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Abstract: This paper describes the implementation of a 

powerful information exploitation system based on OSA-

CBM Standard for aerospace applications. The technologies 

that underpin this framework encompasses research in such areas 

as, information extraction, data mining, decision support, 

information integration, and distributed software systems 

engineering, besides the management of domain knowledge in 

aeronautics.  The system permits just-in-time vehicle 

operational data to be automatically collected, and to be 

processed either on-board or off-board in order to determine 

the health or state of any equipment. The resulting and 

supporting data sets are sent to an integrated ground system 

for further processing and/or as maintenance system input.  

The system also improves the prediction and prevention of 

serious problems in vehicles by reporting on their health 

details using the collected data. Further, the system 

proactively offers suggestions on replacement components, 

when necessary. The technologies that encompass the system 

can be applied to not only aerospace applications, but also 

many other condition-based maintenance systems including 

such areas as, oil and gas industries and rotating machinery 

management in shipping industry. 
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1. Introduction 

 

Many engineering companies employ a variety of standards 

for maintaining their equipments. Unfortunately there is little 

interoperability between them, mainly because they have 

evolved independently and over extended periods of time. 

MIMOSA (Machinery Information Management Open Source 

Alliance) is an alliance formed to bring all stakeholders and 

interested parties together so that issues involved in CBM 

(Condition Based Maintenance) [1] can be addressed using 

several unified and comprehensive Standards. This project 

concerns the implementation of MIMOSA-CBM Standard for 

aerospace applications. The Standard provides a systematic 

documentation of the following aspects of work/modules 

involved in CBM operations: data acquisition, data 

manipulation, state detection, health assessment, prognostics 

assessment and advisory generation. In this paper, only the 

first three modules are considered and their implementation 

details described. The design and development of a 

comprehensive GUI (Graphical User Interface) for the CBM 

standard is addressed in this paper. Further, a systematic way 

to facilitate coding/programming of the modules is achieved 

through an auto-coding mechanism, whose design and 

development have also been detailed in this paper. 

 

The rest of the paper is organized as follows:  section 2 of the 

paper provides a quick overview of the OSA-CBM standard, 

while section 3 provides a brief overview of the software 

system. Section 4 describes the overall architecture of the 

system and section 5 illustrates the business logic layer which 

the core part of the whole system. Section 6 and section 7 

present information about development of the GUI and the 

auto-coding mechanism, respectively. Section 7 also gives 

pseudo-code of core fraction of the auto-coding function. 

Section 8 addresses the potential outcomes of the system, 

followed by a conclusion of the paper and remarks as well as 

potential applications the system in section 9. 

 

2.  What is OSA-CBM? 

 

The OSA-CBM (Open Systems Architecture for Condition-

Based Maintenance) is architecture for transporting 

information in a condition-based maintenance system.  To 

implement CBM systems, the task of integrating a wide 

variety of software and hardware components as well as 

developing a framework for these components is inevitable. 

With OSA-CBM this process can be simplified, since the 

CBM standard specifies a Standard architecture and 

framework for implementing condition-based maintenance 

systems.  

 

The OSA-CBM standard describes the six functional blocks 

(Fig. 1) of CBM systems, as well as the interface between 

them.  
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The first three blocks are typically technology specific (e.g., 

vibration monitoring, temperature monitoring, electrochemical 

monitoring) and provide the following functions: 

 

Data Acquisition (DA): The DA module converts an output 

from a sensor (e.g., a transducer) to a digital parameter 

representing a physical quantity and related information (such 

as, time, calibration, data quality, and data collector utilized 

and sensor configuration). 

 

Data Manipulation (DM): The DM module performs signal 

analysis, computes meaningful descriptors, and derives virtual 

sensor readings from raw measurements. 

 

State Detection (SD): The SD module facilitates the creation 

and maintenance of normal baseline “profiles”, searches for 

abnormalities, whenever new data are acquired, and 

determines in which abnormality zone, if any, the data belong 

to (e.g., alert, alarm, etc). 

 

The subsequent three blocks combine human concepts with 

monitoring technologies in order to assess the current health of 

the machine, predict future failures and provide recommended 

action steps to operations and maintenance personnel: 

 

Health Assessment (HA): The HA module diagnoses any 

faults and rates the current health of the equipment or process, 

considering all state information. 

 

Prognostics Assessment (PA): The PA module determines 

future health states and failure modes based on the current 

health assessment and projected usage loads on the equipment 

and/or process, as well as remaining useful life. 

 

Advisory Generation (AG): The AG module provides 

actionable information regarding maintenance or operational 

changes required to optimize the life of the process and/or 

equipment.  

 

Due to scope limit of this project, only the three upper blocks 

have been considered and implemented. 

 

3. An Overview of the Software System 

 

The software system is aimed at offering a capability to 

automate the process of setting configuration and customizing 

a CBS system for automatically collecting operational data 

and maintaining each vehicle through a single rich GUI. When 

suitably combined with other available in-house information, 

the system creates a powerful foundation to managing 

information on vehicle’s health.  

 

The system is implemented on Java platform along with 

Swing [4], a widget toolkit for Java, for GUI development. To 

add elegance into the look and feel, the JGoodies [2] libraries 

which provides the ability to create sophisticated, professional 

and rich user interface, has been used. The system employs 

JGraph (a java graph visualization and layout component) [3] 

to enrich user interaction features, which include the ability to 

drag and drop modules or functional blocks; along with setting 

up the relationship between them so that one can build 

customized heath management configurations for a specific 

vehicle.  

 

An auto-coding mechanism facilitates coding of the modules 

by automatically generating structure codes, which reduces the 

coding time and increases the quality of the code. The auto-

coding facility generates code based on the configuring details 

of various modules as produced through the GUI. 

 

The three principal aims of the system are as follows: 

 

1. Provide a single sophisticated, rich user interface a long 

with great user interaction feature to assist construct 

modules. 

2. Auto-code some parts of codes of the modules to increase 

both the efficiency and effectiveness of coding. 

3. Develop an open, expandable, OSA-CBM compliant 

system for integrated vehicle health management. 

 

4. Overall Architecture of the System 

 

Fig. 1: OSA-CBM Functional Blocks 

(sourced from MIMOSA) 
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The system being developed encompasses several 

technologies, research themes and industrial standards.  The 

architecture of the system is component based and, as a 

consequence, it permits dynamic composition of research 

tools, systems, libraries and algorithms. The system employs a 

3-tier architecture (see Fig.2), which follows recommended 

coding standards. In this model, processing is distributed 

between client and the server, and business logic is captured in 

the middle tier. This architecture isolates each major piece of 

functionality, so that the presentation (user interface) is 

independent of the processing rules and business logic, which 

in turn is separated from the data layer. This model greatly 

reduces maintenance cost and increases functional flexibilities. 

 

 

 

5. Business Logic Layer 

 

In this system, the Business logic layer is separated from other 

modules which are Data access layer and user interface (or 

presentation layer). As a consequence, the business logic of 

the system can often withstand modifications or replacements 

of other tiers. With this design, the Data access layer could be 

rewritten to retrieve data from a different database/s, without 

affecting any of the business logic. Furthermore, in this system 

the Data access layer is designed in such a way that when 

support of a different database is needed, it could be added 

easily without changing existing codes (see Fig. 3a, Fig. 3b 

and Fig 3c). 

 

 
 

 

Fig. 2: System Overall Architecture 

Fig. 3a: Business Entity and Business Logic packages in 

Business Logic Layer 
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Fig. 3b: Data Events package in Business Logic Layer 
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In the Business logic layer, classes are grouped into three 

different packages, namely, BusinessEntity, BusinessLogic 

and DataEvent. The BusinessEntity package contains all entity 

classes including Project, Module, DataEventSet, Outport, 

OutportSet, and Attributes. While the BusinessLogic package 

contains classes, which manage the activities occurring in the 

system, such as, adding/editing/deleting of a module, and, 

auto-code generation. The DataEvents package contains 

classes, which represent all types of data events customized 

for each CBM functional block. 

 

6. Development of the GUI 

 

JGoodies libraries and JGraph package, in addition to pure 

Java Swing, offers our system a rich, elegant and interactive 

user interface as shown in Fig. 4.  

Fig. 3c: Business Logic Layer 
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Fig. 4: Edit Modules Inter-Connections 
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Fig.4 shows two of the main screens in the system through 

which a user manages modules and their relationship. Each 

module represents an instance of a functional block in OSA-

CBM model. 

 

The upper image is the AddEditModule, which is a single user 

interface, where the user can add new module or edit an 

existing one. Through this window, the user can provide 

information for a module along with its handle list used to 

identify the Outports of interest. An outport contains 

configuration information for one channel output by the 

module. Moreover the user can also input data for events 

associated with the module. 

 

The Connection Window in Fig.4 provides the user a means to 

manipulate relationship between modules in a given project. In 

this window, the user can interact with the modules and define 

relationships among them by clicking and dragging modules. 

The user can also re-arrange modules by moving them around 

in the window. The positions and relationship among the 

various modules will be saved after that with just a single click 

using the Save button. 

 

7. Development of the Auto-Coding Mechanism 

 

The auto-code mechanism works by reading stored 

information of modules and their configuration retrieved from 

database and then begins to write source code. At present, the 

generated source codes are written in C++. However, any 

other language (e.g., Java, C#) can be added at a later date 

without much difficulty. After the source codes are generated, 

they will be beautified, formatted and indented based on a 

style-file defined by user. The user can set styles in a separate 

styles file or use predefined style options, including style 

ANSI, GNU, KR, Linux and Java. Fig.5 shows the pseudo 

code for the auto-coder, while Fig.6 shows the flow chart of 

the software architecture of the auto-coder. 

 

 

 

 

1. Generate .h file for a module 

2. Generate .c file for a module 

 

1.1 Build module file name string based on full module name and module type provided by the user 

1.2 Create a new file 

1.3 Write data into the file 

1.4 Close the file 

1.5 Beautify generated file 

 

2.1 Get data event set of a module 

2.2 Build module file name string based on full module name and module type provided by the user 

2.3 Create a new file 

2.4 Write constructor and public methods into the file 

2.5 Get data events of the retrieved data event set 

2.6 Check whether the user wants to auto-code the performFrame method, if yes write performFrame method code 

2.7 for (i = 0; i < events.size(); i++) write code for each data event 

2.8 Close the file 

2.9 Beautify generated file 

 

 

Fig. 5: Pseudocode for the Autocoder 
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Fig. 6: Flow Diagram of the Software Architecture of the Autocoder 
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8.  Potential outcomes of the System 

 

The potential outcome target for the system is to establish an 

integrated vehicle (or asset) health management environment 

that improves the efficiency of asset administration, and 

reduces the annual expenses of maintenance with direct 

savings to aerospace industry, resulting in a considerable 

economic benefit and the potential for major associated 

commercial outcomes. 

 

For asset-rich industries, outcome benefits come in the 

following three ways: 

 Reduction in the direct cost of asset health management 

that forms the unit cost of an asset management process. 

System integrators and vendors will not have to spend 

time re-creating new or proprietary architectures since this 

system was developed based on OSA-CBM. 

 Reduction in the life-cycle cost of ownership of assets 

through improved asset management technology and 

practice. 

 Improved productivity derived from improved asset 

management input to decisions on replacement, repair, 

down-time, etc. 

 

Even though the initial work has been aimed at aerospace 

industry, the system is not limited to the aerospace industry; 

indeed this is the case for the OSA-CBM Standard also.  The 

system can be readily customized to provide enhanced 

integrated asset management solutions for other similar 

industries, including oil and gas industries; thus increased 

competitiveness in the marketplace can be achieved. These 

outcome models are summarised in Table 1. 

 

Table 1: Potential Outcomes 

INDUSTRY 

CATEGORY 

OUTCOMES  

Asset –owning 

industry participants 

Reduction in the direct cost of 

asset management 

Reduction on TCO of physical 

asset 

Increased productivity from 

asset inventory 

Service industry 

participants 

Enhanced capability to provide 

integrated asset management 

solutions 

 

9. Conclusions and Remarks 

 

The software system developed to meet the first three layers of 

the OSA-CBM Standard provides intrinsic technological 

capabilities to cater the needs of a number of applications of 

towards implementing condition-based management systems. 

The end-system has applicability to the community at large and, 

as a consequence, the system can impart condition-based 

management to a broad spectrum of technical industries. Since 

the core technologies are common to most asset-rich 

enterprises, we anticipate the technology transfer and 

knowledge transfer times to be minimal. The technologies that 

encompass the system can be applied to many application 

scenarios including such areas as, systems used in the oil and 

gas industry, and rotating machinery management in shipping 

industry. The environment also provides an infrastructure for 

imparting practical education and training in more than one 

area - software engineering, condition-based management, 

computer science, to quote a few. 

 

References 

1. “OSA-CBM Specifications”, available at: 

http://www.MIMOSA.org/downloads/types/specifications

/index.aspx  

2. “JGoodies and references”, available at: 

http://www.jgoodies.com/  

3. “JGraph and references”, available at: 

http://www.jgraph.com/pub/jgraphmanual.pdf  

4. “Java Swing reference”, available at: 

http://java.sun.com/docs/books/tutorial/uiswing/  

 

` 

http://www.mimosa.org/downloads/types/specifications/index.aspx
http://www.mimosa.org/downloads/types/specifications/index.aspx
http://www.jgoodies.com/
http://www.jgraph.com/pub/jgraphmanual.pdf
http://java.sun.com/docs/books/tutorial/uiswing/

