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Introduction

This compilation of abstracts contains the collaborative papers produced during the Pro-ENBIS project. Papers which were published in scientific journals are deliverables for the project. The abstracts of all Journal papers are included in section 1. The full details of all these papers can be found in the members section of the project website. http://www.enbis.org/pro-enbis/
Section 2 contains collaborative papers produced under the project which were presented at conferences. These papers are additional outcomes for the project and are listed for information for the partners. 

Section 3 is a list of the articles published in the popular press. These articles are deliverables for the project.
These papers are supported by funding from the “Growth” programme of the European Community and were prepared in collaboration by member organisations of the Thematic Network - Pro-ENBIS- EC contract number G6RT-CT-2001-05059
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Optimal experiments for software production in the presence of a learning effect; a problem suggested by software production
Authors - Daniele Romano & Alessandra Giovagnoli 

Published in Journal - SMA (Statistical Methods & Applications), 13(2), Springer Verlag, Berlin Heidelberg (DE), 227-239.)2004
Abstract

In software engineering empirical comparisons of different ways of writing computer code are often made. This leads to the need for planned experimentation and has recently established a new area of application of DoE. This paper is motivated by an experiment on the production of multimedia services on the web, performed at the Telecom Research Centre in Turin, where two different ways of developing code, with or without a framework, were compared. As the experiment progresses, the programmer's performance improves as he/she undergoes a learning process; this must be taken into account as it may affect the outcome of the trial. In this paper we discuss statistical models and D-optimal plans for such experiments and indicate some heuristics which allow a much speedier search for the optimum. Solutions differ according to whether we assume that the learning process depends or not on the treatments.
Multiresponse Robust Design: A General Framework Based on Combined Array.
Authors - Daniele Romano University of Cagliari, Piazza d'Armi, 09100 Cagliari, Italy, Marco Varetto and Grazia Vicario Politecnico di Torino, Corso Duca degli Abruzzi 24, 10129 Turin, Italy

Published in Journal of Quality Technology, 36(1), American Society for Quality, Milwaukee, Wisconsin (USA), 27-37., January 2004

Abstract
Although multiple responses are quite common in practical applications, the robust design problem is frequently dealt with by considering only one response. This paper presents a general framework for the multivariate problem when data are collected from a combined array. Within the framework, both parameter and tolerance design are handled in an integrated way. The optimization criterion is based upon a single value in terms of the quadratic loss function and was selected in order to incorporate both statistical information (such as correlation structure among responses and prediction uncertainty) and economic information relevant to the product/process (such as priorities and trade-offs among responses from the user’s point of view). An illustrative application is presented on the design of the elastic element of a force transducer.
Key Words: Combined Array; Multiresponse Optimization; Quadratic Loss Function; Robust Parameter Design.

Comparing non-manufacturing with traditional applications of Six Sigma. 

Authors - R J M M Does UAM.IBIS (CR10), E R van den Heuvel, J de Mast UAM.IBIS (CR10) & Soren Bisgaard (Invited Expert)

Published in Quality Engineering 15 (1) pp. 177-182

Abstract
In this paper we will discuss the use of Six Sigma in non-manufacturing processes / operations by reviewing eight projects conducted in Dutch industry and facilitated by a team from the University of Amsterdam.  In our discussion we will try to highlight how these non-manufacturing projects compare with more traditional applications of the Six Sigma methodology.  It is our hope this will help practitioners see that, with only minor modifications, Six Sigma can also be applied in non-manufacturing.

A proposal for managing and engineering knowledge of stochastics in the quality movement

Authors - Ron Kenett, Maria Ramalhoto, John Shade

Presented at ESREL conference Maastricht, 15-18 June 2003

Published in Safety and Reliability
ESREL2003 attracted over 350 participants with 218 papers. The proceedings have been edited by Bedford, T. / van Gelder, P.H.A.J.M. (eds): Safety and Reliability - Proceedings of the ESREL 2003 Conference, Maastricht, The Netherlands, 15-18 June 2003 2003, 1822 pp., ISBN: 90 5809 551 7

Abstract
The stochastic aspects of business and industrial process have provided Statisticians with extensive opportunities for consultancy. Developments in the quality movement in the last 20 years have provided opportunities for Statisticians to take more assertive, and more responsible, leadership roles.  We look in this work at a suite of methods and knowledge (a 'library') that will support those who wish to initiate and drive process interventions, rather than merely provide advice when asked.  An analogy is made with medical interventions, and the common use of clinical practice guidelines.  

The proposed library will contain profiles of business and industrial sectors, case studies, software links, questionnaires, industrial visit guidelines and results, and a repository of patterns and anti-patterns distilled from a wide range of scenarios and experiences.  We suggest these resources will help experts in Stochastics for the Quality Movement (SQM) organise themselves to take on greater ownership for the selection, and for the consequences, of their professional actions. 

By SQM we mean all the non-deterministic quantitative methods relevant to industry, business and governmental institution practices. These include methods for system maintenance, reliability and quality improvement, experimental design, risk analysis, decision support systems, key performance indicators, measurement systems, and other challenges faced by process owners and operators.

Acknowledgement

This paper is supported by funding from the “Growth” programme of the European Community and was prepared in collaboration by member organisations of the Thematic Network - Pro-ENBIS- EC contract number G6RT-CT-2001-05059
Control Charts: a cost-optimisation approach for processes with random shifts

Authors - András Zempléni, Miklós Véber, Belmiro Duarte and Pedro Saraiva

Published in Journal of Applied Stochastic Models in Business & Industry
Abstract
In this paper we describe an approach for establishing control limits and sampling times which derives from economic performance criteria and a model for random shifts. The total cost related to both production and control is calculated, based on cost estimates for false alarms, for not identifying a true out of control situation and for obtaining a data record through sampling. We describe the complete process for applying the method and compare with conventional procedures to real data from a Portuguese pulp and paper industrial plant. It turns out that substantial cost-reductions may be obtained.

Establishing steel rail reliability by combining fatigue tests, factorial experiments and data transformations

Authors - D.J Stewardson, Maria Ramalhoto, L Da Silva, L Drewett

Presented at ESREL conference Maastricht, 15-18 June 2003

Published in Safety and Reliability
ESREL2003 attracted over 350 participants with 218 papers. The proceedings have been edited by Bedford, T. / van Gelder, P.H.A.J.M. (eds): Safety and Reliability - Proceedings of the ESREL 2003 Conference, Maastricht, The Netherlands, 15-18 June 2003 2003, 1822 pp., ISBN: 90 5809 551 7

Abstract
This paper demonstrates a combination of the use of Factorial Experiments, Material Test Failure Analysis, Data Transformations and Plots of Residual Errors from ‘moving’ Regression curves to determine the nature of Fatigue Crack Growth Rate in steel rails. Fatigue cracks in rails are a particular problem in Europe and a major threat to passenger safety. The project was intended to harmonise results under the current EC standard for determining crack growth rates, and hence the reliability, of a particular grade of steel railway line. Previous studies had shown considerable scatter between both the testing laboratories and the rail manufacturers. The consortium used fractional factorial designs to establish the effect of various nuisance variables that were thought to be responsible for much of the scatter. Two stages, screening and secondary, involving six laboratories produced results that were subjected to novel graph based analytic techniques that led to major recommendations to the European Standards Bodies. The results also pointed to a new way to determine changes in growth rate generally when a mechanical test is applied to steel. It was well known that there are three stages of growth rate in steel rails, but finding the change points from stage to stage had always been a problem. First and third stage growth can be either faster or slower than second stage rates but are highly unpredictable both in appearance, duration and magnitude. This leads to difficulty in describing failure rates and hence the quality of the rails. The paper shows how the application of a combination of statistical techniques with accelerated testing lead to a new robust method of determining the change points and better estimates of the second stage growth rates. This in turn leads to effective ways of monitoring the output from steel production and the calibration of test equipment. The findings can be used to estimate the relative lifetime of steel rails under normal operating conditions. 

Statistical Efficiency - The practical perspective
Authors - Ron S Kenett, Shirley Coleman & Dave Stewardson 

Published in Quality and Reliability Engineering International QREI (volume 19, Issue 4 pages 265-272)
Abstract

The idea of adding a practical perspective to the mathematical definition of statistical efficiency is based on a suggestion by Churchill Eisenhart who, years ago gave, in an informal Beer and Statistics seminar, a new definition of statistical efficiency. Later Bruce Hoadley from Bell Laboratories picked up where Eisenhart left off and added his version nicknamed Vador. Blan Godfrey, former CEO of the Juran Institute, more or less used Hoadley's idea during his Youden Address at the Fall Technical Conference of the American Society for Quality Control. We expand on this idea adding an additional component, the value of the data actually collected, which we believe is critical to the overall idea. The concept of Practical Statistical Efficiency (PSE) derived from these developments is introduced and demonstrated using five case studies. We suggest that PSE be considered before, during and after undertaking any quality improvement projects. 
A scheme for industry – Academia interaction to enhance research and development issues

Authors - Antonio Pievatolo, Maria Ramalhoto, Oystein Evandt, Rainer Gob & Jukka Salmikuukka

Presented at ESREL conference Maastricht, 15-18 June 2003

Published in Safety and Reliability
ESREL2003 attracted over 350 participants with 218 papers. The proceedings have been edited by Bedford, T. / van Gelder, P.H.A.J.M. (eds): Safety and Reliability - Proceedings of the ESREL 2003 Conference, Maastricht, The Netherlands, 15-18 June 2003 2003, 1822 pp., ISBN: 90 5809 551 7

Abstract
Interaction of industry and academia is a prerequisite for the success of the European quality movement. Stimulating, managing and structuring such interaction is a basic objective of ENBIS (European Network for Business and Industrial Statistics) and the related EU Thematic Network Pro-ENBIS. The industrial visit is one of the essential tools of the Network. To be successful, such visits have to be well-prepared, structured, and integrated into a global concept of industry-academia interaction. Exploiting experiences from recent industrial visits, we develop a structural scheme and evaluate this scheme from the point of view of TQM principles. To promote successful industry-academia relations, Pro-ENBIS is strongly interested in cooperating with management and engineering networks like ESRA. We make some suggestions on this topic.

Exploratory data analysis approaches to reliability: some new directions

Authors - C McCollin, Cornel Buena & Maria Ramalhoto 

Presented at ESREL conference Maastricht, 15-18 June 2003

Published in Safety and Reliability
ESREL2003 attracted over 350 participants with 218 papers. The proceedings have been edited by Bedford, T. / van Gelder, P.H.A.J.M. (eds): Safety and Reliability - Proceedings of the ESREL 2003 Conference, Maastricht, The Netherlands, 15-18 June 2003 2003, 1822 pp., ISBN: 90 5809 551 7

Abstract 

Recent research on developing a structural approach to analysis of reliability data has been published in Walls and Bendell 1985; Thompson 1988; Ansell and Phillips 1990; Bastos Martini et al 1990, 1991; The EuReDatA Benchmark exercise (1990) and McCollin 1993; Lindqvist 1998 and Bunea, Cooke and Lindqvist 2002.  This paper brings together these approaches and introduces some other aspects of reliability analysis i.e. data manipulation prior to analysis and analysis of multivariate and covariate structures. A methodology is proposed which incorporates this structure to aid the determination of the solution to root causes of problems. The methodology uses statistical hypothesis testing principles and well-known quality improvement and reliability techniques incorporated into a Shewhart PDSA cycle. Uses of its possible application are discussed within design inception (specification for reliability and feed forward of operations data); engineering judgment and the safety case; and plant maintenance.

Assessing part conformance by coordinate measuring machines
Authors - D Romano & G Vicario 

Presented at ESREL conference Maastricht, 15-18 June 2003

Published in Safety and Reliability
ESREL2003 attracted over 350 participants with 218 papers. The proceedings have been edited by Bedford, T. / van Gelder, P.H.A.J.M. (eds): Safety and Reliability - Proceedings of the ESREL 2003 Conference, Maastricht, The Netherlands, 15-18 June 2003 2003, 1822 pp., ISBN: 90 5809 551 7

Abstract

The paper concerns the analysis and the design of the measurement process by which position tolerances on mechanical parts are checked by Coordinate Measuring Machines (CMM). This measurement process is widely used in industry and conditions the good functioning of millions of components, assemblies and systems. CMMs inspect parts by exploring their surface at a small number of points and return the point Cartesian coordinates. Then data are numerically elaborated to estimate the position error. The analysis aims to evaluate measurement uncertainty as generated by two sources: the random error related to coordinate retrieval and the sampling error inherent to the way CMMs operate. By simulating random error via computer, the measurement process is fully recreated by a simulation model. Then an extensive computer experimentation, combining Monte-Carlo simulation and DOE, is performed. The study has revealed interesting statistical properties of the two-dimensional position error, which have useful practical implications and disprove a number of widely used rules of thumb of engineers. Another contribution of the paper is the use of the uncertainty analysis to design an efficient measurement process, namely one that attains a good trade-off between cost and accuracy. For a given total number of measurement points, their optimal allocation on the different part surfaces is provided.
Quality Quandaries' A method for identifying which tolerance cause malfunction in assembled products.
Authors - Soren Bisgaard & Poul Thyregod 

Published in Quality engineering (Vol 15 No 4 pp 687-692) (ISSN 0898-2112)2003
Abstract

Inappropriate tolerances and associated fits between mating components often cause malfunctions in assembled products. In this column, we will review an interesting method of troubleshooting an assembly to discover which fit between mating parts most likely is the cause of problems. The method appears to be of general utility when products are produced in quantity. As an illustration, we will use an example originally due to Taguchi. However, we will present alternative, simpler, and more standard ways of analyzing the data, accompanied with graphics that will provide a useful, practical insight to what is the root cause for malfunctioning.
European Statistics Network grows rapidly: Aims to increase understanding, idea exchange, networking and professional development
Authors - S Bisgaard, R J M M Does & D J Stewardson

Published by Quality Progress 35/12/ pp.100-101

Abstract

ENBIS now has more than 500 members from 25 countries across the entire European continent plus nine non-European countries, including nine members from the United States, seven from Israel and one from Canada. Most members are from industry, academia or research organizations, although a few represent government organizations.

The mission of ENBIS is to:

· Foster and facilitate the application and understanding of statistical methods to the benefit of European business and industry.

· Provide a forum for the dynamic exchange of ideas and facilitate networking among statistics practitioners.

· Nurture interactions and professional development of statistics practitioners regionally and internationally.

Qualitative Vs. Quantitative Methods

Authors - Irena Ograjenšek & Poul Thyregod 

Published by Quality Progress (Vol. 37, No. 1, JANUARY 2004, pp. 82-85)
Abstract
Using statistical methods in certified quality management systems (QMSs) has been discussed ever since the advent of total quality management (TQM) and ISO 9000 certification. Yet statistics, while necessary for quality, remain an often neglected component of quality management systems. Concepts such as quality circles and W. Edwards Deming's 14 points have been widely accepted and used, while statistics have not. Among the reasons leading to this disparity are the problems of measurement difficulties and quantitative illiteracy, the latter being especially hard to overcome. Quantitative illiteracy includes not only statistical literacy (using proper statistical methods to solve a problem), but also computer literacy and online literacy. Another problem is that ISO 9000:1994 mentioned statistics only briefly and did not even link to statistical standards until 1999. The situation improved with ISO 9000:2000, but organizational, national and international efforts are still needed.

A Multi-scale approach to functional signature analysis for Product end of life management
Authors – A Bucchianico, T Figarella, G Hulsken, M. H. Jansen & H.P. Wynn 

Published in QREI (Quality Reliability Engineering International) edited by Dr S.Y Coleman UNEW.ISRU (CO1) published August 2004. The special edition contains 13 papers, 8 by ENBIS members, 2 of which are collaborative efforts by pro-ENBIS members and one is a result of pro-ENBIS seminars held under work package 3 at Robert Bosch Braking systems between 21st January and 4th March 2003
Abstract

Nowadays, electronic products tend to be economically outdated before their technical end-of-life has been reached. The ability to analyze and predict the (remaining) technical life of a product would make it possible either to re-use sub-assemblies in the manufacture process of new products, or to design products for which the technical and economical life match. This requires models to predict and monitor performance degradation profiles. In this paper we report on designed experiments to obtain such models. We show how wavelet analysis can be used to extract features from electrical signals. These features are analyzed using the Analysis of Variance in order to establish relations between these features and performance degradation.

A Little Known Robust Estimator of the Correlation Coefficient in the Bivariate Normal Distribution and a robust graphical test
Authors - Oystein Evandt, S.Y.Coleman, M.F.Ramalhoto & C van Lottum 

Published in QREI (Quality Reliability Engineering International) edited by Dr S.Y Coleman UNEW.ISRU (CO1) published August 2004. The special edition contains 13 papers, 8 by ENBIS members, 2 of which are collaborative efforts by pro-ENBIS members and one is a result of pro-ENBIS seminars held under work package 3 at Robert Bosch Braking systems between 21st January and 4th March 2003
Abstract

Industrial and business data often contain outliers. The reasons why outliers occur can be unclear procedures for production tasks or measurement, operators who do not follow procedures, failure in production equipment or measurement equipment, wrong type of raw material, failure in raw material, registration errors or the fact that the response is influenced by many other factors as well as the available explanatory variables. Often there is no identifiable cause for the outliers and they are considered to be an intrinsic part of the dataset. Since data often are considered pairwise, and more methods for analysing pairwise data are available if the data generating process can be modelled by a bivariate normal distribution than otherwise, there is a need for a straightforward test of bivariate normality that is robust against outliers. This paper looks at a graphical test, based on probability plotting, for assessing if it is reasonable to assume that a bivariate dataset stems from an approximately bivariate normal distribution, where the possibility for outliers is taken into account.  The robust graphical (Robug) test uses a little known estimator of the correlation coefficient, which is demonstrated to be robust against outliers. The graphical test is illustrated using data from our practical work. 

First the little known robust estimator of the correlation parameter in the bivariate normal distribution is compared with the traditional estimator, the product moment correlation coefficient, often called Pearson’s r, and Spearman’s rank correlation coefficient and Kendall’s tau. The little known estimator is a transformation of Kendall’s tau. The comparison is partly based on theory, partly on simulation of observations from the bivariate normal distribution. Conclusions are that, when outliers are not an issue, Pearson’s r, Spearman’s coefficient and the transformation of Kendall’s tau do not perform very differently in terms of bias, standard deviation and RMSE (Root Mean Square Error), while Kendall’s tau is too biased to be used for the purpose in question. Concerning robustness to outliers, Pearson’s r is inferior to the other estimators. It seems likely that the transformation of Kendall’s tau, which is far less well known than Pearson’s r and Spearman’s rank correlation coefficient, is at least as good as Spearman’s coefficient when the possibility of outliers must be taken into consideration. 

Business and industrial improvement often requires the use of information that can be extracted from multivariate data. When the multivariate normal distribution can be used to model the data generating process, more methods are generally available for analysing the data, and providing predictions, than otherwise. Many datasets are naturally approximately multivariate normal (MVN) so that deviations from normality imply special causes. Thus, tests for MVN facilitate the detection of outliers.  Considerable insight is gained by looking at the data singly or pairwise. Pairwise datasets that come from a process that can be modelled as MVN can be modelled by a bivariate normal distribution. The robust graphical test in this paper is therefore also useful for assessing whether a multivariate dataset comes from an approximate MVN distribution.  The robust graphical test in this paper is therefore also useful for assessing whether a multivariate dataset comes from an approximate MVN distribution. 

Keywords:  industrial and business data, bivariate normal distribution, outliers, robust graphical test, probability plotting, multivariate normal distribution, Monte Carlo simulation
Optimization of a Brake Prototype as Consequence of a Successful DOE Training

Authors: Lluis Marco (Technical University of Catalonia (UPC)) and Juan Cuadrado (Robert Bosch Braking Systems); Xavier Tort-Martorell (Technical University of Catalonia, UPC) 

Published in QREI (Quality Reliability Engineering International) edited by Dr S.Y Coleman UNEW.ISRU (CO1) published August 2004. The special edition contains 13 papers, 8 by ENBIS members, 2 of which are collaborative efforts by pro-ENBIS members and one is a result of pro-ENBIS seminars held under work package 3 at Robert Bosch Braking systems between 21st January and 4th March 2003
Keywords: Factorial designs, training by doing, outliers 

Format: presentation (Statistical consulting) 

Abstract

The purpose of this presentation is to explain our experience in a company that produces car brakes. Engineers in the company make research and implement changes in order to improve brake performance and conduct tests for checking if brakes fulfil standards. That is a company that can profit from an extensive use of applied statistics and up to this point they were only making limited use. They were aware of this and wanted to deepen their statistical skills. We organised a course with an overview of topics that both them and us thought will be useful (basic tools for improvement, process capability, reliability) but with a special focus on design of experiments. Those attending the course were highly motivated and received our explanations always having in mind that they will apply them. As part of the course we used both a simulator (wheels case, pro-ENBIS EC contract number G6RT-CT-2001-05059) and a real experiment to link practical action with theoretical lessons. They chose to experiment with a new prototype they had been working for the last weeks but not in such an organised way as they had just learnt. Before conducting the experiment, we expend time discussing and writing down all the previous knowledge they had. A 2^(5-1)factorial design was conducted. When analysing the results, we suspected of one result being anomalous. In order to confirm that suspicion some runs were repeated, and were sufficient to make the final conclusions. This first experience with DOE was successful and gave engineers the confidence to use design of experiments on a regular basis. 
Bayesian forecasting of delivery times

Authors Fabrizio Ruggeri, Jesus Palomo, David Rios Insua, Enrico Cagno, Franco Caron, Mauro Mancini, Andrea Alippi, Luca Gaddi 2004 

Published in Proceedings of the American Statistical Association, Section on Bayesian Statistical Science [CD-ROM], Alexandria, VA: American Statistical Association 2004

Abstract

Forecasts of delivery times of components from subcontractors is becoming more and more important for engineering companies, which are required to build industrial plants not only at lower prices but also in shorter time than they used to do. We consider a Bayesian dynamic linear model, adapting a method, previously used in forecasting costs when bidding for industrial plants, in which external information, e.g. expert's opinion, is used.
End of Life Analysis

Authors - A. Di Bucchianico, T. Figarella, M.H. Jansen, H. P. Wynn, W. Bergsma

Published in Proceedings MMR2004 Mathematical Methods in Reliability

Methodology and Practice June 21-25, 2004

Abstract

Under the new European WEEE directive there will be strict limits for disposal of electrical goods to landfill. The area of analysis which takes into account the full life cycle of products and components is called ``end of life" analysis. The idea is that the economic life of components is longer than the life of the initial use. To use this inherent value and to meet such directives a radically new approach to recycling is needed. Modules, components or materials may be reused. This leads to  a complex feedback to earlier stages of the supply chain. End of life analysis should predict the life of components with an objective testing for reuse. It can be considered as an extension of predictive maintenance and signature analysis in reliability. The ideal is to have cheap and fast tests on the basis of which decisions about reuse etc can be made. The implications for design are considerable.

Submitted papers

Modeling external risks in project management 

Authors - Jesus Palomo Universidad Rey Juan Carlos, Madrid, Spain, David Rios Insua Universidad Rey Juan Carlos, Madrid, Spain and Fabrizio Ruggeri CNR-IMATI, Milano, Italy

Abstract

To ascertain the viability of a project, undertake resource allocation, take part in bidding processes and similar project related decisions, modern project management requires forecasting techniques for costs, duration and performance of a project, not only under normal circumstances, but also under external events that might abruptly change the status quo. We provide a Bayesian framework for such problem, in which we infer the likelihood and impact - and, consequently, a global forecast of project performance - of various abnormal events. We focus on project costs to introduce the methodology, but ideas apply equally to project duration or performance

Dynamic models with expert input with applications to Project Cost Forecasting Authors - Jesus Palomo Universidad Rey Juan Carlos, Madrid, Spain, David Rios Insua Universidad Rey Juan Carlos, Madrid, Spain and Fabrizio Ruggeri CNR-IMATI, Milano, Italy

Abstract

We consider forecasting with dynamic models when expert opinion is available at specific time points. We describe a Bayesian approach for inference and prediction in such a situation, using both historical data and current expert's opinions. Expert's input is treated as information used to improve upon the basic model and learn about the expert's quality, in the sense of ability in forecasting. Our approach is motivated by the need of project managers to forecast project costs in bidding processes.

2. List of collaborative conference papers produced during pro-ENBIS project
Conference: Second Annual ENBIS Conference 23-24 September, 2002 Rimini, Italy
Fractional Factorial Experiments in an Industrial Process where Several Factors are Difficult to Change

Authors - Frøydis Bjerke, MATFORSK and Kim F. Pearce, ISRU, University of Newcastle upon Tyne

Abstract

Fractional factorial designs are a class of designed experiments that are commonly used because they are versatile easily understood by practitioners and implemented in most of the common commercial statistical software packages. In most industrial experiments, a complete randomisation of the individual trials is difficult to achieve. If a factorial design is run with restrictions on randomisation this will influence the error structure, which must be considered during the analysis and statistical modelling of the results. In this paper the effects of modifying the standard ("ideal") design plan in order to obtain a feasible experimental plan will be discussed. The modifications include minimising the level shifts of most factors in the fractional factorial design as well as applying split-plot and strip-plot methods throughout the trials. A full scale experiment run in a filter factory will be presented as a case study to illustrate these issues.

The original design plan for this case study was a standard 29-4 fractional factorial design. However, in practice the number of level shifts were minimised for almost all factors, because they were difficult to change. The design was run more like a 22-design (raw materials) (a 2(24-design (moulding process) (a 23-design (impregnation process). That is, 4 batches of raw material were used to make a total of 32 moulded samples which were divided into 8 groups of four samples. These groups were impregnated simultaneously following the 23-design for impregnation, also yielding randomisation restrictions. 

Note that the filters were treated one by one in the moulding process, but treated in groups for the impregnation process. Issues regarding error structures for statistical modelling of experiments with such randomisation restrictions will be discussed and compared to a standard analysis of a 29-4-design.

Robust Design of a high-precision optical profilometer by Computer Experiments

Authors - Antonio Baldi (Dipartimento di Meccanica, Università di Cagliari), Alessandra Giovagnoli (Dipartimento di Scienze Statistiche, Università di Bologna), Daniele Romano (Dipartimento di Meccanica, Università di Cagliari)

Abstract

A profilometer is a measuring device that inspects a test piece surface on a selected area providing the relevant surface profile. An innovative profilometer is being designed at the Department of Mechanical Engineering of Cagliari University (Italy). The prototype is able to measure without contacting the inspected surface and is based on a complex measurement chain involving several optical devices. The measurement of each single profile point is achieved by a step-by-step procedure combining a sequence of hardware operations with a final software evaluation. 

The quality of measurement, i.e. bias and uncertainty in the estimated profile points, depends on many design choices and parameters belonging to both the physical and the numerical part of the measurement chain. The effective design of the profilometer needs this dependency to be accurately assessed. 

The problem has been split into two sub-problems and analysed in a bottom-up fashion. First, random variations of the data points, as generated by the hardware part of the chain and eventually processed by the numerical algorithm, have been characterised using both theoretical and empirical engineering knowledge. Then computer experiments have been run on the final software stage of the chain estimating models for mean and variance of the measurement result. Control factors are the parameters of the numerical algorithm and noise factors the random errors of the data points. 

Up to now computer experiments have been used mostly as a substitute of physical experiments. Here experiments are made on the numerical part of the device and may well be regarded as a hybrid form of experimentation. 

Coping with Historical Reliability of Expert Elicitation in the Integration of Subjective Judgements and Historical Data

Authors - Enrico Cagno, Franco Caron, Mauro Mancini (speaker), Politecnico di Milano, Italy, Jesus Palomo, David Rios Insua, Universidad Rey Juan Carlos, Madrid, Spain and Fabrizio Ruggeri, CNR-IMATI, Milano, Italy 

Abstract

During the early ``conceptual'' phase of a project life-cycle considering for instance a competitive bidding process when a request for bidding has been received by an engineering & contracting company and the decision to bid has been made the main objective of the proposal manager is to achieve an effective trade-off between the bid competitive value on the side of the client expectations and the project baseline in term of time/ cost / performance constraints on the side of the utilisation of the internal resources. Since project final performance depends primarily on risk analysis and management, a ``risk driven approach'' to Project Management appears to be necessary, particularly during the project early phase when only scarce information is available and contractual obligations are to be taken. Thus, the application of risk analysis methodologies to identify and evaluate possible deviations in project completion in terms of time, cost and performance is tending more and more to become an essential prerequisite for project management quality. Since projects are non repetitive processes, historical data are scarcely useful and subjective judgements constitute the main source of information on the different factors influencing project development. For predictive purposes, the integration of available historical data - which is inevitably limited by the uniqueness of projects - and the subjective judgement of specialists based on previous experience in similar projects is, therefore, an inherent issue in the project management process. The paper proposes a systematic and rigorous methodology to collect and integrate the input data needed for simulation analysis by means of Bayesian inference, taking into account the historical reliability of expert elicitation. The methodology aims to obtain effective estimates of the duration, cost and performance of elementary activities, in order to evaluate the probability distribution of project completion time, cost and performance. It is applied to a real-world case of practical interest involving the planning of a project concerning a process plant.

Baseline Uncertainty in Geometric Tolerance Inspection by Coordinate Measuring Machines: The Case of Position Tolerance with Maximum Material Condition

Authors - Gabriele Brondino, Politecnico of Turin, Torino, Italy, Daniele Romano, University of Cagliari, Italia, Grazia Vicario Politecnico of Turin, Torino - Italy

Abstract

Today's industrial metrology requires substantial support from statistics. Point values are taken as realization of a random variable whose variability defines, and estimates, measurement uncertainty. Two main kinds of uncertainty are considered by standards, namely type A which may be estimated using statistical procedures, while type B require other methods, such as accumulated technical knowledge, mathematical models and so on. This paper deals with type A uncertainty in the evaluation of geometric conformance of mechanical components as measured with Coordinate Measuring Machines (CMM), widely used for such an application.

CMM are generally operated under computer control, returning as response sets of x, y, z Cartesian coordinates pertaining to contact points between a touch probe and the surface explored. A major problem with CMM is that surfaces may be inspected only partially, as but a finite sample of all possible points may be probed; incorrect decisions about acceptance/rejection of parts may therefore be incurred into. This is a sore point with geometric tolerance verification, since the relevant standard were developed taking into consideration the properties of hard gauges; these involve the entire surface in the testing process, unlike CMM. 

Evaluation of loss of information due finite sample size, a typical statistical problem, becomes therefore of paramount importance with CMMs. Difficulties arise whenever verification calls for inspection of a number of different surfaces, with a potential accumulation of uncertainty. This is the case of position tolerances, where as many as four surfaces (plus some dimensions) can be involved.

In the paper we examine one of the more complex cases of geometric tolerance verification: position tolerance including some features at the Maximum Material Condition. The uncertainty estimation is provided by a Monte Carlo simulation of the whole measurement procedure implemented on a computer program. Results point out some interesting inconsistencies between the tolerance standard and the relevant practice on CMM.

Small to Medium Sized Industries and the Importance of Reliable Measurement

Authors - Kim Pearce, Shirley Coleman, Matt Linsley, FrØydis Bjerke, Lesley Fairbairn, Dave Stewardson, University of Newcastle upon Tyne, UK

Abstract

This paper discusses the second Business to Business (B2B) mentoring program for measurement reliability which was conducted over a seven month period during 2001. The scheme was organised by the Regional Technology Centre North Ltd. (RTC) with the Industrial Statistics Research Unit (ISRU) acting as topic expert and a large host company acting as mentor. Eight small to medium enterprises (SMEs) located in the North East of England volunteered to take part in the scheme. It was found that regular meetings coupled with interesting 'hands-on' practicals brought down barriers which could have existed between industrialists and statisticians/academics. A suite of statistical techniques were suggested to improve each company's measurement reliability and it was found that those SMEs whose management and other workers took an active interest in implementing the methods were those who benefited the most. Ultimately the B2B project led to an increased awareness of the areas which could be improved and how this could be achieved, better morale amongst the work force and an improvement in measurement practices. By integrating with the work force within the various SMEs, strong relationships were established between all parties involved, hence the work continued with several of the companies after the project had terminated. The presentation will describe the B2B programme, the investigation of measurement reliability and the results achieved. It will also discuss the requirements in terms of company commitment for a successful collaboration. 

Conditional Independence and General Factorisations in Times Series Graphical Models

Authors -  Dr Rob Deardon, Univeristy of Warwick, UK, Professor Henry P Wynn, University of Warwick, UK and Professor Peter E Caines, McGill University, Canada

Abstract

This work is a contribution to the recent research programme fusing together graphical models and times series, that is, graphical models in which every node is a time series. The main task is to derive conditions for conditional independence. This paper concentrates on the stationary Gaussian case. Two cases are distinguished: global conditional independence when two whole (past, present, future) times series, X, Y are conditionally independent given a whole third series, Z, and local in which the present of X and Y (at time t) are conditionally independent give the past of Z (time < t). 

A comparison is made between local and global conditions and computations carried out for autoregressive processes. This work is then applied to data from complicated industrial processes (e.g. waste water treatment plants.)

Control Charts: A Cost-Optimization Approach via Bayesian Statistics

Authors - Andras Zempleni and Miklos Veber (Department of Probability Theory and Statistics, Eotvos University of Budapest), Belmiro Duarte (Instituto Superior de Engenharia de Coimbra, Portugal) and Pedro Saraiva (Department of Chemical Engineering, University of Coimbra, Portugal)

Abstract

Control charts are one of the most widely used (and sometimes not in the soundest way) tools in industrial practice for achieving process control and improvement. One of the critical issues associated with the correct implementation of such a tool is related to the definition of control limits and sampling frequencies. Very frequently these decisions are not well supported by sound statistical or economic decision-making criteria, leading to a suboptimal use and results derived from the applications.

In our presentation we will describe a new approach for establishing control limits and sampling times which derives from a combination of Bayesian statistics and economic performance criteria. Previous historical data are used to characterize process mean shifts and define suitable probability density functions. Then, such functions and Bayesian statistics are combined with economic performance criteria (cost estimates for false alarms, for not identifying a true out of control situation, and for obtaining a data record through sampling) in order to find optimal values for control limits and sampling frequencies. This framework is quite general and flexible, so that is can be applied to the most of the situations where SPC is likely to be a useful tool (including different kinds of probability distributions, multivariate contexts, etc.). In particular, our approach can handle a wide range of prior probability distributions, including exponential and certain IFR (increasing failure rate) functions, which play a major role in reliability studies.

Coupling our problem formulation with efficient optimization algorithms we are able to get an efficient procedure for practical SPC applications, resulting in optimal and sound decisions about control limits and sampling frequency values. We will compare the results obtained through this framework with the ones obtained with other more conventional procedures, both to simulated and real sets of data collected from pulp and paper industrial plants. 

Acknowledgments: This work was developed by members of the Pro-ENBIS network, which obtained financial support from the EU project GTC1-2001-43031.
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Six Sigma Perspectives on Stochastics for the Quality Movement

Authors: John Shade Ron Kenett and Maria Ramahloto 
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Abstract

Large gains in business performance are possible using various methodologies that have been developed over the last 100 years or so. Methodology leaders in business and industry, such as Master Black Belts and Black Belts in six sigma programs, should benefit from a clear and comprehensive assessment of best practices in order to better design improvement efforts and handle unexpected barriers to progress in six sigma projects. In this paper we expand on the idea of the Stochastics for the Quality Movement (SQM) Library to handle such issues. The concept of “statistical consulting pattern” presented in Kenett, Ramalhoto and Shade (2003) is expanded, with specific implications to six-sigma. 

Variation Mode and Effect Analysis

Authors: Alexander Chakhunashvili (Chalmers University of Technology) and Per Johansson (Volvo/Chalmers University of Technology), Stefano Barone Universita Degle Studi (Naples), Bo Bergman (Chalmers University of Technology) 

Keywords: Sources of variation, key product characteristics, FMEA, robust design 

Format: presentation (Reliability and safety) 

Abstract

In industry, unwanted variation is a serious problem. This was realized already by Shewhart in early 1930s, but is still a reality, as reflected in savings made through numerous variation reduction initiatives often run under the heading of Six Sigma. Although traditionally the major focus of these initiatives has been on variation reduction in manufacturing, in recent years, a growing interest for managing variation in the early phases of product development has been observed. This growing interest is also indicated from the surveys conducted in Sweden and in the U.S. In these surveys it is also clear that only a few systematic techniques, such as P-Diagram, orthogonal arrays, signal to noise ratios, and key characteristic flowdown are used in industry. The limited use of these techniques indicates that some elements for successful application are missing. At the same time, Failure Mode and Effect Analysis (FMEA) has been established in industry as a useful method for identifying possible failure modes and assessing their effects. However, even the FMEA has shown its limitations. Namely, the FMEA procedure is discrete in nature and it takes into account only one source of variation, i.e. the inner variation caused by a failure of a part or function of the product. However, over a product’s lifecycle, its characteristics may be exposed to numerous sources of variation, including environmental factors, deterioration, and manufacturing variation. Thus, from a robustness and reliability perspective, a systematic method managing a wide range of sources of variation is needed. In this paper, we introduce an engineering method, Variation Mode and Effect Analysis (VMEA), developed to systematically identify sources of variation and assess their effects on key product characteristics (KPCs). While FMEA is a failure-oriented approach, VMEA places a stronger emphasis on variability. Conducted on a systematic basis, the goal of VMEA is to identify and prioritize those sources of variation that can significantly contribute to the variability of KPCs and might yield unwanted consequences with respect to safety, compliance with governmental regulations and functional requirements. As a result of the analysis, a Variation Risk Priority Number (VRPN) is calculated, quantifying the effect of sources of variation on KPCs and indicating the order in which variation-managing actions must be carried out. The VRPN directs the attention to the areas where excessive variation might be detrimental. The presented method is complemented with an illustrative example from Volvo Powertrain. 

Industry academia interaction - examples and ways of improvement

Authors: Maria Fernanda Ramalhoto (Instituto Superior Tecnico) and C. McCollins (Nottingham Trent University), O. Evandt (ImPRO Oslo), R. Göb (Universität Würzburg), A. Pievatolo (CNR-IAMI), D. Stewardson (University of Newcastle) 
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Abstract

Interaction of industry and academia is a prerequisite for the success of the European quality movement. Stimulating, structuring and managing such interaction is a basic objective of ENBIS and the related EU Thematic Network Pro-ENBIS. The "industrial visit" is a key concept of these activities. A structured scheme for industrial visits was introduced by the authors in an earlier paper in 2003. In the present paper, the scheme is illustrated by case examples. Ways of achieving continuous improvement are considered. 

A Review of the Intensity Function of the Non-Homogeneous Poisson Process

Author: Christopher McCollin (The Nottingham Trent University) & Shirley Coleman (University of Newcastle upon Tyne)

Keywords: NHPP, intensity function, hazard rate 

Format: presentation (Statistical modelling) 

Abstract

The Non-homogeneous Poisson Process (NHPP) is reviewed and some results regarding the Rate of Occurrence of Failures (ROCOF) are presented. The well-known ROCOFs are listed in conjunction with some not so well known ones to bring together the literature in line with non-repairable items. This review will also introduce some non-repairable distributions based on the ROCOFs.

Utilisation of methods and tools for quality improvement in Polish Industry

Authors: Adam Jednorog (Center for Advanced Manufacturing Technologies (CAMT)) and Kamil Torczewski, Monika Olejnik, Shirley Coleman 

Keywords: quality improvement, survey 

Format: presentation (Six Sigma and quality improvement) 

Abstract

Many Polish organizations are on their way to improve quality of their products and processes. Mostly their efforts are limited to implementation of quality management systems according to ISO 9000 standards. The implementation of something above this standard level is not very common. This paper presents the results of survey conducted among Polish companies. The degree of knowledge and degree of the use of quality improvement tools and techniques depending on organization size, branch, ownership and the share of foreign capital was investigated. The influence of these methods, including statistical ones, on decisions, actions and achieved results connected with quality were studied. Also the ways in which employees get to know about these tools and techniques along with their perception about the usefulness of them were investigated. Finally the readiness and willingness of Polish organizations to implementation of Six Sigma strategy were estimated. 

Malfunction detection of an on-board diagnostic car system in presence of highly correlated data

Authors: Stefano Barone (University of Palermo, Italy - Dept. of Technology, Production and Managerial Engineering) and Paolo D'Ambrosio (University of Naples); Pasquale Erto (University of Naples) 

Keywords: Statistical Process Control, Statistical Monitoring, Autocorrelation, ARMA models, Engineering Control, On Board Diagnostics, OBD 
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Abstract

New generation car models are increasingly equipped with self-diagnostic electronic systems aimed at monitoring the health state of critical components. The monitoring activity proceeds through the analysis of diagnostic indices. The measures of such variables are frequently auto correlated then, applying traditional control charts; too many false alarms can be detected. In order to overcome this problem, a possible approach consists in using time series models that consider data autocorrelation and then apply control charts to the residuals. In this paper, the authors present the preliminary results of a research, conducted in collaboration with a car manufacturing research centre, aimed at the evaluation of quality and reliability levels of an anti pollution on-board diagnostic system during its latest development phases on a new vehicle model. Purpose-designed software has been developed, enabling to filter from a huge experimental database, only the necessary data to analyze. For one of the several monitored diagnostic indices, the ARMA model fitted to data is presented together with graphical output and statistical analysis. The overall methodology and the easy to use software allow engineers to promptly detect anomalous behaviours of the diagnostic system and to possibly remove their causes before mass production of the new vehicle model starts. 

Optimal cost control charts for shift-detection

Authors: András Zempléni (Eötvös Loránd University, Dept. of Probability and Statistics) and Belmiro Duarte (Instituto Superior de Engenharia de Coimbra, Portugal), Pedro Saraiva (Department of Chemical Engineering, University of Coimbra, Portugal) 

Keywords: control charts, cost function, Markov chains, shift in process mean 
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Abstract

Control charts are one of the most widely used tools in industrial practice for achieving process control and improvement. One of the critical issues associated with the correct implementation of such a tool is related to the definition of control limits and sampling frequencies. Very often these decisions are not well supported by sound statistical or economic decision-making criteria, leading to a suboptimal use and results derived from the applications. In this talk we will expand upon work previously presented at the 2nd ENBIS conference, where we investigated the problem of one-sided random shifts for processes following a normal distribution and the case of exponential shift-size distributions. In our model for optimal control charting we did assign different costs to sampling, non detected out-of-control events and false alarms. Now we extend such a work to other shift-size distributions than the exponential and investigate the robustness of our procedures for the violation of normality assumption for the underlying process. We will present simple yet powerful methods for process monitoring derived from such an approach, where one has to face frequent changes in the process behaviour. Throughout the work we use Markov-chains for finding the optimal chart parameters. Acknowledgments -  This work was developed by members of the Pro-ENBIS network, which obtained financial support from the EU project GTC1-2001-43031. 

Experiences in delivering a multicultural Six Sigma Black Belt training programme
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Abstract

ISRU is part of the School of Mechanical and Systems Engineering, University of Newcastle upon Tyne, having been formed in 1984. The unit has a long history of providing expert statistical support to both large international organisations and regional SME's. CAMT was established in 1994 in the Institute of Production Engineering and Automation at Wroclaw University of Technology. CAMT concentrates on research, training and technology transfer, in the scope of modern production. CAMT is acknowledged as a leading research centre and a technology provider in Poland. This paper essentially describes the benefits of a multicultural Six Sigma Black Belt training programme that the partnership has delivered to a long term international manufacturing (mechanical sector) client in Wroclaw. Delegates from two plants (both East and West Europe) within the organisation have attended the training programme highlighting the diversity of the project. Following the standard Six Sigma format, the main component of the package is a four-week training programme (M, A, I, C), that is delivered to Black Belt candidates in order for them to adopt the necessary statistical skills and methodology required to reach the level of Black Belt certification. In addition, the programme includes a more comprehensive Define phase that concentrates on teamwork, people and management skills. A framework for successful individual project selection and project support is included in the six-month training programme. Selected project case studies are introduced alongside details describing the exact nature of the working relationship between the two universities and how the project was subsidised. 

A Robust Graphical Test for Binormality

Authors: Oystein Evandt (ImPro) and Shirley Coleman (Industrial Statistics Research Unit, University of Newcastle upon Tyne, England); Harald E. Goldstein (Institute of Economics, University of Oslo, Norway); Maria F. Ramalhoto (Mathematics Department, Technical University of Lisbon, Portug 
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Abstract

Many bivariate statistical methods are helpful for understanding business and industrial data. For example, we may be presented with two sets of measurements on the same items and want to examine their relationship. Most methods are based on the assumption that the data come from a binormal distribution. Real datasets often contain some outliers. The reasons for outliers can be unclear procedures for production tasks or measurement, that operators do not follow procedures for production tasks or measurement, failure in production equipment or measurement equipment, wrong type of raw material, failure in raw material, registration errors etc. There is therefore a need for a straightforward test of binormality which is robust against outliers. It can be shown that even if both the marginal distributions of a bivariate distribution are normal, the bivariate distribution need not be binormal. In this paper is presented a graphical method, based on probability plotting, for assessing if it is reasonably realistic to assume that a bivariate dataset stems from an approximately binormal distribution. The method is robust against a moderate number of outliers. A particularly important application is to regression where both variables are random, but one is easier to measure than the other. With appropriate assumptions, the measure that is easier to obtain can be used to predict the measure that is more difficult to obtain. The relationship with testing for normality of residuals in regression is discussed. The robust graphical (Robug) test is illustrated using data sets encountered in our practical work. 

Functional Signature Analysis for Product End-of-Life Management

Authors: Alessandro Di Bucchianico (EURANDOM) and H.P. Wynn (EURANDOM and London School of Economics, U.K.) 
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Abstract

This paper presents functional signature analysis for the end-of-life management of products, particularly for electrical and electronics applications. The signature analysis method is described, and the strategies for carrying out the signature analysis are discussed. We will discuss a case study which involves digital copiers and highlight the statistical issues. 

A little known Robust Estimator of the Correlation Coefficient in the Bivariate Normal Distribution

Authors: Oystein Evandt (ImPro) and Shirley Coleman (Industrial Statistics Research Unit, University of Newcastle upon Tyne, England) 
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Abstract

The “usual” empirical correlation coefficient, Pearson’s r, has good optimality properties as an estimator of the distribution correlation coefficient “rho” in the bivariate normal distribution, provided outliers are not present. But outliers often influence r so much that it leads to very bad estimates of “rho”. The most frequently used alternatives to r, in the presence of outliers, are probably Spearman’s rank correlation coefficient and Kendall’s “tau”. These two correlation coefficients both however have the drawback that they do not estimate the bivariate distribution correlation coefficient “rho”, neither in the case of binormality nor for other distributions. Furthermore, Spearman’s coefficient has been found not to be very robust against outliers, even if it is more robust than Pearson’s r. Kendall’s “tau” is however robust against outliers. In addition, in the case of binormality there exists a robust estimator of “rho” based on Kendall’s “tau”, which has good properties. This estimator seems to be little known among statisticians and statistical practitioners, even though it is described in Maurice Kendall’s book “Rank correlation methods” from 1975. In the opinion of these authors it is likely that this estimator deserves more attention than it seems to have, and to be used more. This paper will describe the mentioned estimator and some of its properties. Some of its properties are presented in theoretical terms, and some are presented as results of simulation studies. 
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Probability Estimation for Mixture Distributions and their Application to Statistical Process Control

Authors: András Zempléni (Eötvös Loránd University, Budapest) and Csilla Hajas (Eötvös Loránd University, Budapest); Belmiro Duarte (Instituto Superior de Engenharia de Coimbra, Portugal); Pedro Saraiva (Department of Chemical Engineering, University of Coimbra, Portugal) 

Keywords: cost function, maximum likelihood, process control, shift 

Format: presentation (Process modelling and control) 

Abstract

In previous ENBIS conferences, [1], [2] the authors have presented work regarding the application of Markov Chains for optimal definition of SPC charts. Extending on such previous work, we consider the case of process monitoring where one has to face frequent changes in the mean value of the monitored variable. The corresponding control charts are optimised with respect to different, realistic cost functions associated with sampling, false alarms and non-detected changes. This new approach allows one to incorporate different losses, due to delays or other effects of unnecessary alarms. We also present alternative methods for addressing shift-intensity and magnitude-estimation, based on data observed before the chart is actually designed, through maximum likelihood estimation techniques. The asymptotic distribution of these estimators, as well as their small-sample properties, is also given. The practical results obtained through the application of our approaches to industrial data collected from a Portuguese paper mill are also described, showing the potential benefits derived from their use in real environments for achieving adequate statistical process control and monitoring. References Zempleni, A., Hajas, Cs., Duarte, B. and Saraiva, P. “Optimal Cost Control Charts for Shift Detection”, presented at the third European Network for Business and Industrial Statistics (ENBIS) conference, Barcelona, Spain (2003). Zempleni, A., Véber, M., Duarte, B. and Saraiva, P. “Control Charts: a cost optimization approach via Bayesian statistics”, presented at the fourth European Network for Business and Industrial Statistics (ENBIS) conference, Rimini, Italy (2002). Acknowledgement - This work was prepared by members of the Pro-ENBIS consortium, supported by European Commission 5th Framework Programme, Contract No. G6RT-CT-2001-05059 

Testing and utilising the Poisson nature of clinical data in the NHS
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Abstract

The Poisson distribution arises when events occur at random with a constant rate. Many examples of Poisson type data arise in medical as well as industrial contexts. In the medical scenario, however, patients are often the underlying units and the numbers sampled are very variable because of organisational factors, seasonality and human factors including medical staff and the patients themselves. The number of malignancies found, and the corresponding number of patients investigated, in a weekly one-stop symptomatic breast clinic held in a district general hospital in the North East of England from January 2000 to February 2004 are presented as an example. It is useful to be able to model the data to aid understanding of the process behind the occurrences, to make forecasts and to benefit from statistical process control (SPC). Standard tests for Poisson data include the Dispersion test comparing observed and theoretical variance. The Dispersion test is recommended when the sample sizes are fairly constant, which in the example in question means that the number of patients investigated each week, is fairly constant. A test borrowed from industrial statistics methodology can be used with varying sample sizes, i.e. varying numbers of patients attending per clinic session, and is described for this application. SPC charts are increasingly being used in the UK National Health Service (NHS). An SPC chart can be used to monitor the weekly number of malignancies found in the clinics. Exceptional numbers of occurrences exceed the control limit and may signal a change in the population, or in the referral pattern and hence the performance of the system. The position of the c-chart control limits needs to be chosen carefully. The limits recommended in standard texts are liberal in that it is less likely to exceed the control limits than quoted. This effect is greater for low rate of occurrence data such as that found in the breast clinic. A new set of control limits for the c-chart can be developed which is more appropriate to the situation where a more conservative approach is preferred. A number of alternative charts will be presented. 

A modified EWMA control chart for AR(2)-processes
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Abstract

In the time of Shewhart an analyst went to the production line, grabbed a sample and measured this sample in his laboratory. This could be repeated at most a couple times a day. Nowadays online registration systems are installed on production lines. This online measuring results in very high sampling rates. As a consequence of the short sampling interval, autocorrelation appears in the observed measurements, especially in the chemical and food industries. In this presentation we discuss the effects of autocorrelation for real life examples. We develop a modified EWMA control chart which is adapted for autocorrelation. Considered the real life example, different aspects of this modified EWMA control chart will be treated. It is demonstrated that this modified EWMA control chart works very well in practice. Also some theoretical aspects will be derived for this control chart.

A Practical Framework for Robust Design using Computer Experiments

Authors: Ron Bates (London School of Economics) and Daniele Romano 
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Abstract

Robust design (RD) concerns the introduction of noise into the design improvement / optimization problem and is the subject of an increasing amount of research. Traditionally, RD methods employ Response Surface Methodology (RSM) to find solutions robust to noise by conducting physical experiments. However, if computer experiments are used, some typical constraints of RD can be relaxed. In this case, controlling noise factors in the experiments may be easier and less costly than in physical experimentation. Provided that the noise factors are inputs of the computer code, changing factor levels is also inexpensive, further reducing the cost of experimentation. This allows a better exploitation of the RD potential and also induces some relevant modifications in the existing Robust Design procedures. More noise factors can be studied; there is no need to rely on parsimonious polynomial models for fitting the mean and variance of system responses, the experimental designs may not be classical factorial or RSM designs and noise factors may have either fixed or random levels in the experiments. In this environment, Parameter and Tolerance design problems can be naturally integrated, increasing the number of options available for structuring a RD study. In the paper we outline available options and evaluate them in terms of the trade-off between accuracy and cost. The proposed framework is supported by evidence collected in selected case studies.
Discrete Methodology in the Analysis of Likert Scales
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Abstract

Likert scales are widely used in survey studies to assess peoples' opinions, attitudes, and preferences by questionnaires. In particular, the questionnaires propagated by the Servqual approach are based on Likert scales. Though Likert scales are discrete in nature they are often evaluated with techniques designed for continuous measurements. The present paper considers evaluation techniques under the proper discrete understanding, in particular, the use of simultaneous confidence intervals for multinomial probabilities. Approximate and exact confidence intervals are considered. 

Some Aspects of Teaching Quality to Business Students
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Abstract

Some aspects of the NTU degree scheme for BA Business and Quality Management are described with reference to the similarities within the taught methodologies of QFD and DOE. Issues arising from student case studies in QFD are presented detailing where strengths and weaknesses lie. 

Robust calibration of automotive OBD systems combining physical and simulated experiments

Authors: Stefano Barone (University of Palermo) and Pasquale Erto (University of Naples), Alessandro Riegel (ELASIS) 

Keywords: On-Board Diagnostics, Robust Design, Experimental Calibration 

Format: presentation (Design of experiments) 

Abstract

On-Board Diagnostic (OBD) systems, installed on new motor vehicles, assess the state of health of critical components and inform the driver of any malfunction in real time. The main manufacturers' concern is to minimise the risks of erroneous detections. Hence, during development phases, the OBD systems must be finely calibrated in order to ensure reliable functioning. This article presents a robust calibration approach, aiming to make the OBD system as insensitive as possible to external and internal sources of variation occurring during the real use of the vehicle. This approach combines physical and simulated experiments, by using specific software reproducing the OBD logic. Adopting this extensive and integrated experimentation, both the optimal calibration and reduced risks of erroneous detection are obtained, at a very limited experimental cost. An applicative example concerning a new car model, during its development phase, is presented. 

Signature analysis of motor current

Authors: Talia Figarella (EURANDOM) and Alessandro Di Bucchianico (EURANDOM), H.P. Wynn (EURANDOM and London School of Economics, U.K.), Wicher Bergsma (EURANDOM), Vladimir Kulikov (EURANDOM) 

Keywords: Signature analysis; motor current; condition monitoring; statistical analysis 

Format: presentation (Reliability and safety) 

Abstract

Information on the condition and degradation of electrical appliances, like digital copiers, can be obtained from signature analysis of the motor current. Nevertheless, the main problems are the extraction of different characteristics from the current signal and relate them to the machine's (or component's) performance. We discuss statistical methods to identify these characteristics in the current signal, highlighting methods to distinguish several machine conditions.
Kansei a methodology for translating emotions into design

Authors: Carolyn van Lottum (Industrial Statistics Research Unit) and Shirley Coleman (ISRU), Erik Monness (Hedmark University College, Norway), Lluís Marco (UPC, Technical University of Catalunya, Spain),Joe Chan (University of Newcastle upon Tyne), Maggie. Q. Ren (University of Newcastle upon Tyne) 

Keywords: Kansei Engineering, Factor Analysis 

Format: poster (Statistical consulting) 

Abstract
The Kansei Engineering methodology is widely used in Japan but is less known in Europe. It is a technique that attempts to incorporate consumers’ emotional feelings into the process of product design. Central to Kansei is the analysis of consumer opinion through the use of statistical tools. The aim of Kansei Engineering is to link consumers’ emotional responses to actual design elements. For example, what makes a design appear “fresh” or “comfortable”. To achieve this, the semantic universe of descriptors relating to a product must be collected and narrowed down to a representative set. Semantic Differential Scales are created from this reduced semantic universe; these are used to collect consumer opinion on existing product designs. Factor Analysis on the resulting data provides an insight into how consumers interpret descriptive words, and how the existing designs are perceived. By breaking the product down into design elements it is possible to investigate the relationship between individual elements and the consumer’s responses recorded on the semantic scales. Through this process, design elements are mapped to the individual words and phrases. Armed with this information, manufacturers should be able to develop prototype products that evoke specific feelings in the consumer i.e. products with instant customer appeal. In this poster we present an overview of the progress of KENSYS, a European research project into the application of Kansei Engineering in SME’s currently underway at ISRU at the University of Newcastle upon Tyne. 

LISREL: A unified alternative to ANOVA, regression and Principal Components in Designed Experiments when the outcome is multidimensional

Authors: Erik Mønness (Hedmark Univ. College and ISRU, University of Newcastle), Shirley Coleman (ISRU, University of Newcastle) & Irena Ograjenšek (University of Ljubljana)

Keywords: Designed Industrial Experiments, Multivariate techniques, LISREL 

Format: presentation (Statistical modelling) 

Abstract

In designed industrial experiments, the outcome is often multidimensional. Performing a regression/ANOVA on each single outcome may not take into account the correlation structure of the outcome, and thereby not have an optimal parsimonious information value. One solution to the multivariate response problem is to first perform a principal component or a factor analysis on the outcome. Then a regression/ANOVA analysis can be done using the factor scores as the experimental output (Two-stage analysis). In industrial applications, one is usually interested in both establishing a cause-effect relation, and also to estimate the actual size of the impact. To do so in a two-stage analysis, one has to combine the factor loadings with the regression effects into the estimated impact. Factor analysis issues such as using covariance or correlation becomes crucial when the goal is estimation. The LISREL model (Karl Jöreskog and Dag Sörbom) may be a unified one-step solution in these cases. We will use data from a testing experiment with high precision breathing apparatus, to be used by fire-fighters, to explore several models. The data is a 25-1 design with 5 replicates, giving 16*5=80 runs. There are 7 result variables; 3 measurements of static pressure, and 4 measurements of pressure when breathing through the apparatus. We will compare prediction from ordinary regression/ANOVA, two-stage analysis and LISREL. Also model reduction will be explored.

Other co-authored conference papers

PSAM7/ESREL 04 Conference
Statistical Process Control Procedures in Relation with Reliability Engineering

Authors - Ramalhoto M. F., Goeb R., Pievatolo A., Oystein E. and McCollin C., (2004)
A data analytical approach to FMEA.  (Journal of Quality Technology - Not yet published)
Authors - A Di Bucchianico (EURAN.ISG) (CR2), J van den Bogaard & H Wynn (LSERS.STA) (CR34)

Paper presented at Cagliari conference on Service & Quality May 2003

Building Quality into the Total Service Offering
Authors Jukka Salmikuukka (VTT), Jouni Kivistö-Rahnasto (VTT) & Irena Ograjenšek (2University of Ljubljana)

Abstract

The network economy is more or less commonplace to all of us. This applies also in service business: the service production process combines several individual players, who together produce the service experience for the user. This paper presents concepts of total service offering (TSO), and service production network (SPN), pointing out the complexity of service quality.

Total service offering includes the whole service package offered to the customer. Besides the core service, it may contain several supporting and facilitating services (and goods) as well. The different parts of the Total Service Offering may be produced by various independent service providers (SP). SPs participating into the TSO production process form a service production network (SPN). When the production process of TSO is decentralised, the provider of the core service can not directly control the service quality of TSO. In case of quality problem, the negative feedback is usually directed towards the brand owner, who usually is the core service provider as well. This means, that the task of building quality into the service production process is even more challenging and crucial task for service providers than it has been before. 

The complexity of this problem is illustrated with the case of developing smart card based electronic services. Individual actors of a network focus in restricted parts of the quality being incapable to manage the Total Quality of the TSO. As a result, a framework clarifying the roles of individual actors in developing the total quality of TSO is presented.
CMP'04: MULTIPLE PARTICIPANT DECISION MAKING, held in Prague, Czech Republic, in May, 12-14, 2004

On combining expertise in Dynamic Linear Models 

Authors - Jesus Palomo Universidad Rey Juan Carlos, Madrid, Spain, David Rios Insua Universidad Rey Juan Carlos, Madrid, Spain and Fabrizio Ruggeri CNR-IMATI, Milano, Italy
Published in: Multiple Participant Decision Making, J. Andrysek, M. Karny and J.

Kracik, 29-37, Advanced Knowledge International.(2004, 182 pp. ISBN: 0-9751004-5-9) 

Abstract
We consider different models combining opinions of two experts, given at specific time points, when forecasting with dynamic models. We describe a Bayesian approach for inference and prediction in such situations, using both historical data and current expert's opinions. We consider cooperation cases in which experts' opinions are merged into a class of priors, or one expert provides information to another, and compare these cases with the non-cooperative, independent one. The former case leads to robust Bayesian analyses, whereas in the latter, the expert's input is treated as information used to improve upon the basic model and learn about the forecasting ability of the expert. Our approach is motivated by the need of companies to forecast project costs in bidding processes.

4th IMA conference on Quantitative Modelling in the Management of Health Care, held at University of Salford , UK 31 March - 2 April 2004
Modelling the Poisson nature of malignancy in a breast clinic and monitoring it with SPC c-charts

Coleman, S.Y, O. Evandt and C.J .Pritchett  (2004)
Abstract

Data from a weekly one-stop symptomatic breast clinic held in a district general hospital in the North East of England are studied. The number of malignancies found from January 2000 to February 2004 are presented in an SPC c-chart. The SPC chart provides an objective mechanism for checking whether the situation is steady or whether there are changes. Exceptional numbers of occurrences exceed the control limit and may signal a change in the population or in the referral pattern and hence the performance of the system. The Poisson distribution arises when events occur at random with a constant rate. A frequently quoted text-book example is that of deaths by horse kick in Prussian army corps between 1875 and 1894, but the breast cancer data provide a more relevant and contemporaneous example.  Before making use of a control chart, the suitability of the Poisson model needs to be checked.  A test borrowed from industrial statistics methodology to deal with varying sample sizes, i.e. varying number of patients attending per clinic session is used for this application. The position of the c-chart control limits needs to be chosen carefully. The limits recommended in standard texts are liberal in that it is less likely to exceed the control limits than quoted. This effect is greater for low occurrence data such as that found in the breast clinic. A new set of control limits for the c-chart can be developed which is more appropriate to the situation where a more conservative approach is preferred.

Key words: breast cancer, random occurrences, Poisson, control chart, dispersion test

Conference Proceedings -  keynote paper in Advanced Manufacturing Systems and Technology 2002, E. Kuljanic ed., CISM Course and Lectures N. 437, Springer, Wien and New York, 61-72
Industrial Experiments - Theory and Practice.  

Authors - Raffaello Levi PTRN.DSPEA (MB19) & Daniele Romano UCAG.DME (MB11) Year – 2002

Abstract 

Basic, time proven design principles are a key factor for successful industrial experiments today, as they were in the past. One must also take into proper considerations practical aspects and human factors, easier said than done with some characters and some situations. Simple guidelines may help in the difficult task of selecting a compromise between abstract formulations and real world constraints, a recurrent problem with no general solution.

The following papers and book resulted from an industrial visit to Monte dei Paschi di Siena (MPS) Bank in Siena, Italy by Paolo Giudci UPAV.EPMQ (MB36) using material prepared by Paolo Giudci UPAV.EPMQ (MB36) and Wim Senden EURAN.ISG (CR2).

Modelling operational losses: a bayesian approach. 

Authors - Paolo Giudici and  Annalisa Bilotta

Published in Quality and reliability engineering international, 20, pp. 407-417. (2004)  

Abstract

The exposure of banks to operational risk is increased in the recent years. The Basel Committee on Banking Supervision (known as Basel II) has established a capital charge to cover operational risk other than credit and market risk. According to the advanced methods defined in "The New Basel Capital Accord" to quantify the capital charge, in this paper we shall present an Advanced Measurement Approach based on a Bayesian network model that estimates an internal measure of risk of the bank. One of the main problems to face to measure the operational risk is the scarcity of loss data. The methodology proposed solves this critical point because it allows a coherent integration, via Bayes' theorem, of different sources of information, such as internal and external data, and opinion of 'experts'(process owners) about the frequency and the severity of each loss event. Furthermore, the model corrects the losses distribution considering the eventual relations between different nodes of the network that represent the losses of each combination of business line/event type/bank/process and the effectiveness of the correspondent internal and external controls. The operational risk capital charge is quantified by multiplying the VaR per event, a percentile of the losses distribution determined, and an estimate of the number of losses that may occur in a given period. Furthermore, it becomes possible to monitor the effectiveness of the internal and external system controls, in place at the bank.

The methodology we shall present in this document has been experimented, as a pilot project, in one of the most important Italian banking group, Monte dei Paschi di Siena (MPS).

Keywords: Actuarial models,  Basel Committee on Banking supervision, Bayesian Networks, Financial risk management, Self-assessment, Value at Risk.

Banking risk? Rely on Bayes
Author - Paolo Giudici

Scientific Computing world, 76, p. 47. (2004)

Abstract
Operational risks in banking have increased in the recent years. These risks spring from globalisation of the financial markets, growth of IT, and the spread of complicated financial products. The new Basel capital accord requires banks to put aside a minimum capital sum to insure against credit risk, market risk and operational risk.  Twelve percent of this sum is specifically assigned to cover of operational risks.  A press release with more details can be found at www.bis.org/press/p040115.htm.   The Basel agreement is still being revised and is expected to become compulsory for all banks from 1st January 2007.

Book

Applied data mining: statistical methods for business and industry. 

Published by Wiley, London. (2003) 
Author Paolo Giudici UPAV.EPMQ (MB36)
The increasing availability of data in the current information society has led to the need for valid tools for its modelling and analysis. Data mining and applied statistical methods are the appropriate tools to extract knowledge from such data. Applied Data Mining: Statistical Methods for Business and Industry provides an accessible introduction to data mining methods in a consistent and application oriented statistical framework. It describes six case studies, taken from real industry projects, highlighting the current applications of data mining methods.
Section 3 Articles published in the popular press
Statistical modelling for more efficient processes (in Dutch) 

Kwaliteit in Praktijk F15, pp. 1-22

Authors - R.J.M.M. Does & A. Trip UAM.IBIS (CR10)

Statistical models of web mining
Business Breifing: Data management and storage technology 2003, CD-ROM reference section, London: Business Breifings Ltd 2003
Author - Paolo Giudici UPAV.EPMQ (MB36)

Opbrengst Six Sigma overtreft alle verwachtingen (Six Sigma: a challenge for health care)

Kwaliteit in Beeld 2003(2), pp. 4-6

Authors - R.J.M.M. Does, J. van den Heuvel & A.M.F. Koning UAM.IBIS (CR10)

Rimini with ENBIS and Pro-ENBIS
RSS News

Author - Tony Greenfield GREENF.CC (CR6)
Revenues of Six Sigma exceeds expectations (in Dutch)
Kwaliteit in Bedrijf 19(3), pp. 6-10
Authors - A.M.F. Koning, R.J.M.M. Does & J. van den Heuvel UAM.IBIS (CR10)

ENBIS: a network for discussion

RSS News

Author - Tony Greenfield GREENF.CC (CR6)

ENBIS in Oslo

RSS News

Author - Tony Greenfield GREENF.CC (CR6)

Statistiker kooperieren mit Firmen aus der region Wurzburg (in German)

Bayerische Julius-Maximlians-Universitat Wurzburg

Author - Rainer Gob UWUERZ.II.CS (MB18)

Hochschulforum (in German)

Prima Sonntag vom

Author - Rainer Gob UWUERZ.II.CS (MB18)
Uni an europaweitem Netzwerk beteiligt (in German)

Main-Post vom
Author - Rainer Gob UWUERZ.II.CS (MB18)
ENBIS in Pro-ENBIS: priloznost za okrepitev sodelovanja evropskih poslovnih in industrijskih statistikov ter podjetij (in Slovenian)
Kakovost (Journal of the Slovenian Quality Association)
Author - Irena Ograjensek ULJUBL.FE.SI (CR29)

ENBIS in Pro-ENBIS : priloznost za sistematicno pospesevanje razvoja poslovne in industrijske statistike v Evropi (in Slovenian)
Bilten Statisticnega drustva Slovenije (Bulletin of the Statistical Society of Slovenia)

Author - Irena Ograjensek ULJUBL.FE.SI (CR29)

Statistisch modelleren in de industrie Statistical modelling in industry (in Dutch)

Kwaliteit in Bedrijf 18(2), blz. 30-34

Authors - E.R. van den Heuvel, R.J.M.M. Does & A. Trip UAM.IBIS (CR10)

Elk 'Six Sigma'-project levert 20.000 euro op. Revenue of each 'Six Sigma' project: 20,000 € (in Dutch)

Kwaliteit in Bedrijf 18(9), pp. 12-14

Authors - J. van den Heuvel, A.M.F. Koning & R.J.M.M. Does UAM.IBIS (CR10)

Procesprestatieanalyse Process performance analysis (in Dutch)
Kwaliteit in Praktijk F18, pp. 1-23

Authors - A. Trip & J de Mast UAM.IBIS (CR10)

De implementatie van Six Sigma in een ziekenhuis The implementation of Six Sigma in a hospital (in Dutch)

Kwaliteit in Bedrijf
Authors - J. van den Heuvel, A.M.F.Koning & R.J.M.M. Does UAM.IBIS (CR10)

RSS News feature for January 2005
RSS news
Author Shirley Coleman UNEW.ISRU (CO1)

Danish Engineer receives international prize
Ingenioren - weekly newsletter for danish  engineers. Circulation  68.000 printed copies.
Author Poul Thyregod DTH.IMMOD (MB22)

Optimization of enzyme production using statistical methods
Ingenioren - weekly newsletter for danish  engineers. Circulation  68.000 printed copies.
Author Poul Thyregod DTH.IMMOD (MB22)

Top managements tool for innovation
Boersen - daily newspaper, a danish equivalent of Financial Times. Circulation 66.000 printed copies
Author Poul Thyregod DTH.IMMOD (MB22)
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