enterprise sectors. 
 

Enterprise Health Management Framework 
 
It is key to define in detail exactly what is meant by Enterprise Health Management in order to put in 
perspective the challenges and lessons learned in trying to achieve this outcome for a particular 
application.  Figure 3 shows a conceptual framework which covers the vision of Enterprise Health 
Management.  The framework shows the foundation elements and the glue that needs to be 
implemented in order to achieve the EHM vision.  All elements must be addressed from a holistic 
view and the integration of all theses elements is a key requirement.  Descriptions of the elements are 
provided below: 
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Data Identification and Collection:  The basis for health management is the collection of data from 
numerous sources including sensors, built-in tests, environmental and operational conditions.  Data 
must have sufficient accuracy for the need and must be readily available for use. 
 
Diagnostics:  This function provides the ability to detect and isolate failures.  This may come in the 
form of a ‘basic’ function which provides information at a given component and sub-system level 
through built-in test or may be provided in an ‘enhanced’ form which provides greater level of 
assessment and reasoning between systems.  Model based reasoners are an example of an enhanced 
diagnostic or fault isolation function. 
 
Assess Material Condition:  This function provides the ability to assess the health state of a given 
component, sub-system or system.  From this health state we can also derive trends over time.  An 
example may be the operation of a valve – a declining response time may be an indication of the 
health state.  Prognostics provides the further ability to predict the likely time to failure or remaining 
useful life. 
 
Architecture, Interfaces, processes and Tools:  In the Health management Enterprise we need to 
integrate all these functions and link them to other systems such as those related to maintenance 
planning, supply, operations, manufacturing or business aspects.  This acts as the ‘glue’ that holds 
together the Health Management capability and has a vital importance in being able to leverage the 
benefits from the underlying data collection and design.  Process is also a vital component as it 
defines the way in which Health Management will be implemented (concept of operations).  Process 
aspects are often difficult to define as they typically involve a large number of stakeholders and are 
affected by policy. 
 

 
Figure 3:  Key Components of Enterprise Health Management System 

 
Getting the Right Things Done 

 
In this paper we will examine two aspects of delivering benefit to the Enterprise. 
 

• Stakeholder Involvement and Integration 
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• Science and Technology Transition 
 
Firstly is the area of stakeholder integration.  As described by Scandurra, many issues with executing 
Health Management stem from being able to keep key stakeholders engaged in the development of 
HM and to maintain support of HM as a key attribute of the final Enterprise.  This engagement 
requires a large number of multi-disciplinary teams working to integrate.  Figure 4 shows a diagram 
of the level of involvement in executing HM across an Enterprise. 
 

 
Figure 4:  Stakeholders beneath the Health Management umbrella 

 
The competing priorities and organizational constraints often prevent ease of integration across all the 
required areas to enable Enterprise Health Management.  In many cases there may be conflicting 
priorities – for example the need to have a large data repository suitable for performing knowledge 
discovery tasks may compete with the need to keep IT infrastructure responsive and affordable.  In 
addition, these priorities may also compete across the backdrop of design, infrastructure, 
implementation and business/program needs.  Dealing with these friction factors is often a large 
challenge.  In some examples [6] the traditionally established areas may prevail at the expense of 
HM. 
 
An approach to overcoming the seemingly insurmountable task of defining priorities and tasks across 
numerous product teams is to employ a strategic integration approach.  Identifying and prioritizing 
such barriers to success is key to making progress across such a large integrated effort.  One such 
approach attempts to align all efforts towards removing these barriers as well as continuing to march 
towards a common goal.  These efforts are collectively agreed and tracked to ensure that progress is 
being made and that barriers to success are being overcome or managed. 
 
The approach by Pascal Dennis begins by collectively identifying barriers using a fishbone, prioritizing 
the barriers and then coming up with targeted tasks designed to make progress towards a final goal.  
This approach has been adopted by a number of corporations.  In addition to a collective agreement 
on what is important to get done, there are a series of well defined exchanges between stakeholders 
to ensure that actions undertaken by one team do not compromise progress at another team.  For 
example the improvement of quality in one area may create an increase in cost that cannot be 
supported in another area. 
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S&T Transition 

 
The transition of new technologies to the Health Management enterprise also creates new challenges.  
S&T capabilities must address key cost/benefits as well as integration with a greater variety of 
system architectures, infrastructure and a more complex implementation across all areas of the 
Enterprise.  Traditionally the focus has been on technology development to provide new S&T 
capability; whether this is a new sensor, prognostic algorithm or model based reasoner.  Figure 5 
shows a conceptual framework which identifies five key pillars that need to be addressed in the 
transition of S&T to the Health management enterprise.  This framework provides a holistic view of 
the S&T transition challenge.  It is suggested that the application of this conceptual framework along 
with a systems engineering process is required to improve the chances of S&T transition and prevent 
emerging technologies from ending up in the “valley of death”.  The framework can be used to 
identify key needs and barriers to successful transition.  This approach needs to be applied early in 
the S&T development cycle to ensure that any complementary development activities are identified 
and funded. 
 
Health Management S&T Framework 
 

 
Figure 5  Key Pillars for Technology Transition for Health Management 

 
The business pillar covers aspects of both cost benefit as well as assessment tools, standards and 
policies.  Keeping an up to date cost benefit analysis can ensure that the benefits of PHM are well 
understood and that program pressures do not see the value of PHM being reduced at the expense 
of other areas.  Business case development is not straightforward in many cases, especially if benefits 
across the entire enterprise are to be captures.  Many legacy models used by industry and Defence 
do not account for PHM benefits adequately.  Approaches to estimating the cost benefit have been 
proposed and include benefits across many aspects of the enterprise [1]. 
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The foundation element of health management is represented by data.  The ability to move this data 
through interfaces using processes is a key aspect of the architecture.  The architecture must connect 
all aspects of the HM enterprise and must have the throughput and capacity to do so within 
operational requirements.  Architecture must cover both on and off board PHM elements as well as 
any needs for downlink via satellite or other communication means. 
 
The S&T capability pillar covers the traditional areas of research such as sensors, physics of failure 
models, decision support techniques and data mining.  These areas are vital to the benefits to be 
harnessed from PHM but also need to be adequately integrated and placed within the holistic 
framework provided to ensure transition and expected benefit. 
 
Infrastructure is also a key piece and may drive the PHM solution.  Existing equipment such as 
support equipment, IT infrastructure and ground stations may drive the need to technology transition 
path to include compatibility with these items.  This is vital for integration of new S&T technologies 
on to legacy systems. 
 
Implementation covers the  ability to utilize PHM data to provide benefit in the end users 
environment.  It also covers the processes and steps required to integrate, certify and verify a new 
S&T technology.  Understanding the opportunities for tech refresh may also be key in targeting 
opportunities for transition.  Training to utilize new PHM technology may also be included here but is 
easily overlooked in a transition plan. 
 
Technology Roadmapping 
 
The use of roadmaps to define the transition of technology is often useful.  Tools for this purpose 
have been developed and have proven their benefit [4].  Figure 6 shows that the use of the EHM 
framework in conjunction with other processes such as roadmapping can provide a means to 
improve the success of technology transition.  Technologies can then be selected from a menu of 
those available and palced on to the desired roadmap.  Gaps and barriers to transition will also 
appear on the roadmap where there is no linkage to all the pillars in the framework or if technologies 
are yet unavailable from the technology menu. 
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Figure 6  Technology planning using IVHM Framework [4] 

 
Paths to Technology Maturation and Leverage 
 
Another path to success lies in applying new technologies to legacy or other systems before transition 
to the target system.  Figure 7 shows the transition of a host of technologies to the final system, in this 
case a JSF.  Transition of many technologies may occur through other programs from different 
sectors of industry or defence.  The integration of these systems may also be demonstrated 
incrementally on other systems along the target path.  This path can provide a number of benefits 
including the ability to pool resources (funding, expertise, schedule) and to create a greater benefit 
across many more systems in a shorter space of time.  For the implementation of new technologies 
into the Enterprise the complexity of the integration effort may demand such an approach to reduce 
risks. 
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Figure 7:  Paths to technology transition 

 
Conclusions 

 
The application of Health Management across the support and operations Enterprise can provide 
benefits in many key areas.  These benefits can only be realized through an understanding of the 
framework required to provide this capability and the management of the key stakeholders to ensure 
adequate integration and implementation.  Strategies to manage integration include collectively 
identifying key barriers across all stakeholders and ensure efforts move towards the goal of 
implementing HM.  The transition of S&T into the enterprise is also a complex issue that needs to be 
managed carefully and from a holistic standpoint to improve success.  Five key pillars are proposed 
as providing a key starting point to ensure that all elements applicable to successful integration into 
the enterprise are considered.  The use of roadmapping approaches and considering alternative paths 
to transition have also proved to be valuable to avoid the technology “valley of death”. 
 

References 
 
1. Byer, B., Hess, A. and Fila, L., “Writing a Convincing Cost Benefit Analysis to Substantiate 

Autonomic Logistics”, Aerospace Conference, 2001, IEEE Proceedings, March 2001, Big Sky, 
MT. 

 
2. Dabney, T., Vodicka, R., Scandura, P. and Hernandez, L., “Enterprise Health Management - A 

Common Systems Engineering Process for Technology Planning, R&D and Transition to 
Operational Programs”, PHM 2008, IEEE Reliability Society, October 6-9, 2008, Denver, CO  

 



AIAC-13 Thirteenth Australian International Aerospace Congress 
 
 

Sixth DSTO International Conference on Health & Usage Monitoring 

3.  “Getting the Right Things Done: A Leader's Guide to Planning and Execution”, Lean Enterprise 
Institute; First edition. 

 
4. Kajikawa, Yuya et al. (2007), “Structure of knowledge in the science and technology 

roadmaps”, Technol. Forecast. Soc. Change (2007). 
 
5. MacConnell, James H. (2007), “ISHM & Design: A review of the benefits of the Ideal ISHM 

system”, IEEEAC 
 
6. Scandura, Philip A. Jr., “Integrated Vehicle Health Management as a System Engineering 

Discipline,” IEEE 24th Digital Avionics Systems Conference, October 2005. 
 


