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Abstract 
This paper reviews the experience of the Comprehensive Automated Maintenance Environment - 
Optimized (CAMEO) team in developing the V-22 Osprey’s Automated Maintenance Environment 
(AME) product.  The initial product consolidates the Interactive Electronic Technical Manual 
(IETM) with the Automated Maintenance Environment Ground Station (AMEGS) for reduced 
Information Technology (IT) footprint and increased maintainer efficiency. Additional enhancements, 
either in-work or planned, include usage based fatigue tracking of airframes and all dynamic 
components, advanced data-mining and analysis tools for enhanced diagnostics and prognostics 
(CBM+), UID/RFID integration, Military Flight Operations Quality Assurance (MFOQA) 
integration, and S1000D compliant technical data.  The open-source nature of this project allows 
great flexibility to accomplish goals even with rapidly changing technology or shifting program 
priorities, and also facilitates collaboration with other programs that may be interested in leveraging 
part or all of their AME and CBM+ solution from what has already been developed in CAMEO.  
 
Keywords:  Condition Based Maintenance (CBM+), Prognostics and Diagnostics, Open Source, 
Collaboration, Automated Maintenance Environment (AME), Automated Logistics Environment 
(ALE), Interactive Electronic Technical Manual (IETM), Ground Station. 
 
 

Introduction 
 
In a world experiencing shrinking budgets and growing threats, the need for developing and 
deploying products to the war fighter in a timely and cost-effective manner is more important than 
ever.  Independent of budget levels, success at military operations hinges upon having available 
systems with small logistics footprints to enable flexibility of deployment and operation wherever the 
forces are necessary.  In fact, these requirements are so important that they are articulated in many of 
the documents which guide military operations and procurement efforts. [1, 2, 3]  In addition, there 
has been a drive toward Condition Based Maintenance (CBM+) in all of the services as a means to 
increase weapon system availability and decrease maintenance burden and sustainment costs.  The 
basic concept behind CBM is a detection of impending failure or need for maintenance and taking 
proactive action with minimum impact to operational availability and minimum overall sustainment 
cost. [4, 5] Beyond this basic goal, CBM policy direction for the Navy includes the requirement for 
compliance with interoperability, openness, and common standards to the greatest extent possible. 
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[6]  To date, many of the modern Naval weapon systems have begun to implement CBM solutions, 
but this has typically been pursued in a platform specific manner not shareable with other platforms, 
or in a vendor specific solution limited to a small number of platforms using specific data recording 
systems.  Despite these challenges, the benefits of CBM in service are clear.  The US Army has had 
great initial success with CBM on part of their helicopter fleet, and the benefits are expected to 
continue to grow as the system matures and more of the fleet becomes instrumented with data 
recording capabilities. [7] While this paper has a leaning toward aviation weapon systems due to the 
assigned duties of the authors, the concepts being discussed are equally relevant to any system (land, 
sea, sub-sea, air, or space) where on-board usage/diagnostics data is being recorded and/or where 
electronic technical data is being managed. 
 
Many organizations, government and private industry alike, are struggling with the paradigm shift 
required to adjust their business models to address these serious challenges.  Coupled with the need 
to survive in an ever-increasing competitive environment, organizations have opened their minds to 
innovative ways for product development.  Two areas that recently emerged as promising models for 
product development are open source utilization/development and collaboration. 
 
Over the last decade or so, there has been an increased emphasis on use of open source products.  
Long accepted in some sectors of the commercial world, this open source concept has more recently 
bled over to the defense arena, where open source products were previously frowned upon as 
unstable, bug-ridden, and unsustainable.  In fact, specific policy documents have been introduced 
which mandate the use, or evaluation of suitability and cost effectiveness of use, of open architecture 
and open source products. [8, 9, 10] 
 
Once an open-source solution is considered, there are greatly enhanced opportunities for 
collaboration.  Collaboration has historically been viewed by one organization as a way for another 
organization to get something for free.  In fact, when approached correctly, collaboration is a way for 
cooperating organizations to leverage off the efforts of each other in a way that strengthens the 
positions of both.  Collaboration allows multiple organizations to join forces to develop enterprise 
products and solutions for the common good with less risk and less cost.  When coupled with the use 
and development of open source solutions, it creates a “community development” model that can be 
employed across the enterprise.  The end result is a product or series of related products which can 
be developed once, and then reused across many applications with little or no redevelopment cost 
and greatly reduced timelines. 
 
While both open-source and collaboration provide innovative approaches to lower cost and more 
agile development, these solutions are not without challenges.  The following sections will examine the 
community development model being employed by the CAMEO team, detail some open source 
capabilities being developed and exploited, outline the community development efforts being 
employed within the NAVAIR enterprise today, and present some opportunities for future enterprise 
efforts. 
 

CAMEO Historical Perspective 
 
The Comprehensive Automated Maintenance Environment - Optimized (CAMEO) system has it's 
origins in two legacy stovepipe systems that individually exhibited many of the undesirable closed 
architecture attributes that open system development is intended to correct. [11] Simplistically, 
CAMEO is the integration of an aircraft technical publications capability with an aircraft ground 
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station capability forming the basis for an automated maintenance/logistics environment. CAMEO's 
aircraft technical publications capability is known as Phoenix, a web-based Type II/Class IV 
Interactive Electronic Technical Manual (IETM). Phoenix evolved from JIMIS (JSTARS Integrated 
Maintenance Information System) which was a joint development effort between the Air Force 
JSTARS program and the V-22 program beginning in the early 1990s. Similarly, the CAMEO 
aircraft ground station capability originated from a product known as AMEGS or Aircraft 
Maintenance Event Ground Station. Each of these products and their associated life cycle will be 
briefly discussed below. 
 
JIMIS was the original IETM developed for the V-22 Osprey platform. JIMIS was a Unix-based 
application written primarily in C and deployed on a laptop running Windows NT configured to run 
Unix applications under MKS Nutcracker. It was a closed architecture system with an Oracle engine 
which was extremely non-responsive for maintainer use, laden with discrepancies, and extremely 
difficult to sustain due to its closed nature. Additionally, it was developed by a single developer 
possessing unique knowledge of the architecture, design, and programming characteristics which 
made it virtually impossible for the government sponsor to take steps to mitigate these problems. The 
only option for mitigation open to the government was to pour more money into trying to solve the 
problems. To make matters worse, JIMIS failed the initial V-22 OPEVAL as operationally 
unsuitable and then came under further scrutiny following the Class A mishaps of 2000, when the 
congressional Blue Ribbon Panel (BRP) deemed JIMIS unusable and it's technical publications data 
inaccurate and inadequate. [12] Clearly, something had to be done. To that end, the V-22 program 
office sought the assistance of SPAWAR San Diego (now SPAWAR Pacific) to provide 
government system and software engineering oversight to the task of fixing the V-22 technical 
publications capability. Over time, SPAWAR assumed prime development and sustainment 
responsibility for the JIMIS product line, forming an Integrated Product Team (IPT) to manage the 
correction of all BRP designated technical publication problem areas and leading efforts to open the 
IETM architecture by converting JIMIS to a Java-based web application (Phoenix). Phoenix 
successfully passed the second V-22 OPEVAL in 2005 with no significant discrepancies. 
 
The Aircraft Maintenance Events Ground Station (AMEGS) has somewhat different origins but 
somewhat similar results. AMEGS was the original ground station developed for the V-22. AMEGS 
was a Windows-based client server application written primarily in Ada and C. It was a closed 
architecture system with a Sybase engine and exhibited many of the same issues as JIMIS stemming 
from its closed nature. It was also developed by a single developer possessing unique knowledge of 
the architecture, design, and programming characteristics which made it virtually impossible for the 
government sponsor to take steps to mitigate any reported problems without continuing to apply 
large amounts of money. Furthermore, the developer was somewhat resistant to participating in a 
government-led IPT environment to mitigate these issues. Again, the V-22 program office turned to 
SPAWAR Pacific to assume a lead role in government oversight of the AMEGS development effort 
and to spearhead the efforts to open the AMEGS architecture and convert the product to an open, 
Java-based, web application maximizing use of open source products. To date this effort has been 
largely completed and the ground station capability resident in CAMEO today is a direct result of 
these efforts. 
 
Another on-going related effort being undertaken in the CAMEO arena is the development of an 
open architecture, non-proprietary back office capability, loosely referred to as CAMEO Back 
Office (CBO). CBO encompasses a variety of technical publications support capabilities mostly 
involving the production and fleet release of technical data within the IETM. In that sense, it can 
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primarily be viewed as the technical data authoring environment. CBO has had a varied past; the 
initial V-22 authoring capability was based on a JIMIS system authoring technical data in native 
SGML. It was deemed in-efficient and costly so the Bell/Boeing team decided to develop their own 
authoring system in the late 1990s. The system was known as the Publications Data Authoring Tool 
(PDAT) and is still in use today. It is an Oracle Forms based application that allows authors to 
author technical data directly into an Oracle database mostly based on MIL-D-87269 data schemas. 
[13] While somewhat effective from an authoring point of view and despite the fact that is 
government owned, PDAT still is costly to maintain and because of its closed architecture, the V-22 
program office began evaluating replacement alternatives in 2004. They funded a prototype 
development effort known as Collaborative Digital Data Environment (CDDE) to determine the 
feasibility of developing an open architecture, government-owned, standard back-office authoring 
environment while again maximizing the use of open source products. Several proof-of-concept 
initiatives were undertaken but funding dried up a year later and the efforts were never completed. 
The CDDE effort did however lay the ground work for future efforts in the CBO arena, to be 
described later. 
 
It should be noted that all of these efforts exhibit common goals:  

• move away from proprietary solutions 
• open up closed architecture applications 
• leverage off of open source products where possible 
• seek to drive down product life cycle sustainment costs 
• develop these products as a community operating within an IPT environment. 

 
CAMEO Development Status 

 
The development of CAMEO V1.0 is complete.  Development activities to support CAMEO 
capabilities planned for release in CAMEO V1.1 and V1.2 are underway.  The timeline in Fig. 1 
represents the planned release schedule for CAMEO versions V1.0, V1.1 and V1.2. 
 

 
Fig. 1:  Planned CAMEO Release Schedule V1.0 – V1.2. 

 
At the time of this writing, the initial roll out of CAMEO Version 1.0 for V-22 is underway.  The 
HX-21 Air Test and Evaluation Squadron was selected as the first release site for CAMEO in 
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keeping with their test and evaluation mission. The roll out of CAMEO to HX-21 started in early 
January 2009 and is planned to finish by the beginning of February 2009 for the first candidate 
aircraft.  
 
CAMEO V1.0 
 
CAMEO version V1.0 capability includes: 
§ An integrated ground station and IETM 
§ Increment 1 of Structural Appraisal of Fatigue Effects (SAFE) and Fatigue Life Expended 

(FLE) 
§ Increment 1 of the planned Automated Logistics Environment (ALE) architecture 

 
A major goal for CAMEO that was accomplished in V1.0 was to combined ground station 
capabilities with the technical documentation required to maintain the V-22 on a single platform.  This 
effort reduced the server footprint and facilitated the capability to link diagnostic faults and work 
orders to corresponding maintenance procedures.  CAMEO V1.0 also provides the framework to 
integrate previously stand-alone tools into a single automated logistics environment.  
 
The purpose of Increment one of SAFE/FLE in CAMEO is to collect data related to usage based 
fatigue tracking for a given flight during flight debrief; packaging that data; and then automatically 
transferring the data to the Fleet Support Team archive and SAFE team.  SAFE team members 
analyze the data and use it to create a SAFE/FLE report for tracked airframes and components. [14] 
FST team members use the data to support fleet diagnostics, troubleshooting, data mining, and 
development of prognostics and CBM health indicators. 
   
CAMEO V1.1 
 
CAMEO V1.1 builds on the architecture provided by V1.0.  The major capabilities in this release 
consist of:  
 
§ BIT Trending Diagnostics 
§ Enhanced Rotor Track and Balance Tool 
§ Parts Life Viewer (Maintenance Planner Increment 1) 

 
The Built-In Test (BIT) Trending Diagnostics capability analyzes faults across multiple flights, aircraft 
and engines.  The BIT Trending capability can be used to correlate and report on success/failure 
statistics against performed maintenance data to help diagnose and is intended to ultimately predict 
component failure and allow maintenance or component replacement prior to loss of operational 
capability. 
 
The Rotor Track and Balance (RTB) Tool provides visualization capability and performs calculations 
based on on-board reported data which allows the maintainer to manage rotor track and balance 
weights and pitch link adjustments. 
 
The Parts Life Viewer (Maintenance Planner Increment 1) provides the maintainer a view of aircraft 
expended and remaining component life in near real-time combined with maintenance scheduling and 
interval data. 
 



AIAC-13 Thirteenth Australian International Aerospace Congress 
 
 

Sixth DSTO International Conference on Health & Usage Monitoring 

 
 
 
CAMEO V1.2 
 
CAMEO V1.2 extends the architecture provided by V1.0 and V1.1.  The major capabilities in this 
release consist of:  
 
§ FLE Increment 2  
§ ALE Architecture Increment 2  
§ Maintenance Planner Increment 2 (Up-line Reporting plus) 

 
FLE Increment 2 provides for additional QA of data collection and error detection as well a 
mechanism to correct flight and configuration data at flight debrief to give the most accurate data 
possible as close to the time of flight as possible to make the best decisions about fatigue life. 
 
ALE Architecture Increment 2 re-factors CAMEO Diagnostics, Maintenance Control, and 
Publications mission application components to integrate ALE Model and ALE Systems Services 
using Web Services in lieu of Win32 API libraries. 
 
Maintenance Planner Increment 2 incorporates the up-line reporting capability which associates 
aircraft maintenance readiness status histories, aircraft configuration status histories, and BIT 
Trending for aircraft reported failures across a selectable collection of aircraft and flight timelines.   
 
CAMEO Roll-out Planning  
 
As part of the release for the CAMEO application, logistical efforts for transforming the existing 
hardware infrastructure begin to take place, though ensuring funding is available to procure 
equipment requires planning a few years in advance of the planned release.   Procuring the necessary 
equipment to facilitate the CAMEO application’s release to the fleet was started nine months in 
advance of the target release date for the application.   
  
Part of the CAMEO application’s construct involves taking two legacy applications, the IETM and 
AMEGS toolset, and integrating the software while reducing the physical footprint that currently 
exists in the fleet.  The IETM and AMEGS applications are both typically configured to operate in a 
server-client architecture, and CAMEO follows that same configuration as well.  When the CAMEO 
application is released, this footprint of two servers will be reduced to one server thus saving the 
requirement to procure, refresh, and maintain two sets of IT equipment.  Specifically for V-22, some 
of the equipment being reduced because of CAMEO was out-dated, under-powered, and/or no 
longer supported by the manufacturer’s warranty thus requiring the program office to eventually have 
to procure new equipment if it were to maintain two separate footprints.   
 
Another challenge that was anticipated and is being encountered as the release of the CAMEO 
application approaches was ensuring that adequate support for the CAMEO user community was 
available to address all facets of the capabilities that the application provides.  With numerous 
contributors in the development of the total CAMEO application, each having their own expertise in 
a given aspect of the overall application, the challenge of providing the CAMEO end-user with a 
comprehensive, structured, timely and efficient support system that could address any facet of the 
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total application presents a unique challenge to the supportability of the CAMEO system application 
when it is fielded.   
 
From the CAMEO end-user perspective, it is important to provide a single point of contact or 
reference to address the issue.  At each installation that the CAMEO application is being deployed 
to, a system administrator will serve as the focal for customer support.  The CAMEO system 
administrator will address local issues such as information assurance and security maintenance, IT 
oversight, equipment custodial duties, as well as general application issues response and 
troubleshooting.  If the issue cannot be resolved locally by the CAMEO system administrator, they 
will contact the specific CAMEO functional experts for in-depth analysis and resolution path.  As the 
CAMEO application matures the intent is to move away from local system administration support to 
a 24/7 remote support via telephone, internet, and email.   
 

Agile Development 
 
The V-22 Program Office established the V-22 ALE Integrated Product Team (IPT) to oversee the 
development of the V-22 Automated Maintenance Environment (AME), which includes IETM, 
AMEGS, and CAMEO (which integrates both the IETM and AMEGS).  The Joint CAMEO 
Development Team (JCDT), chartered by the ALE IPT, has defined the CAMEO Development 
Process, which describes each activity, activity work product, and review necessary to accomplish 
the development of CAMEO. 
 
Agile development is an iterative and incremental (evolutionary) approach to software development 
which is performed in a highly collaborative manner by self-organizing teams within an effective 
governance framework with "just enough" ceremony that produces high quality software in a cost 
effective and timely manner  which meets the changing needs of its stakeholders. [15] 
 
The CAMEO Development Process supports multi-platform collaboration, multi-discipline IPT 
working groups, in an open source agile development environment.  The agile process shown in Fig. 
2 enables identification and evaluation of early emerging capability opportunities, capability prototype 
and fleet feedback, capability development and validation, and adoption by the fleet user community. 
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Fig. 2:  CAMEO Development Process Flow. 

 
The JCDT is responsible for developing the CAMEO Concept of Operations, Capability 
Descriptions, including incremental capability developments, System Architecture, and the CAMEO 
Version Schedule.  The JCDT conducts regularly scheduled reviews (typically bi-monthly) to review 
CAMEO, including Capability definition, Prototype activity, Development status, and System 
Support activity.  The JCDT directs on-going efforts of the constituent IPT (s), and evaluates 
feedback from the Teams for future action. 
 
The Prototype Team develops CAMEO capability prototypes for engineering and end user 
evaluation.  Results are evaluated by the JCDT, and prototyped capability may be assigned for 
development in a future version.  Prototype efforts may be as short as a few weeks, or may be 
considerably longer, but are evaluated typically monthly. 
 
The Version Development Team is responsible for implementing the CAMEO Capability allocated to 
a particular version by the JCDT.  The IPT is responsible for component development, development 
spiral integration and test, system test, and version release.  Versions are typically scheduled for 3 
month development cycles.  Release decisions are evaluated and approved at the JCDT.  (A 
particular version may not meet JCDT determined release criteria, and in that case, the version 
capability content is re-evaluated, and individual capability may be assigned to a succeeding version 
development activity, assigned for analysis, assigned for prototype, or canceled) 
 
The System Support Team is responsible for CAMEO Site preparation, installation and checkout, 
in-service support, and Fleet level engineering support.  Team members across the CAMEO 
stakeholder community are members of or support, directly or indirectly, the System Support Team. 
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Open Source Development 
 
Open Source is a development method for software that harnesses the power of distributed peer 
review and transparency of process. The promise of open source is better quality, higher reliability, 
more flexibility, lower cost, and an end to predatory vendor lock-in.  Open Source development 
promises open, collaborative development among individuals, industry, and nonprofit organizations. 
[16] 
 
CAMEO recognizes Open Source development as a necessary condition to collaborate across 
platforms and programs, and as an enabling methodology aligned with CAMEO ALE Architecture 
re-factoring.  
 
Legacy AMEGS, IETM, and CAMEO mission applications are largely government owned software, 
but use proprietary software at various layers, and ubiquitously use Win32API libraries thus binding 
the mission application, in all aspects, to a particular Windows version and hardware applicability.  
Proprietary solutions likewise tend to integrate or bundle the application vertically, making integration 
of additional component capability problematic at best, or impossible.  Each proprietary solution 
vendor must be capable of managing the technical refresh and security posture of the product for the 
CAMEO life cycle, which may not be possible.  (Several AMEGS components are no longer 
supported or supportable).  
 
CAMEO ALE Architecture re-factoring is planned across Vertical mission areas (Diagnostics, 
Maintenance Control, Publications) and Horizontal system layers (User Interface (View), Business 
Application (Controller), Model, Services (Security in particular), Operating System, Hardware, 
Network).  A significant re-factoring goal is to isolate User Interface, Security, Operating System, 
and Hardware components as “commodities” integrating standards based Open Source interfaces 
for access.  Further, a re-factoring goal is to normalize the User Interface, Business application, and 
data model as Web Application(s), using security aware mechanisms (HTTP, TLS, XML, Browser 
viewable (HTML, Plug-ins as required)). 
 
The migrations are incremental, and scheduled to complement planned capability increments for each 
release.  CAMEO Open Source migrations that are in-work are identified in Fig. 3 below. 
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Fig. 3:  Open Source Migrations. 

 
The CAMEO Data Store migration to Open Source was initiated to meet CAMEO Version 1 
capability goal of Legacy IETM and AMEGS Platform consolidation.  AMEGS includes Sybase 
[17] as the data store; while Legacy Phoenix IETM includes Oracle [18] as the data store.  
Significant resource collisions occur attempting to co-locate Sybase and Oracle on the same 
platform.  CAMEO analysis concluded migration the IETM Oracle data store to XML files 
organized by directory and file naming convention provided dramatic increases in performance (on 
the order of 60X), due in part to the hierarchical nature of the IETM.  Concurrently, analysis 
concluded that a migration to an Open Source data store to replace Sybase would be warranted, 
largely to deploy the Ground Station across all CAMEO platforms without incurring platform license 
cost.  Several Open Source data stores were examined, including MySQL, PostgreSQL, and 
Derby, [19, 20, 21] with PostgreSQL selected due primarily to superior time handling features, 
which are fairly critical for Ground Station applications. 
 
CAMEO prototype efforts include use of Open Source XML repository (Oracle Berkley DB – 
XML). [22] CAMEO anticipates incorporating the repository at least for Fleet views of Diagnostics, 
Prognostics, Reporting, and Data Mining Mission Applications. 
 
CAMEO Web Services migration intends to implement Mission Applications as Web Services, and 
to normalize MVC layer interfaces as Web Services, meeting network and security guidelines.  
CAMEO Version 1 new capability Mission Applications are implemented as Web Services, using 
Open Source Java [23], Apache – Tomcat [24], HTTP, TLS, and Browser displayable GUI(s).  
CAMEO Version 1.X (beginning with 1.2) supports incremental re-factoring to Web Service 
applications, with each Mission Application implementing Web Service API(s) to the ALE Model 
and ALE Services layer components.  Additional CAMEO increments support Mission Application 
internal re-factoring to MVC Web Services architecture. 
 
AMEGS interface to the Air Force Maintenance Information System (IMDS CDB) uses 
WebSphere MQ [25] series messaging, which is replaced by the Air Force with a Web Services 
interface (HTTP, TLS, XML, SOAP).  CAMEO implemented the Web Services interface using 
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Open Source (Java) standard Web Service packages.  AMEGS is also using a proprietary 
SSH/FTP interface for transferring Flight Data up-line.  CAMEO implemented a standard secured 
Web Service interface (HTTP, TLS) for this automated feature. 
 
CAMEO Operating System Migration follows Technical Refresh timelines, but also considers Open 
Source advantages to stabilize the Timeline and reduce the Security liability.  CAMEO Version 1 is 
implemented using Windows 2003 Server and Windows XP, now both at or near end of life. [26] 
CAMEO prototype efforts include Windows Vista and Windows 2008 Server, and soon Windows 
7, as well as Windows Browsers (IE 7, IE 8).  CAMEO is actively prototyping Linux operating 
system version(s), and will soon include Open Solaris, along with “.NET free” browsers (FireFox 
and Chrome). [27, 28]  Uncertainty regarding Vista longevity given Windows 7 beta release adds 
some urgency to the operating system prototype efforts. 
 
CAMEO Version 1 implemented Identity Management solutions using Active Directory Application 
Mode (ADAM), which is included with Windows 2003 Server and Windows XP.  ADAM is not 
included with the Windows Vista distribution, but may be added at additional license. CAMEO 
Version 1.2 is migrating to OpenDS, an Open Source Directory Service.  (Open Solaris and 
OpenDS are seeded from Solaris 10 and Directory Server application, respectively.  Sun remains 
committed to migrating Solaris OS and selected core applications to Open Source). [29] Network 
Security requirements necessitate use of securable Identity Management server applications, typically 
built using directory services applications that implement DoD PKI and secure multi-master 
replication. [30] 
 
 

Collaboration Opportunities 
 
In late 2006, the V-22 program initiated dialog with the E-2D Advanced Hawkeye program to 
determine if there were any potential cross-platform developmental collaboration opportunities to be 
exploited. Despite the fact that V-22 is a rotary wing aircraft and E-2D is a fixed-wing aircraft, 
discussions uncovered several areas of collaboration that might serve to benefit both platforms. A 
somewhat informal partnership was formed and participants from the respective technical 
publications organizations (government and industry) began holding Technical Interchange Meetings 
(TIMs) to determine what those specific collaboration opportunities would be. The V-22 program 
was already well into the CAMEO development cycle while E-2D was still evaluating available 
IETM and AME options. As a first step in collaboration, the V-22 program furnished all CAMEO 
documentation and source code to the E-2D program. At the same time the E-2D program was 
holding discussions with the VH-71 Presidential Helicopter platform on collaborating on the 
development of ALE capabilities associated with the NAVAIR Standard IETM Viewer (NSIV).  
 
The three programs discovered that there were several overlapping common areas of interest that 
could form the basis of a collaboration which would ultimately benefit all three programs. 
Collaboration in this context primarily means sharing development of commonly used tools, services, 
and components where possible and practical. But this collaboration can extend to the use of 
expertise as well where one platform (that has already charted a course of action) might offer up its 
Subject Matter Experts (SMEs) to “bootstrap” another program in a particular area of need. The 
basic premise of all collaboration described herein is “one time development and multiple use”. 
Where one platform has a need to deviate from the provided service or product, that platform would 
modify the available capability or develop their own, as appropriate. In a worst case scenario they 
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would have had to do that anyway- in a best case scenario the development effort is eliminated or 
minimized. 
 
The following subsections will examine these common areas of interest, detail the agreed-to areas of 
collaboration, and describe the areas of platform-specific development that resulted from the 
technical interchanges. The partnership formed by the three programs has come to be known at the 
Axis of Maintenance and will herein be referred to as AOM. 
 
All three programs forming the AOM share an interest in the previously stated goals of avoiding 
proprietary solutions, developing open architecture solutions, and maximizing the use of open source 
products while minimizing life cycle costs. To that end, they all three have expressed interest in (1) 
converting and housing their technical publications data in an S1000D standard schema, (2) using the 
government owned S1000D viewer (NSIV), and (3) developing or adopting government owned 
ALE capabilities, as applicable. A collateral goal that naturally falls out of these efforts is the 
emergence and availability of even more ALE capabilities that can be shared across the enterprise by 
other interested platforms. The ALE capabilities in question loosely fall within two subcategories- 
those associated with direct maintenance of the aircraft (ALE-enabled IETM or AEI) and those 
associated with down-loaded aircraft/flight data (Ground Station or GS). 
 
The benefits of adopting the use of S1000D to standardize the authoring and sustainment of technical 
data have been well documented. All three platforms within the AOM are migrating to S1000D, 
either through on-going or planned conversion activities or through initial authoring of their technical 
data to S1000D standard as it is being developed.  Having data in an S1000D format naturally 
dictates the requirement to use an S1000D capable IETM viewer to present this data to the flight line 
maintainer. [31] 
 
NAVAIR committed to the development of NSIV in the second quarter of 2006. The vision was to 
develop a fully capable Type II/Class 4 IETM that was wholly owned by the government, and 
therefore could be implemented according to government requirements, would be free of all license 
or purchase expenses, and could be provided at no additional cost to any program or entity wholly at 
the discretion of the government. The viewer was to provide the capability to view both MIL-STD-
3001 structured tech data and data conforming to the much more robust S1000D international 
specification for technical publications. All three platforms of the AOM are in some stage of NSIV 
adoption and use. 
 
With respect to ALE capabilities, VH-71 has funded the development of ALE-enabled IETM 
capability which is currently proprietary and which integrates ALE work order processing capabilities 
(among others) with the NAVAIR provided NSIV IETM. NAVAIR is currently working to make 
this a government owned capability. In the meantime E-2D has decided to adopt this same capability 
for their platform use. V-22 on the other hand has pursued a government owned fully integrated 
AEI/GS system in CAMEO but doesn't currently have an S1000D viewer. So how can these 
programs collaborate in this seemingly incompatible situation? The programs derived an architecture 
that supports the use and integration of both capabilities to allow maximum utilization by all three 
AOM participants. Fig. 4 shows this architecture as currently envisioned. The architecture shown 
allows maximum reuse of the specific ALE components or services required by the platform in 
question. Where platform specific data boundaries are encountered the individual platforms will 
provide their own features/capabilities. 
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Fig. 4:  ALE/IETM Left/Right Architecture. 

 
The management of collaborative development efforts requires someone to act as “traffic cop”. Left 
to their own devices, individual developers will tend to deviate from the common good and lapse into 
platform-specific bad development habits. The AOM recognized this shortfall and established 
SPAWAR Pacific as their enterprise level system integrator. A chart reflecting this notional 
community organization is presented in Fig. 5.   
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Fig. 5:  Community Collaboration Org Chart. 

 
This enterprise integrator position has the responsibility of ensuring that all community development 
efforts are coordinated efficiently, schedule requirements are known and adjudicated, resources are 
managed across the enterprise, new capabilities are vetted properly within the enterprise repository, 
and development and sustainment issues are exposed to the community for early and effective 
mitigation. 
 
Recently a fourth platform has expressed interest in joining the Axis of Maintenance. The H-1 
Upgrade program has many of the same requirements as the V-22 program. Additionally, they share 
a common deployment platform and could benefit even greater from collaboration (with V-22) by 
reducing the shared shipboard logistics footprint. Furthermore, they share a common platform 
developer and associated technical data authoring. As such the V-22 program recently briefed the 
H-1 Upgrade program on the collaborative efforts of the AOM and how H-1 could realize a 
significant return on Investment by migrating to an S1000D data standard, adopting the NSIV 
viewer, collaborating on development of a common authoring environment (common between H-1 
and V-22), and implementing ALE. 
 
 

Collaborative Attributes of CAMEO System Architecture 
 
The CAMEO ALE Architecture implements Model, View, Controller (MVC) layer separation for 
Mission Applications, and provides ALE layer capability for ALE Model Repository, ALE Services, 
including Network and Security services.  A Thin-client, Web Services, Open Source design for 
CAMEO Mission Applications supports collaboration and the development of platform specific 
“plug-ins”.  The CAMEO – ALE Layer diagram in Fig. 6 identifies platform specific capability “plug-
ins” that are in work, either on a development timeline or as prototypes. 
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Fig. 6:  ALE Layer View. 

 
Diagnostics Applications are seeded from AMEGS, re-factored to CAMEO Diagnostics.  V22 IPT 
continues to re-factor the Diagnostics to meet the CAMEO MVC architecture goals, while 
concurrently, E2D IPT is modifying CAMEO Diagnostics and Data Model to meet E2D capability 
requirements.  The JCDT IPT mediates consolidation of baseline components, and platform specific 
plug-ins, in this case, CAMEO V1.2 is identified as the next opportunity for normalization of the V22 
and E2D Diagnostics and ALE Model components. 
 
Maintenance Applications are seeded from CAMEO Maintenance Web capability, but prototype 
“plug-in” incorporation for E2D and VH71 is in work.  This effort is partially dependent on the level 
of E2D and VH71 incorporation of the NSIV Publication Application. 
 
Publications Applications include the CAMEO Phoenix based IETM and the NSIV S1000D 
compliant IETM Viewer.   E2D, VH71, and H1 are committed to S1000D compliant IETM, and 
are supporting NSIV in either a development or prototype timeline or both.  V22 is committed to an 
S1000D compliant IETM and supports development of the NSIV viewer and data migration (for H1 
and V22) to S1000D, while concurrently prototyping Phoenix and support environment (PDAT / 
CBO) migration to S1000D compliant IETM. 
 
The CAMEO ALE Architecture, enabled by collaborative development of a largely Open Source 
AME, allows a collaborative Fleet Support Activity shown in Fig. 7. 
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Fig. 7:  Fleet Support Team Collaboration. 

 
CAMEO Fleet Server(s), deployed as a component of the Fleet Readiness Center (FRC), and 
managed by the Fleet Support Team (FST), provides global CAMEO access to the ALE User 
community. 
 
CAMEO Diagnostics Views are provided by Platform Type; Fleet, Unit, and Aircraft view, as well 
as across platform (for example, view availability statistics and/or parameters related to diagnostics 
data, supported by an automated OOMA / Deckplate interface). 
 
FST Views provide for automated Aircraft Data Archive, Aircraft Management (Delivery, Aircraft / 
Engine Data Transfer; Unit, I-Level, Depot, OEM), reference IETM, CAMEO update facility 
(assisted software and data update download and install), and access to CAMEO Prototype(s) for 
evaluation. 
 
The global perspective and connectivity at the FRC allows centralized update and distribution of 
CAMEO software and data released by the CAMEO System Support Activity Team.  The FRC 
hosted prototypes also allows early and often evaluation of prospective CAMEO capability across 
the full spectrum of the CAMEO community. 
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Summary/Conclusions 
 
From the big-picture perspective, the individual “stove-pipe” development processes which 
programs have been pursuing to date for their CBM+/PHM/AME/ALE activities must shift to a 
collaborative effort in order for DoD to achieve its goals of minimizing acquisition costs while 
maximizing capabilities and  return on investment for all weapon system platforms.  We believe we 
are on a development path which provides great benefits for the V-22 program specifically, as well 
as other Naval aviation programs, and potentially weapon systems programs across DoD with similar 
CBM needs, looking for opportunities to reduce their development and sustainment costs. 
 
The introduction of CAMEO to the V-22 fleet in 2009 will allow for a more seamless integration of 
data processing within a single system than the legacy products do today. Not only does it provide 
footprint reduction and increased capability for the maintainers, but it also provides a baseline for 
incorporation of many additional capabilities in the years to come. 
 
The unique nature of CAMEO as an open-source, non-proprietary AME allows maximum flexibility 
for rapid incorporation of emerging technology and new requirements as well as inexpensive re-use 
across other aircraft programs interested in leveraging off of an existing AME solution or 
collaborating on a common AME solution, regardless of the airframe OEM or data recording system 
vendor. 
 
The initial collaboration activities between the multiple weapon system programs has started 
momentum down a path of open source, shared products which has gained the attention of other 
program offices eager to participate in the collaborative development for the benefit of all the 
participants. 
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