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 Abstract— Non-defense related industry and public 
organizations are becoming more and more interested to utilize 
the power of information fusion applications. The journey from 
“we have a lot of data from different sources and we would like it 
to be fused” to well-defined requirements for information fusion 
applications may however be long and the steps to be taken far 
from clear. This research in progress paper reflects on the initial 
steps of a systems requirements analysis in a case study at a 
maintenance service organization. What questions need to be 
answered according to existing requirements analysis methods? 
Where and how can answers be obtained? What problems can 
arise and how can one handle these? The experiences gathered 
and discussed can be a basis of the improvement of requirements 
analysis methods and give a richer understanding of the 
application of such methods. 

 
Index Terms—Information fusion systems engineering, 

Requirements analysis, Maintenance. 
 

I. INTRODUCTION 
S stories of successful application of information fusion 
techniques in non-military settings spread, more and 

more industries and public organizations may become 
interested to utilize information fusion in their operations. A 
first problem to tackle is whether and to what extent 
information fusion techniques can be applied in their 
particular context. 

To support the successful development of information 
fusion systems methods have been developed that address 
Information Fusion Systems Engineering. Such methods 
define essential steps for systems design and provide support 
how to perform these steps. An often recurring initial phase in 
such methods is the definition of requirements that guide 
further design and implementation. As stated by [1]: “The 
design of practical systems requires the translation of data 
fusion theoretic principles, practical constraints and 
operational requirements into physical, functional and 
operational architecture that can be implemented, operated 
and maintained. This translation of principles to practice 
demands a discipline that enables the system engineer or 
architect to perform the following basic functions: - Define 
user requirements in terms of functionality (qualitative 
description) and performance (quantitative description), - 
synthesize alternative design models and analyze/compare the 
alternatives in terms of requirements and risk, - select 

optimum design against some optimization criteria, - allocate 
requirements to functional system sub-elements for selected 
design candidates, - monitor the as-designed system to 
measure projected technical performance, risk, and other 
factors (e.g. projected life cycle cost)throughout the design 
and test cycle, - verify performance of the implemented system 
against top- and intermediate level requirements to ensure 
that requirements are met and to validate the system 
performance model. ” 

Information Fusion System Engineering methods are 
grounded in general systems engineering and problem solving 
methods developed in aerospace, automotive industry and 
information systems development. However, the application 
of these formal methods may not be as straightforward as 
suggested. For example, [2] reports on problems like 
communication problems and decision making problems in 
the requirements definition- and selection process, the need 
for semi-informal languages and natural language besides 
formal languages for requirements representation, poor 
standardization of requirement documentation and lack of 
dedicated automated requirements engineering tools. 

The aim with the research presented in this paper is 
twofold. A first question is how the maintenance service 
organization studied in this research project succeeds in 
defining a valuable information fusion application to support 
their planning and decision making. Secondly, we are 
interested to what extent formal information fusion systems 
engineering methods are helpful in this process. 

Although applications of information fusion theories and 
techniques exist in this kind of industry under the name 
Condition Based Maintenance (CBM), the focus of this 
research project is more on logistical problems. CBM [3, 4] is 
a philosophy of performing maintenance on a machine or 
system only when there is objective evidence of need or 
impending failure. The focus is on predictive diagnostics on 
the level of individual machines. In contrast, in this study the 
object of study will be the overall order flow of corrective 
maintenance, an accumulation of all maintenance needs at the 
1100 customers of the maintenance service company. 

Section II shortly introduces formal methods that support 
the first phase of systems engineering methods: requirements 
elicitation and analysis. Section III presents the research 
design of our study (research in progress). Section IV reports 
on the requirement identification steps performed and the 
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preliminary outcomes. Section V reflects on the progress thus 
far and discusses successes and difficulties experienced. 
Finally, section VI presents some considerations about 
potential future research directions and section VII 
summarizes a short conclusion. 

As the paper reports research in progress the authors are 
welcoming suggestions which parts of the work are most 
interesting for further elaboration. 

II. REQUIREMENTS ANALYSIS METHODS 
Fusion system design involves selecting the data flow 

among the fusion nodes (i.e. how the data is to be batched for 
association and fusion processing), and selecting the methods 
to be used within each fusion node for processing input 
batches of data to refine the estimate of the observed 
environment [5]. The fusion development process involves 
four distinct phases [5]: 

1. Fusion system role design: analyze system 
requirements to determine the relationship between a 
proposed data fusion system and the other systems 
with which it interfaces. 

2. Fusion tree design: define how the data is batched to 
partition the fusion problem. 

3. Fusion node design: define the data and control flow 
within the nodes of a selected fusion tree. 

4. Fusion algorithm design: define processing methods 
for the functions to be performed within each fusion 
node (e.g. data association, data alignment, and state 
estimation/prediction). 

Each of these phases starts with requirements derivation, 
each time on a more detailed level. Each phase ends with 
performance evaluation, also on a more detailed level as the 
design gets more specific in later phases. The steps and phases 
may be conducted iteratively to enable feedback loops in the 
design and development process. In the remaining description 
we focus on the first phase, Fusion system role design, as the 
research project presented addresses this phase.  

In general, a distinction is often made between functional 
requirements and non-functional requirements. Functional 
requirements state what the system will do, including the 
behavior of the system, what it contains and its components. 
Non-functional requirements describe the qualities, 
characteristics and properties of the system and design 
constraints [2]. The fusion systems role design phase starts 
with defining functional and non-functional requirements [5]: 
• Mission needs statement 

o Current deficiencies 
o Objectives for the planned system design 

• Operational requirements for the planned system 
o Operational scenarios: environment and 

mission objectives 
o Measures of effectiveness 

• System design constraints 
o Budget, schedule, processing, 

communications environment and standards 

The second step in the fusion role optimization is that of 
developing the role of the fusion system as a ‘black box’ 
within the system environment. This process results in a 
system specification that may include: system functional 
capabilities, data sources, external interfaces, 
hardware/software environment, fusion system quality factors, 
personnel/training issues, documentation, and logistics. 

III. RESEARCH DESIGN 
Four researchers from different disciplinary backgrounds 

participate in an action research case study. The aim of this 
research is to conduct an explorative feasibility study at a 
maintenance service company to identify whether and how an 
information fusion application can support the planning of 
corrective maintenance assignments.  

In this initial stage there is not yet a company managed 
information fusion application development project defined. 
Company representatives participate in the feasibility study on 
demand.  

Research techniques used are open interviews, semi-
structured interviews, group discussions, document studies 
and participatory observations. The feasibility study will be 
finalized in 2008 and result in a proposal for a to be developed 
information fusion application (when a feasible alternative is 
identified). 

IV. INITIAL DESIGN EXPLORATIONS 
This section presents the first steps taken in the 

identification of requirements. After an introduction of the 
core business and main operations of the company under 
study, the initial system design steps are tackled from four 
different perspectives: goal driven, model driven, data driven 
and technique driven, as discussed in [5]. The reason for 
applying these different angles is that there was no single 
straightforward option that seemed most appropriate, as will 
be clarified in the descriptions below.  

A. Description of company operations and assignment 
The maintenance service company under study promotes its 

business idea as being an independent service partner in 
production effectiveness and maintenance who provides 
products and services for increased operational availability 
and equipment effectiveness. The company has about 300 
employees and serves between 1100 and 1300 customers. 

Different types of maintenance service can be discerned, 
namely corrective maintenance (in which action is taken after 
a component or system fails), preventive maintenance (which 
is based on event or time milestones) and planned 
maintenance (which involves specific actions due to recurring 
problems). Besides, the service maintenance company offers 
other services like spare parts supply, development of 
production systems and production technology. 

The feasibility study focuses mainly on the handling of 
corrective maintenance requests. These customer orders are by 
nature varying in quantity, nature, time and effort needed and 
create therefore a potential disruption of planned work. The 
service maintenance company sees information fusion 



   

methods and techniques as an opportunity to get more grip on 
planning issues like for example how many corrective 
maintenance orders are expected within a certain time frame 
or what kind of expertise is needed for individual orders. 

B. Goal driven requirements identification 
The typical approach in systems engineering is goal-driven 

requirements identification. The approach relies on top down 
goal deconstruction, the overall mission is analyzed into goals 
and sub-goals. 

The envisioned overall objectives for the fusion application 
have been discussed with an operations manager and an 
information systems manager from the maintenance service 
company in a couple of brainstorming discussions. These 
discussions revealed two potential overarching functional 
requirements: 

1. Estimating the volume of future demand of corrective 
maintenance per week/month/year. 

2. Estimating the kind of competences needed to answer 
the future demand of corrective maintenance (e.g. 
estimating the nature of the future demand of 
corrective maintenance). 

As information fusion support is a new application for the 
maintenance service company there is a non-functional 
requirement to first build a small prototype that can function 
in isolation from current daily operations (if necessary with 
artificial data) to create a ‘proof of concept’ before an actual 
full scale application is developed and implemented. 

Furthermore, participatory observations have been 
performed at the order receiving and planning functions of the 
maintenance service company in combination with open 
interviews. These observations and interviews have revealed 
some issues considering the prospective relation of the fusion 
application as ‘black box’ and its environment, e.g. the current 
planning process at the maintenance service company. First it 
has been identified that currently not all orders are received 
via the central customer phone number to the planning 
department. As customers develop relations with individual 
technicians over time, it is quite common that customers 
directly contact the technician. Therefore there is no central 
overview of customer orders received, work in progress, work 
planned for the next week, when orders in progress need to be 
finished and so on. The final responsibility for planning work 
assignments does not lie with the central planning department, 
but with team leaders at a more operational level. 
Implementation of the envisioned information fusion 
application does most certainly imply a more centralized 
management of work assignments, which may require a 
different way of working for several of the employees 
involved. 

Besides, work assignments planned, in progress and 
completed are documented in different ways (e.g. amount of 
detail, moment of documentation) and in different systems (an 
ERP system, a file server and a paper archive). These issues 
complicate the uniformity of the data available for the 
envisioned information fusion application, with regard to 
structure and level of detail. Also here, future use of an 
information fusion application would require a more uniform 

way of documenting the data that is input to the information 
fusion application. 

C. Model/technique driven requirements identification 
A technique driven requirements identification approach 

relies on bottom up construction by plan, e.g. applying a 
genetic algorithm for demand forecasting. A model driven 
requirements identification approach relies on model 
recognition by deduction, e.g. recognizing the problem type 
by case based reasoning. In the latter case proved relations 
between data variables as defined in existing models are 
applied on the data at hand. These approaches were tested as it 
proved to be difficult to break down the overall functional 
requirements in goals and sub-goals. 

The initial study as a whole can be characterized as a 
technique driven approach, as the objective is to apply 
information fusion techniques, although it is not completely 
clear thus far which specific technique this will be.  

From a model driven approach perspective a suggestion 
was to conduct an experiment to try to forecast the impact of 
strokes of lightning on maintenance demand. A hypothesis 
held by the maintenance service company is that 
thunderstorms with strokes of lightning lead to an increase in 
corrective maintenance assignments. Although weather data 
was collected from the Swedish national weather agency 
SMHI, the experiment did not succeed due to the fact that 
documented completed work assignments did not state on a 
sufficient exact level what the location of the repaired 
machine was. For example, sometimes the ERP system only 
contained an invoice address, not an address of the factory. 

D. Data driven requirements identification  
A data driven approach relies on model composition by 

induction, e.g. discovering problem characteristics and 
relations in the data that is available. As the model/technique 
driven approach did not work yet because of lack of data to 
fill the model, and lack of clarity which specific fusion 
techniques could be relevant in this case, a suggestion was to 
start the other way around, e.g. identifying the amount, nature 
and quality of data currently available and exploring which 
potential associations can be discovered between it. This step 
is currently in progress. Maintenance reports are analyzed to 
identify what data variables may be worth analyzing. 

V. DISCUSSION 
The four different perspectives stimulated the researchers to 

approach the research question in the feasibility study from 
different angles. This has helped to proceed in new directions 
when the initial goal driven approach did not lead to clear 
requirements on a detailed level, or when the model driven 
approach stranded due to lacking data to fill the model. It is 
too early to say which of the four directions proves to be the 
most fruitful, and why. This is however an interesting 
evaluation question to be answered, elaborating on benefits 
and drawbacks of each of the requirements identification 
approaches. 

With regard to the non-functional requirement to develop a 
small prototype an interesting design dilemma is to explore in 



   

what way a reasonable but small scale ‘proof of concept’ for 
the larger logistical fusion problem can be defined. If one only 
fuses data related to a few customers, a few machines or a few 
impeding factors, the question is whether such a small model 
can be validated against reality (where data and relations are 
not only related to the variables included in our demonstrator, 
but to everything). 

An interesting open question is to what extent the ‘logistics’ 
fusion problem for this maintenance service organization 
relies on similar data sources and fusion algorithms as the 
more developed Condition Based Maintenance (CBM) 
approach. When CBM output at the machine or factory 
(customer) level is an input to the fusion process for the 
‘logistics’ planning problem such applications at the customer 
could be utilized; moreover the maintenance service company 
could developed CBM as a new part of its business idea for 
those customers who do not yet apply it. 

Finally, it can be noted that the implementation of the 
information fusion application most certainly leads to changes 
needed in the current way of planning and documentation. To 
prevent organizational change problems employees need to be 
actively involved in the development of the information fusion 
application and accompanying new work routines. They need 
to continuously monitor the pros and cons of the prospected 
new way of working. 

VI. FUTURE RESEARCH DIRECTIONS 
At first, the requirements identification process will be 

concluded by finalizing the feasibility study. Besides 
evaluating whether we have been able to identify a concrete 
fusion application, we will report on the usefulness of 
information fusion system engineering methods. Especially 
the benefits and drawbacks of a goal driven, model driven, 
data driven and technique driven approach will be discussed. 
Furthermore, a research aim is to explore whether specific 
requirements can be indentified that are more or less unique 
for information fusion systems in comparison to information 
systems design in general. 

Next, a prototype will be evaluated and tested. One of the 
interesting design issues will be how we can develop a small 
scale operational application, e.g. whether it is smarter to 
develop a prototype for a small group of customers, for a 
small group of impeding factors, or for a small group of 
machine types. 

VII. CONCLUSION 
Information fusion system engineering methods have been 

helpful to guide the initial steps in identifying feasibility of an 
information fusion application for a logistics planning 
problem at a maintenance service organization.  
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