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In R&D organizations multiple projects are executed concurrently. Problems arises in
managing shared resources since they are needed by multiple projects simultaneously.
The objective of this thesis was to study how the project and resource management could
be developed in a public sector R&D organization. The qualitative research was carried
out in the Magnetic Measurements section at CERN where the section measures magnets
for particle accelerators and builds state of the art measurement devices for various needs.
Hence, the R&D and measurement projects are very time consuming and very complex.

Based on the previous research and the requirements from the organization the best alter-
native for resource management was to build a project management information system.
A centralized database was constructed and on top of it was built an application for in-
teracting and visualizing the project data. The application allows handling project data,
which works as a basis for resource planning before and during the projects are executed.
It is one way to standardize the work-flow of projects, which strengthens the project pro-
cess.

Additionally, it was noted that the inner customer’s database, the measurement system and
the new application needed to be integrated. Further integration ensures that the project
data is received efficiently from customers and available not only within the application
but also during the concrete work. The research results introduced a new integrated ap-
plication, which centralizes the project information flow with better visibility.
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T&K-organisaatioissa useat yhtäaikaiset projektit aiheuttavat ongelmia resurssienhallin-
nassa. Resurssit ovat jaettuja projektien kesken ja useita resursseja tarvitaan projekteissa
samanaikaisesti. Työn tavoitteena on selvittää miten projektien resurssienhallintaa voi-
daan kehittää julkisen sektorin T&K-organisaatiossa. Laadullinen tutkimus tehtiin Mag-
neettisten Mittausten osastolla CERNissä. Osaston erityispiirteisiin kuuluu hiukkaskiih-
dyttimissä tarvittavien magneettien mittaus sekä ensiluokkaisten mittausvälineiden val-
mistus erilaisiin tarpeisiin. Niin tutkimus-, kuin myös mittausprojektit osastolla ovat ai-
kaavieviä ja monimutkaisia.

Aikaisempi tutkimus resurssienhallinnasta ja osaston tarpeet määrittivät millaisella ta-
valla resurssienhallintaa tulisi tehdä. Web-selainpohjainen sovellus rakennettiin, joka on
vuorovaikutuksessa projektidatan kanssa keskitetyssä tietokannassa. Sovelluksen ominai-
suuksiin kuuluu resurssienkäytön suunnittelu projektien aloitusvaiheessa sekä meneillään
olevien projektien uudelleensuunnittelu. Sovellus on yksi tapa standardisoida projekteja
ja niiden hallintaa, joka strukturoi osaston toimintatapoja.

Resurssienhallintasovellus yhdistettiin osaston sisäisten asiakkaiden tietokantoihin ja
magneettien mittausjärjestelmään. Integroinnin tarkoituksena oli vahvistaa projektidatan
näkyvyyttä ja saatavuutta. Työn tuloksena on resurssienhallintasovellus, joka täydentää
mittausjärjestelmää ja keskittää tiedonkulkua ja parantaa tiedon näkyvyyttä.
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1 INTRODUCTION

1.1 Background

Research and Development (R&D) is recognized as a crucial part of organizations where
it is practiced in order to develop new products and to improve efficiency within business
processes. R&D work can be classified as project work due to its uniqueness. When
R&D projects are discussed in private sector, it is most likely linked to the fact that is
should increase monetary returns to the organization’s shareholders. However, moving
from private to the public sector the monetary means of R&D become less important.
The output of research does not just affect the project organization: ultimately it can have
an effect on the whole world. The gains for the project organization’s stakeholders’ and
other wider audience’s benefits are what matter in the end of the day.

This is the case at the European Organization for Nuclear Research (CERN) where the
work for this thesis has been carried out. The organization’s and member states’ benefits
matter more than short-term profitability of various projects. Another important charac-
teristic at CERN is the magnitude and quality of research due to the precision required in
particle physics. CERN’s research can be described as basic research for the reason that
the fundamentals of physics are tried to be determined and, perhaps, new physics are to
be found. Other type of R&D is carried out as well at CERN but the main goal is funda-
mental research. Research on particle physics sets high precision standards for the used
equipment, which rarely can be found in the private sector. Thus, the equipment built and
used at CERN are state of the art.

State of the art equipment, R&D environment and unprofitable goals create a rather unique
combination, which cannot be found easily in many industries. Although, state of the
art R&D is done for non-profit reasons, yet cost-effectiveness and goals with timetables
have not disappeared from the picture. Within the Magnetic Measurements section at
CERN problems rose, when delivering projects in time started to be problematic due
to limited resources. After finishing the biggest fundamental research project-to-date,
the Large Hadron Collider, the section started to receive projects also from outside of
CERN. The increased project complexity along with the requirements for extremely high
quality results is an equation that can be hard to crack. Furthermore, almost fixed amount
of available resources have raised attention towards private market disciplines: how can
project goals be attained with namely fixed amount of resources?
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1.2 Objectives and limitations

The objective of this thesis is to construct a project management application tool for Mag-
netic Measurements section at CERN. The section wants to be able to catch project related
information and more important, to use the tool for resource planning for current and fu-
ture magnetic measurement projects. It should also standardize the work-flow from the
customer order part to the dissemination of project results.

The tool does not reduce the time needed for projects but should improve the fluency of
information flow when projects are carried out. Although, minor cuts in project delivery
time might be achieved, yet they are not discussed in this thesis because the time spent
within the organization is not enough to analyze the effects to the project execution time.

The tool should increase transparency on project execution and delivering updates and
results between Magnetic Measurements section and various customers. The benefits
of the tool rises from the fact that it allows documenting and organizing the project-
related data efficiently because the section’s projects varies enormously and this variation
needs to be handled. The described setting creates challenges for resource management
in projects.

The work and analysis carried out at CERN will focus only on the Magnetic Measure-
ments section. Hence, the first limitation of this thesis is that the analysis will examine
only projects within the Magnetic Measurements section. The results of this thesis may
or may not be applicable in other sections within the organization.

The second limitation of this thesis goes a bit into details of how the work is organized
within the section. This thesis will discuss only the case of normal conducting magnetic
measurement, even though there are other types of magnets (e.g. superconducting) as
well. For the other magnet types the resources and time needed is very different. More-
over, part of the Magnetic Measurement is the measurement of magnetic materials, too.
The material measurements are a small part of the section’s work. Although, these com-
pletely different project settings were taken into account in the application itself, yet, they
are left out of extensive discussion to keep the structure as simple as possible.

Lastly, the section’s young-generation R&D manpower are the Ph.D. students. They play
an important role in developing new techniques and new measurement applications in
the MM-section. Even so, in this thesis the role of the Ph.D. students are not discussed
broadly and their effect on resource load distributions are not presented.
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Considering the objectives and limitations, this thesis will seek for an answer to the fol-
lowing research questions:

1. How to improve project resource management in an R&D environment?

2. What elements are present in projects when organization develops state of the art
equipment?

1.3 Research methods and used material

Due to the non-existent historical data at the Magnetic Measurement Section, a question-
naire was made to understand the current status within the section and to receive possible
enhancement ideas. In addition to the questionnaire, various meetings and non-official in-
terviews helped to give more detailed information, what cannot be found in the interview
results. The chosen methodology is the most appropriate approach since the focus of the
research is limited to one section at CERN and previous knowledge of the organization
was low.

As the organization could not provide historical data on their working methods, the
research methodology can be described as qualitative research. Part of qualitative re-
search methodology is to construe the view on topic at hand within the previous research
(Williamson 2002, p. 31). Therefore, a literature review was conducted on systems,
project management and resource management. Main sources for the literature review
were the university’s databases and CERN’s document server. A major contribution on
the field of this thesis topic has been done by academic journals, e.g., International Journal
of Project Management.

Based on the objectives of this thesis, i.e., constructing a project management application
tool, the research methodology can be described to be constructive (qualitative) research.
Constructive research means that a problem is solved by constructing a model, plan, tool
etc. Moreover, constructive research ties the previous theoretical knowledge on the re-
search problems and findings. (Kasanen et al. 1993) Another way to describe the used
methods would be calling it design research. However, as the project management appli-
cation tool’s design is not evaluated exhaustively, it falls short from the design research
procedures (Peffers et al. 2006, pp. 91-92).

The limited basis for the analysis and the qualitative research results does not allow a gen-
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eralization of the findings. The non-linearity of the research, the needed iterations along
with the research-question-based approach to the research structure allows the research
design to be described as interpretivist in its nature. (Williamson 2002, pp. 31-32)

The questionnaire was targeted to selected project coordinators as well as to experienced
staff members. The final number of analyzed magnetic measurement projects is 4 and
they were selected based on their current status. The status of the projects means that
one project is in its final phase, two projects are long multi-year projects and the last one
is in planning phase. In addition, the questionnaire received answers from the section
head, two experienced engineers and one Ph.D. student as well. The described approach
ensures that the most important distinctive elements in projects are found. A section-wide
analysis is constructed on the basis of the gathered information.

The questionnaire was constructed on the basis that there was no previous knowledge
on the section’s processes and other details. Therefore, the formed questionnaire is an
open questionnaire, where the answer is not pre-defined like in multiple-choice type of
questionnaire. The selected approach for the questionnaire allows better understanding
of the situation within the section and is more suitable for qualitative research method
(Williamson 2002, p. 235). On the downside, the results of an open questionnaire can be
difficult to aggregate because the answers are not defined (Williamson 2002, p. 239).

1.4 Structure of the thesis

The thesis has been divided into 8 chapters. The organization of the chapters follows the
rather general qualitative research structure discussed by Williamson (2002, pp. 31-32).
The illustration of the structure can be found in Figure 1, which points out the inputs and
outputs for the chapters 2-6.

The first, introductory, chapter discusses why this thesis has been made at CERN. The
chapter describes the methods used in the research and what the thesis is looking an
answer to.

The second and third chapters cover the literature review on project and resource manage-
ment. It looks, for example, into historical view on project management both on private
and public sector. Topics such as resource management problems in multi-project envi-
ronments and how information systems aid to help in such environments are discussed.
The fourth chapter introduces CERN and the section of Magnetic Measurements.
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Literature review on project 
management  2 

3 
Literature review on resource 
management in multi-project 

environment 

Information systems are today 
the most obvious way to aid 

resource management in 
projects, yet, difficult to deliver 

Theoretical view on project 
management: why projects are 

so difficult to execute? 

Chapter 

Input Output 

5 

Understanding what the 
organization does 

What is the target organization’s 
special characteristics? 4 

6 

Status quo of the section’s projects 
and used resources 

Fundamental research causes 
projects to be very complex 

Stating the basis and requirements 
for the developed information 

system 

Description how the 
information system was built 

and what are its benefits 

Figure 1. Structure of the thesis.

Chapters 5 and 6 present how the project work has been organized in the Magnetic Mea-
surements Section. A web-based solution is presented, which aims to help project work-
flow and project management, especially in resource usage, by providing an application
using various databases. Furthermore, a look into the distributions of resources among
different project types is done by forming a questionnaire to the experts within the sec-
tion.

The final two chapters, 7 and 8 discuss the findings and provides additional proposition
for further research.



6

2 SYSTEMS AND PROJECT MANAGEMENT

2.1 Systems and projects

Systems are, simply stated, a collection of components that process inputs into outputs
(Eisner 2008, p. 3). Components can be tangible or intangible in their nature depending on
the purpose of a system. A good example of a system is an everyday personal computer. It
converges inputs, such as electricity, human intervention (etc.) into outputs, which usually
are information seen on a monitor, information transferred to other computers and so on.

Systems should be built and developed in a way that all the elements work together flu-
ently. Needless to say, the elements ought to meet all the requirements set by the customer
and organization. A "harmony" between the elements makes the system easily repeatable,
which in turn gives robustness to the whole system. (Eisner 2008, p. 17)

Using or creating a system to attain predefined, unique, output can be called a project
(Eisner 2008, p. 4). Projects are temporary, having a start and an end date to indicate the
length of the temporariness (PMI 2008, p. 5). A project creates something new, gives
a result to a customer or even delivers a service, albeit some elements within a project
might be repeated in all projects (Phillips 2009, p. 10; PMI 2008, p. 5)

Partial development of a system is also called a project. Hence, developing a system for
its whole life-cycle is not necessarily the only description of a project. The output of a
project is usually defined by the customer. Based on the requirements and the wanted
output, a set of people and equipment are determined (project team). (Eisner 2008, p. 4)

Indeed, projects are often described to be unique. Usually, the uniqueness arises from two
different elements: the project’s results or the project’s processes. This means that the
outcome of a business process can be unique, or, the actions needed to be taken to reach
a goal are unique. Sometimes the approach to a project and final results are something
very similar to a previous project but still something different and unique happens on
the way, thus making it a project. The one unique thing on the way can be, e.g., time
needed, new environment or variation in project team(s) or suppliers. Uniqueness makes
projects challenging for the reason that the tasks needed to be completed or the sought
results have not been done by anyone before. The time scope of projects or the amount
of resources consumed during the execution of projects have neither been experienced
before. (Andersen et al. 2009, p. 10; Phillips 2009, p. 11; Yang 2013, p. 111)
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In manufacturing setting, projects can be defined by order penetration point. Order pen-
etration point refers to the time in the manufacturing process when the initial order is
placed. Within this context engineer-to-order (ETO) manufacturing is called project man-
ufacturing. ETO means that after a new order is placed the engineering for the production
will start. Hence, there are no stocks of the end product. It is the only approach if orders
are unique every time. (Yang 2013, p. 111) Although, ETO as a definition might not be
the best suitable for the MM-section at CERN due to the more service-like nature of the
projects. However, ETO describes the projects very adequately: once a new request for a
measurement is placed, engineering is started.

2.2 View on project management perspectives

Relying on previous definitions, if projects are unique in their nature, then, how should
they be managed? A short definition of project management is that it’s "the supervision
and control of the work required to complete a project vision" (Phillips 2009, p. 16).
During the past 50-60 years the dominant success criteria in project management has been
that if the project does not meet the time, cost and quality requirements, the project have
been poorly executed. In project management the combination of the three criteria, i.e.
cost, time, quality, is called the Iron Triangle. Over time some projects have indeed met
these criteria but yet, arguably, they have not been successful. (Atkinson 1999, pp. 337-
338) One can ask: is the famous Iron Triangle really the best determinant for successful
project management?

Among academics, the view against the famous Iron Triangle is supported. Atkinson
(1999, p. 340) advocates that stakeholders’ perception needs to be taken into consid-
eration because if one relies on the Iron Triangle, one does not take into consideration
the long-term effects of a project. Stakeholders are the parties involved in projects, e.g.,
customers or suppliers who evaluates project output and also have influence on project
execution (PMI 2008, p. 23). It is possible, that despite things are done in the right way
meeting cost, time and quality requirements, still customers are not satisfied with the out-
come. Especially, (for example) in life critical systems the quality of the project outcome
(among other factors) is much more important than time and cost for the reason that if the
quality criteria are not met, people’s lives might be at stake. (Atkinson 1999, p. 339)

Atkinson (1999, p. 341) widens the Iron Triangle to the Square Route, which has im-
proved stakeholder perspective. As Atkinson’s paper focuses on IS-IT related projects,
it does not completely concern projects in other business settings. Therefore, the fourth
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element, "the information system", is marked in grey in the Figure 2 because it refers to
IS project system’s flexibility, stability and so on. The other two elements alongside with
the Iron Triangle, however, can be useful in other type of projects as well. Firstly, the cus-
tomer’s organization should directly benefit from projects. This means that project output
should increase their organizational efficiency and effectiveness. Moreover, projects can
serve as a learning ground for customers and also for the project organization. Secondly,
the full stakeholder community ought to benefit from projects. It implies that a) clients
needs to be satisfied in various ways, b) social and environmental impacts has to be con-
sidered, c) encouragement of professional learning on individual level and d) economic
impact and even capital suppliers might benefit from projects.

Rather similar approach to Atkinson’s Square Route is made by Andersen et al. (2009)
who approaches projects with a so-called PSO-development. PSO is abbreviated from
the words people, system and organization. The idea of PSO is that since projects are so
variant, a certain level of balance is required in the development among the people who
work with the project, development of the system that creates the output and increasing
organizational capabilities. (Andersen et al. 2009, pp. 3-7) Indeed, the PSO-approach
has similarities with the Square Route, however, the PSO does not mention anything about
Iron Triangle (i.e. cost, time & quality). This implies to switch towards different approach
in project management.

Hence, if projects can be considered fully successful by all means, project managers can-
not focus only on cost, time and quality. This is true especially in cases when the output
of projects is affecting a wider audience. The elements presented in Figure 2 should all
be considered within project organizations, which can have a positive effect on project
outcomes.

The previous paragraphs discussed project management in general level, however, the
focus has been still in the private sector. The public sector project management is not a
new area of research either. Arnaboldi et al. (2004, p. 213) notes that public sector has
addressed the issue as late as 1979. Just like in the private sector the underlying driving
force has been to increase efficiency and effectiveness. He concluded that another view
among researchers is that public sector takes new findings in project management into
use just to fit in with external environment. Disciplines are used only until project is
completed after which previous working methods come into action. Thus, new methods
are noted, and used, but only for a limited time. (Arnaboldi et al. 2004, p. 213)

Despite acknowledging how much better private sector delivers projects, yet, public sector
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The Square Route 

The Iron Triangle 

Organisational 
benefits 

Stakeholder 
benefits 

The Information 
System 

Figure 2. The Square Route (Atkinson 1999, p. 341).

has faced difficulties in implementing "best practices" from the private sector. Usually
project management issues are indeed noted early on so that projects can be delivered in
time and within given budgets. Yet, the slow pace of change, lack of relevant training and
unsuccessfully involving staff members to the implementation phase drives people to go
back to old working habits (Arnaboldi et al. 2004, p. 213), which is a clear evidence that
the project stakeholders are not being taken into account well enough.

Toor & Ogunlana (2010, pp. 228-229) have come to the same conclusion; public sector
projects have vast amount of stakeholders (usually even required by law), which implies
that they cannot be ignored. Thus, budgets, deadlines and building "good enough" are
only valid in regard to micro-level success. Having a look with wider, macro-perspective,
long-term gains from the project to stakeholders such as staff members, customers, sup-
pliers and to the public in general are worth more. For these reasons, especially in public
sector, projects should be viewed in a way that the premise of control is more on stake-
holders’ benefits. Even though, if cost, time and quality are forgotten, most likely projects
would die rather quickly.

Going further into details what project management should include along with taking into
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account stakeholders of the projects, Light et al. (2005, p. 19) presents a list of minimum
required methodologies for project management. These include definitions of the basics
of projects: what needs to be done and in what time frame. Moreover, a stakeholder per-
spective is included with client-feedback procedure. Additionally, Project Management
Institute (2008, pp. 69-344) provides a more comprehensive list of elements that may
need to be considered in project management if the project organization requires them.
They are referred as knowledge areas. (PMI 2008, p. 38) The minimum and additional
methodologies are presented in Table 1.

Table 1. Project management methodologies.

Minimum required methodologies Additional knowledge areas
Common terminology for projects Project integration management
Definition what is the project’s scope Project scope management
Definition of project schedule Project time management
Formal client-feedback procedure Project communication management

Project cost management
Project quality management
Project human resources management
Project risk management
Project procurement management

2.3 Why projects fail?

In addition to the previous chapter, projects can be unsuccessful for other numerous rea-
sons as well. Some of the failure factors lie within the project organization, while some are
caused by the project stakeholders. Naturally, these can happen concurrently within both
parties. Below are listed some of the most important causes for unsuccessful projects.

1. Requirements (from customer side) - Requirements from customers or "users" can
be inadequate and hence, lead to bad project outcome. Generally, this happens
when the system to-be-built is new or customers do not know what the project
organization can actually do.

2. Planning - The usual situation is that a project follows a project plan, which is given
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to the customer. Customers expect this plan to be followed, which makes updating
the plan rather stiff. In uncertain environment it is crucial to let the customer know
that the plan can (and most likely will) change over time. Continuously updating
project plans ensures mutual understanding of what can be attained and when.

3. Communication and coordination - Poor communication between project coordi-
nator and customers and project organization is in many cases a reason for project
failure alone. The person responsible for communicating must acknowledge that
a lot of time needs to be invested only to inform and gain information from cus-
tomer and supporting elements and use the information to coordinate other project
members.

4. Monitoring of progress - Tracking project progress is often felt as manager’s heavy
breathing in the neck among staff members. The managers should have a different
approach to progress tracking. Instead of bluntly asking "what’s the project status?"
the person responsible of monitoring ought to offer help among tracking. A good
practise to do monitoring is called "management by walking around", which means
exactly what is says: going around and asking how things are and at the same time
giving useful information concerning the project and perhaps, helpful tips.

5. Organizational support - Usually, organization are expected to support and assist
projects. This can be done, for example, by further educating staff members or mak-
ing sure that project members get the information that they need in time (e.g. from
supportive divisions). Delays or increase in schedule pressure in projects occurs
when information does not flow fluently.

6. Team working - The very basics of a project are the members who work in it.
However, members of the project team can change from project to another and
therefore, it needs to be ensured that everyone works as a team. It is mainly a
responsibility of project coordinator.

(e.g. Eisner 2008, pp. 13-15; Yang 2013; Andersen et al. 2009, pp. 20-29)

Additionally, Yang (2013, pp. 109-110) concluded that team size, time, project complex-
ity and the maturity of the process itself are related to reaching goals and may affect to a
project’s success. Furthermore, Andersen et al. (2009, pp. 15-20) pointed out that prob-
lems may lie in the foundation of the project, i.e., the organization agrees to carry out
a project that doesn’t fit their or stakeholders’ capabilities. Foundational problems arise
when managers promise to do something out of personal interest or when stakeholders,
such as customers, staff members, creditors or suppliers oppose the project. Although,
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many of these are well documented and known, still taking the "best practices" into ac-
count is not always as straightforward as it should be in project organizations.
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3 RESOURCE MANAGEMENT IN PROJECTS

3.1 Project and resource planning

Experienced project managers know that projects rarely follow the initial project plan the
way it should. In the planning phase accurate estimations on resource needs minimizes the
need to make radical changes and adjustments in later phases of the project. Hence, the
planning phase is very important in relation to resource management. (Carpenter 2010,
pp. 107-108)

One crucial area of project management is project time management (PMI 2008, p. 67),
which cover the elements that affect to timely completion of projects. Other areas are
project scope, cost, quality and risk management (to name few) but they are left out
of discussion as the objective of this thesis is to build a tool for resource management.
According to Project Management Institute (2008, p. 129), managing time in projects
includes six distinctive processes, which are:

1. Define activities

2. Sequence activities

3. Estimate activity resources

4. Estimate activity durations

5. Develop schedule

6. Control schedule

Projects with simple scope usually have the above processes linked together and they are
not seen as distinctive processes in project planning. The person creating the project plan
might be able to handle the processes as a whole and can produce plans without going
through all six processes listed above. Experience helps in such cases as the definition
of activities with their resource and time requirements are done from previous, similar
projects’ outputs. (PMI 2008, pp. 129-130)

The project plan starts by first listing what activities are needed for the project. It is the
very basis of schedule planning (see Figure 3). As projects are unique, it might be useful



14

to define project activities even though the work itself might be familiar. Moreover, orga-
nizational situations can change over time, which in turn has effect on project activities.
Hence, some activities performed earlier might not be possible to do after a longer period
of time due to changes in responsibilities or organizational practices. Additionally, rela-
tions between different activities can be defined by sequencing activities. (PMI 2008, pp.
133-136)

Project coordinators or other experienced project members usually have rough estimates
on how much time and what resources are needed for each activity. In cases where experi-
enced personnel are not available, resource and time estimation can be defined by looking
into historical data of previous projects. Estimating the required resources leads to an
estimation on time needed for each activity. Furthermore, it finally accounts into the total
time needed for a project. In the planning phase resource and time needs are estimated and
as the project advances it is important to update schedule to see if the estimations were
correct and if the activities on later phase can be performed within the estimated time.
If the beginning phase of a project takes more time than estimated, additional pressure
might occur with later activities to complete the project in time. Therefore, the developed
schedule needs to be controlled. By defining project activities already gives a first look
on how much time the project will need and allows corrective actions to be taken even
before the project has started. (PMI 2008, pp. 141-151)

Input 
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• Activity 
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Figure 3. Developing project schedule (adapted from PMI (2008, p. 152)).
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Resource planning is useful, if not necessary in project organizations where changes in
resource usage can affect the project’s critical path, that is, the theoretical project plan that
includes activities with given durations (PMI 2008, p. 154). Within project organizations
some of the resources can be available only at certain times or they can be used by various
activities simultaneously. Resource planning can point out peaks in resource needs and
possible clashes when two different project requires the use of a shared resource. For
this reason resource planning is needed and should be done well before the resources are
used. It can give useful insight if the project planning and management, especially, in
comparison to other concurrent projects. (PMI 2008, p. 156)

3.2 Resource management in multi-project scheme

In many R&D environments attaining continuous improvements in process and prod-
uct development leads to a situation where multiple projects are ongoing simultaneously
(Yang et al. 2013, p. 1). Thus, concurrency between multiple projects requires resource
sharing between R&D teams (Yaghootkar & Gil 2012, p. 127), which might allow effi-
cient use of resources (Caniels & Bakens 2012, p. 164). However, the shared resources
are usually insufficient to meet the demand of the project teams (Yaghootkar & Gil 2012,
p. 127) and moreover, changes in one project’s resource needs might affect another project
as well (Caniels & Bakens 2012, p. 164). In the described situation projects have tendency
to compete for resources (Laslo & Goldberg 2008, p. 773).

Sharing scarce resources leads to interdependencies between projects and usually increase
pressure on timetables and delivering projects in time. Overloading teams with continuous
schedule pressure can lower productivity, cause errors and additional rework that only
leads to further delays. Ultimately, overcommitted staff can be a health issue. Indeed,
these can cause a vicious cycle that might be hard to break and thus, concurrent projects
therefore create a challenge both on management and operative level. (Yaghootkar & Gil
2012, pp. 128-129)

Managing multi-project organization requires taking into account interdependencies and
interactions between projects (Caniels & Bakens 2012, p. 164). However, previous re-
search notes that concurrency between projects is often handled by resource allocation
based on quick decisions on management level (Yaghootkar & Gil 2012, p. 129). Re-
source allocation tends to happen in the late phases of projects due to poor planning, thus,
making the late allocation unplanned. In literature the described situation is known as a
phenomenon called "fire fighting". (Repenning 2001, p. 286)



16

Fire fighting leads to various cost additions to project budgets since projects are not deliv-
ered on time and engineers need to work extra hours to keep up with the initial schedule.
Further accumulation of extra work can lead to a situation where extra labor is needed
or money needs to be spent on new equipment just to deliver projects before the initial
deadlines. It also seems to be a phenomenon that spreads out to all projects once it has
happened in one. However, in many cases fire fighting might be unavoidable due the fun-
damental nature of R&D: doing something completely new is all but certain. Yet, it seems
to be occurring more than often even though it’s being acknowledged both by academics
and practitioners. (Repenning 2001, p. 286)

Poor planning on the management and operative level, that can lead to fire fighting, is
caused either by uncertainty or ambiguity. Uncertainty refers to a situation when man-
agers have good knowledge on process dependencies but do not know exactly how dif-
ferent processes distribute along the project time line. An in-depth look into numerical
values is required to decrease uncertainty and understand better the causal relationships
between different processes. Ambiguity, on the other hand, means that neither structural
or detailed information are available or the managers have not paid attention to them.
Out of the two ambiguity is seen to fluctuate projects and cause even higher problem
on resource allocation because managers have inadequate information both on processes
within projects and detailed project data. (Yang et al. 2013, p. 3)

Repenning (2001, p. 269) concluded that to avoid fire fighting, managers ought to focus
on structural improvements in multi-project R&D environments. It might be easier to
blame individual workers or random occurrences but in the long run structural robustness
ensures avoidance and better handling of such cases. Yet, as structural changes are seen as
the best way to avoid fire fighting, it still might imply to increase in bureaucratic actions.
In turn, increased bureaucracy might have the exact opposite effect: more resources are
required for reporting and project tracking. (Repenning 2001, p. 269; Caniels & Bakens
2012, pp. 162-163)

Repenning (2001, p. 297) notes that the most obvious way to go is to build an information
system for tracking and forecasting resource consumption. He emphasizes that resource
management information systems cannot guarantee to full avoidance of fire fighting. Even
with high quality systems it might be unavoidable to prevent uncertainty because projects
tend to require more resources than is foreseen.

A certain balance and dynamical abilities of the system needs to be in place. The dy-
namical abilities of the system means that in multi-project environment there should be
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always room for re-arrangements and flexibility. Moreover, project requirements should
be defined as precisely as possible in the early phase in order to lower uncertainty in
the upcoming projects. Persons in response of planning should understand the general
dynamics, thus, avoid ambiguity and minimize uncertainty. (Repenning 2001, p. 298)

An additional way to survive concurrency is to leverage on project teams’ ability to take
most out of a bad situation. Firstly, previous experience defines how well teams can
perform (Yang et al. 2013, p. 3) and secondly, innovativeness and improvisation can be
a solution for handling projects that are under high pressure on timetables (Yaghootkar
& Gil 2012, p. 129). However, relying only on improvisation is most likely not the first
way to solve things. It can be seen as only a positive coincidence if teams can deliver
projects just by improvising. Although causing delays, certain amount of iteration and
re-work can be useful in the long-term when teams can identify sources of errors, thus,
iterations can be seen as a learning process fro project members (Yaghootkar & Gil 2012,
p. 129; Yang et al. 2013, p. 3). However, iterative actions should be carefully identified
and handled to avoid further delays (Yang et al. 2013, p. 1).

3.3 Project advancement strategy

The previous chapter discussed effects of concurrency in projects and project manage-
ment. Another question is, how the resources should be allocated between concurrent
projects. The choice of project advancement strategy is linked to how resources are allo-
cated between different concurrent projects (Ho et al. 2013, p. 973).

In R&D projects the outcome depends in most cases on tangible and intangible resources.
Tangible resources refer to the ones that are physically quantifiable. These can be, for
example, needed tools and equipment or project engineers who work for the project (in
terms of working hours). Intangible resources are, in turn, not quantifiable and mean
resources like experience or innovativeness. (Ho et al. 2013, p. 973)

Figure 4 shows four types of project advancement strategies on resource allocation where
the circle denotes shared resources and the boxes with letters A, B, C and D different
projects. According to Ho et al. (2013, p. 973) one can choose between the fours strate-
gies how to allocate resources to projects. The first strategy is a sequential where projects
will start after the previous ends. The second strategy shares resources between projects at
the same time. The projects are executed in parallel, which is a good strategy for efficient
resource utilization. Albeit, type 2 strategy requires good managerial skills to allocate re-
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Figure 4. Different project advancement strategies by Ho et al. (2013, pp. 973-974).

sources in a way that concurrent projects can be delivered in time. In the third and fourth
strategy the resources are allocated between project groups (in Figure 4 A, B and C, D are
project groups). They are mixed strategies based on the first and second one. (Ho et al.
2013, pp. 973-974)

Between the presented strategies one should choose the one most suitable for the situation
in the organization. Furthermore, the amount of tangible and intangible resources needs
to be considered so that the advancement strategy fits with resources. Emphasis should be
put on intangible resources and how they affect the project advancement. It is clear that,
for example, the first strategy does not suit all R&D settings. For example, individual
capabilities might differ and in such case usually core knowledge is focused only on one
type of work. Thus, it might lead to a situation where one team (or individual) has to wait
even long periods for others to finish so that they can start working. Hence, strategies 2
and 3 in Figure 4 are the most efficient ones in terms of resource usage because resources
are shared to concurrent projects at the same time. In turn, strategies 1 and 4 are said to
have better effect on quality of output along with project delivery time for the reason that
resources are more focused on single or few projects at the same time. (Ho et al. 2013, p.
974)
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3.4 Information systems to aid resource management

Yeo et al. (2002, pp. 241-242) defines information system (IS) as "combination of com-
puter hardware, communication technology and software designed to handle information
related to one or more business processes". An IS aims to provide information to support
decision making in many organizational functions. The systems have user-interfaces that
allows interaction with the IS by using information technology, procedures and databases.
ISs store, process and deliver information for relevant parties in a way that the system
users can benefit from it.

In literature the general name for systems handling project-related data are called Project
Management Information Systems, or PMIS in short. They are software applications
made for the purpose to help managers to collect and use information in project manage-
ment. Often the aim of such systems are to be comprehensive and allow both distinctive
teams and managers to create and receive data on, for example, scheduling and resource
planning. (Braglia & Frosolini 2014, p. 18)

When the process-crucial data is visible to all project members it should in turn increase
efficiency because personnel can act quickly to solve the problems at hand. The impor-
tance of PMIS is highlighted especially in scenarios where team members are physically
separated and work in multiple locations. Therefore, an access to centralized database
providing required information is indeed essential (Braglia & Frosolini 2014, p. 20) and
furthermore, planning decision should be granted for project managers so that the num-
ber of activities needed are adequately defined and resources can be allocated effectively
among different projects. This way the amount of outsourcing and subcontracting can be
foreseen well ahead. (Laslo & Goldberg 2008, p. 773)

The benefits of PMISs have been well acknowledged in the literature. Raymond & Berg-
eron (2008, pp. 213-214) concluded that in the IT industry 75% of projects using PMIS
will succeed and the majority of 75% of projects not using PMIS will fail. Moreover,
Braglia & Frosolini (2014, p. 19) noted that within a ship-building industry the positive
effects on PMIS were the following:

• Less re-work due to decreased amount of errors

• Better communication and collaborative actions

• Time savings from various aspects and generally more fluent project execution
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Raymond & Bergeron (2008, p. 219), however, found out in a survey that PMIS as a tool
itself does not have positive impact on project success. The benefits of PMIS arise on
the quality of information and on the use of the system as to support decision making.
Extensively using PMIS does not seem to affect performance directly; only the quality
of the system and information affected performance via positive impact on managerial
level. In addition, Caniels & Bakens (2012, p. 164) concluded that information ought
to be simple enough to understand and it is important that further sharing is made easy.
Moreover, PMIS allowing continuous monitoring of progress has encouraging effect on
the level of usage.

As technology has developed enormously during the past decades, there are many alter-
natives for PMISs and many ways to build one. Braglia & Frosolini (2014, pp. 20-21)
notes that PMIS can be created as a stand-alone software or as web-based cloud software.
Choosing a web-based approach allows easiness of further extendibility in the later part
of application development life cycle. Web-based applications are often more easy to edit
and the code used has lower learning curve. Anticipation of future needs is crucial since
the demands for any application tends to fluctuate. Moreover, as the end-user needs only
a web-browser to run the application, the web-based solution ensures better compatibility
in the future as well. (Guo et al. 2013, p. 1376) Hence, to address the points mentioned
above, it is clear that web-based PMIS is indeed more useful and allows more proactive
development and use of a PMIS.

Guo et al. (2013, pp. 1375-1378) developed a generic application development frame-
work for measurement-based product testing management. Based on their experience,
in most R&D environments there are separate systems for a) measurements and b) man-
aging measurements. The measurement systems a) includes the devices processing the
concrete measurement, usually having their own database for storing the measurement
data. The management system b) on the other hand stores data on upcoming or finished
tests, resource usage and general work-flow (see Figure 5).

Taking full advantage of the two separate systems requires integrating them. The in-
teraction of data between the two systems provides the test related data (e.g. general
parameters of the measured object) to the measurement system, which ensures using fol-
lowing the measurement standards. In turn, the test results will be available to the testing
management system. Hence, there is a two-way link between both test requirements and
test results. According to the framework, a recommended way for the data interaction is
a web-service interface. (Guo et al. 2013, p. 1376)
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Figure 5. Application development framework (adapted from Guo et al. (2013, p. 1375)).

Based on rather similar premises Braglia & Frosolini (2014, pp. 20-21) developed and
integrated application model for PMIS. The model (Figure 6) includes several databases
(ERP, document handling, technical data), which has a web-based project management
system as a layer on top that allow users to interact with the project data.

Different type of data, such as documents, are kept in distinctive databases. Such approach
simplifies database management when only a certain type of data is in its own database.
Changes on the database level affects only corresponding part also in the application level
and therefore, keeps the application functional even during changes.

The application model illustrated below should allow full visibility of all critical pro-
cesses to all project parties (Braglia & Frosolini 2014, p. 29). Furthermore, changes in
the databases (e.g. updating task completion) notifies the actors it concerns, hence, keep-
ing them up-to-date on important project updates. (Braglia & Frosolini 2014, pp. 27-28)
Although, the model is primarily built for extended enterprises communicating with vari-
ous parties, it works as a good base for other application models aiming for similar results
or looking for reminiscent functionalities.
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Figure 6. Integrated PMIS application model (Braglia & Frosolini 2014, p. 23).

3.5 Challenges in information system development

The previous chapters have discussed what are the benefits of information systems in
project and resource management. As that side of the story might be clear, the develop-
ment and delivery of information systems might not be. Hence, as the goal of this thesis
is to build and finally help to take information system into use, it is important to take into
account the elements present on information system development.

Information system development (ISD) is a type of project that is very difficult to deliver.
ISD is "a process through which developers transform user requirements into system de-
sign and then implement the designed system to satisfy these requirements" (Hsu et al.
2012, p. 27). ISD projects are very sensitive to fail; according to Yeo (2002, p. 242) only
less than 20% of the ISD projects are fully successful. Compared to other kind of projects
such as product manufacturing or service projects, ISD projects require good fit among
the developer’s technical skills, good statement on initial system requirements and devel-
oper’s social skills to gather valid information for the design and deliver the final system.
The delivered information system might be technically valid and meet the required spec-
ifications but yet, meet resistance or even complete abandonment among end-users of the
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system. (Yeo 2002, p. 241)

The reason why ISD projects are difficult lie in many factors. On the very basic level,
firstly, the information should help or support people who use the information. The end-
users should be able to take actions based on the information. Secondly, the representation
of the data should be made in the way that it is understandable for the recipients. In the
end the data might be correct but the way it’s visualized might be just plainly wrong.
These two basic elements can lead to problems in interaction of the information system or
difference in end-users expectations of the system. The development of the system might
be also too slow, which is why the system cannot be taken into use when it was initially
planned. (Yeo 2002, p. 242)

ISD projects are also recognized having resistance, which can happen in many different
levels. In individual level the interaction and expectation problems affects the information
system’s user-friendliness, which in turn might cause resistance. Group resistance usually
happens if the group of users face a power shift when a new system is taken into use. This
implies, for example, to a situation when the users are afraid of losing power or to gain
more work. (Lapointe & Rivard 2007, pp. 90-91)

As ISD project outcomes are very subjective to end-users expectations, they should be
used as co-developers in both ISD project stages: in design and development. User’s
commitment lowers the risk of a system abandonment and improves user’s attitude to-
wards it (Hsu et al. 2012, p. 27). Previous research notes that if end-users are used as
co-developers, the quality of the design will most likely meet the expectations. (Hsu et al.
2012, p. 34)

In a case like that the IS developer and end-user can learn about each other core knowl-
edge and use it to provide quality information system. Moreover, even if these two parties
do not understand much about each others domains, communication between the parties
is still needed. End-users can ensure the system’s adequacy by providing feedback on the
initial system design. Even if the end-user poorly states requirements for the system, a
good user-developer relationship creates good chances to repair inadequate design of the
system. Hence, the amount of user reviews have positive correlation to project perfor-
mance in both ISD project stages. (Hsu et al. 2012, p. 34)
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Figure 7. Triangle of ISD dependencies (Yeo 2002, p. 243).

In conclusion, good relationship between the developing team and end-users is needed
to deliver quality information system within required specifications (see Figure 7). Co-
producing a system increases mutual understanding of the system and the users require-
ments for the system. Even in the worst cases when developers and users don’t understand
much about each others work there are dependencies that affect on the information sys-
tem’s usability.
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4 CERN AND MAGNETIC MEASUREMENTS

4.1 CERN in short

The European Organization for Nuclear Research, more commonly known as CERN, is
the world’s leading laboratory dedicated to seek the fundamentals of particle physics.
CERN was founded in 1954 so by the time this thesis was written, it celebrated its 60th
birthday. CERN is located near Geneva on the Franco-Swiss border with its most known
research facility the Large Hadron Collider (LHC) where the famous Higgs boson was
founded in 2012. (CERN 2012a; CERN 2014a) CERN is also known as a birthplace of
other contributions to science as well, for example, Tim Berners-Lee invented the World
Wide Web in 1989 at CERN. (CERN 2014b)

According to Lane’s (2000, pp. 1-2) definition on public sector and public institutions,
CERN can be said to be a public sector organization. Public sectors are said to have at
least some of the following characteristics:

• Serves the public society

• Public sector organization has "hierarchical structure responsive to politicians"

• Decision making is based on public interest instead of interest of individuals

• Public sector is an asset to nation and important part of development

CERN meets the definition by having hierarchical structure that, finally, leads to politi-
cians within the European Union. Moreover, CERN is serving public interest (instead
of private) by doing fundamental research and is linked to a nation, or in CERN’s case,
multiple nations. CERN’s facilities are used by hundreds of institutes and universities
around the world. These institutions come from member states (and some from non-
member states) mainly from within European Union. They also take care of the funding
of CERN. Most of CERN’s budget is used to construct and maintain the research facilities
like LHC but CERN does not take part of the costs on experiments ran in the facilities.
Thus, it gives the member states possibility to do fundamental research and benefit out of
it. (CERN 2014c)

To put the name LHC into context, the following paragraphs tell little bit more about
the flagship of CERN research facilities. LHC can be described with many superlatives,
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such as "the largest operational vacuum system in the world", "the world’s largest cryo-
genic system" or "one of the world’s most advanced machines" (CERN 2014d). The
27-kilometre long accelerator ring is currently the world’s largest and most powerful ac-
celerator dedicated to particle physics research. (CERN 2014e) Although, the LHC ring
is in itself enormous, it is still part of a wider accelerator complex and is the last part of the
accelerator chain (see Figure 8). In total, there are 9 accelerators or decelerators within
CERN sites out of which 6 are linked to the LHC. In addition, three more accelerators are
planned to be built in the future. (CERN 2014f)

Figure 8. CERN accelerator complex (CERN 2014g).

To put it simply, the idea of the LHC is to accelerate particles (protons) to high energies
- with velocity close to the speed of light - and collide them. In order to do this, first of
all, the accelerator needs a source of protons and accelerate them with cylindrical con-
ductors. A "batch" of protons (commonly called beam) is guided with superconducting
electromagnets with strong fields that holds protons together. After boosting the beam
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into higher energies with other accelerators, the beam enters the LHC for further accel-
eration. In the LHC the counter-rotative beams have energies up to 14 teraelectronvolt
(TeV). When the beam has energy high enough, it’s collided with another beam circulat-
ing the opposite direction in the trajectory. (CERN 2014e; CERN 2014h; Russenschuck
2010, p. 2)

4.2 CERN strategy

Being a public large international organization, CERN does not have its own strategy.
CERN follows the the European Strategy for Particle Physics set by the European Strategy
Group (ESG). (ESG 2014) As the strategy serves much larger goals and wider audience,
it is clear that the strategy sets the demands for the operative parts of the organization as
well. Thus, the projects at CERN (whether in the Magnetic Measurement Section or some
other section) are started on the basis of the strategy set by the ESG.

The latest update on the strategy in 2013 (ESG 2013, pp. 1-2) states that since the first run
of the LHC was a successful experiment, Europe should put more effort to find out the full
potential of the LHC. Moreover, "CERN should undertake design studies for accelerator
projects in a global context" focusing on R&D strongly on high-field magnets.

Along with accelerators and magnets, CERN will play a central role in research of other
scientific activities as well. A note has been made that CERN should focus on theory of
particle physics, unique (particle) experiments, R&D on instrumentation and infrastruc-
ture as well as computing and knowledge transfer via collaborations. (ESG 2013, pp.
1-2)

4.3 The role of Magnetic Measurements at CERN

Magnetic Measurements (MM) is a section of the Magnets, Superconductors and Cryostats
(MSC) group under the Technology department at CERN. (CERN 2012b) Currently, the
section has approximately 30 member out of which 10 are students. Just like CERN in
general, the section is multicultural and it has members at least from 8 different countries.
The Magnetic Measurements is responsible namely of the magnetic measurements linked
to various accelerator projects in- and outside of CERN. The MM-section includes activi-
ties such as developing state of the art technologies for measurement needs, measurement
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of magnetic materials, performance and quality tests of magnets and knowledge transfer
with collaboration partners (CERN 2014i).

Despite being a small section, yet, it is very important part of the design, construction
and maintainability of accelerators. The magnetic measurement has a clear position in a
magnet’s life-cycle (see Figure 9). All accelerators and detectors have (electro)magnets
as an integral part. The functionality of a set of magnets in accelerators is to guide the
particle beam(s) within the trajectory of the accelerator. Turner 1992, p. 7 In general, the
aim of magnetic measurements is to "know the [magnetic] field in the volume occupied
by the beam". Therefore, in respect to the beam, magnetic measurement provides analysis
and quality check to guide installation of magnets in regard to proper alignment to guide
the beam, verify tolerances and provide crucial parameters for accelerator simulations.
(Buzio 2013)
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Figure 9. Magnet life-cycle (Golluccio 2012, p. 22).

Before a series of accelerator magnets can be manufactured or ordered from an external
manufacturer, the general design of a magnet type must be approved with magnetic mea-
surements. Even during the production the field quality needs to be re-checked to detect
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faults in the manufacturing process. The verification both in design and production phases
ensures the quality of magnets, correct alignment of magnets in installation and success-
ful run of the accelerator. (Arpaia et al. 2014) The naming used for different phases are
as follows:

1. Prototype measurement - The magnet is in its design phase. Many magnet charac-
ters needs to be measured. Basically, everything that there is to know about magnet
will be measured. At this point it is not yet decided if the magnet design will pro-
ceed to further production but magnetic measurements will verify and guide the
production proceedings (Henrichsen 1992, p. 71).

2. Pre-series measurement - In this phase the design of the magnet has been approved
and plans for series production are most likely in place. Yet, further measurements
of the magnet are needed to "fine-tune" the magnet to its final form. Moreover, the
design of magnetic measurements tools are done in this phase.

3. Series measurement - The final phase includes only few standard "checks" to the
magnet. The series measurement is done to ensure quality in magnet production and
the measurement parameters such as field quality and field strength are of interest
(Henrichsen 1992, p. 71).

All the information gathered during the measurements before the operation of the ac-
celerator will be useful during the operation as well. Magnet properties define many
operational procedures and serve diagnostic means. The installed magnets can help in
calculating, for example, the absolute energy of the particles that has been accelerated.
Hence, the magnetic measurements are needed in design, construction, installation and
operation phases when an accelerator is being built. (Henrichsen 1992, p. 71)

There are three general level alternatives for magnetic measurement approaches: simu-
lations, lab measurements and beam-based measurements. Relatively cheap and rather
straightforward method is computer simulations, where magnet is re-constructed with a
computer and field properties are measured. Simulations might be very tempting as an
approach to measurements but they never represent real life and the characteristics of a
magnet with 100% accuracy. Faults in magnet manufacturing can occur and therefore,
real life verifications are always needed.

The second and most common measurement type is lab measurement, which also goes
with the name "magnetic measurement" within the MM-section because in general mag-
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netic measurement equals to lab measurement. Lab measurements are always required,
albeit other types would be used as well.

The third type is beam-based measurement, which is the most realistic measurement type
(and most expensive, see Figure 10) because the magnet will be put in a similar, real, sce-
nario where it would be also in the accelerator. The method is very time consuming and
in turn, very expensive and not necessarily give as comprehensive results as a lab mea-
surement. (Arpaia et al. 2014; Buzio 2013) In this thesis when magnetic measurements
are discussed, it refers to laboratory measurement.
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Measurement tests 

Simulations 
Lab measurements 
Beam-based 
measurements 

Figure 10. Relative costs of different measurement type (Buzio 2013).

Analysis of magnets requires different kinds of mechanical equipment to verify the me-
chanical and magnetic properties of magnets. Measurements have to be done to meet ex-
tremely strict tolerances required by particle accelerators with relative accuracy of 10−4.
(Moritz 1998, p. 1) Usually, industry-made equipment cannot meet the required toler-
ances, although universal equipment are used for some occasions to save time and money.
(Moritz 1998, p. 6)
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The choice of measurement method always depends on various factors such as field
strength and field homogeneity. Moreover, sometimes the wanted results are achieved
with less accurate methods allowing one to choose from multiple alternatives. Arpaia
et al. (2014) has made a rather comprehensive list of the state of the art measurement
methods used at CERN. Figure 11 shows the vast amount of measurement techniques
researched and used in the MM-section.
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Figure 11. Trends of research at the MM-section (Arpaia et al. 2014).

One of the most common magnetic measurement technique is the rotating coil technique.
The system development in electronics and mechanical parts has made it the best alterna-
tive for measuring field inhomogeneity (Golluccio 2012, p. 34). High-precision measure-
ments require not only high quality rotation mechanics and encoders but also precise coil
geometry within a shaft (Golluccio 2012, p. 37). A schematic picture of a rotating coil
system and a cross-section of a shaft are illustrated respectively in Figure 12 and Figure
13.
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Figure 12. A schematic figure of a rotating coil system (Dunkel et al. 2013).

Figure 13. Cross-section of a measurement shaft (Dunkel et al. 2013).

Even though there are many techniques covering a wide range of precision in measuring
magnets, yet, as the technology develops so will the magnets, too. Thus, the Magnetic



33

Measurements Section need to continuously seek for new techniques along with develop-
ing old ones to keep up with the changes in magnet designs. As conclusion, below are
listed the most important characteristics affecting projects in the Magnetic Measurement
Section.

• State of the art equipment (new instrumentation requires long lead-times as well as
adjusting and calibrating old instruments)

• High precision required for measurements (relative accuracy of 10−4)

• Magnet types (dipoles, qudrupoles etc. with DC and pulsed operation mode)

• The number of different measurements required by customers (nominally 20 dis-
tinctive things that can be measured)

• Different type of measurement campaigns (e.g. prototype, pre-series, series of >
100 magnets)

• Different type of magnets (e.g. normal conducting, superconducting)

• Magnet geometry (e.g. magnet’s mass: 0.5kg-9000kg or magnet’s length: 0.06m-
2.8m)

(Dunkel et al. 2013)
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5 CURRENT STATE OF PROJECTS AT THE MAG-
NETIC MEASUREMENT SECTION

5.1 Introduction

Looking into the general trend on project management, additional elements needs to be
considered in projects in the MM-section. The nature of basic R&D means that projects
do not follow the famous "Iron Triangle" presented in chapter 2.2. As discussed, R&D
includes always uncertainty, especially in the case of fundamental research. One cannot
know beforehand with 100% accuracy if the needed R&D can be completed within a
certain time frame and within the predefined budget. The number of stakeholders forces
projects to be vigorously dependent on other sections’ sharing of information and know-
how. Furthermore, the schedules needs to match between the requester (customer) and the
project coordinator at the MM-section so that the launch of a project and trouble shooting
can be done fluently.

On that basis, the project success factors become less concerned in terms of time and
budget. The quality of output in projects, however, is important due to the fact that accel-
erators require very accurate measurement results. Naturally, the ideal situation is, when
a project is completed within the defined deadlines and budget with very high precision
on the results. Decades of experience help to tackle problems concerning timeliness of
projects but when it comes to deadlines, the voice of experience in the MM-section also
tells that these cannot be given, only estimated.

This chapter describes the situation at the MM-section before the work for this thesis
was finished. The situation analysis is crucial to point out what things are done well
and what are not. The analysis includes mapping of the key resources used during the
projects, performed work-flow activities, how both of these were managed and finally, the
estimated time needed for each activity and complete projects.

The descriptions and findings stated in this chapter are based on a questionnaire, various
meetings and individual non-official interviews. References are not made to single inter-
views or questionnaires since majority of the information was gained during the building
of the project application via non-official talks. The list of attended meetings and the
questionnaire form are described in Appendices 2 and 4.
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5.2 Resources used in projects

The Magnetic Measurements rely on a number of resources in order to provide accurate
measurements for various needs. The resources are what make most of the projects inter-
dependent on each other. For example, the R&D output of one project can be useful in
another project (new theory or tools) or the human or other resources are shared between
multiple projects.

These resources can be roughly divided into two categories, which are personnel and
equipment. Personnel and equipment are what affects the most on project deliveries and
therefore, the discussion on this thesis is only around the two of them. Personnel, or
human resources, can be further divided into subcategories. Part of the personnel are
specialized in software development, some in electronics, some more in mathematics and
so on, which creates a combination of different know-how. To keep things simple, they
will be denoted as engineers and support personnel.

Table 2. Allocatable resources within the MM-section.

Resource name Type Description
Engineer Personnel Engineers take care of the planning, execution and analysis of

measurements.
Support person Personnel Support personnel are the persons who handle tasks like the

physical movement of magnets and installation of the measure-
ment equipment (to name few).

Bench Equipment A bench is a term used in the section (and in the industry), which
means an instrument where the magnet sits when it’s being mea-
sured. Usually, for different kind of measurement type there is a
different kind of bench for the reason that the used sensors in a
bench require certain mechanical stability, alignment accuracy,
power source and so on. The magnet that needs to be measured
and the customer’s demands define what bench can be used.

Power converter Equipment Power converters are the source of electricity for the electromag-
nets. They vary depending on the powering mode (DC/AC) or
the needed electric current by the magnet.

Shaft Equipment Measurement shafts are used in rotating coil measurements.
They include different variation of coils and coil set-ups and they
also vary on size. Shaft usage depends mostly on the size of the
magnet aperture (physical limitation) and on the magnetic field
of a magnet.

On a general level, equipment includes benches, power converters, shafts (with coils) and
digital integrators. In addition there are other equipment such as personal computers and
other tools but as a resource they do not create a problem in resource allocation. Digital
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integrators are neither causing problems. Therefore, they are not discussed in this chapter.
The different type of allocatable resources are summarized in Table 2.

As can be seen from Table 2, most of the allocatable resources are equipment. Equipment
can be allocated to different projects and measurements rather straightforwardly for the
reason that certain parameters usually define which equipment can be used in which situ-
ation. Acknowledging the tangible resources and their "hard" parameters are particularly
important when building a resource planning tool. It allows, on some level, automation
within the application in terms of resource allocation.

Personnel on the other hand are more "soft" in their nature and the allocation can be based
on a person’s feeling on work load. A person can quite easily tell if he or she feels and
overload on projects and work. A good practice is to have a person focusing on one or two
projects instead of multiple projects. Switching back and forth from project to another
affects on productivity due to small learning curves a person have to face every time a
jump to another project is made (Yaghootkar & Gil 2012, p. 128). However, concurrent
engineering is said to maximize efficient use of both human and other resources.

5.3 Project work-flow activities

Projects in MM-section are constructed from rather general level elements. Figure 14
denotes what elements define most of the projects in the MM-section. As the figure
points out, the project characteristics are defined mainly by the following factors: type of
measurement (proto, pre-series etc.), magnet characteristics, what needs to be measured,
current knowledge and theory and availability of resources. There are other factors that
can effect projects, such as unexpected occurrences, but as they happen quite randomly
and cannot be foreseen, they are not discussed in this thesis. However, acknowledging the
existence of random events that affect projects is essential.

Figure 14 illustrates the project elements in a hierarchical structure. The magnet and its
parameters and characteristics along with customer’s requirements define what kind of
project is in place and thus, what will be needed for the project. For example, if the
magnet is superconducting, it means that it requires a croystat to cool it into very low
temperatures (in LHC the temperature of the magnets is approximately 2K = -271◦ C).
Physical demands such as low temperatures and mass of the magnet(s) mean that the
laboratory where the magnet is being measured needs to be chosen carefully. At CERN
all the needed magnetic measurement equipment are not under the same roof nor within a
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walking distance. Sometimes a rather painful decision needs to be made if it’s more easy
and effective to move the measurement equipment where the magnet is or vice versa.
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(or batch of 

magnets) 

What needs to be 
measured 
(customer 

requirements) 

New theory? 
Physical 

limitations? 

High accuracy and 
precision on 

measurements 

Available 
labour/tools 
(resources) 

Measurement 
purpose 

(prototype, series 
etc.) 

PROJECTS 

Figure 14. Hierarchical definition of MM-section’s projects.

Based on the previous Figure 14, the Magnetic Measurement system that delivers the
projects can be quite well defined. The project process is presented in the Figure 15 as
a flow-chart. The red arrows point out the situations where an iterative loop backwards
is possible. Orange arrows point out the information flow between the customers and the
MM-section. White arrows denotes the process flow of measurements. The red boxes
are the work-flow main activities. The main information systems used in projects are
summarized in Table 3.

The measurement of magnets starts off with a request from a customer (customer and
requester are used as synonyms). In most cases the customer is from inside of CERN,
which simplifies things compared to external collaboration measurement campaigns. An
inside customer refers to another department/group/section within CERN who order mea-
surement of magnet(s) and the magnets are used at CERN or are responsibility of CERN.
As a public organization CERN also has responsibilities to consult external accelerator
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projects as well.

Already in the first step (launch) the MM-section’s engineers need to think if the measure-
ments can be performed or do the measurements require something that the section does
not know or have such as new theory or additional resources such as man-power or instru-
ments. Approving the request from a customer follows a step when the designated project
coordinator starts planning of the measurements. At this point the available resources are
at least partially confirmed. The availability of resources were checked mainly by asking
around or trusting the previously gained information. In the case when a project requires
building something completely new, the design of a new system is started. In the latter
case, after completing the design and manufacturing part, adjustments, calibration and
stability tests are required to ensure rigidness, accuracy and validity of the new tools.
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Measurements Analysis 

Dissemination 
of results 

EDMS 

Other external party (e.g. supplier) 

Resour-
ces 
available 
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No 
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Raw 
material 

Tools Other 
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Figure 15. The work-flow of MM-section.

Before the measurements can be started, in the case of using old and available measure-
ment equipment, they need to be adjusted to meet the demands of measurements. Adjust-
ing can cause problems if there are many concurrent projects with different magnets that
needs the same tool: usually the same adjustments are not suitable for multiple magnets.
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The following step, after old tools are prepared for measurements or the new tools are
ready to use, is the actual measurement campaign.

The magnets are delivered to the measurement laboratories and often the delivery date
rules the approximate starting dates for the measurements; the measurement laboratories
do not have extensive space for storing magnets. Thus, the measurements should be
started as soon as possible the magnet arrives. This part also includes installing and
uninstalling the magnet to a measurement bench. In the Figure 15 these two activities are
included in the "Measurements" box.

Depending on the type of the measurement campaign, this part is the least time consum-
ing; the measurements do not require as much time as the preparation work and valida-
tion of results. However, if problems arises in this phase it might be possible that other
projects "overtakes" some of the resources already in use for another project. Therefore,
the resources needs to be re-checked, which in turn might cause delays for the project.
However, the uncertainty is usually anticipated quite well and within the schedules there
are some flexibility included for unexpected scenarios.

If everything goes as planned the last step is the analysis of the measurement results and
writing the reports. The analysis is usually done by one or two engineers but the results
are also confirmed by peers, which ensures the quality of the results. In analysis part it
is still possible to notice some problems in the values, which might require re-measuring
the magnet or re-evaluating the equipment, which in turn might require waiting of a new
"slot" in using a bench or other resources (notice the iterative red arrows in the Figure 15).

Once final reports are finished they are disseminated to the customer. The dissemina-
tion happens by uploading a document to the CERN’s centralized document server called
EDMS (Engineering & Equipment Data Management Service). The system will notify
the selected groups or individuals by e-mail, which are in this case, the customers. How-
ever, EDMS has few drawbacks. The system holds millions of documents in hierarchical
structure and over the years the organizational hierarchy at CERN has changed (maybe
even more than once) and the old hierarchies are still in place in the system. For this
reason, if you lose the notification e-mail or you cannot remember the document ID, it is
very difficult to find the documents, even though EDMS has (poor) search options.

The MM-system can be divided further into smaller sub-systems but for the sake of keep-
ing things simple, only one sub-system will be discussed more in detail due to its sig-
nificance in the project work-flow. The sub-system is winding and calibration of mea-
surement coils, which is linked to manufacturing of measurement shafts (see Figure 16).
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Table 3. Information systems in use.

System name Description
MS Sharepoint The general announcements, logging of activities and shar-

ing of section-wide documents is made in Sharepoint.
EDMS Engineering & Equipment Data Management Service. In-

cludes all documents by CERN users.
Oracle database Database having (old) data on various activities within the

section.
FFMM Flexible Framework for Magnetic Measurements. A soft-

ware for magnetic measurement data acquisition and analy-
sis.

In the general work-flow Figure 15 the calibration and winding is included in the box
"Design, production and validation of MM-tools".
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Figure 16. The work-flow of coil calibration and shaft building.

Re-measuring a known magnet usually does not bring a problem with available coils and
shafts but if the magnet is new it most likely requires a new coil to be wound. Winding a
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new coil starts by designing and doing calculations for the coil based on the specifications
of the magnet. After design (if the coil material is in stock) begins the winding. In this
phase an array of individual coils are wound. Experience tells that coils are always needed
to be wound more than required because the effective coil area is almost impossible to
make precisely the same between multiple coils. A batch of coils are made with identical
design.

Once a batch of coils are wound they are calibrated for the first time and the most identical
coils are chosen for the shaft assembly. If the batch of coils do not pass the tests it requires
adjustments or winding a completely new batch (note the iterative red arrow in the Figure
16). The shaft is constructed and calibrated for the second time to validate the correct coil
positions. If problems occur the coils and shaft assembly will be checked.

After a new shaft passes these tests, it needs to go through the final stability test. This
phase tests the robustness of the shaft is tested by using it for multiple times. Experience
shows that the glue that holds the shaft and coils together might let down over a time,
which is why the stability tests are needed. The stability test is the last phase before a new
shaft can be taken into use in magnetic measurements. Finding problems early on ensures
fluent measurements and reduces one source of error in the actual measurements. As one
can imagine, the multiple tests made for the coils and the shaft takes time. Moreover,
ordering raw materials has its own demands, which depends on the coil and shaft design.
Therefore, the lead time for making a new shaft is several months.

5.4 Projects and resource management

At the Magnetic Measurements section the projects are highly variant. The underlying
service provided (i.e. the verification of magnet characteristics, magnetic properties and
quality) is in most cases the same. However, the used equipment, stakeholder require-
ments, magnet characteristics, required working hours and needed material are unique
every time. The usual stakeholders in projects are summarized in Table 4.

Looking into the history of some projects, they usually started with meetings between the
customer and a representative engineer from the MM-section. The detailed magnet char-
acteristics along with timetables were known by the project coordinator (i.e. the engineer
in charge of the project) and corresponding measurement engineer(s). Although, some-
times this wasn’t the case either due to insufficient information provided by customers
and hence more time was needed to receive the accurate information.
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Table 4. Project stakeholders.

Stakeholder Description
Requester (customer) The person requesting the magnetic measure-

ments

MM Coordinator Project coordinator in the Magnetic Measure-
ment Section

MM Engineer Engineer performing the measurement

Measurement tool develop-
ment team

The team building new coils and shaft for mea-
surement needs

External suppliers Raw material and equipment suppliers

Compared to the time when the LHC magnets were measured the projects have changed.
The LHC magnets were a top priority and resources were used to complete measurements
for the LHC in time. Moreover, the magnets in the accelerator were rather similar allow-
ing MM-section to use fewer measurement techniques and the requirements for magnetic
measurements were very well defined. In these days, the magnets that need to be mea-
sured vary enormously. Multiple different accelerators with different type of magnets
require new techniques and R&D and thus, require more time to complete the measure-
ments. Moreover, a customer’s measurement requirements are not always related to the
reason where the results will be used. A customer can demand for multiple different
measurements but in the end only part of the results are actually needed in the magnet’s
operation in an accelerator or in the magnet manufacturing process (depending on the
magnet’s final use). Hence, an exhaustive list of magnetic measurement requirements
stresses the section’s resources and in the end the results are not even useful. (Appendix
3, columns 5 and 6)

Resources (e.g. measurement benches) were used when they were available. The new
kind of measurement projects caused a situation where the resources were assumed to be
available. Naturally, details were shared on equipment usage, yet, a situation was indeed
possible where an engineer went to a laboratory to perform measurements but the bench
that was intended to be used was already taken by another engineer, thus, creating delay
to the other measurement test.

The starting point for resource allocation is that they are allocated from a fixed resource
pool to all concurrent projects. Fixed resources means that there is, for example, a fixed
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amount of engineers, benches, power converters and measurement shafts are available.
Therefore, the project advancement strategy can be described to be type (b) in Figure 4.
Although, the starting point is that resources are fixed, yet, new equipment can be built
if necessary but it is not the ideal case due to long lead times in manufacturing. For
example, it is very difficult to find appropriate material and component manufacturers
from the markets that would meet the required specifications.

Hiring new personnel is naturally also possible and it can be the case if it is known that a
long project will require additional man-power. However, when R&D focuses specifically
on magnets it is not always so straightforward. Hiring new personnel requires time since
there is always a learning curve when a person is introduced to a new working environ-
ment. Moreover, organizational bureaucracy makes hiring personnel a slow process and
according to the writers very best knowledge, universities do not educate people to spe-
cialize in magnets and experienced magnet-specialized engineers are hard to find, which
is why in the MM-section the learning curve can be seen to be rather high.

For the reasons stated above the transparency of various concurrent projects need to in-
crease in order to improve planning of new projects and to tackle delays and other prob-
lems. This has been done with weekly updates on projects but a comprehensive tool to
gather all information has been missing. Mirroring the situation to the discussion on chap-
ter 3.2, the knowledge of the system in place is very good but the data on projects is not
always available to everyone in the section. Hence, the sharing of information (especially
on resources) needs to increase.

In Table 5 are summarized the major points in which the MM-section is doing well and
in which not so well. The "factors" selected to the tables are based on the project failure
factors described in chapter 2.
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Table 5. Summary on factors affecting projects.

Factor Current state
Stating requirements Customers have in most cases stated what they want

but three problems have been notified: 1) require-
ments may not be related to magnet use, 2) require-
ments are not always clearly defined and 3) the docu-
mentation of requirements.

Planning The problem has not been in the planning itself but
sharing the details between other project teams should
be increased to avoid clashes.

Team working The MM-section is full of skilled individuals who un-
derstand the importance of team working.

Organizational support At CERN in general the organizational support is on
very good level. In the section personnel are encour-
aged to take part in further education and learning.

Coordination The flow of information has not been in the best state
to allow efficient coordination.

In conclusion, the tool should increase the sharing of project information. In turn it should
help project coordinators in their planning so they can take into account other projects as
well to avoid clashes. Moreover, it should also help on coordination and communication
as the data is visible to the whole section and not only to the project team.

5.5 Time needed for projects

One objective of the tool was to increase transparency between the MM-section and the
customers. For this reason the consumption of different resources within a certain work-
flow activity were estimated. When an estimation on resource consumption of complete
work-flow is known, it can be communicated to customers to increase their knowledge
on upcoming or current project status. Mapping how much resources are used on average
helps also to identify and re-think what could be improved, if possible, on general level.

Emphasis has to be put on the word estimation since there has always been extreme vari-
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ation in the time required for different projects. The work-flow includes various indepen-
dent activities that are affected not only by MM-section’s needs but also by other depart-
ments within CERN. Moreover, various stakeholders affects on the final time needed for
each activity.

The distribution in Figure 17 represents a situation when everything is focused on the
magnetic measurements only. The distribution is based on the questionnaire from which
the average values are drawn for the distribution. The results are presented more in detail
in Appendix 3. As stated before, the projects vary on many level so it is utterly impossible
to draw accurate conclusions based on the analysis. Therefore, when project timeliness is
communicated to customers, it has to be noted that the numbers are estimation and only
in the best case represent the real situation.
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Figure 17. Resource load distribution per magnet.

As can be seen in the distribution in Figure 17, in a complete project including all proto,
pre-series and series measurement phases, most of the time needed per magnet is in the
pre-series phase. This is due to the long time required in designing and manufacturing of
new magnetic measurement tools. However, in some cases new tools might not be needed
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and the pre-series measurement will have a less significant share of the total distribution.

In most cases the number of prototype and pre-series magnets are in few, namely one to
three magnets in total and series magnets are more than ten. Naturally, if the number of
series magnet is significant, the total distribution will be more even throughout the three
main phases. In series measurement campaign less time is needed per magnet but the
number of series magnets is usually greater.

To illustrate this type of project an imaginary "Project x" is described in the following
Table 6 and Figure 18. The values are based on the distribution in Figure 17. "Project
x" describes a typical project setting that is in the Magnetic Measurement Section as this
thesis was written.

Table 6. "Project x" magnets and required time.

Phase Number of magnets Total time required
(man-weeks)

Prototype 1 5.6
Pre-series 1 40.1
Series 26 47.0
Total 28 92.8

The imaginary "Project x" have total of 28 magnets and as can be seen, the total required
time is 92.8 weeks. In a regular calendar year without any holidays this would account
in almost two years! Moreover, the distributions do not consider the gaps between the
project phases or the other responsibilities of the MM-personnel. However, as the time is
presented in man-weeks it means that if a single person performs the measurements, it this
length for a project might be true. Usually, there are more than one person involved espe-
cially during measurement campaigns. To get the actual length in weeks can be divided
by 2 or even 3.

As the projects can be really long, one could ask how the distribution affects the projects
costs? Even though the R&D is carried out in a public sector organization, still customers
and maybe other stakeholders are interested what a measurement project might cost. In
MM-section the main cost drivers are time needed for projects and the investment needed
for material and tooling. For the timeliness of projects the resource load distribution
presented in Figure 17 is very useful. Although, the distribution only guides towards
human resource costs in a project and does not take material costs into account in any
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Figure 18. Resource load distribution in imaginary Project x.

way.

Based on the questionnaire made for the section’s members (see Appendix 3), below are
listed some factors that would speed up the measurement project and thus, lower the costs
in terms of time required.

1. Project coordinator’s experience

2. Clearly, well defined measurement requirements

3. Are customers requiring correct measurements in regard of the use of the measure-
ment results?

4. Better scheduling for measurements on each bench

Looking into the list above, the project and resource management system should in the
best case improve points no. 2 and 4, the definition of requirements and scheduling for
measurement benches. The definition of requirements depends on the quality of data
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provided by customers. The questionnaire results are well in line with Raymond & Berg-
eron’s (2008) findings that the quality of data in PMIS has to be on good level and thus, it
needs to be emphasized that the customers should provide quality information and appli-
cation end-users should put effort on maintaining it.
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6 A TOOL TO IMPROVE PROJECT AND RESOURCE
MANAGEMENT

6.1 Requirements

On the basis of what previous research have stated on information system development,
it was crucial to define the initial system requirements. They worked as a clear starting
point for the system design and further development. Moreover, the requirements state
what the developer needs to know in order to build a functional information system.

First of all, already from the measurement request part (see Figure 15) it was decided that
a customer needs to provide a clear set of magnet parameters and required measurements
before a new project can start. This approach has several benefits:

• Since the MM-section creates this form it clarifies the section staff members with
its limits and what they can do currently, i.e. what kind of measurement service
they can provide

• If customers needs to fill in a request form with predefined inputs, it forces them to
think about what they actually want to be done and what kind of information needs
to be provided for magnetic measurements

• The MM-section will know (at least estimations) from day one what kind of magnet
or magnets are coming for a project. It aids in defining what laboratory to use and
with what measurement techniques etc.

• Using a form increases fluency in the start of the projects and in general the start
phase’s repeatability

• In summary, creating a magnetic measurement request form that customers need to
fill before a project can start "educates" both parties on how the process of magnetic
measurements advances when the project will be launched.

Second requirement was a database where to store all this "meta data" provided by cus-
tomers on the incoming magnets. Storing as much data as possible even for a single
magnet and for the performed tests has benefits. One of them is that when the measure-
ment is finished and later on if details for a specific magnet would be needed, it would be
easy to find what were the exact parameters of the magnet or what kind of procedure had
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been used when the measurement was performed. Moreover, the database has to be easy
to use so that once the initial launch has been done it can be updated in future if changes
needs to be made.

Thirdly, having a centralized database should enhance the general work-flow within the
section and make finding the information easy. Having already several information sys-
tems in place it is possible that adding one more is not going to make things any better.
For this reason the application should provide at least links to other systems, if complete
integration is not possible.

Fourthly, out of this "meta data" it should be possible to visualize the information. For
example, the tool ought to draw a timeline on incoming magnets, filter out or highlight
completed measurements and so on. Lastly, it should be possible to attach additional
inputs for the meta data to enhance the usability in resource planning. These additional
inputs were: material costs, documentation, time needed for developing new tools and
what equipment will be used and for how long for a single measurement test to name few.

6.2 Comparison of alternatives

In order to build a tool that meets the requirements a semi-comprehensive comparison
of possible alternatives was made. Naturally, in the beginning all the future changes
and problems were difficult to foresee since some of the requirements for the tool were
introduced later on when the construction of the tool was already started. Yet, these
iterations were very welcome and indeed necessary so that the tool would be useful in the
end.

The project planning and resource management tool was to be built with available soft-
ware. Naturally, there would be more than enough commercial solutions available but
since CERN already had many licenses on some commercial software, additional costs
were to be avoided using what had already been provided. Moreover, using available
solutions means that there is support arranged by CERN. Looking into what CERN has
to offer for the given problem, five alternatives were found, which are presented in the
following Table 7.

Another important characteristic in regard of the application is the number of people
working in the Magnetic Measurements section. There are approximately 30 members
in the section, out of which 10 are students. In the end the number of the application users
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is around 20-25. As the number of users is low, it is clear that ERP (Enterprise Resource
Planning) and similar systems were left out of the comparison.

Table 7. Comparison of alternatives.

Tool name Pros Cons Summary
MS Excel Easy to use and un-

derstand
No possibilities to
use concurrently

Easiest option with possibilities to
increase functionality very quickly
if needed. However, the tool build
with Excel would be almost impos-
sible to use from various locations
concurrently causing problems with
reliability.

MS Share-
Point

Ease of use Limited functionality SharePoint allows users to up-
date projects concurrently but many
built-in plug-ins/widgets are very
limited.

MS Project Made for project
management, ease of
use

Stand-alone soft-
ware, concurrent
use would require
separate database

MS Project would be very appeal-
ing alternative if the project data
would be gathered only for manage-
rial reporting.

Oracle APEX Rather easy to use,
full database func-
tionalities

Learning curve, new
language (SQL),
APEX limits, raw
data (big files) can-
not be stored Oracle
database

Full advantage of a powerful
database. Data can be read, in-
serted and updated concurrently.
Plug-ins allows increase of func-
tionality, although being slightly
limited and needs extra code to
overcome the problems. Used
broadly at CERN, possibilities are
only limited to the developer’s
skills.

CERN APT Comprehen-
siveness, database
functionalities

Too big to maintain
for a small section

Activity Planning Tool (APT) is
a comprehensive tool for project
planning. In fact, it is too compre-
hensive for the reason that it is built
to manage large projects such as the
LHC.

Out of the five the Oracle APEX was chosen for the reason that it can be used concurrently
from multiple locations and it provides pretty much same possibilities as Excel, APT and
MS Project in terms of resource planning. Being a stand-alone software, MS Project was
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not chosen because it would require separate installations on every computer that wants
to access the project data. Moreover, it is a software from Microsoft and would need
compatible operating system, too. It was noted that within the section all three major
operating systems (i.e. Windows, Linux and Mac OS) were widely used.

The CERN APT would seem to be the perfect choice for its ready-made functionalities.
Indeed, it is a ready-made package with built-in work breakdown structures etc. and it
is made for project planning including resource management. Yet, it would be too heavy
to maintain for the small MM-section. An expert opinion on APT was that a full-time
worker would be required to maintain the whole system and therefore, it would increase
overhead costs.

The Oracle Application Express (APEX in short) is a different entity from the database
itself. The core of Oracle APEX is the possibility to create web-based applications that in-
teracts with an Oracle database. With a little knowledge of languages that common web-
browsers understand (such as HTML) and the database language (SQL), rich database
applications can be built. (Oracle 2014a) In addition, the development of the web ap-
plications is made easy with a graphical user interface. This is another boon for APEX
because web-based applications ensure the compatibility among different operating sys-
tems along with other benefits (as discussed in chapter 3).

Along with the points stated above, charts, calculations and many other functionalities
can be built with the APEX tool rather easily and the limits of it are well documented. As
mentioned, the Oracle database is very powerful, and allows users to recover data if some-
thing is being deleted or edited by mistake (recovery possible even to a defined time of
a day with a second-precision). Oracle database has also compatibility API (Application
Programming Interface) with C++ programming language, which is used in the MM-
section’s software framework. Another positive point was that the Oracle database has
been used in the MM-section for data storage for many years. APEX, on the other hand,
has been used less even though its possibilities has been known. To mention negative
points, APEX needs quite a lot of knowledge so that changes can be made rapidly with-
out destroying the functionality of the whole application. For example, a small change in
a database table can cause problems in the web-application within the parts that queries
data from that database table.
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6.3 The database design

The Oracle database is a relational database, which means that data is stored in a two-
dimensional table. Relations are made with simple row-column combination. The repre-
sentation of the data is easy to understand aiding in use of the data query language. Or-
acle databases uses Structured Query Language (SQL) or its extension PL/SQL for data
queries. The latter simplifies and adds functionalities to standard SQL. (Oracle 2014b)
Similarities can be found in MS Excel, where cells are filled with data and references are
made to the cells with row-column combination.

The database was designed so that it would take into account the whole magnetic measure-
ments as widely and specifically as possible and needed. For this reason, various database
tables were built because one table would be too big and could cause problems in the per-
formance of the database application, especially in the long-run when the amount of data
increases. One single table would require several hundreds of columns and furthermore,
complex code to maintain it. In order to make user experience as smooth and as simple
as possible, multiple tables were constructed.

In theory, it would be possible to build to Oracle a database for measurement test raw data
but the Oracle support team at CERN did not want raw data to be held in these servers.
Therefore, the FFMM data acquisition software needed to store raw data somewhere else.
For the raw data was built another database in a completely different system. However,
as the raw data is needed in the analysis phase, a link was maintained between Oracle and
the raw data system.

As mentioned, the constructed database relies on various tables from where the data is
queried. Unique database tables or combination of tables were built for various work-
flow activities. The chosen approach allows the personnel in responsible of an outcome
of single activity to update only the table he/she is responsible of. For example, the team
dedicated for building measurement coils and shafts can update only the corresponding
table and once the values are updated to their own table, other engineers in the MM-
section can immediately see that the coils or shafts they requested to be built are ready to
use. Thus, read-access were allowed to all MM-engineers on the tables that the application
was using.

In Figure 19 is illustrated a simplified database design used in the application where the
green squares illustrate the database tables. The full database design is presented in Ap-
pendix 1. The core table of the whole system is called "Baseline", which includes the
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Core table 
(“Baseline”) 

• Customer-provided data 
• Magnet parameters 
• What needs to be 

measured 
• Baseline values for 

delivery dates, deadlines 

Measurement test table 
• Planning data (personal 
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costs) 

• Resource load 
• Link to test raw data 
• Other additional data 

The database-application 

Resources tables 
• Lists of different 

resources 
(personnel, 
equipment) 

Figure 19. Simplified database design.

customer-provided general parameters of magnets and the measurements that needs to be
performed along with baseline dates for magnet deliveries and deadlines. The content
of the core table were discussed with the section engineers and indeed, it was concluded
that a lot of information is needed for a magnet. Furthermore, a distinction was made be-
tween normal conducting magnets and superconducting magnets due to the difference in
magnet parameters and the laboratories and resources needed. Therefore, two core tables
were constructed with identical structures but in Figure 19 and Appendix 1 only one set
of tables are presented.

A table to include measurement test data was built with a database-level constraint to the
core table, which maintains coherency between the two tables. The constraint disallows
input of tests if the magnet does not exist in the core table. Thus, it is always possible
to track down a set of tests to a single magnet. The measurement test table includes the
parameters that are necessary to document for single tests. A separate table was needed
for the reason that a single magnet might require multiple tests with distinctive resources.
The test parameters were defined along with the head of the MM-section and engineers.
As can be seen from the list below, the defined test parameters covered multiple factors
(i.e. human resources, equipment) that affects the projects:
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• Project coordinator in response of the whole project

• Test engineer(s) who perform the test

• Man-days required from support personnel (in magnet installation and conveying)

• Development and procurement needed for the test along with material costs

• Power converters, shafts and benches with start and end dates

• Link to test raw data (FFMM automatically generates the path to the database)

• Additional information

• Tags/keywords

In addition to the two tables a table for each resource type was created based on Table
2 excluding support personnel. The support personnel are inserted in the application as
needed man-days, and therefore, a separate table was not needed for them. The idea of
these tables were to list all the resources that would be allocated within the database ap-
plication. It was noted in many database queries that the data is case-sensitive so it was
necessary that the end-users take the resource names from a pre-defined list instead of
giving one each time. For example, a bench name "Bench" is different to "BENCH" so
if everyone uses the names they like, the Gantt charts querying for bench names would
produce quite colourful results. To maintain the coherency throughout the database and
the application the lists were needed. Additionally, the resource tables works as an "in-
ventory" of resources, thus, if an equipment is not used longer, it can be deleted from the
list.

6.4 The resource management application

As the resource management application is the main contribution for the thesis, this chap-
ter will go shortly through the history of the application development. Hopefully, it will
give an insight on some of the challenges faced during the development process. It needs
to be mentioned that despite the previous chapters may have given a positive image on
APEX, still already in the beginning it was noted that some further studying still needs to
be done in order to built more complex applications. One of the biggest problems within
APEX was the automated page creation (HTML and Javascript), which leaves in most
of the cases little room for customization or makes it rather complicated. Even so, after
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understanding the logic behind APEX and how it creates the pages it became clear that
the APEX tool is indeed allowing rapid creation of database applications.

The application that was built follows almost one-to-one Braglia & Frosolini’s (2014)
application model presented earlier in Figure 6. A notable difference, however, is that
the application built for the MM-section is not serving such a big amount of personnel,
nor as many stakeholders and therefore, can be a lot simpler. For example, it does not
communicate with any ERP-system. The application model is presented slightly more
in detail in Figure 20. Based on the requirements, the application combines information
from various sources. However, there were not compatibilities on all the other systems
that were in use and therefore, the arrows in the figure point only to one direction.

Link 

Value check 

Customer 
database 

EDMS 

Magnetic Measurement 
application 

Customer application 

Resources 

Request 
data 

Test data 

“Buffer” 
database 

FFMM Test raw 
data 

Figure 20. The application model.

The database application was named after the core table ("Baseline") and the first version
included basically functions only to read and insert, edit and delete data with a simple
table and input form. The means to upload data was made in two ways: firstly, to in-
sert values to a web-based form or secondly, to upload an Excel file containing the same
inputs. The first approach, a web-based form, was more straightforward in terms of sim-
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plicity and understandability. The web-form included all the needed fields where the
end-user could put the values and after a click of a button they would be in the database.

The second approach was needed for the reason that if a customer wants to provide the
data on magnets by Excel, it would be possible. Moreover, for some projects the num-
ber of magnets to be measured was rather big. As one can imagine, uploading data by
inserting everything value by value in a web-form can be burdensome. To illustrate this
the form has more than 70 fields, so in the case of 20 magnets it would account to 1400
fields to be filled! As many know, duplicating values and editing data in Excel is an easy
thing to do so the thought was that if a project consists multiple magnets with identical
parameters, the data could be formatted in Excel and then upload the file. Here, the first
problem occurred with APEX: it isn’t fully compatible with Excel in regard to the new file
formats ".xls" and ".xlsx". For this reason, a VB-script in Excel was needed to format a
file and a custom data-processing script was needed in the application to insert the values
from a Comma Separated Values ".csv" file to the database.

After introducing the first version of Baseline it was noticed that the database could be in-
tegrated rather easily with other section’s (customers) databases. The decision was made
that customers would insert the data directly to the database. Hence, a separate simple
application was built where customers could place their magnetic measurement requests.
The decision was welcome from the MM-section’s point of view: the use of Excel could
be dropped (almost) completely and the MM-section would not have to spend time with
inserting magnet parameters to the database. Even though the data insertion was given
directly to the customers, it was noted that a situation where data would be incorrect
would cause problems. The customers are after all humans so there’s always a risk that
the project data might be incorrect. Thus, a "buffer" database table was constructed where
customers could insert measurement requests (orders) via a web-based form. The mea-
surement requests in the buffer table would need to be validated by MM-section before a
measurement project could begin.

In addition, the customers were also using Oracle database for their own needs. Along
with inserting measurement request information, functionalities such as value checks in
the application were implemented to avoid duplication of work. The idea was that end-
users should not insert data to the MM-section’s database if the data would be already
available in their own database. Thus, the application would draw the available data
from other databases. Furthermore, the customers could read selected data from the MM-
section’s database in regard to ongoing on completed projects, so that they would be up-
to-date on project statuses. This two-way automated sharing of information minimizes (at
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least in theory) the exchange needed compared to the old ways used, e.g., sending infor-
mation and files via e-mails. The described situation required changes both in the database
and in the application. Fortunately, it was easy to implement and more importantly, it sat-
isfied both parties in the sense how projects would be launched and how project results
would be disseminated.

The second and final version of Baseline included already more functionalities concerning
the resource planning. At this stage all the allocatable resources were mapped and im-
plemented both in the database and application level. Once the values were inserted, the
application draws various graphs pointing out the general resource consumption within
all the projects. The enhanced graphical output helps in the resource planning in early on.
For example, a Gantt-chart was pointing out the R&D needed before a measurement test
can begin, arrival of the magnet and the time frame when bench/shaft/power converter is
being used. A snapshot of the test planning functionality in the application is presented
in Figure 21.

Figure 21. A snapshot of test planning platform in the application.

In terms of human resources, the application allows to define how many man-days are
required of support personnel for a single test. Moreover, inserting a project coordinator’s
and engineer’s name in the corresponding fields calculates within the application the test-
based load on engineers. It is important to acknowledge that the work-load on engineers
is not limited to measurement tests as they have other work to do as well. Thus, the
application’s calculations on human resource load are only guiding and not definitive.
The support personnel are linked to the time frame when a test is ongoing (one start and
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end date required) so a graphical illustration of required support personnel in a certain
time was constructed. The idea to include support personnel to the application was to
determine the times when there would be peaks or overloads in need of support personnel.
It can provide crucial information in situations when all other resources are available but
the personnel installing and moving magnets are too busy. Hence, corrective actions can
be taken such as re-planning or hiring temporary support.

Figure 22. A snapshot of weekly-based need for support personnel.

The application development framework presented in Figure 5 worked as a basis for the
application. However, as frameworks usually are, also the presented framework is made
to be more comprehensive and suitable for multiple scenarios. Some of the elements that
could be in a testing management system were not included. For example, the application
did not have any components for deeper organization management, work-flow manage-
ment or systematical process mining.

Later on the Oracle database was linked to the section’s magnetic measurement software,
the FFMM. The software is mainly used in data acquisition and analysis during measure-
ments. As the development of application started, the FFMM was a completely separate
system from the database. The FFMM was linked to the database in the way that when
engineers are performing measurements, they can fetch the magnet parameters directly
from the database. The FFMM will insert the test raw data into a separate database and
automatically create a link to the raw data, which can later be read from the application.

Moreover, despite being an important part of the general work-flow, the coil calibration
was not a part of the FFMM. Therefore, a new calibration entity was created on the mea-
surement tool development team’s request to the FFMM-software to aid with calibration
of measurement coils. This required strategic changes in the FFMM development and
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partially to the resource management application development. The previous calibration
software was badly outdated, although very functional and easy to use. However, as the
computer operating systems get updates it became more and more difficult to ensure the
compatibility of the old software.

The benefit of sending calibration data from FFMM directly to the database was in the
fact that previously the data was stored in Excel files located in a common server. The
calibration data is needed in concrete magnetic measurements. If the calibration data
would be available directly from the database it could be easily accessed from the appli-
cation. Moreover, the measurement tool development team can introduce the new shafts
directly in the database. The described setting will allow more comprehensive use of the
application in the planning phase being more than just for resource planning.

6.5 Implementation

The implementation of the new database application was started early on. In the first stu-
dent seminar the new application was presented. Adopting of the MM-section’s personnel
early on to the development of the application was needed to go through few iterations to
understand what is needed in addition to initial requirements. Additional ideas to the ap-
plication came rather slowly because in the beginning most of the MM-personnel did not
even know what was possible to do with the application, i.e. what were the limits of the
application or the database and more importantly, what were the limits of the developer.

In the beginning of January 2014 it was decided that the whenever a magnet is measured,
a corresponding entry must be inserted into the database as well. Moreover, the complete
set of magnets to be measured in 2014 was inserted in the database well before some the
measurements were performed in order to fully enable the application to be useful for
the resource planning. This way the end-users would also have more time to get used to
the new application and its functionalities, when they do not have to do exhaustive data
insertion.

In the beginning when all the upcoming magnets were inserted in the database, the ap-
plication illustrated an interesting point. As can be seen from the Figure 23 below, the
project workload on some persons was very high compared to others. Although this was
already known, it raised more attention towards the matter of balancing workload. The
application gave a clear indication that the work-arrangement was partially unbalanced.
However, at this point the resource planning data was not 100% correct and as it would
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be updated later on the workload will be more balanced.

Figure 23. A snapshot of MM-personnel’s workload.

Since the application had few incremental development phases the two applications were
running simultaneously: old version in the background available for use and the new
version hidden from end-users before the launch. The first version of the application was
kept alive during the development and implementation of the newer version. The new
application version was tested using the same database tables as the first version used.
This caused few clashes during the development and slowed down the general progress.
This was a lesson learned: another database just for testing purposes should have been
constructed for the new version for smoother testing.

The changes during the application development forced the developer to maintain the
coherency of the data throughout the whole database. The data update was seen rather ex-
haustive at times, which in turn reduced the time needed for the application development.
Even so the maintaining the data was useful. For example, if a new user would not be sure
in which format the data should be inserted, he or she could look into the data already in
the database and use it as a reference.
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On a later phase the project leaders of some accelerator projects required the MM-section’s
measurement project coordinators to use other systems to update the project data. It forced
two project systems to be used simultaneously, which was seen as a small setback for the
newly introduced application. Using multiple systems can easily lead to the abandonment
of the other system, especially if they contain the same or similar data. Therefore, it might
have been one cause to a low-level use of the application after the introduction.

As one core part of the tool was to extract graphics that would illustrate the resource usage,
it was concluded that it would be a major loss if the graphical charts would be available
only in the offices via personal computers. Therefore, a separate monitor was installed
in one of the measurement lab visually showing the Gantt charts of equipment usage
such as benches, shafts and power converters. Making this happen allowed engineers
to see directly on-site which of the equipment was available at any time, thus, aiding to
avoid clashes in equipment usage. Moreover, engineers could negotiate on the needs of
equipment at given times if, for example, a certain tool was needed only to test something
shortly.

6.6 Changes to the project work-flow

The resource planning application had very little impact on the concrete measurements.
Mostly, the application aided in the launch, planning and ending of a project. Moreover,
the application would gather resource load data during the projects. The following Figure
24 points out how the work-flow of the Magnetic Measurements have changed.

With the new application in place, information on most of the basic activities are stored
in the database. The information can be seen via the database application. The customer
will provide requests on magnetic measurements directly to the database with the web-
based form defined by the MM-section. This ensures that all the required parameters are
gathered in one place.

In the planning phase engineers can check what are and will be the status of resources
they need and plan their measurement project according to the availability of resources.
In high-priority projects the resources can be re-allocated from other projects if needed.
Compared to how planning was done before, this was a new addition. Previously, in the
planning phase, project coordinators and engineers did not really have reliable detailed
information on how resources were currently used and what would be the situation in the
future.
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Figure 24. Magnetic Measurements work-flow after the use of application.

In case of unexpected problems, engineers can update the measurement test data via the
application. This way engineers in other projects can notice easily how the situation has
changed. It is a new addition that didn’t exist before: in the iterative parts the data will be
up-to-date and the resource use can be more optimized.

Once the measurements and analysis are finished, engineers can upload the test results into
EDMS database like they used to do before. However, in the application they can update
the EDMS ID number to the corresponding measurement projects and the application
will automatically create a direct link the EDMS web-portal where the document can be
downloaded. Hence, the test result documents won’t disappear into the e-mails or in the
rather outdated structure of the EDMS system. Moreover, the customers can check via the
application what they have requested and which of the requests have been finished along
with the link to the test results.

As discussed, the subsystem linked to the magnetic measurement work-flow is the manu-
facturing of new measurement coils and shafts. The changes in regard of this subsystem
lied directly in the calibration software, FFMM. The FFMM system uploads the cali-
bration data directly to the database from which the application reads the values. The
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engineers needs these values in the measurement process can access them directly from
the application. In addition to the calibration values, the team in responsible of the man-
ufacturing can update the "stock" of ready-to-use shafts in the database. As the shafts are
part of the resources used during the measurements, this approach was needed to ensure
the status of all the most important resources used by the engineers.

To summarize the changes, the application made the work and information flow better in
the following points.

• Easier and more precise way to receive orders from customers (and, perhaps, easier
ordering from customer’s perspective)

• Dissemination of results is more straightforward, document IDs do not disappear in
e-mails

• Project coordinators and engineers can see when the coils and new shafts are ready
for use

• The whole section can see what’s the situation of other projects and who’s respon-
sible of what activities
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7 DISCUSSION AND PROPOSITIONS FOR FUTURE
WORK

7.1 The PMIS application

The Magnetic Measurements section at CERN can be described as a project organization
(or part of an organization) since it delivers unique measurement services. The projects
demand additional R&D to be made for various projects. The precision required in the re-
search and during the measurements set high standards for the equipment that can be used.
The first-class equipment used during the projects force them to be very time-consuming.
Not only the manufacturing process is long but also the validation part, too. The lengthi-
ness of projects set rather unique demands for resources and project requirements makes
them very complex. Thus, the standardization of the measurement process is not easy.

This thesis was made to construct a project management tool with emphasis on resources
management. Based on the previous research, the most obvious way to improve project
resource management was to build a project management information system. Moreover,
the more recent literature suggested a web-based system due to its availability, flexibility
and compatibility.

The web-based application was made on an Oracle database with Application Express
(APEX) tool. In the literature the research focuses mainly on PMIS needs and to the boon
and banes of such systems. However, they tend to fail to give better guidelines on which
of the available software should be used and what are the characteristics of them. Some
papers mention MS Project, SAP ERP and other very popular systems briefly. Naturally,
the selection of commercial software is depending on the organization and the project set-
ting but researchers could still guide users towards the most suitable information system.
The contribution of this research is to point out that a PMIS can be built rather easily in
the very powerful Oracle database, even for a complex R&D project setting. Moreover,
the future versions of the Oracle APEX should increase the functionalities and the ease of
use in creating user-friendly, professional database applications.

Building the PMIS application started off with mapping the current status within the sec-
tion. A general level activity analysis was done with a resource load on activities or ac-
tivity groups. The information gathered for the research was made by questionnaires and
generally taking part of various meetings. Moreover, overview among current literature
was gathered from previous research. Along with the activity analysis, the used resources
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were mapped since the main benefit of the application is to point out how resources are
used.

The R&D projects at Magnetic Measurement Section are highly variant and hence, the
application was forced the to be rather simple. The analysis provided detailed informa-
tion on how the projects advances in various cases but because of the distinctiveness of
projects, the application should have been very complex to cover all the possible scenar-
ios. Therefore, only the resources that are present in all magnetic measurements were
included in the application.

As the PMIS application had low effect the operative part of magnetic measurement pro-
cess and the implementation to the FFMM was done in a very late phase, it was noted that
the application itself was not used as much as was anticipated. There can be numerous
reasons for low usage-level but from personal perspective the reason were the following:

• The application has no effect on the operative level work in such extent that it should
be used on a daily basis. Application was required to be used only on the planning
and end-of-measurement phases and random updates if something changed.

• The application development time was longer than expected and thus, the introduc-
tion of the final version was done shortly.

• Most of the projects were already started when the application was introduced.
Therefore, the planning for those projects were done most likely with different ways
or to different systems.

• Accelerator projects required the use of another project management information
system, with similar functionalities. Two systems, which are very much alike can
lead to abandonment or low usage of the other system.

Moreover, due to some changes during the research the developer needed to maintain
coherency of the data in the database. Even minor changes sometimes forced exhaustive
data updates to be made. Although these changes were useful, they also slowed down the
development of the system itself.

Despite there were few setbacks on the way, still the application should benefit the section
in various ways. Firstly, by centralizing the information to the database should leave no
room for guessing where the data is located. Secondly, the project coordinators and en-
gineers can insert the initial project data regarding magnet details, needed measurements
and what resources would be used throughout the project.
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Thirdly, in some cases the work was reduced on the MM-section’s behalf by integrating
inner customers to the database. The customers would put the initial project data directly
to the database. In turn, the customers can see the measurement results directly from the
system. Although, this approach reduces the work only in a small way, it increases the
fluency of the system and in longer time might increase the application use. Hence, the
MM-section can focus more on the operative work instead of spending excessive time
with the system.

Fourthly, the database was integrated with the measurement system. The integration en-
sures data visibility and availability throughout the measurements as well. Finally, the
other ongoing projects are more visible to other project teams because they can read other
project data from the database as well. This allows mutual planning in the resource use
can help in avoiding unneeded clashes during the operative work.

7.2 Reliability and validity of the research

Rather similar approach has been made in other research projects (e.g. Kämäräinen
(2013), Kaskinen (2013), Korpivaara (2013)) on project and resource management, al-
though slightly from a different perspective. Based on their work it seems that other
project settings have the requirement to use information systems to manage projects and
resources efficiently. It can be noted that there are various alternatives for such systems
and they are very difficult to deliver. Moreover, it seems that the selected research method
for this thesis has brought good results in other environments as well. Previous research
implies that organizations truly need a project management information systems to track
down projects and look into the resources used to avoid problems in project execution
(see Table 8).

Looking backwards to the research project done at CERN naturally brings in mind things
that could have been done better. The development and implementation process went on
rather slowly, which is why the application was in concrete use for a short time in relation
to the delivery of the thesis. The thesis was constructed approximately within 5 months,
which was not enough time for validating the usability of the application in everyday
work. However, the application provided interesting insight on project workload, which
was confirmed to be true. What it taught on the personal level is that such projects should
be pushed forward more intensively to reach the outcome faster or at least it would lead
to more iterations on application development so that more holistic conclusions could be
drawn.
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Table 8. Notes from previous research supporting PMIS.

Author(s) Quote
Braglia & Frosolini
(2014)

"Help managers track projects", "used to sustain the whole life-cycle of
complex projects"

Caniels & Bakens (2012) "Central PMIS... allow top management to follow the project develop-
ment and the resource allocation made by the project managers", "Es-
pecially in a multi project environment, companies should adapt their
PMIS or switch to another one much sooner as compared to companies
that mainly work with single projects"

Raymond & Bergeron
(2008)

"PMIS makes a significant contribution to project success"

Repenning (2001) "Developing an information system to forecast resources committed to
known projects is no easy task, but it is essential"

7.3 Possibilities for future work

While doing literature review for the research, few interesting themes were present in
many papers discussing resource management and project planning. Nowadays it seems
to be under a magnifying glass among researchers to use simulations to predict future
outcomes of different scenarios in projects. Although, it might not be fully useful in
the context presented in this thesis, it would be interesting to extend capabilities of the
resource planning tool by simulating projects according to baseline dates and think about
what might happen if unexpected delays occur. Simulations might give useful insight on
project outcomes well before projects would be executed.

Another theme were more comprehensive integration of stakeholders to the project man-
agement system. The Baseline application that was built for this thesis already integrated
organization’s inner customers to the system but for further extendibility, it might be use-
ful to integrate suppliers to the database and to the application as well. This could be
achieved by building a sub-application handling supplier information, that would interact
with the general planning within the main application. Alternatively, a complete sub-
system could be built that would interact with suppliers databases. However, it is very
difficult to foresee how suppliers are willing to use such systems or give access to their
databases. One could also argue the feasibility of such integration.
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8 CONCLUSIONS

The objective of this thesis was to build an information system to help project manage-
ment and resource planning in the Magnetic Measurement Section at CERN. The orga-
nization focuses on fundamental research and by definition it is an international public
sector organization. Essentially, this thesis illustrates a clash of business oriented prac-
tices and public R&D environment.

The information system was built in a centralized database with a web-based application
interacting with the database. To find out the best practices for design and development
of a project management information system, a literature review was done in topics such
as project and resource management along with information system development.

The literature review described the complexity of projects, especially in the case of multi-
project environment. Moreover, delivering a information system development project,
which is the nature of this thesis, is seen as a difficult type of project. The findings of
various researches pointed out to be correct also in the case of delivering the application
for the Magnetic Measurement Section.

The research project was started by mapping out the general work-flow of the magnetic
measurement system with its distinctive resources. In addition, the timeliness of work-
flow activities were estimated to illustrate the needed time for projects. The work-flow
seemed to be very complex and very time consuming due to the nature of fundamental
research projects.

Based on the activity analysis, the project management information system was built. The
system design received well-stated requirements, albeit, some of the requirements were
introduced rather late in the development phase. However, the iterative actions were seen
useful both in the previous research in the information system development literature and
in the research project carried out at CERN.

To enhance the transparency of projects the inner customers were integrated in the database
application. The integration gives benefits to both parties. The MM-section will get or-
ders in a more subtle way and the dissemination of results is more straightforward than
before. This way the customers will stay more up-to-date on the magnetic measurement
process as it is a crucial part of their critical path.

In the implementation phase the low usage-level of the application was noted, which
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might be caused by factors such as slow development, expectation gap or the low effects
of the system in the operative work in magnetic measurements. However, the advantages
of the application are listed as:

• Clearer start for project: systematic way to gather data from customers.

• During project execution resource usage is more visible to staff members.

• Once single measurements are finished, the reports will be notified to customers.

In conclusion, a systematic use of the application by ensuring quality of the information in
the database should allow projects to be executed with reduced errors in the measurement
process. Centralization of project data flow maintains the information availability and the
data is visible to main project members, which helps to tackle the problems in concurrency
in the multi-project environment at the Magnetic Measurement Section.
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Appendix 1. The complete database architecture
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Appendix 2. Research questionnaire form

 Question Answer

1 Please indicate the project name, which you are part of

2 What is your job role within the project?

3 Can you elaborate on the history of this project?

4 How would you describe the workflow of magnetic measurement? Specify 

activities in the order of appearance and esimated  time needed (tables 

below)
5 What distinctive factors/activities you would point out to be slowing down 

the measurements?

6 What distinctive factors/activities you would point out to be speeding up the 

measurements?

Prototype measurement

 Work flow activity name (and description if needed)

Estimated time needed (range or exact amount of 

minutes/hours/man-days)

1

2

3

4

5

Please add extra rows if needed

Pre-series measurement

 Work flow activity name (and description if needed)

Estimated time needed (range or exact amount of 

minutes/hours/man-days)

1

2

3

4

5

Please add extra rows if needed

Series measurement

 Work flow activity name (and description if needed)

Estimated time needed (range or exact amount of 

minutes/hours/man-days)

1

2

3

4

5

Please add extra rows if needed



Appendix 3. The questionnaire results
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ts

S. R. Stretched
wire R&D,
FFMM
Software
framework,
Rotating
coils, Toy
train, PCB

Section head
and project
leader

Rotating coils are a learned
method but difficult to scale to
very small apertures. Here new
methods on PCB technology
and rapid prototyping set in.
Difficulties in calibrating such
coils. The stretched wire orig-
inally for field gradient mea-
surements, now applied to field
harmonics. The reliability and
accuracy still needs to be im-
proved.

Understanding if
an effect is due
to manufacturing
errors or a result
from a measure-
ment artifact

Discussing the
real need for the
magnetic mea-
surements, either
for machine
operation or for
the qualification
of the magnet
manufacture

L. F. Project E MM project
coordinator

E decelerates antiprotons. De-
celerations to very low ener-
gies is new and challenging in
the design and operation of the
ring. Magnets will operate at
very low field, material prop-
erties and external disturbances
to be kept well under control.

Development and
validation of MM
tools

Project coordina-
tor experience,
well defined
measurement
requirements

C. P. Multiple
projects

Engineer - Clearness of mea-
surement request

Better scheduling
for measurement
on each bench

G. G. M-A MM project
coordinator

M-A is an accelerator for
hadron therapy. The MM-
section is responsible of mea-
suring all pre-series and se-
ries magnets. The project re-
quired development of 3 new
systems: 2 distinctive fluxme-
ter systems and a rotating coil
system. The magnetic mea-
surements is used to validate
and compare results for exter-
nal companies’ results, vali-
date design, validate construc-
tion and take corrective actions
to magnet production.

Development of
a new measure-
ment system,
delays in magnet
delivery, qual-
ity in magnet
production

The experience
of the people
involved in the
measurement
project
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O. D. Multiple
projects

Engineer - For example,
insufficient spec-
ification of the
request, technical
problems (power
converter, mea-
surement shaft,
etc.), absence of
personnel

Clear measure-
ment request,
well maintained
equipment, lim-
itation of the
request to the
strict minimum
needed.

D. C. Stretched
wire R&D

Ph.D. stu-
dent

The LHC magnets were
measured by the standard
stretched-wire technique by
using a system developed at
FermiLab. This technique
consists in the measurement
of the induced voltage in a
wire when this is moved in
the aperture of the magnet.
At CERN a new system was
developed in which the wire is
forced to oscillate by feeding it
with an alternating current.

The configuration
phase can take
sometime more
time than fore-
seen: choice of
the current in the
wire, adjustment
of the magnet etc.
As measurement
and data analysis
are done in sepa-
rate phases, it can
happen that some
problem can be
detected only at
analysis time,
invalidating the
measurements
and forcing the
operator to repeat
them.

Increase the level
of automation to
speed up the con-
figuration phase.
Integrate real-
time analysis tool
to quickly detect
measurement
problems.

J. G. CL MM project
coordinator

New Linear Collider Accelera-
tor with an original system of
acceleration

Technical prob-
lems with the
logistics or the
measurement
execution. Avail-
ability of benches
and operators.

Coordination of
the measurement,
logistic (moni-
toring of delays),
standardisation
of measurement
for long series,
and validation
of instruments
used (calibration
ready).
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M. B. L4 MM project
coordinator

L4 is a new injector designed
to improve the performance of
LHC, and it includes more than
200 magnets to be tested and
qualify (small series by CERN
standards, still requires a cer-
tain degree of standardization)

Late magnet
delivery, work
overload for
support staff,
project concur-
rency (some
measurements
are analysed
months after the
test has been
made and some
details are forgot-
ten), surprises:
seeing something
strange triggers
inevitably more
measurement and
cross checks,
human errors

A set of vali-
dated, portable,
systematically
cross-checked
reference mag-
nets and instru-
ments. Stan-
dardize: FFMM
software on all
the benches,
test sequences,
power supply
control. We have
to learn to say no
to exaggerated
or unjustified
request.

Phase name Activity L. F. C. P. G. G. O. D. D. C. J. G. Average

pr
ot

ot
yp

e Plan definition 2 - - 0.4 0.2 - 0.7
Measurement campaign 4 0.44 - 2 3 0.05 1.9
Option for 2nd campaign 4 0.44 - 1.5 1 0.03 1.6
Reporting 1 0.7 - 2 1 2 1.3

pr
e-

se
ri

es

Design of tools 24 - 2.5 10 - - 12.2
Production of tools 24 - - 14 - - 19
Validation of tools 4 - 1.8 4 - - 2.9
Reporting (tools) 1 - - - - - 1
Measurement campaign 4 0.36 7.3 2.5 - 1 3.7
Reporting 1 0.2 1.4 2 - 1 1.4

se
ri

es

Magnet installation 0.2 0.15 0.6 0.1 - 0.2 0.3
Measurement 0.6 0.1 3.4 0.3 - 0.2 0.9
Magnet removal 0.1 - - 0.1 - 0.2 0.1
Reporting 0.1 0.13 0.8 - - 1 0.5

The shown values are in man-weeks.



Appendix 4. Attended meetings

Date Description
9.1.2014 Section meeting. General info on the database application.
22.1.2014 Request from measurement tool development team that

their work should be integrated in the database as well.
29.1.2014 Requirements for general project management within the

section.
5.2.2014 CERN APT and Oracle database consistency.
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