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Abbreviations: 

BOL Beginning Of Life 

BOM Bill Of Materials 

DfX Design for X 

DHW Domestic Hot Water 

DPN Degradation Priority Number 

DSS Decision Support System 

DOW Description Of Work 

ECC Error Correction Code 

EEE electrical and electronic equipment  

EIS Enterprise Information System 

ELV End of Life Vehicle 

EOL End Of Life 

GUI Graphical User Interface  

HTML Hyper Text Mark-up Language  

HTTP Hyper Text Transfer Protocol  

JDK Java Development Kit 

JSPs Java Server Pages 

LCC Life Cycle Cost 

MOL Middle Of Life 

MTBF Main Time Between Failures 

ORM Object-Relational Mapping  

PDKM Product Data and Knowledge Management 

PEID Product Embedded  Information Device 

RAM Reliability, Availability, Maintainability  

RDBMS Relational Database Management System  

SAP Systems Analysis and Product 

SQL Structured Query Language  
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1 Purpose of this document 

This report contains the PROMISE WP R8 Deliverable DR8.10 “Handbook for Usage of the 
PROMISE decision support technology (final version)”. Its purpose is to give new users a 
handbook about how to use the DSS. 

Hence, this document involves two main issues: (i) the installation of the prototype of PROMISE 
DSS and (ii) the description of the how to apply the different strategies.  

2 Introduction 

2.1 Objectives of work package R8 
According to PROMISE Description of Work the goal of this work package is to provide the 
analytical basis of the PROMISE project. This WP concentrates on predictive maintenance, 
diagnosis and analysis of use patterns, which rely on algorithms originating from the fields of 
statistics, data mining, pattern recognition and computational intelligence. Based on the 
PROMISE research clusters 1, 2 and 3 and the PROMISE application clusters, this work package 
specifies decision-making systems supported by automatic identification systems, product 
embedded information devices, mobile reader devices, associated software and user interfaces. In 
a second step, methods and algorithms for beginning of life (BOL), middle of life (MOL) and end 
of life (EOL) decision-making systems have been developed and implemented and each 
application cluster has applied some of the strategies behind the DSS according to specific 
requirements. 

2.2 Objectives of Deliverable DR8.10 
As described in PROMISE_DoW (M30-M42), the main goal of Task TR8.10 is to give each new 
applier of the PROMISE technology a document that makes him understand, what part of the 
technology he can directly reuse, what part needs specific extensions developed by him and where 
the major obstacles in a successful application lay. In TR 8.10 we generate a handbook that guides 
new users in an instructive way. 

2.3 Structure of Deliverable DR8.10 
The rest of this document is organized as follows: 

• In Chapter 3 an introduction into the DSS is given.   

• Chapter 4 gives information which technical environment is needed in order to run the 
DSS. 

• Chapter 5 explains how to start the DSS. 

• In Chapters 6-9 it is shown how the different strategies can be executed within the DSS. 

• The DSS Administration is discussed in Chapter 10. 

• Finally, Chapter 11 summarizes the content of the document and mentions next steps. 
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3 Introduction to the Decision Support System 

This chapter provides an overview of the architectural concepts upon which the DSS is based.  It 
can be used in two ways: On the one hand, as a stand-alone system including its own database and 
GUI. On the other hand, the DSS can be integrated as part of the PDKM system.  

 

Decision Support System

Controler & Business Logic

PDKMEIS tier

Graphical User InterfaceClient tier

Middle tier

Web Service Interface

 

Figure 1: PROMISE DSS architecture 
 

The PROMISE decision support system is designed as a browser-based 3-tier architecture.  The 
EIS tier (also called the data tier or the bottom tier) maintains data pertaining to the decision 
support system. This tier stores data in a relational database management system (RDBMS). In the 
integrated solution DSS algorithms accesses data that is stored in PDKM. The middle tier 
implements presentation logic, controller logic and business logic to control interactions between 
the application's clients and the application's data. The middle tier acts as an intermediary between 
data in the EIS tier and the application's clients.  

The middle-tier presentation logic then processes data from the application layer and presents the 
content to the client in form of JSPs and Servlets. The controller-action architectural pattern can 
be understood as a model manager. The controller itself is implemented as a web service which 
separates the presentation logic from the business logic.  

The PDKM/DSS GUI (Client tier) development is carried out in form of iViews. iViews are web 
applications based on JSP that can be directly integrated into the SAP NetWeaver Portal, which 
provides the runtime environment for the PDKM GUI. This environment only supports JDK 1.4. 
Yet, the DSS includes several 3rd-party libraries and frameworks which require JDK 5.0. 
However, due to the separation of the presentation logic from the business logic each part can run 
in its own Java environment and is therefore not limited in its functionality. Furthermore, it has 
the advantage that only one GUI for PDKM and DSS can be developed. From the end-user’s point 
of view it is transparent whether DSS or PDKM functionality was called. 
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4 Technical Information  

The PDKM prototype bases on the PLM system mySAP PLM and on SAP EP. The following 
software versions have been used: 

• SAP ECC 5.0 (including mySAP PLM) 
• SAP NetWeaver 2004 with  

o SAP EP 6.0 SP 9 
o SAP WebAS 6.40 
o SAP J2EE-Engine 6.40 (realising J2EE 1.3) 

• JRE 1.4.2 
• MaxDB 7.5 as databases for SAP ECC and SAP NetWeaver 

 

The PROMISE decision support system development is carried out with Java-based technologies. 

The development environment consists of the following components: 

• Sun Java 2 Platform Standard Edition 5.0 Development Kit (JDK 5.0) 

• Apache Tomcat 4.1.31 Servlet/JSP Container 

• Eclipse 3.1.2 + WTP plug-in + Hibernate Tools plug-in 

• Hibernate 3.1.2 

• Commons-Math: The Jakarta Mathematics Library, Version 1.1 

• MaxDB 7.5 (temporary database) 

Using only platform independent components PROMISE DSS can be installed on multiple OS 
platforms. 

5 Starting the DSS 

Entering the Promise-PLM system it is possible to choose After starting the DSS the system 
carries out a user login procedure and continues with the main screen:  
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From here the user can start or administer the different decision support strategies. The DSS 
operates at three different levels of the product life cycle and for each of them has defined some 
specific strategies which may be implemented according to the user needs: 

• BOL Functions: in this session of the DSS the user can find strategies for product 
design in order to manage the Product development phase according to information 
collected also from other phases of the product life; 

• MOL Functions: the user can find strategies to support usage and maintenance of 
the product and processes in order to manage operational efficiency, to adopt 
predictive maintenance, to plan intervention, to estimate costs  applying a long 
term view on evaluation based on historical data; 

• EOL Functions: the user can find strategies to support final phase of the product 
with strategies for disassembly and for material recycling 

 

 

6 Strategies for Product Design 

During BOL phase for manufacturers it is important  

• to detect constraints that determine whether a product meets its specified performance, 
safety, reliability, maintainability and ergonomics metrics – as well as its 
manufacturability, program cost and delivery schedules, and 

• to validate actual product performance measured by PEID with contractually documented 
requirements. 
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These challenges can only be answered if design engineers carry out deep analyses. The number 
and variety of complex questions in this area is endless. In PROMISE we concentrated on the 
analysis of field data, in order to find explanations for occurring failures.  

6.1 Decision Support for Design for X 
In the case of complex products (like locomotives) lots of working products are spread all over 
and a huge amount of failure events can be collected from them and stored in the field database. 
The DSS that support Design for X shall support the engineer in running statistical analyses on 
these data. 

For this objective, the DSS provides the evaluation method for the change of failure code event 
rate and the correlation method between failure code event rate and environmental operating data. 
The computation of the DSS is based on multi linear regression method. Furthermore, the DSS 
provides a data clustering method so as to show field data in an intuitive way.  

In the implementation of the strategy that support Design for X we consider the Engineering 
Design Process in the BOL phase of a railway vehicle and its components. During Product 
Development process the hard- and software requirements of the regarded system are defined 
(technical specification) according to data collected from previous product versions. Besides the 
technical information given by specifications, suppliers, standards etc. the main pool of 
knowledge is comprised in gathered field data and diagnostics data. 

 

 

In the first step of the DSS the engineer can select the data objects and the investigation period. 
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Each of these objects is described by different attributes. Since the clustering algorithm clusters 
data based on the attributes, the engineers is requested to enter the attributes. 

 
 

Finally, the engineer has to set parameters that control the execution of the clustering algorithm. 
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As soon as the engineer has entered all needed information, the algorithm can be started. 

 
 

For the presentation of the results the engineer can chose among possible dimensions. 
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E.g. the engineer can look at the list of clusters. 

 
 

Furthermore, the results can be shown by using graphical features. 
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7 Strategies for Product Operation 

During the MOL and in particular maintenance phase companies run decision support functions in 
two steps:  

• At first, companies try and describe the dynamic behaviour of the product in order to make 
assumptions about the future, e.g. next breakdown or residual lifespan.  

• In a subsequent step, this information will be used to generate economic evaluation and 
propose improvements. This can be the scheduling of maintenance actions, the 
improvement of purchase processes or supply chain management. 

7.1 Operational Efficiency 
Most of the applications foresee a type of service personnel (maintenance crew, service managers, 
after-sales service, …) which carries out activities on the product according to request from the 
product itself. A common pattern of their tasks is: 

1. Identify the set of products which need maintenance (in a given district of a given type…) 

2. Identify the product at hand. 

3. Fetch all available and relevant data 

4. Transfer product data to DSS and receive product related predictions 

5. View at estimated life and enter corrections (if necessary) 

6. Transfer goal description to DSS and receive optimal recommendations. 

In the next subsection examples from PROMISE applications are given. 

7.1.1 Strategy 1-MOL: Early Information of Field Organisations 
Most of the time maintenance service needs to receive information on product status and on 
maintenance actions which are planned. As proposed by application A8, in which decision 
support for white goods was treated, the field organisations need detailed information on the 
expected reparations. Otherwise, they will travel unnecessarily too often to the owner of the 
goods. Therefore, the DSS provides a first step in which the service staff can search for the 
upcoming requests in his own district. 

For this purpose, he enters the respective information into the DSS. The service staff can enter 
information about the maintenance mission to know the current maintenance tasks.  
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Then he receives a list of next tasks to carry out. In order to know what to do, the service staff 
choose next step that will be executed, and in this way he can receives information on problems 
concerning model, warning type, component, fault, etc. 
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He can pick at one of the warnings and get a first impression of the problem. 

 
 

By clicking the button “Maintenance Mission Manager” the service staff can identify the reason 
for the problem and can have more information on the specific product concerning to the past 
maintenance missions.  
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The DSS helps by making an estimation of the next breakdown caused by that kind of problem. 
This estimation is computed using a moving average algorithm. 

 
For preparation of the maintenance the service staff can enter the “Spare Parts Manager” and 
order the need part. 
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7.1.2 Strategy 2-MOL: Predictive Maintenance for Repair Stations  
In this section it is described how users can improve plan maintenance operation by using 
predictive maintenance. The DSS is structured so that the maintenance procedure is supported as 
follows: First the machine has to be identified, either by reading a RFID tag or by entering the 
component details manually. 
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The system displays the most important master data and relevant historic data of the chosen 
component. 

 
 

Based on the DSS parameters the system computes a remaining lifespan for the selected 
component. This is done by a deep analysis of historical data and the derivation of an estimated 
future fatigue trend of the parts by regression. Depending on the historical trend, a regression 
method is selected, e.g. polynomial or exponential. 
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7.1.3 Strategy 3-MOL: Cost-effective Predictive Maintenance 
The collection of many data on status of products and components, the estimation of residual 
lifespan or what so ever have limited value if they are not quantified with an economic value. 
Most of the time companies know which is the status of a component but they do not plan actions 
without having forecasted the impact of such actions on the rest of the life of the product. For this 
reason in the Promise-PLM system it was implemented a DSS strategy that takes in input the 
residual life of product and components which together with maintenance costs and costs due to 
impact in loss in production evaluate the costs of doing immediately maintenance or of 
postponing it. This strategy was implemented in the specific case of milling machines producer 
which wants to provide high level service to its customers dispersed all over the world. 

The application starts by showing the three axes with their main attributes. 
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In order to carry on the analysis the user have to provide data about the product and its 
components related to costs (cost of component, mean cost of replacement, production costs,…), 
time (mean time to repair, residual lifespan, …) and quality (loss production, scraps,…). In this 
screenshot it is shown the case of the some of this input for three components of a milling 
machine (screws, nuts and bearings). 

 
The forecast for the remaining lifetime of the different parts is computed by a trained Fuzzy 
Network. 
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In this screen the user has to input some other data relevant for making its decision, i.e. static data 
about material and labour costs and all kinds of costs generated by failures. 

 
 

Based on the static data and the sensor data the system computes  which of the three decisions, 
replace, modify or continue, is the best choice from a financial point of view. This estimation is 
computed using a minimization algorithm. 
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It is possible for the service staff to do some sensitivity analysis on the results given by the DSS in 
order to understand how the solution behaves along the time compared with the other solutions. In 
this case it is shown how the costs of the three scenarios (no intervention, tuning, repair) vary for 
the bearing of the axis X.   

 
The developed algorithm gives also the possibility to manage many different products spread all 
over the world. The products can be clustered according to some geographical areas and the DSS 
calculates which of the three scenarios is more convenient. The calculation is done taking into 
consideration the costs of postponement the actions and the Life Cycle Residual Cost. This 
functionality is useful when there are many products spread all over the world which are 
monitored. Maintenance intervention has to be planned not only according to the status of each 
single product but also to the status of the others in the same area. 

7.1.4 Strategy 4-MOL: Root Cause Identification by Case-Based Reasoning 
In some branches it is quite difficult to find a useful mathematical representation of the product 
behaviour. Therefore, the analysis is based on other methods. One of them is the attempt to store 
historic failures together with the needed reparation. If a new failure is coming up, the 
maintenance manager searches for the most similar historic failures and learns the most probable 
reparation steps. For this reason it was created a module of the DSS based on Case-Based 
Reasoning.  
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The DSS will present the user the product information by three records: First, the product 
configuration. 
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Second, the product location. 

 
 

And finally, the performance of the product. 
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Then the user continues by selecting the failure case he wants to investigate. 

 
 

He receives the essential information for describing such failures. In this screenshot it is reported 
the example of application for telecommunication equipment. 
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The DSS will identify the most similar historic failure cases. For this computation, case-based 
reasoning methods have been used and parametrized. 

 
 

Finally, the service provider who has to repair the product is informed about the failure case and 
the estimated solutions. 
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7.2 Optimal Scheduling of Maintenance Activities 
In many branches an optimization of the maintenance schedule is common practice. This counts 
for the inspection and repair schedule of trucks and building machines but also for the 
maintenance crew for repairing white goods like washing machines and heating equipment. The 
following steps are often similar: 

1. Select the group of products based on suitable search criteria (geographical proximity, 
ownership, type, model, …). 

2. Fetch all available and relevant data incl. predicted reparations, costs of maintenance, etc. 

3. Fetch maintenance provider availability and product availability (in terms of period when 
this product may stop from its main activity) 

4. gather information about residual life of the products. 

5. Transfer the data to the DSS and receive cost optimal service intervals. 

In the next subsection the maintenance of trucks presented is explained. 

7.2.1 Strategy 5-MOL: Fleet Scheduling 
In this example the DSS is used to support the maintenance of a fleet of trucks, optimising the 
maintenance plan and increasing the overall availability of the trucks. This will improve the 
knowledge about the customer habits and the mission profile of the vehicle and finally enable to:  

• Reduce the number of vehicle stops for maintenance 

• Minimize the overall lifecycle costs of the components 

• Avoid component breakdowns 

• Take into account vehicle availability while planning maintenance interventions 

• Take into account maintenance crew availability for performing maintenance 

The idea behind predictive maintenance is the identification of slow degradation trends in the 
performance of specific systems in order to identify with reasonable warning the need of an 
intervention. This allows the optimisation of maintenance intervention with the implementation of 
a customised maintenance policy and contributes to make explicit the residual life of the 
component in order to better manage the total Life Cycle Cost (LCC). 

The system will be accessed by two different kind of users:  

• the product owner  

• the maintenance service  
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The maintenance service (which is the garage manager in this specific case) has to identify the 
truck fleet he wants to analyze.  

 
 

The system will display the list of all trucks in the fleet with corresponding attributes acquired 
from the PDKM like covered mileage and components lifespan. 
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The system allows the user to see and modify the underlying truck fleet parameters necessary for 
the decisions like costs of product unavailability, average life of the product, cost of components, 
etc. 
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The garage manager can then enter in the system the dates of its availability according to previous 
planning of the maintenance on other fleets. 

 
 

According to the availability of the garage, the truck owner can insert the availability of its truck. 
The user can get an overview over the truck availability and possible maintenance days. 
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The DSS calculates the Life Cycle Residual Cost for each product in the fleet and its related 
components. DSS computes the optimal calendar for maintenance of trucks, based on the 
estimated wear-out of components, the vehicles and garage operators availability, the cost of 
maintenance and of stoppage. The DSS scheduling algorithm then leads the user (the fleet 
manager) to the identification of the proper calendar of maintenance actions for all his/ her 
vehicles. The final screenshot shows the most convenient stops for each product and each related.  

 
 

8 EOL Strategies for Disassembly  

Most industries will try and optimize the End of Life processes in the next future. This has two 
reasons. First of all it can save a lot of money and second legislation in Europe will require 
companies to reuse large parts of their products after decommissioning. In PROMISE we also 
proposed methods for the EOL-phase. 
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8.1.1 Strategy 1-EOL: Remanufacturability 
In this case the strategy developed within the DSS supports the user to organize the 
remanufacturing process. As can be seen in the screenshot tn case the user decides to run the 
remanufacturing process he has to enter the serial number of the machine, in this case a building 
machine equipped with crackfirst sensor technology. 

 
 

The system will display the Bill of Material (BOM) for this machine. Now, the user has to inform 
the DSS which parts are remanufacturable and which are not. 
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Then the user receives information on parts which have to be removed and a list of parts for which 
a decision has already been met (Resolved parts) 

 
 

In order to decide the EoL operation for parts a number of questions have to be answered. In the 
next screen the user wants to continue with “Engine head”. He has to answer whether the engine 
head is dirty or whether production is needed. 
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Furthermore, the user can view the details of the component. Based on the current situation the 
DSS will recommend a type of decision: Remanufacture, Scrap, Store or Clean and Store. This 
recommendation is computed by using a Bayesian Network. It is explained in a separate window.   

 
 

The DSS leaves the final decision to the user. He can approve the recommendation or overrule it. 
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As a consequence of this decision process the information on “Engine head” is now listed under 
“Resolved Components”. 
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8.1.2 Strategy 2-EOL: Economic Decommissioning 
Companies can also take into account different economic factors which makes the task a bit more 
complex but increases financial benefits. This example is demonstrated by using screens from 
automotive decommissioning. At first the present car has to be identified, either by downloading 
information from the car or by typing the serial number manually. 

 
 



                        

 

 

Copyright ©  PROMISE Consortium 2004-2008  Page 39 
 

@

Afterwards, the system displays the list of components which either have to be removed or to be 
shredded.  

 
The mechanic has to go over each of these components and has to meet the correct decision. In 
each line a number of functions can be executed. By typing “Details” important information out of 
the back office is presented, by typing “Quality” the mechanic can enter its own estimation of the 
state of the component. In the next figure this can be seen. 
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Depending on the actual own assessment of the component the mechanic chooses one of the 5 
options. Closing the window with “ok” leads back to the overview list which displays the chosen 
option under “Quality Level”. 

 
The process ends when all components are processed. 
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In case the mechanic wants to see the underlying information on which the decision was based, 
s/he can press the respective “Details” button. The computation is based on a Bayesian Network. 

 
 

In the “Components Details” screen the computed residual lifetime is given. This value is 
computed as the average lifetime of such components, taking also care of previous repairs or 
received sensor data. However, nobody took a look on the physical component. 

In addition there is financial information about the possible second hand prices and the labour 
hours for substituting the component. Finally, the number of pieces in the inventory is given. 
Altogether the mechanic can now decide whether it makes sense to remove the component from 
the car. 

Having finished the analysis the mechanic can review the decisions. If s/he wants to overrule the 
decision the “Disagree” button has to be clicked. 

The next two screens display the list of decisions. 
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At the end the mechanic might want to print the list of parts which have to be removed, in order to 
walk to the car. 
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9 Strategy for Material Recycling 

Last but not least PROMISE envisioned processes which guide the material through the recycling 
processes.   

9.1 Tracking and Tracing in the Recycling Process 
We will now show how the tracking and tracing of products identified for recycling can be 
enhanced using the PROMISE PEID technology and PDKM system in combination with indoor 
and outdoor navigation systems.  

The operators of the process interact with the DSS using hand-held terminal during the operation 
process. The DSS has to support the following processes: 

• Incoming goods 

• Sorting 

• Clearings 

• Container Full 

• Normal Storage 

• Monitored storage 

• Production 

• Outgoing goods 

The operator can select the desired task on the following screen. 
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The task is triggered when a container is processed. The on-board track + race system sensors 
and readers read the RFID tag on the container and at the same time determine from the position 
that this event is taking place in “Incoming Goods”. 

 
 

The PROMISE DSS processes this new product field data, and decides based on what is known 
about the product, to where it must be moved. 
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If the recommendation of the DSS is correct the user can continue by confirming the decision. 
Then the next item can be loaded. This process is carried out until no more containers are left.  

 
 

If the DSS can identify the type of material from its ID and product data already in the DSS, it 
will direct the Logistics Operator to put the item in a sorting container designated for that type of 
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material. The Logistics Operator will confirm the action and the DSS can now record the new 
location (in the container) of that item.  

 
 

If the DSS cannot identify the type of material, it will direct the Logistics Operator to put the item 
in the container designated for receiving items with a valid ID but no available product data.  
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When the logistics operator signals that a sorting container is full, the product data will be sent to 
the PDKM system and the DSS will decide to where that container must now be taken (Clearings, 
Storage or Production)  

 
 

The process Outgoing Goods starts if the ERP system identifies a product that is to be shipped. 
The DSS decides if it is necessary to replace a Sindrion® based PEID with a simple RFID tag 
prior to shipment.  
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10 DSS Administration 

The user can adjust the parameters for the different algorithms. For this purpose he has to move to 
the DSS Administration part. 

 
 

Then a screen appears with the current design parameters for the DSS relating to certain machines. 
Each of these parameters can be selected and modified. 
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11 Conclusion  

The present document contains the final version of the handbook for the DSS.  

In the first part a short description of the system architecture and the main components is given. 
This is important for understanding the subsequent chapters. 

The central part of this document is the description of different applications of DSS in the PLM 
area. The document is written in such a way that the different processes together form a coherent 
picture of a full-fledged DSS. Clearly, not all of these solutions are running in the same system. 
The data underlying the different applications are quite different. However, the document shall 
emphasize the idea that all of these functions can in principle be applied to the same product and 
thus support all phases of one single product in a complete fashion. 

Since PROMISE is pre-competitive research the document is not describing a system that can be 
bought on the market. It describes the idea of a closed-loop lifecycle support system and hopes to 
trigger software companies to provide systems with such functionality. 


