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Data Fusion
The future of innovative product development
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Preface

In recent decades the context of new product development (NPD), has 
changed dramatically. Due to continuous technological innovation, 
fierce global competition and strong time-to-market pressure, it becomes 
increasingly challenging for organizations to develop products with 
differentiating product performance characteristics and outstanding 
economic value. In addition it becomes more and more difficult to 
manage decreasing customer tolerance on product performance.

In order to deal with these trends, the development organization 
requires field feedback information to be more detailed and available 
much earlier in the development process so as to deliver the products 
to meet customer requirements. Traditional field feedback channels, 
such as service centers, are not able to provide companies with the 
required information. Feedback is sometimes unavailable until the 
product’s third generation and, once provided, the information lacks the 
level of detail necessary to identify the mismatches between technical 
specifications and customer requirements. Mainly thanks to advances 
in ICT, much more information, such as internet data, is available for use 
in the development process, provided that it arrives at the desk of the 
developer in the right format and properly condensed and prioritized. 
However, most datasets available on the internet are not collected to 
support product development. Some of them contain free text and 
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are very unstructured. Even when the relevant data and information is 
available, they may be ignored by or unknown to the relevant departments 
in the development organizations due to their different objectives and 
background.

In short, information processing and knowledge sharing in NPD faces two 
challenges. The first challenge is content-related: how to deal with the 
data explosion due to the increasing availability of product performance 
data from different channels and in different modalities. The second 
challenge is process-related, and concerns the issue of motivating and 
facilitating knowledge sharing between different functional departments 
in new product development.

In order to support the product development industries in the 
Netherlands in this context, the Dutch Ministry of Economic Affairs, 
Agriculture and Innovation has financed the IOP data fusion project 
since 2008. The project consortium consists of Eindhoven University 
of Technology, Rijksuniversiteit Groningen, Philips Healthcare, Philips 
Consumer Lifestyle, Xerox, Bang & Olufsen and Océ. The research 
project focuses on two issues. The first concerns the extraction of richer 
and better-structured field feedback information from the existing free 
text-based and unstructured consumer information databases by text 
mining and process mining. The second issue concerns motivating and 
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supporting information sharing and creation between different functional 
departments through design thinking and design actions. The combined 
research lines will support product development organizations in future 
developments of innovative products that meet customer requirements.

During the past four years, two PhD theses and one professional Doctorate 
thesis have been developed together with a number of master student 
projects with a close collaboration with industrial partners. By integrating 
education, research with industrial collaboration, IOP Data Fusion project 
has created interesting results that are of great interest to academia and 
industry partners. 

In this booklet we would like to share some of our project results and 
reflection with our project partners. Enjoy reading!

Dr. Yuan Lu

Project leader IOP Datafusion project
 sources. The BIU can now build further on these solutions and is, 
therefore, better prepared for future developments and taking care of 
patients worldwide.
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An overwhelming 80% of all corporate data exists in the form of 
unstructured, natural language texts. Buried within these texts are 
valuable information nuggets, which represent actionable intelligence 
and provide critical business insights on causes of customer 
discontentment and product failures. 
However, traditional business intelligence tools operate primarily 
on structured data, e.g., from data warehouses, and are unable 
to discover meaningful information from unstructured corporate 
texts. For organizations this results in overlooked opportunities and 
threats, and the inability to respond to customer discontentment and 
expectations by improving product quality.

In Natural Language Processing (NLP) – the focus of this sub-project – 
various algorithms have been developed for automatically discovering 
meaningful information from texts. These algorithms have been 

Ashwin Ittoo

Dr. Ashwin Ittoo is employed as a Research Fellow at the 
Rijkuniversiteit Groningen (RuG). He obtained his PhD from 
RuG, and his Master’s and Bachelor’s degree from the Nanyang 
Technological University (Singapore and the National University 
of Singapore respectively. He specializes on Natural Language 
Processing (NLP), and particularly, in text analytics for Business 
Intelligences and Information Systems.

Mining Meaning from Corporate Texts
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Reflection from Industry & University

The Data Fusion project raised awareness of the huge opportunities 
for companies to improve their performance in the market by properly 
analyzing customer feedback.  Current technologies for natural 
language processing and data mining allow disclosure of a wealth 
of information, yielding suggestions for improvement.  In the Data 
Fusion project we focused on New Product Development. However, 
many other business areas, such as quality management, customer 
relations  management, and marketing and sales can equally gain 
substantial benefits.

Hans Wortmann - Rijksuniversiteit Groningen
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predominantly applied to large, well-written text collections, which 
provide reliable linguistic and statistical features for facilitating the 
discovery of meaningful information. However, corporate texts pose 
new challenges to NLP techniques. They are informally-written and 
sparse, and do not provide reliable linguistic and statistical features 
to facilitate the identification of meaningful information from their 
contents. 

The core objective in this sub-project is to fill this lacuna in extant NLP 
research. To this aim, a number of novel, state-of-the-art algorithms 
for mining meaning from sparse, informally-written corporate texts has 
been developed. Specifically new techniques were devised for:

•	 Detecting pertinent terms denoting product failures                                   
in job-sheet reports;

•	 Extracting various semantic relations, such as causality, which 
gives the relation between causes and corresponding product 
failures;

•	 Generating groups or clusters of similar documents, e.g., all 
mentioning the same types of product failures.

In addition corresponding prototypes for the respective algorithms 
have been implemented in open-source platforms (mainly Java), and 
have been found to performed with high accuracy on real-life texts 
provided by our industrial partners.
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Reflection Project

Many scientific techniques tend to be too brittle when applied 
to real-life data, such as job-sheet documents. Therefore, these 
techniques often have to be customized to the data. However, with the 
recent progress in NLP, more accurate algorithms are expected to be 
developed, and text-analysis software will establish itself as classical 
office software.

Ashwin Ittoo- Rijksuniversiteit Groningen

Prototype

View and try Ashwin’s prototypes by going to the 
URL below or by scanning the QR code.

URL: http://www.let.rug.nl/ashwin/Demos.html
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Typically represented in event logs, business process data describe 
the execution of process events over time. Business process 
intelligence (BPI) techniques such as process mining can provide 
strategic insight into business processes. Process discovery, 
conformance checking and enhancement are possible applications 
for knowledge discovery on process data. By applying process mining 
techniques on data that describe the behavior of process instances, 
it is possible to discover and analyze the business as it is being 
executed. However, so far, these techniques are typically designed 
to focus on specific process dimensions, ignoring information 
potentially relevant for the analysis comprehension.

Specially designed to support dynamic hypothesis-driven exploration 
of data, online analytic processing (OLAP) systems are commonly 

Joel Ribeiro

Dr. Joel Ribeiro became a PhD candidate in the department of 
Industrial Engineering and Innovation Sciences at Eindhoven 
University of Technology. The focus of his doctoral studies, 
supervised by prof. dr. ir. P.W.P.J. Grefen and dr. A.J.M.M. Weijters, 
was on the multidimensional discovery and analysis of business 
processes. He completed his doctoral studies in 2013 with a thesis 
titled “Multidimensional Process Discovery”.

Dimensional Exploration in Complaint Handling Processes
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Reflection from Industry & University

In today’s world we are overloaded with data. Traditionally we try to 
organize the data at the source were the data is generated and try to 
align this with other data sources to get the information we need. In 
an intensely data-driven industry like Semiconductors, however, we 
do not just see more data, but in particular much more data sources. 
Alignment of these sources is either very costly or time-consuming. In 
many cases it is not even possible since we also want to take historical 
data into account.
 
The Data Fusion project approached this problem from a different 
angle: Take the data as is and find clever ways to link and interpret 
data and extract information. I was positively surprised with the 
results. Methods and algorithms combining many different data 
sources – from performance data to plain text – enable users to find 
critical information much faster. This area will grow and become vitally 
important for today’s highly data-driven industry!

Robert van Rijssinge - NXP Semiconductors
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used as reporting tools in almost every application for business 
intelligence. Exploiting the data by combining different dimensions 
with some measures of interest, it is possible to adjust on-the-fly the 
analysis’ level of abstraction in an interactive way. Pivot tables are 
a good example of reporting tools that support hypothesis-driven 
analysis. One typical application of these tables is the sales analysis 
where the total amount of sales in a company can be characterized 
dynamically by multiple dimensions (e.g., product, customer, and 
time). 

This subproject aims at the extension of process mining techniques 
with OLAP functionalities. Making use of OLAP concepts, a 
multidimensional data structure is designed to hold the different 
dimensions of business processes in such a way that process 
discovery and analysis are facilitated. Extending the traditional OLAP 
data cubes, these structures can improve the process analysis by 
providing immediate results under different levels of abstraction. For 
example, the process behavior described in a process model can be 
constrained by activity, resource, or time, or by any combination of 
these dimensions. 

The dynamic integration of business process dimensions into process 
mining can bring the process analysis to another level. Considering 
the event log’s attributes as dimensions, process analysis can be 
performed in such a way that events and workflow can be constrained 

concept2_filled.indd   12 25-2-2013   15:10:51



13

by specific process information. Traditionally, only a single dimension 
(or a static set of dimensions) is considered. For example, the 
activity is typically the only considered dimension in a process 
model (Figure 1). In a multidimensional approach, process analysis 
can be dynamically constrained by the dimensions the analyst 
considers relevant. For example, the process model of Figure 1 can be 
constrained by the dimensions described in the event log. 
Figure 2 presents the repair process constrained by product type. 
In this case, the constraint is applied on the workflow (i.e., arcs). 

Figure 1 – Example of the traditional representation of a repair process.

Figure 2 – The repair process constrained by product type. Different colors 
identify different product types. 
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In this subproject, tools for multidimensional process discovery and 
analysis are developed as ProM 6 plug-ins. By building a data cube of 
process events, it is possible to construct on-the-fly process models 
according to specific process perspectives and levels of abstraction 
(Figure 3). Furthermore, non-trivial process patterns can also be 
identified by exploiting the different process perspectives.

Figure 3 – Screenshot of the Multidimensional Process Explorer. 
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Reflection from Industry & University

The IOP Data Fusion projects carried out at Xerox helped us to use the 
existing quality data of our products in a more effective way. This gives 
us more insight in the underlying product information.
This additional knowledge not only helps us to make the right changes 
to existing products and processes, it also helps us to create new 
products of a higher standard, which generate more value to Xerox.

Ludwing Nooyens - Xerox
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This project was carried out at Philips iXR, which develops and 
produces X-ray machines for medical interventions. iXR’s customer 
service department gathers large amounts of field-feedback data – 
mostly unstructured text – which is stored in several databases. In 
the past this data was not used optimally; it was not combined and 
therefore insights were lost. Furthermore there was no overview of the 
available data sources. The aim of this project was to create insights 
into this problem using the research-by-design approach.

Matthijs Zwinderman

Matthijs Zwinderman is an enthusiastic and creative interaction 
designer whose goal is bridging the gap between user and system. 
To pursue this goal he did a post-master in User System Interaction 
in the Eindhoven University of Technology and a master in Artificial 
Intelligence in the University of Groningen.
Besides work, Matthijs enjoys physical activities, reading novels, 
music and movies.

Designing information processing

concept2_filled.indd   16 25-2-2013   15:10:52



17

Reflection from Industry & University

The BIU iXR develops, manufactures and sells catheterization labs to 
hospitals that are used for cardiovascular interventions on patients. 
Understanding the use and performance of these labs is crucial for 
the development of future labs. For this purpose, data from many 
different sources needs to be unlocked and brought together. The Data 
Fusion project helped to conceptually tackle this challenge and also 
provide real solutions in the areas of text search and connecting data 
from several crucial sources. The BIU can now build further on these 
solutions and is better prepared for future developments and taking 
care of patients worldwide.

Guillame Stollman - Philips Healthcare
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Timescape

The resulting concept is an application employees can use to reach 
every data source within Philips iXR relating to a particular customer. 
The concept is called Timescape. In Timescape all the available data 
of a customer is linked automatically using multiple identifiers. 
The customer feedback is visualized as a ‘ball’ on one or multiple 
timelines, where each line represents an iXR system. On selecting 
such a ball the full details of this data element is shown. 
The application gives a coherent image of a customer, which can be 
seen at a glance because the data are visualized on a timeline. It also 
allows for in-depth information gathering as it gives access to the 
original data as well. Users do not need to go into different tooling, 
with different passwords and interfaces. They also do not need to link 
the data manually. Timescape can lead to new insights and better 
problem solving.

The system was evaluated very positively. Its future use and 
maintenance has been secured and other business units will also use 
the system.

concept2_filled.indd   18 25-2-2013   15:10:52



19

Figure 1 – Example from Timescape: a complete complaint overview.
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Process

Due to the broad problem statement the project was started with an 
orientation phase. In this phase, the structure and processes within 
and between the departments were mapped, as well as problems 
arising from data use, by having open interviews with 37 employees. 
The resulting knowledge was condensed to an overview of the data 
sources and several scenarios. These scenarios were then rewritten 
into four personas. By making use of the personas, the project 
focus was then funneled to a specific problem: supporting the field-
feedback procedure. 
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Reflection from Industry & University

The Data Fusion project was an eye opener. We saw that our struggles 
with messy data in fact had a theoretical basis and was not specific 
to our company. That you could actually treat the data mess as a 
system gave us a deeper understanding of our problems. Furthermore, 
approaching data as a language, using language processing theory, 
was a great aha-experience – really exciting. Not only could we directly 
apply the methods in our daily work, the project also allowed us to 
understand messy data in a total different way. This gives us hope for 
the future, where extracting knowledge from very different data sources 
will become increasingly important.

Leif Sorensen - Bang & Olufsen
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The subsequent user-centered, iterated design phase resulted in a 
concept which combines data from multiple sources. The prototypes 
for the different phases ranged from lo-fidelity (below an example of 
a paper prototype), to hi-fidelity (high-definition screen renders and a 
functional implementation).

In the first iteration several concepts were discussed with users 
in focus groups. Based on these talks the Timescape concept was 
selected. The concept and user interface were further refined in a 
second and third iteration.
 
In the fourth iteration a working prototype was created as web 
application in ASP.NET. This application was linked to several data 
sources and was evaluated with seven users over a period of two 
weeks. 
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Reflection Project

The evaluation showed that the system could increase the quality of 
answers to customer complaints. Future improvements are finding 
‘similar problems’ at other customers and improving the underlying 
data and the linking methods.

Matthijs Zwinderman- Eindhoven University of Technology

Prototype

View and try Matthijs’ prototype by going to the URL 
below or by scanning the QR code.

URL: https://dl.dropbox.com/u/257791/
PhilipsInternshipPrototype/TLListComplaints.htm
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In order to be able to satisfy the consumers’ expectations it 
is important that a company has a clear overview and good 
understanding of consumer experiences. It is about getting the right 
information and acting on experience information. Research has 
shown that consumer feedback data from current available channels 
including service centre, helpdesk, internet, test & trade data 
contains rich information, but is often unstructured or free-text based, 
and therefore difficult to be deployed in the product development 
process.

We proposed a (post-mortem analysis) platform, to translate the 
consumers’ experiences data to actionable information for the 
different stakeholders in the product development process to enable 
continuous learning. We define all consumer feedback on a product 
as ‘product experience data’.

Value Vault

The Value Vault was created at the faculty of Industrial Design by 
Jeanine Kierkels, Frank de Jong and Stefan Zwegers for the Philips 
Business Class of 2009 in cooperation with Philips Consumer 
Lifestyle in Drachten. The project was coached by Dr. Yuan Lu.

Understanding Consumer Experiences - Value Vault
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Reflection from Industry & University

Learning from consumer complaints and product failures via field 
feedback data was the main reason for Philips Drachten to become 
part of the Data Fusion project.  During a case study for household 
appliances a tool was developed to simplify the data clustering process. 
Data sorting and word recognition highlighted keywords from open text 
data extracted from call centers. Text with highlighted keywords resulted 
in 70% cycle-time reduction for data clustering.

Kristiaan Smits - Philips Consumerlifestyle
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Within the platform, data is analyzed based on the requirements
of these different disciplines, i.e. actionable information has to be 
spoken in the language of the different stakeholders. Since product 
development is a multidisciplinary activity that evolves around the 
development of a product/consumer/technology-combination, we 
have consequently subdivided the information into these three main 
categories.

The underlying principles of the platform are the meansend theory 
and the value laddering method, which aim to reveal the perceived 
values that stem from the product experience data and relate them 
to product’s surface properties. Moreover, the values that emerge 
from the product experience data can be used to analyze the original 
product’s value proposition.

With this information, a visualization was created that communicates
the consumers’ view towards the target product including both 
positive as well as negative field data to ensure a complete overview.

The workings of the platform are shown through the case study of the 
Philips Steamer HD9410, an innovative consumer electronic product.
Because no direct consumer experience data was available to us, the 
experience sampling method (ESM) was used to collect the product 
experience data via user test.
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Figure 1 – Example from the Value Vault. The original values of a product and 
their succes can be seen right next to the newly discovered additional values. 
Positive experience samples are shown in green and the negative in red.
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The essence of the proposed platform is that different stakeholders 
in the product development processes can obtain the information 
that is interesting and relevant to them. It enables a quick access to 
the product field data that is most relevant for a certain discipline, 
communicated in a clear and intuitive way. Actions can be potentially
taken to improve future consumer experiences.

The outcomes of this project resulted in the scientific paper 
`Understanding consumer experiences` and was presented at 
the Product Development and Management Association (PDMA) 
Conference in Orlando USA.

A movie about the Value Vault can be seen at the following link
http://vimeo.com/11779113
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Figure 2 – Example from the Value Vault. A specific value can be highlighted 
and the experience samples are divided in three fields of interest: Consumer, 
Product and Technology.
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Data Fusion informational animations

Throughout the Data Fusion project short informational animations 
were made to quickly grasp the essence of each project. 
Each animation can be viewed online by going to the URL or scanning 
the QR-code with a smartphone or tablet.

URL: http://vimeo.com/20917489

General explanation IOP Data Fusion project
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URL: http://vimeo.com/20917612

URL: http://vimeo.com/21157858

Data Fusion: Information Extraction from Unstructured Text

Data Fusion: Dimensional Exploration in Complaint Handeling 
Processes
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