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Abstract. The project PASSION aims at the development of a set of new generation of maintenance services, over a wireless network, for large and geographically scattered plants. PASSION will develop and validate a complete remote maintenance management system based on a portable assistant appliance. Through the portable device, the maintenance operators will have wireless access to all the maintenance services directly from the field, during their maintenance interventions in the plants. The project development is carried on following an open component approach, on the basis of Java development environment and middleware. This approach will assure easy integration of new software components and easy migration to new hardware platforms. Two pilot applications are being developed in order to assess the project approach and evaluate the results: a ship maintenance application, and a gas distribution network application.

1. Introduction

The maintenance of large industrial plants, distributed over large areas, requires the management of complex remote activities and data flow. Examples of such systems include large transportation networks such as energy, telecommunication, railway or highway, sets of equipment located in various distant places such as ships, cars, bus fleets. Any failure in these plants constitutes a major inconvenient, which requires the intervention of field operators, and the maintenance activity is crucial for a profitable plant management. The main objective of the PASSION project is to design, develop and test a complete set of services, available from a hand held device: the Personal Digital Assistant (PDA), for the support of the maintenance and the servicing of these industrial plants.


The PASSION consortium is co-ordinated by HFRG University College Cork (IRL), which has guided the User-Centred approach followed throughout all the project, and includes 

· two end users: in the ship inspection area RINA, Registro Italiano Navale (I), and in the gas distribution area SISTEPLANT (E),

· one hand held device producer Matla Terminals (E),

· four technology providers ROBOTIKER (E), SIESA (E), SOFTECO SISMAT (I) and CRS4 (I).


The PASSION project is partially funded by the European Commission, DG XIII under the IV R&D Framework Programme ESPRIT, contract number 26753.

2. Objectives and Scope

The PASSION consortium is developing and validating a set of remote maintenance management services, which fully support the mobility of on-the-field maintenance operators integrating their work in the company production activities. The system will be based on a portable assistant appliance, specifically developed by MATLA TERMINALS. The portable device will be used by the operators during different kinds of interventions (maintenance, data collecting, planning, reporting, etc.) and will support their work allowing the connection with the corporate network. The maintenance work will be supported with a set of services which integrates the company production workflow with the maintenance procedure, and will allow to optimise and manage them in co-ordination with the other production activities.


PASSION is combining existing technologies and innovative developments: wireless communication, multimedia database, information retrieval, GPS, Human Centred Design techniques. 


Two pilot applications have been defined in order to assess the project approach: they concern the ship structures and gas distribution maintenance domains. A User Centred design and evaluation methodology tailored to the specific mobility has been used during the development of these applications. This has ensured that the resulting products correspond to real operational needs and that market, technology and research requirements converge. 

3. The User Centred Approach

A User Centred approach was one of the main guidelines in the development of the PASSION project. 
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Figure 2 – The ISO 13407 standard for user centered development activities
User-based validation has been built in to all the stages of the PASSION design process, from the first prototypes till the pre-release stage, following the forthcoming ISO 13407 standard, which provides a framework for User Centred development activities.


This first stage of the User-Centred development has required the gathering of the commitment of all the people concerned in the development process to the user-centred design philosophy. Moreover a workplan whereby there is ample time and opportunity for engaging in user requirements elicitation and testing as well as for the more technical aspects of development, has been defined. Afterwards the effort has been focused on the understanding and planning for the users’ characteristics, the tasks and the organisational and physical environment in which the system is going to be used. This knowledge has allowed to guide all the design decisions, and to provide a basis for specifying the context in which usability should be evaluated.

4. The Services designed

On the basis of the work of analysis and design carried out in the first phases of the project, the following services have been defined and designed:

· The Maintenance Services

· The Wireless Communication Services

· The Multimedia Database Services

· The Information Retrieval Services

These services are being demonstrated in two applications in the ship maintenance and in the gas distribution areas. Moreover a PDA (Personal Digital Assistant), specifically designed for the project, has been developed. The following figure 2 shows the components planned in the PASSION project.




Figure 2 – The components of the PASSION system: The services, the two applications and the PDA

The Maintenance Services support the user in the creation and the management of a maintenance plan with the activities to be done by operators. They Support the operators in the on the field maintenance work, showing the work orders and the related information, suggesting actions, allowing collection of data, measurements and annotations. Moreover it allows the localisation of the operator and the management of dangerous situations: this functionality notifies a potential dangerous situation and starts an emergency call if the operator does not send a task-concluded message after a defined time set. 


The Wireless Communication Service is a middleware written mainly in Java and equipped with a minor native part which supports the wireless connection of the hand held device with the central system. The service allows to keep using the RMI standard paradigm and provides some additional features like GSM connection management, improved fault, tolerance and reliability. It also manages data exchange sessions between the hand held device and the central system during off-line operations.


The Multimedia Object Oriented Database Service gives the system objects persistence through Versant OO database management system. The service allows the consultation, the data entry and the management of the PASSION database and manages the data upload and download from and to the hand held device and the data synchronisation. The database includes multimedia extensions, based on the MHEG (Multimedia and Hypermedia Experts Group) standard, and allows the access to external relational databases. The service maintains information about the corporate relational databases and allows to access it redirecting the queries through the JDBC-ODBC bridge to the corresponding RDMS systems.


The Information Retrieval Service allows browsing among complex information stored in technical manuals, books of rules, and documents. This service is available from the hand held device and it is based on a powerful information retrieval engine available on the market RetrievalWare (Excalibur). The user is able to connect wireless to a library server, which contains all the documentation, to browse through the documentation, to perform advanced queries and to select and visualise documents.

5. The Applications

The services developed will be applied and demonstrated in two applications, one in the Ship Inspection area and one in the Gas Distribution area.


The main objective of first application is to support the survey of a ship hull performed by RINA, the Italian ship classification society. The hull survey is a highly critical activity performed by specialised personnel, it requires the management of a large amount of documentation, and the collection of many data concerning the ship structure.

The availability of the maintenance services through the PDA allows to shorten the time required for the hull survey and to improve the quality of the service. Perhaps the most relevant improvement concerns the support of the thickness measurement acquisition, which is one of the most time consuming tasks. The measurements are input directly through the PDA to the central system where a specific OO structural database has been developed. The data can be immediately used for structural calculation and the needed repairs to the ship hull can be defined in a reduced time, thus shortening the downtime of the ship.


The second application is focused on the gas distribution in a wide area near Bilbao (SP). The gas net spreads all through the countryside along several kilometres of pipelines, and requires constant maintenance. The pipelines are periodically inspected, often not planned interventions are required, and the high criticality of the application needs fast and accurate maintenance activities. The PASSION services will be integrated with the actual maintenance software system PRISMA, and will support most of the activities performed, such as:

· Definition of the maintenance plans and of the specific work orders. These activities will be mostly carried out at the central system, and will be transferred to the specific PDA of the different operators.

· On the field maintenance work, using checklists and forms. These activities, presently performed with paper and pen, will be performed on the PDA, through the workorder, checklist and form management functions.

· Support the client assistance activities. This activity is performed on request of the client, the nearest operator will receive the request.

· Localising and supporting the operator in dangerous situation. The inspection and maintenance of the pipelines often requires activities with potential danger. The PASSION system allows the Distress Call service, which notify and manage dangerous situations.

6. The PDA

One of the main objectives of the project is the development of a PDA, which meets all the requirements of an industrial maintenance environment. It is based on the ARM processor CL 7111 and runs the EPOC OS which support Java. In its present version it can include the GSM connection and the GPS localisation hardware, a laser scanner for bar code reading and a small thermal printer, but its modular and open architecture allows an easy integration of new hardware modules. The screen is based on a backlight ½ VGA (640 x 240 pixels) Transflective LCD, capable of displaying up to 16 shades of grey.


The design of the battery package of the PDA, allows the use of standard batteries used in mobile phones. Although the power consumption may vary a lot depending on the use of the peripherals, if equipped with IonLitio or NiMh battery cells the PDA should be able to operate in normal conditions for about 8 hours, allowing a full day of work on the field. The PDA will be used in different industrial contexts and it has been designed to operate in hard industrial environment: its cover is made in shock resistant Polycarbonate and seal the sensitive electronics from rain dust and dirt.

7. The PASSION Architecture 

The general architecture of the PASSION system, which includes all the services previously described, has been built using Java and Java RMI technologies. This choice allowed a fast and modular development of all the components, and assures easy portability of the software to different hardware platforms.


The PASSION services have been designed as a set of independent Java software modules, which propose their functionality to the user. These services are linked together by a common architecture based on the Jini (Java based) lookup service.

The following figure 3 shows the architecture of the PASSION system:


















Figure 3 – The Global Architecture of the PASSION system

The services are organised in a three-tiered architecture:

· The server parts which run permanently somewhere in the system and implement the main operations required by the different services (database request, Jini Lookup request, user identity verification…).

· The service parts which run on the client machine, which may be the hand held device (PDA) or the Central Operative System (COB). The service part is instantiated each time a client wants to access the service. All the service parts access concurrently the same server part.

· The HMI, which is the Human Machine Interface of the services and with which the user interacts. It is designed as a separate object.

The HMIs are displayed by the Renderer. The Renderer is an Applet (in PDA side) or a JApplet (in COB side), launched when starting PASSION. The first service displayed by the HMI is the Connection Service. This service allows the user to enter the PASSION system, if he is a known user. Another basic service is the Kiosk Service, which communicates with the Jini Lookup. It asks the Lookup for the references of the PASSION services, and "filters" them according to the user rights. Then it proposes the user the list of available services through its HMI.

8. Exploitation

The business perspectives for the PASSION products are expected to be important: the market is large, as there is clearly a huge demand for improving maintenance operations and practices. Moreover, those needs are common to numerous industrial domains all over Europe, allowing the Consortium to expect a wide range of applications for the project results and to produce important advances for the European companies. As PASSION is based on a flexible and scaleable architecture rather than on a single, monolithic system, this will allow the implementation of different applications tailored to the requirements of the particular industrial domain addressed and to the needs of the end customer. Partners are committed to exploit the project results, and several of them are already leaders of their relevant markets and will easily get immediate benefits for their business activities.

9. Conclusions

The PASSION project is targeted on a specific market sector: the Computer Aided Maintenance Management, which is quite important and fast growing. The project is at present in its final development and evaluation phase and the software prototypes demonstrate the feasibility of the advanced information technology services designed. These services will enhance mobility and workflow management, and will have a strong impact on the market. This market mostly relays on American software products and the innovative components resulting from the PASSION project will boost the competitiveness of the European software companies active in this sector.


The high competitive context in which the software producers now operate requires an extremely short time to market, but the adoption of Java technology, and User Centred design methodology should allow a fast development of products ready for the market. The present technological hardware limitations concerning the GSM bandwidth, the battery autonomy and the visual performances of the LCD screen, are foreseen to reduce greatly in the next three years, and a full development of the services proposed will be possible.
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