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Abstract

Swedish Coast Guard Maritime Surveillance Aircraft -
Analysis and Evaluation of System Performance

Marie Gedeck

The continuous pressure on the marine environment in combination with
international requirements calls for an effective coast guard. The Swedish Coast guard
has acquired 3 new maritime surveillance aircraft with the latest technology available
in order to execute their mission more effectively. The procurement has been made
with assistance from the Swedish Defence Materiel Administration and the aircraft
will be delivered in 2007. The thesis work compares the future aircraft system with
the one in use today and evaluates the difference in system performance from a
sociotechnical perspective. The comprehensive analysis provides the reader with a
comparison of the technical capacity and the working environment in relation to the
execution of the Swedish Coast Guard mission. Besides this, there is a discussion of
organisational issues that have to be considered when the new technology is
implemented.   

An evaluation model is created, based on information gained mainly through
interviews, participation in flight missions and documentation studies. The evaluation
shows that system performance will be significantly better with the future maritime
surveillance aircraft. However, the increase in effectiveness is dependant on how well
the organisation can handle the new resources. The Swedish Coast Guard has
important preparation work to do before the new maritime surveillance aircraft are
delivered. 
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Sammanfattning 
I Kustbevakningens uppdrag ingår övervakning av Sveriges farvatten med hänsyn till 
miljö, fiske, gränskontroll och sjötrafik, samt hjälp vid räddningsoperationer. Det ökade 
trycket på den marina miljön samt en ökad internationalisering bidrar till att kravet på 
en effektiv kustbevakning blir större. För att kunna uppnå de höga mål som satts av 
regeringen, så ersätts Kustbevakningsflygets befintliga övervakningsflygplan av tre 
stycken nya. Försvarets Materielverk har konsulterats vid anskaffningen av de nya 
övervakningsflygplanen, som kommer att levereras under år 2007.  
 
Eftersom driftkostnaderna i framtiden kommer att bli betydligt högre, finns det ett 
intresse av att på förhand bedöma vilken förmåga det nya flygsystemet kommer att ha. 
Syftet med examensarbetet har varit att jämföra det framtida flygsystemet med det som 
finns idag och göra en värdering av den förändrade systemförmågan. Detta görs utifrån 
ett helhetsperspektiv, vilket innebär att både den tekniska utrustningen, arbetsmiljön, 
organisationen och den yttre miljö som systemen verkar i, beaktas. I denna rapport 
beskrivs det flygsystem som finns idag, det vill säga flygplanen och den tekniska 
utrustningen, arbetsmiljön för operatörerna samt Kustbevakningens organisation och 
uppdrag. En modell har tagits fram för att kunna utvärdera systemförmågan genom att 
jämföra parametrar i det nya och det gamla systemet. Utvärderingen avslutas med en 
diskussion om organisatoriska aspekter som är viktiga att ta hänsyn till när de nya 
flygplanen ska tas i bruk. Informationen som examensarbetet grundar sig på har främst 
införskaffats genom intervjuer med personer från Kustbevakningen och Försvarets 
Materielverk, medverkan vid flyguppdrag samt genom att studera skriftlig 
dokumentation.   
 
Utvärderingen visar att systemförmågan kommer att bli avsevärt mycket bättre inom 
samtliga av Kustbevakningens verksamhetsområden. Det område som främst skulle 
kunna orsaka problem under de första åren är oplanerat underhåll, där framförallt ökad 
komplexitet samt oerfarna användare och underhållspersonal kan leda till att planen står 
stilla i större utsträckning än idag. Viktigt att notera är att till vilken grad 
systemförmågan ökar beror på hur Kustbevakningen hanterar de nya resurserna. 
Grundlig utbildning av operatörer, utveckling av en taktisk ansats, hantering av en ökad 
mängd information samt informationsspridning är några organisatoriska aspekter som är 
viktiga för att uppnå optimal systemförmåga. Slutsatsen är att de nya 
övervakningsflygplanen har potentialen att bidra till en avsevärt mycket bättre 
systemförmåga, men Kustbevakningen har en del arbete kvar innan det slutliga 
resultatet kan ses.  
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1. Introduction 

1.1 Background 

The Swedish Coast Guard (SCG) is responsible for surveillance of the longest outer 
border of the European Union. Their mission is to keep the Swedish waters safe, protect 
the marine environment and prevent illegal activities. This includes rescue operations 
where there is danger to people or the environment, fishery control, environmental 
surveillance, supervision of marine traffic and border control of persons and goods. 
Approximately one hundred vessels of different sizes and characteristics as well as three 
aircraft are operating along the Swedish coastline and lakes Vänern and Mälaren. The 
SCG cooperates with a number of Swedish authorities and is also involved in several 
international agreements. 
 
Sweden’s entry into the European Union has resulted in an increasing demand for sea 
surveillance within the mentioned areas. It also means that the Coast Guard is required 
to do more work on international waters. Besides these missions, shipping in the Baltic 
Sea is expected to increase significantly in the future and this calls for an effective 
reconnaissance service. The Swedish government has also set high objectives for the 
SCG concerning prevention and detection of oil spills. By 2010, the number of illegal 
oil discharges in the Baltic Sea should be negligible. The Swedish Coast Guard Flight 
Division plays an important role in all this work, since aircraft have a unique ability to 
execute surveillance over large areas during a relatively small amount of time. The 
aircraft that are in use today have been in operation for 20 years and their capacity to fly 
long distances are limited. To be able to meet the demands of the future, it was 
necessary to invest in three new maritime surveillance aircraft (MSA)1. This led to 
project KBV 501, where the SCG consulted the Swedish Defence Materiel 
Administration. After several years of work within the project, the new aircraft systems 
will be delivered during 2007.  

1.2 Aim of the Thesis Work 

The purpose of the thesis work is to analyse and evaluate the system performance of the 
Swedish Coast Guard’s future aircraft system, from a sociotechnical2 perspective. This 
will be done through a comparison with the current situation. The aim of the thesis work 
can be divided into the following main action steps:  
 
• Acquire knowledge of the operation and the organisation of the Swedish Coast 

Guard and specifically the Flight Division. 
• Collect and present data regarding the current and the future MSA. 
• Analyse the obtained information and create a holistic evaluation model that consist 

of comparable aspects.  
• Evaluate the system performance by comparing and discussing all the parameters in 

the evaluation model.  
• Discuss further aspects that affect the system performance. 

                                                 
1 A maritime surveillance aircraft (MSA) is defined as a basic aircraft with technical equipment added to 
make it useful for maritime surveillance.  
2 Sociotechnical means that technology is looked upon with respect to its social context, i.e. the 
interaction with its users, organisation and outer environment is of interest. See chapter 2 for a description 
of sociotechnical systems.  
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1.3 Definitions and Delimitations 

An aircraft system is here defined as the three maritime surveillance aircraft and their 
immediate environment. This includes the pilots and the system operators that control 
them, the organisation they are a part of and the environmental context in which they 
operate. System performance is defined as the potential capacity of the aircraft systems 
to perform the tasks of the Flight Division. A number of acronyms and other terms are 
introduced continuously and a complete list of these is found at the end of the report.  
 
The report mainly concerns the work of the SCG Flight Division and does not 
specifically go into detail regarding the work of any co-operating units. This goes for 
the seagoing units within the SCG as well as collaborating external authorities. 
However, the result affects the entire SCG organisation and could also be of interest for 
other co-operating parties.  
 
The report does not have the intention to investigate economic aspects, but could 
provide a notion of expected outcome in relation to invested money.  

1.4 Disposition 

Chapter 1 contains an introduction to the thesis work and a background to the 
acquirement of the Swedish Coast Guard’s future MSA. In chapter 2, the theoretical 
framework for the report is presented and it is followed by a description of how the 
problem was approached. The methods used to gather information and knowledge of the 
current and future situation are described in chapter 3. Chapter 4 presents the 
environmental context of the aircraft systems and chapter 5 describes the organisation 
and work of the SCG in more detail. Chapter 6 is made up of a comparison between the 
technical systems and the working environment in the current and the future system. 
The analysis and evaluation of system performance, along with implementation 
considerations are presented in chapter 7 and the report ends with a concluding 
discussion in chapter 8.  

1.5 An Increasing Need of Maritime Surveillance 

The need of an effective coast guard could be more important than ever. One of the 
most obvious reasons is the pressure that the maritime environment is exposed to, but 
there is also a question of being present at sea in order to prevent criminal activity and 
to fulfil the requirements that arise due to increasing international co-operation.  

1.5.1 Swedish Waters in Crisis 

The environment in the Swedish waters, i.e. the North Sea, Kattegatt, Öresund and the 
Baltic Sea, is exposed to a lot of strains. Oil discharges, eutrophication and 
consequences of extensive fishing are just some of the factors that contribute to an 
ecological imbalance.3 The Baltic Sea is a very sensitive area for several reasons. The 
retention time for the Baltic Sea is about 30 years and the mix of fresh water and salt 
water makes the organisms that live there particularly sensitive for changes. In 2004, the 
International Maritime Organisation (IMO) classified the Baltic Sea as a Particular 
Sensitive Sea Area (PSSA). Approximately 10 % of the world’s shipping of goods at 
sea takes place in the Baltic Sea and the shipping is continuously increasing. The 
transport of oil from Russian and Baltic harbours increased by 50 % between the years 

                                                 
3 www.regeringen.se/sb/d/2043 read 2006-01-17 
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1997-2000.4 Figure 1 provides a map of the Swedish coastline with territorial waters 
and the economic zone marked. 
 

 
     = Territorial Waters  
 

         = Economic Zone 

Figure 1. Map of the waters of Sweden. 
(Source: internal SCG presentation by Hans Timan) 

1.5.2 International Responsibility 

Sweden’s membership in the European Union has meant an increased international 
responsibility. In March 2001, Sweden became an operative member of the Schengen 
Agreement. The purpose of this agreement is to facilitate mobility for people within the 
European Union and to co-operate to prevent cross-border illegal activities. This is done 
by removing internal border controls between the member countries and reinforcing 
border controls to countries outside the agreement.  The Schengen regulation requires 
merchant vessels and fishing vessels to notify the Swedish Coast Guard before their 
arrival to Swedish harbours. Leisure boats arriving from or travelling to a country 
outside the Schengen Agreement are required to pass at certain border control points.5 
  
Through the EU, Sweden also has responsibilities to the North East Atlantic Fisheries 
Commission (NEAFC). There are three areas in the North East Atlantic, where the 
NEAFC requires fishing surveillance from the EU and other countries that have more 
than 10 fishing vessels in an area.6 Sweden and a few other countries take part in the 
surveillance of an area in the Norwegian Sea every summer. The area is approximately 

                                                 
4 Kusten, Aktuellt från Kustbevakningen sommaren 2004 p.4 
http://www.kustbevakningen.se/intrainfoext/KbvHemsida/kusten/kusten04_nr1.pdf 
5 www.kustbevakningen.se read 2005-02-28 
6 www.kustbevakningen.se read 2005-02-28 
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the same size as the Baltic Sea and very few of the participating countries have access to 
aircraft today.7  
 
Since there are several other countries that share the same waters as Sweden, there is 
also international co-operation within quite a few different agreements. When it comes 
to environmental surveillance, the Helsinki Commission, HELCOM, is composed of the 
countries that border on the Baltic Sea and it works to protect the marine environment 
of this area8. The North Sea Coastal states, together with the European Union, are 
committed to the Bonn Agreement. All countries co-operate in combating pollution and, 
through surveillance, they work to prevent violations of regulations regarding 
pollution.9 The Copenhagen Agreement is made between the Nordic countries and it 
concerns cooperation between the countries when it comes to protecting the Baltic Sea 
and the Kattegatt from pollution through oil spill or other harmful substances10.   

1.6 Project KBV 501  

1.6.1 Background 

According to the head of flight command, Lars Franzén, there are a number of reasons 
for the acquisition of the new maritime surveillance aircraft. Besides the fact that the 
current MSA were getting old and worn out, one of the most important reasons is that 
the government has set up high goals regarding the environment in the Baltic Sea. The 
aim is that the amount of illegal oil discharges should be negligible by the year of 2010. 
Before this objective was confirmed, the SCG was asked to list the resources that would 
be needed in order to reach this objective. The authority’s answer accentuated the need 
of more effective air surveillance. The way operation was executed with the current 
system, the number of flight hours needed to be doubled, from 2500 to 5000 hours a 
year. This was not possible with the current system. Theoretically, two additional 
aircraft of equivalent standards, as well as an expansion of staff was necessary to reach 
this goal. The SCG realised that it was necessary to make a substantial investment in 
new aircraft and while they where at it they wanted to take care of existing problems in 
the current systems, such as noise problems and technical limitations. In the end, they 
came to the conclusion that it would be better to purchase three entirely new MSA than 
to expand the existing fleet. This solution made it possible to keep costs of additional 
staff down, at the same time as the new MSA bring an opportunity to operate more 
efficiently and attain a better working environment.11  
After the government had decided to support the investment, the SCG started their work 
by defining the overall objective and main requirements for the new aircraft system. The 
next step was to ensure that the aircraft systems that were to be purchased corresponded 
to the needs of the SCG. The SCG decided to consult the Swedish Defence Materiel 
Administration, to assist with the procurement until delivery of the final MSA.   

                                                 
7 Thorell, Dan, Head of Law Enforcement Department, Swedish Coast Guard, interview in Stockholm 
2005-10-07 
8 www.helcom.fi/helcom/en_GB/aboutus/ read 2006-01-10 
9 www.bonnagreement.org/eng/html/welcome.html read 2006-01-10 
10 www.copenhagenagreement.org/ read 2006-01-10 
11 Franzén, Lars, Head of Flight Command, interview in Karlskrona 2005-10-06  
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1.6.2 The Procurement Process  

The Swedish Defence Material Administration (FMV12) is responsible for acquisition 
for the Swedish Armed Forces and has consequently a lot of experience from complex 
procurements. When the co-operation with the SCG started, the first step was to create a 
technical specification, based on the objectives that the SCG had defined. The technical 
specification turned out to be very extensive and the different requirements were given 
different priorities when the request for quotation (RFQ) was sent out. Four tenderers 
responded to the RFQ and a database system along with a specified mathematical 
evaluation model was used to calculate the winning tender. The Canadian company 
Field Aviation, representing a consortium of Field Aviation, Bombardier and L3 
Communications was awarded the contract in December 2004.13   
 
The co-operation between FMV and the SCG has continued after the contract award. 
The project group is a mix of people from the SCG and FMV, working together in 
smaller teams. Some of the representatives have been parts of the project from the start, 
while others have joined later on. The project members from FMV contribute mostly 
through their technical expertise as well as earlier experience from complex 
procurements. The pilots and system operators from the SCG have knowledge of the 
operative environment and experience from using the current MSA. They put forward 
their requests regarding different functions and the FMV representatives can advise on 
how to proceed. If a change is requested, it has to be approved by a Configuration 
Control Board (CCB), which consists of the SCG Technical Director, the Head of Flight 
Command (SCG), the Technical Director of Aircraft Maintenance (SCG), the Project 
Leader (FMV), the Chief Engineer (FMV) and an Administrator (FMV). According to 
the Chief Engineer, Hans Malmquist, the tactical need of the function and its influence 
on the ability to solve tasks, lays the ground for the decisions made by the CCB. 
However, in the end, money is often the decisive factor.14 
 
Nils Gunnar Tordegård, consultant in project KBV 501, experienced the procurement of 
the current MSA about 20 years ago. At that time, the basic aircraft was acquired from 
one supplier, the technical equipment from another supplier and the installation 
performed by a third party. This led to long installation periods, which were further 
extended by the fact that some of the technical equipment was tested for the first time. 
In the end, it took several years before the MSA were functioning properly. 
The future MSA will be a highly integrated system acquired from a prime contractor 
and based mainly on off-the-shelf subsystems. This will facilitate future upgrades and 
increase opportunities for a functioning product from the very beginning of operation. 
This is an advantage compared to the MSA in use today, where different sensors have 
been added continuously and there is little uniformity.15  
 
The next phase in the project is the critical design review of the sensor system and after 
this it is not possible to make any substantial changes, if the MSA are going to be 
delivered on time and according to budget. After this step, the focus will be on the 
verification and validation process. The first MSA should be delivered in June 2007, the 
second in September that year and the last one in November-December 2007.16  

                                                 
12 Försvarets materielverk 
13 Olsson, Fredrik, “The KBV 501 Procurement”, internal document, FMV  
14 Malmquist, Hans, Chief Engineer in project KBV 501, interview in Stockholm 2005-12-07 
15 Tordegård, Nils Gunnar, Consultant in project KBV 501, interview in Stockholm, 2005-12-01  
16 Malmquist 2005-12-07 
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2. Theory and Approach 

2.1 Theoretical Framework  

The theoretical framework that lays the ground for the analysis of the aircraft system is 
presented below. An introduction to system analysis is followed by a description of the 
theory of sociotechnical systems.  

2.1.1 System Analysis 

Gustafsson et al describes how it has become more and more desirable to have a 
comprehensive view on complex problem areas. System analysis has turned out to be a 
valuable approach when it comes to description and analysis of complicated situations. 
A system is commonly defined as a number of components that interact and together 
forms a whole. The main idea with system analysis comes from the saying “the whole is 
greater than the sum of its parts”. The emphasis is on studying how the different parts 
interact and together form the total behaviour of the system. There are two main types 
of system analysis. Descriptive system analysis is more formal and quantitative and its 
purpose is basically to describe and analyse the systems in question. Pragmatic system 
analysis is based on less formal descriptions, practical experience and reasoning. 
Sometimes a study can be classified as one of these types, but the dividing line between 
them is usually indistinct.17 Pragmatic system analysis is applied when the system that 
is to be analysed is so complex that it is not possible to create a formal and quantitative 
model that represents the entire system. This is common within various sorts of 
investigations that aim to analyse possible effects of different decision and action 
strategies. Furthermore, the system boundaries can be blurry and it can also be difficult 
to define a clear objective. If this is the case, it is often better not to go ahead and create 
a too strict and formalised model of the entire system, since it could lead to results that 
would not be useful. Instead, the model used will be less formalised and it will rather be 
a verbal description of the known features of the system.18 The systems evaluated in this 
report hold some of the characteristics mentioned above, which implies that it is 
motivated to use a less formalised model. Gustafsson et al emphasize that there still are 
advantages in composing a fundamental model. This is done from the documentation 
and description of the area of interest and how it is done varies. It is not possible to state 
a specific technique or work procedure that can be used in all cases, but, as with all 
kinds of system analysis, it is important to structure the work as much as possible. 19 

2.1.2 Theory of Sociotechnical Systems 

Kim Vicente, professor in cognitive engineering, claims that technical aspects 
traditionally have been in focus when it comes to studying industrial systems and their 
applications. According to Vicente, this approach is too narrow and we need to study 
the interaction between the technology itself, the people that use it and the 
organizational and environmental context in which it is embedded. Figure 2 shows a 
schematic representation of a complex sociotechnical system. By studying the different 
layers and the interaction between them, we will get a more comprehensive view of the 
system. Besides looking at the technical core, we also need to consider the operators 
that control the technical equipment. The working conditions affect the system’s 
functioning on the whole, because if the workers, for various reasons, cannot use the 

                                                 
17 Gustafsson et al (1982), System och modell. En introduktion till systemanalysen. p.7 ff. 
18 Ibid. p. 128 
19 Ibid. p. 164  
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system efficiently, the overall performance will decline. The organisational 
infrastructure is also of great importance since all parts of the organisation need to 
function together in order to enhance system performance.  The environmental context 
in which the system is embedded also effects the operation. Depending on the type of 
system, environment factors could be laws and regulations, market competition, or 
physical aspects like climate. Vicente accentuates that a holistic approach to system 
analysis is central, since all the layers together defines the overall performance of the 
system.20 

 
Figure 2. A schematic representation of a sociotechnical system. 

(Adopted from Vicente (1999) p. 12) 
 
Moray & Huey are editors of a report on different human factor issues that concerns 
nuclear reactor safety. The report also discusses the importance of viewing a technical 
system’s interaction with its surroundings.21  

”Just as individual errors can degrade the performance and safety of a system because 
of the way the hardware interface is designed or because of inadequate operator training, 
so too can errors in the design and management of an organization or the regulation of 
the overall system degrade system performance.”

22
  

Rasmussen et al focus their work on cognitive systems engineering and they accentuate 
the need of a cross-disciplinary framework that represents all the aspects of work 
systems. This includes the technical equipment, the staff members and the functional 
structure of the work organization. Further, they discuss the consequences of rapid 
technological change. During stable periods of technological change, it is possible for 
new work systems to evolve incrementally, but during a fast change, it could be 
necessary to perform radical changes simultaneously along several dimensions. If all 
aspects of the system have not been adequately considered, a new design runs the risk 
of being a failure.23 This implies that the implementation of a new system, such as the 
ones in focus in this report, requires change in the nearby organisation, if it is to 
increase overall performance to a maximum.  
                                                 
20 Vicente, K.J. (1999), Cognitive Work Anlaysis. Towards safe, productive, and healthy computer-based 
work. p. 12 f. 
21 Moray & Huey (1988), Human factors research and nuclear safety.  
22 Ibid. p. 12f 
23 Rasmussen et al. (1994), Cognitive systems engineering. p. 23  
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2.2 Approaching the Problem 

A lot of time and effort have been spent on tackling different aspects of the assignment 
to ensure that a comprehensive analysis was made and that the result would be as 
reliable as possible. The original idea with the thesis work was to make a thorough 
analysis of the new MSA and, by comparing them to the old, calculate the change in 
system effectiveness. By constructing a model that consisted of weighted and added key 
numbers that represented the change on different levels of the systems, it was expected 
that in the end it would be possible to estimate the change in system effectiveness 
through mathematical calculations. After considering this initial approach, it was 
realised that it would be impossible to calculate an accurate number that represented the 
total change in system effectiveness. Briefly, it can be said that the complexity of the 
systems and the desire to perform the evaluation with a holistic approach were the main 
reasons for this. Using a quantitative model that basically consists of numbers would be 
incomplete, since it would only describe a limited part, i.e. primarily the technical 
aspects, of the systems. Even if we were to construct such a model, it would be 
subjective and based on assumptions. This would lead to an uncertainty in the result 
and, as a consequence, it might not be useful at all and could in the end even contribute 
to wrong decisions.  

2.2.1 A Qualitative Approach 

When system performance is evaluated, it is important to consider the operators24 that 
control the technical systems, since they can not act on their own. For example, if there 
had not been a major change in the working environment in the new aircraft, it would 
not have been possible to make use of the higher technological potential. This means 
that all aspects that contribute to the total capacity of the system are not measurable, 
even though they are crucial for increased performance. Consequently, it would be 
difficult to calculate the total change in system performance. However, the main reason 
not to go through with a mathematical calculation would be the difficulty to put a 
specific value on the importance of different functions and parameters, compared to 
each other. Besides this, each parameter would have to be interpreted so that it would 
represent the change in performance. For example, does the ability to fly twice as fast 
mean that the system is twice as good? The complexity of the system would mean that 
the final result would be an estimation that was based on so many different and 
uncertain estimations that it probably would be useless. To conclude, there will be a 
greater value in doing a more qualitative evaluation, since this will facilitate the use of a 
more holistic perspective and the result will be more reliable. A qualitative approach 
also has the advantage of providing a deep analysis. 
 
With the definition presented by Gustafsson et al in mind, the analysis in this report can 
be classified as pragmatic, which means that there is no obvious approach to the 
problem. However, there is a need for a structured approach and a fundamental model 
that will be used as a basis for the analysis will be presented in the next section. 

                                                 
24 The term operator includes both pilots and system operators.  
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2.3 Applying a Sociotechnical Perspective 

An aircraft system was earlier defined as the three MSA, the operators that control 
them, the organisation in which they are integrated and the environmental context in 
which they operate. The characterisation of the aircraft systems as sociotechnical 
systems is obvious and when system performance is analysed it is important to consider 
all the aspects that constitute a sociotechnical system. As mentioned by Vicente, it is 
difficult to distinguish between the different layers that make up a sociotechnical 
system. Since they are intertwined, they cannot easily be presented separately. The 
fundamental model presented below is an attempt to explain the roles that the different 
aspects play in the analysis made in this report.  

2.3.1 Fundamental Model 

One of the difficulties when comparing the current and the future aircraft systems from 
a sociotechnical perspective is that the future system is not yet in use and some of the 
factors are therefore not possible to evaluate. At the moment, there has basically been a 
purchase of a new technical system (the MSA), but the work routines and the 
organisation has not yet been adjusted in accordance with the technological change. 
This makes the comparison somewhat limited, but to compensate for this, the evaluation 
will end with a discussion of aspects concerning organisational and work related matters 
that have to be considered when the new MSA are introduced.  
 
The comparison and evaluation will mostly concern the technical systems and the 
operators that control them. The report will present a comparison of technical aspects 
regarding the basic aircraft and the technical equipment. The operators will mainly be 
taken into account through a comparison of the working environment and a discussion 
of other aspects that may support the pilots and system operators in their execution of 
tasks. When the technical aspects and the working conditions for the current and future 
aircraft have been described, it is time to decide which parameters that actually have an 
effect on system performance. In order to do an accurate and comprehensive analysis, it 
is important to consider the wider use of the MSA. For example, a very high-tech sensor 
with a lot of extra features will not improve system performance, if the additional 
functions are not of any use for the daily operation of the SCG. To make sure that the 
evaluation is connected with reality, an evaluation model will be created in relation to 
the specific tasks that the crews execute. These are in turn based on the mission that the 
Swedish Coast Guard has received from the government, i.e. based on the 
environmental context that the aircraft operate in. Figure 3 presents a fundamental 
model, which summarises the discussion above. It shows that system performance is 
depending on the technical system, the operators that control it, the organisational 
infrastructure in which it is embedded and the environmental context in which it 
operates. These aspects are in turn in close connection to each other.  
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Figure 3. A fundamental model that demonstrates the approach to the problem. 
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3. Method 

3.1 Line of action 

In the first part of the thesis work, the focus was on trying to get a grasp of the area that 
was to be examined. At first, this included informal conversations with people from 
FMV as well as the SCG. Various written documents regarding the new and the old 
aircraft system as well as documents stating governmental objectives were studied. This 
also included a visit to the premises of the flight division at Skavsta airport, Nyköping, 
and participation in a flight mission during two consecutive days. To get an overview of 
the entire organization, the work within the different policy areas and the planning 
process, several interviews in Karlskrona with people from central management and the 
Flight Division Management was made. Throughout this time of information gathering, 
there was also a search for suitable literature concerning the evaluation of systems, in 
order to come up with the best possible approach. A lot of time was spent on creating 
and revising different models that were intended as a basis for the evaluation. The 
different ideas that have come up have been ventilated with people within the project 
and the feedback has been used for adjustments. Further information about the work of 
the Coast Guard and the current and future maritime surveillance aircraft have been 
gained through studies of available documentation, additional interviews, a visit to a 
command centre and a one-day flight mission. The different methods of information 
gathering will be described in more detail below.  

3.1.1 Visits and Participation in Flight Missions 

Visits have included the flight premises at Skavsta Airport, which gave an opportunity 
to see how the personnel at the flight division work. Another visit was made to the 
Regional Management East in Stockholm and the connected command centre. This was 
an opportunity to get information on how the regions cooperate with the flight division 
and to see how the command centre controls the operative work.  
 
Participation in a regular flight mission took place relatively early in the process (after 2 
weeks). This was a great opportunity to get an insight into the operative work of the 
flight crew and get a feeling for how they work, regarding everything from planning 
before take off to communication and observing using technical equipment during the 
flight, as well as experiencing the “life in a suitcase”. It was also possible to have 
informal conversations and get a sense of the expectations and concerns the crew has 
with respect to the introduction of the new MSA. Later on, when more knowledge about 
the differences between the old and the new system had been gained, it was time to go 
along on a one-day mission with a system operator that had been involved in the project 
from an early stage. This time, it was possible to study the technical equipment and the 
work of the system operators more carefully.  

3.1.2 Interviews  

A lot of the information in this report has been gained through interviews. They have 
been conducted in various ways, depending on the situation. Most of the interviews 
have been face to face, but there have also been a couple of interviews over email. In 
these cases, the subjects of the interviews have replied to the answers in writing. After 
the answers have been gone through, a new form with follow-up questions have been 
submitted. The answers to these questions have finally been returned. In most cases of 
interviews, basic questions have been prepared and distributed to the interviewees 
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before the interview took place. There has been a mix of relatively open questions and 
more specific ones, but there has always been room for follow-up questions and 
comments, both during the interviews and after. Approximately 2/3 of the interviews 
have been recorded.  

3.1.3 Meetings, Guidance and Informal Conversations 

An insight into various aspects of the project have been given through attendance on 
several project meetings during the thesis work A lot of understanding and ideas have 
developed from discussions with my supervisors at FMV, Tomas Eriksson and Torbjörn 
Ohlsson, as well as Hans Timan, who has been my main contact at the SCG Flight 
Division. Besides this, informal conversations with people from the Flight Division and 
within other parts of the Swedish Coast Guard and people working within the project 
have contributed to further insight.  

3.1.4 Literature and Documentation Studies 

The literature used for the theoretical framework in this report is mainly from the area 
of cognitive engineering and studies of complex sociotechnical systems. The main 
theory of sociotechnical systems is found in the book “Cognitive work analysis. 
Towards safe, productive, and healthy computer-based work” by Vicente. A 
fundamental book on system analysis, “System och modell. En introduktion till 
systemanalysen” by Gustafsson et al has also been used. Different material on sensors in 
general and airborne radar has been used to clarify some of the more technical theory. 
Besides this, a number of documents, brochures and internal material concerning the 
objectives and activities of the Swedish Coast Guard have been studied. I have also had 
access to a lot of documentation that is linked to the project, such as evaluations and 
technical specifications. The SCG web pages and other related web pages have been 
used for some of the information gathering.  
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4. Environmental Context 
In order to do a thorough system analysis it is necessary to get an understanding of the 
environment the system will operate in. The following chapter will describe the mission 
that the SCG has received from the Government and the different areas that they operate 
in, with focus on the Flight Division.  

4.1 Mission from the Government  

The Swedish Coast Guard is a civilian authority and the overall objective for their 
operation is set by the Swedish parliament. The government is responsible for the more 
direct control of the authority.  

“The Swedish Coast Guard should: 

• according to specific directions
25

 carry out maritime surveillance, other control and 
supervising activities and environmental rescue at sea 

• co-ordinate the civil needs for sea surveillance and sea information 

• follow the international development within their areas of work and participate in 
international co-operation to elaborate border control, fight against crime, 
environmental protection at sea and other sea surveillance”

26
 

The Swedish government has split its different responsibilities into forty-seven policy 
areas to facilitate the allocation of resources in accordance with the political priorities.27 
The Swedish Coast Guard operates in six of these today.28 Table 1 provides an overview 
of the policy areas in question.  
 

Table 1. Overview of the SCG Policy Areas  
 

Policy Area Main Activities 

Protection against accidents Environmental rescue at sea and sea rescue 

Environmental policy Prevention of pollution at sea 

Food policy Fishery control 

Tax, customs duty and other charges Customs check, including border controls of goods at sea 

Judicial system Police activity, including border controls of persons at sea 

Transport policy Supervision of marine traffic and safety at sea 

(Source: “Confirmation of objective for new aircraft system for the Coastguard”) 
 
The SCG has divided their work into two main areas: maritime surveillance and rescue 
service. Rescue service include environmental rescue at sea and sea rescue, the other 
activities are covered by maritime surveillance. A presentation of the different activities 
that are carried out within each policy areas is given in section 4.2 and 4.3. 
 
Besides the work within the different policy areas, the SCG is required to participate in 
international work, which has already been described to some extent. The SCG should 
also co-ordinate the civil needs for sea surveillance and sea information. According to 

                                                 
25 See SFS (2005:742) for specified directions  
26 www.kustbevakningen.se “regeringens uppdrag” read 2005-10-28 - my translation 
27 www.kustbevakningen.se read 2005-10-28 
28 Regleringsbrev för 2005 avseende Kustbevakningen. Appropriation directions for the Swedish Coast 
Guard 2005 
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Dan Thorell, Head of the Law Enforcement Department, the SCG uses three main tools 
to collect the necessary information: 
• Administrative aids, such as databases 
• Fixed surveillance systems, such as radar, satellites, AIS29 and VMS30 
• Mobile surveillance systems, such as vessels and aircraft 
 
The MSA are a mix of fixed and mobile systems, but are regarded as a component in 
the mobile surveillance system. An important job for the Flight Division is to verify that 
the situation at sea is what the fixed surveillance systems say it is. The MSA are used to 
collect information automatically and manually and the information is then distributed 
to the command centres and other units.  
 
When it comes to coordinating sea information, it is possible to collect all information 
in a database and present it, but it is not possible to process it. The solution to this 
problem could be a server that is currently being developed to facilitate the exchange of 
maritime information. Information from observations made at sea will be integrated 
with information from fixed surveillance systems and databases. The information will 
come from, and be available to, several co-operating authorities. The ambition is that 
the information should be presented clearly and that it should be easy to grasp for 
inexperienced users as well.31 

4.2 Rescue Service 

4.2.1 Protection against Accidents 

The SCG is responsible for environmental rescue at sea and should always be prepared 
to participate in sea rescue operations. Rescue service is always top priority in case of 
an accident, which means that other operations may have to be cancelled.32  

Environmental Rescue  

The SCG are prepared to act quickly in case of accidents at sea. When there is a risk of 
oil leaking out, or if this has already happened, it is important to be able to direct an 
SCG vessel to the spot as fast as possible. The ability to gather the oil is dependent on 
how long it takes to detect and document it. It is a lot easier and more time efficient to 
gather the oil while it is still in the water, than if it has come up on shore. It is usually 
said that 90 % of the oil is found within 10 % of the spread. This means that each hour 
before clean-up actions can start becomes important.33  
 
The Flight Division is an important resource when it comes to environmental rescue, 
due to their ability to quickly get an overview of the situation. It is important that the 
acquired information can be distributed to the rescue leader where it could act as a basis 
for decisions regarding the next step of action.34 

                                                 
29 AIS: Automatic Identification System 
30 VMS: Vessel Monitoring System 
31 Thorell 2005-10-07 
32 Fagö, Tomas, Head of Response Department, Swedish Coast Guard, interview in Karlskrona 2005-10-
06 
33 Fagö 2005-10-06 
34 Verksamhetsplan för Kustbevakningsflyget verksamhetsåret 2005. Activity plan for the Swedish Coast 
Guard Flight Division 2005 
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Sea Rescue 

The responsible authority for Maritime Search and Rescue (SAR) is the Swedish 
Maritime Administration (SMA). They have a Maritime Rescue Co-ordination centre 
(MRCC) that receives distress calls via telephone and radio and is responsible for the 
co-ordination of missions. MRCC is co-located with the Swedish ARCC (Aeronautical 
Rescue Coordination Centre), the SCG (region West), and the Defence Forces Navy 
control in Gothenburg. Besides co-operation with these authorities, SMA also co-
operates with the Swedish Police Force, the coast radio station Stockholmradio and the 
voluntary organisation Swedish Sea Rescue Society (SSRS). 35 The SCG participated in 
223 sea rescue missions in 2004, which is approximately ¼ of the total number of sea 
rescue operations in Sweden that year.36 In sea rescue missions that involve a large 
number of units, such as vessels, boats, helicopters and aircraft, there is a need for on-
scene co-ordination.37 If several different aircrafts and helicopters participate in the 
mission, ARCC or MRCC appoint an ACO (airborne co-ordinator), whose task is to 
recommend other flying units when to go in and out of the area. 38 
 
The Flight Division should be able to act as ACO of units involved in the rescue and 
also be able to drop life rafts and other survival equipment.39 It is important that the 
Flight Division can have aircraft in the area at an early stage to be able to survey the 
situation and report to MRCC, who can use the information as a base for decision-
making and co-ordination.40 One of the key factors is the endurance of the aircraft 
systems, which makes it possible to perform reconnaissance in an area for a long time.41 
It is also important that a large area can be checked in a short time and that the MSA 
can be used to locate objects of different sizes. It can also be helpful if it is possible to 
perform searches at a relatively low speed and altitude.42  

4.3 Maritime Surveillance 

4.3.1 Environmental Policy – Pollution Prevention  

Pollution prevention concerns the protection of the sea from water pollution and also 
includes for example supervision of nature reserves and bird and seal preservation areas. 
Environmental surveillance is mostly carried out through air patrolling of the most 
trafficked routes at sea.43 The MSA are the best tool in the search for oil discharges due 
to their ability to move over large areas and the presence of sensor equipment that can 
be used to discover oil spills. Environmental surveillance is also the most prioritised 
activity of all the Flight Division’s tasks.44 As mentioned earlier, there is a lot of 
international co-operation within the area of environmental surveillance. There is also 
an increasing use of satellite picture to assist in the pursuit of pollution. With optical 
satellite pictures, it is possible to get an overview of a wide area in a short time and they 

                                                 
35 www.mrcc.se read 2006-02-02 
36 Fagö 2005-10-06 
37 www.mrcc.se read 2006-02-02 
38 Brehammar, John, System Operator, Swedish Coast Guard Flight Division. Response to written 
interview + follow up questions 
39 Confirmation of objective for new aircraft system for the Coastguard 030219  
40 Verksamhetsplan 2005 
41 Fagö 2005-10-06 
42 Confirmation of objective for new aircraft system for the Coastguard 030219  
43 www.kustbevakningen.se read 2006-03-04 
44 Verksamhetsplan 2005 
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also have the ability to distinguish an oil discharge from algal bloom, which is not 
possible to do with the sensor used for oil detection in the MSA.45  

4.3.2 Food Policy – Fishery Control 

Surveillance and control of commercial fishing is performed both at sea and when 
fishing vessels land their fish in Swedish harbours. The goal is to ensure that fishery 
regulations set up by the European Union, as well as Swedish directions, are followed. 
The European Commission regularly inspects the activities of the member countries.46 
The decreasing fish population means tighter regulation, which in turn means that there 
is a need for a more effective surveillance.47 In 2005, the Swedish Coast Guard and the 
Swedish Board of Fisheries established a Fishery Competence Centre (FKC) in 
Gothenburg. The intention with the cooperation is to exchange knowledge and 
experiences between the authorities in order to get a more effective supervision of 
fishing activities.48  
 
The Flight Division’s task is to move over large areas and get an overview of the fishing 
activity. It is valuable to be able to identify fishing vessels during both day and night 
and be able to receive and send updated information on the current fishing situation.49  

4.3.3 Tax, Customs Duty and other Charges – Customs Check 

The SCG has a long experience of customs work and was part of the Swedish Customs 
until 1988 when it became an authority of its own50. Today, the SCG assists the 
Swedish Customs by performing border controls in order to make sure that import and 
export restrictions are followed. The focus is mainly on the smuggling of narcotics and 
the large scale smuggling of alcohol and tobacco. The SCG has the same authority as a 
Customs Officer to bring a suspect in for questioning and confiscate goods. Besides the 
Swedish Customs, there is also a co-operation with the Police and the Public 
Prosecutor.51 In 2004, the Customs, the Police and the Swedish Coast Guard established 
the Swedish Maritime Intelligence Center (SMIC), which is a joint resource where 
information from the participating authorities can be dealt with efficiently. The centre 
has made it possible to get more information faster and is an important step in the goal 
to make accurate risk analyses that act as a tool against organised criminal activity.52  
 
The Flight Division’s role is mainly to carry out surveillance and register and report 
suspicious activity. The presence of aircraft at sea and along the coastline has an 
important preventive effect on criminal activity.53 

4.3.4 Judicial System – Police Activity 

The participation in police activity is carried out within all areas, when there is a 
suspicion of crime. A lot of the work concerns border control of people entering and 
                                                 
45 Willman, Ronnie, Operative Planner, Swedish Coast Guard Flight Division, interview in Karlskrona, 
2005-10-06 
46 www.kustbevakningen.se read 2006-02-03 
47 Verksamhetsplan 2005 
48 www.fiskeriverket.se read 2006-02-04 
49 Confirmation of objective for new aircraft system for the Coastguard 030219  
50 http://www.tullverket.se/se/Om_oss/museum/kustbevakningen.htm read 2006-02-02 
51 www.kustbevakningen.se 
52 Kusten, Aktuellt från Kustbevakningen vintern 2004/2005 p.10 
http://www.kustbevakningen.se/intrainfoext/KbvHemsida/kusten/kusten04_nr2.pdf 
53 Confirmation of objective for new aircraft system for the Coastguard 030219  
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leaving Sweden. The SCG, Police and Customs supervise all shipping and compare lists 
of crews and passengers with different registers.54 Vessels are required to report their 
arrival to Swedish harbours 24 hours in advance and this is done to the Swedish Coast 
Guard Maritime Clearance (SMC)55. SMC was set up in Härnösand in connection with 
the Regional Management North in 2003. The staff at SMC uses the Schengen 
Information System (SIS) register to check the given lists of crew members and report 
any deviating information to the regional command centres.56  Leisure boats and fishing 
vessels are checked frequently and merchant vessels are also inspected. When required, 
there is also a co-operation with the Swedish Migration Board. 57   
 
The Flight Division contributes through visual border surveillance of the territorial 
waters and within the Swedish economic zone.58 The aim is for the MSA to get an 
overview of the shipping situation in large areas and be able to pass on this information 
as quickly as possible.59  

4.3.5 Transport Policy – Supervision of Marine Traffic and Safety at 
Sea 

The SCG supervises merchant shipping to see that regulations are followed with respect 
to crew, passengers, certificates and cargo. Supervision of the marine traffic is done 
through routine patrolling and inspections are typically performed in collaboration with 
the Marine Police if there is a suspicion of crime.60 The Parliament recently decided that 
the SCG will have the right to issue on-the-spot fines when someone violates the rules 
of the road at sea. The most common offence is violation of speed restrictions and other 
offences include for example illicit anchoring and inadequate lighting. The extended 
authority of the SCG is valid from April 1st, 2006 and the parliament believes that it will 
be of advantage for both the Police and the SCG.61  
 
The Flight Division focus on supervision of the most heavily trafficked routes and 
particularly critical areas such as traffic separation zones. Some of the surveillance 
occurs automatically as a result of the extensive environmental surveillance. The Flight 
Division is also engaged at larger boat racing events, where they can get an overview of 
the situation and report to other units and command centres.62  
 
 

                                                 
54 www.kustbevakningen.se read 2006-02-03 
55 Visit to command centre 2005-12-13 
56 Årsredovisning för budgetåret 2004, Kustbevakningen. Annual report for the year of 2004, Swedish 
Coast Guard 
57 www.kustbevakningen.se read 2006-02-03 
58 www.kustbevakningen.se read 2006-02-03 
59 Confirmation of objective for new aircraft system for the Coastguard 030219 
60 www.kustbevakningen.se read 2006-02-03 
61 Pressmeddelande 2006-02-01, 17:15, www.kustbevakningen.se read 060203 
62 Verksamhetsplan 2005 
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5. The Swedish Coast Guard  
The chapter begins with an overview of the SCG organisation and continues with a 
description of the organisation and planning of the work of the Flight Division. Finally, 
the work routines of the flight crews are presented. 

5.1 Organisation 

The SCG organisation is composed by a board, a director general and a central 
management, which includes divisions for finance, human resources, technology, 
administration and specific divisions with responsibility for Maritime Surveillance and 
Rescue Service. Further, it has a flight division and four regional areas of responsibility 
that are geographically separated and named North, East, South and West. The regional 
managements are situated in Härnösand, Stockholm, Karlskrona and Gothenburg, 
respectively. There is a command centre connected to each region, with responsibility 
for the immediate control of all operational work within their region. The flight division 
used to be a part of the central management, but now it has a position equivalent to the 
regions, but with a smaller staff.63 An organisational scheme of the SCG is found in 
Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Organisational Scheme (adopted from www.kustbevakningen.se) 

5.2 The Flight Division 

The head of Flight Command is situated in connection to the central management in 
Karlskrona, along with an assistant, two functions that work with operative planning 
and one that works with the planning of personnel. The Flight Division consists of 
approximately 30 people, where the majority is either pilots or system operators. They 
have their base at Skavsta Airport, Nyköping, together with an operative flight chief, a 
technical director, and an electronics specialist.   
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5.2.1 Operative Planning 

The operative planning is based on the mission from the government and the work 
within the different policy areas. Based on this, the authority sets up a statement of aims 
and goals64 for the SCG Flight Division. This document states in which areas the work 
is to be executed and the amount of flight hours to be used. Further, the Flight Division 
and the regional managements attend a conference to establish the co-operation for the 
following year. The regions specify in which areas they need assistance from the Flight 
Division and they also estimate the approximate number of flight hours that is necessary 
for the desired participation. The regions plan certain missions, concerning for example 
border control or fishing, where the Flight Division can assist. Some of them are 
planned in co-operation with other authorities, such as the Swedish Customs, the police 
and the Swedish Maritime Administration.  
 
There are additional aspects that need to be taken into account when the operative 
planning is made. For example, the MSA have to be scheduled at Skavsta airport each 
time a preventive maintenance check is carried out. Other concerns include international 
agreements, such as HELCOM, The Bonn Agreement and the Copenhagen Agreement, 
which requires the flight division to perform certain co-planned flights.65 For example, 
several countries within HELCOM carry out two CEPCO (Coordinated Extended 
Pollution Control Operation) flights each year. Aerial Surveillance is carried out for 24 
hours or more over areas where the chances of oil spills are big.66 Besides this, the SCG 
work together with Finland for surveillance of the coastal region north of Stockholm 
and with Norway and Denmark for surveillance of Skagerack. There is also co-
operation within the SWEDENGER plan, where Sweden, Denmark and Germany share 
the responsibility for an area in the south west of the Baltic Sea. The operative planning 
is also done with respect to a satellite that is within a certain area. The use of satellite 
pictures has become more common and the SCG uses them primarily to discover oil 
discharges. The operative planner needs to make sure that an aircraft is scheduled in 
connection to the documented area when the satellite picture is received, so that it can 
act if the picture displays something that can be of interest. 67  The Swedish Coast Guard 
co-operates with other countries with regards to some pictures, which means that more 
information can be obtained to a smaller cost. Another advantage is that the country that 
purchases the picture is responsible for follow-up action. In 2005, the SCG was 
involved in 257 satellite pictures in total.68  

5.2.2 Planning of Personnel  

The planning of personnel is made in close co-operation with the operative planning. It 
is based on the regions’ requests of the Flight Division’s presence during certain 
operations and also depending on wishes from the system operators and the pilots, 
regarding vacation and courses, as well as regional and central courses and flight station 
meetings at Skavsta. The goal is to have coverage round the clock, but this is not always 
reached.69  
 

                                                 
64 The Swedish term is inriktningsskrivelse 
65 Willman 2005-10-06 
66 www.helcom.fi/press_office/news_helcom/en_GB/illegaldischarges/ read 2006-01-18 
67 Willman 2005-10-06 
68 Svärd, Lars-Erik, participation in flight mission II, 2006-01-12  
69 Björksten, Eva, Flight Command Administrator, responsible for planning of personnel, Swedish Coast 
Guard Flight Division, interview in Karlskrona 2005-10-06 
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The working hours of the crew is controlled by requirements from the union and what is 
established in the operation manual for the Flight Division. Planning for a certain period 
of time has to be checked by the union 45 days before it starts. The operation manual 
for the Flight Division states the number of maximum working hours for the crews and 
minimum periods of rest. 70 For example, the crew can be on duty a maximum of 14 
hours during 24 consecutive hours, where 10 of these can be flight time. The flight time 
can not be more than 16 hours out of a period of 48 hours and if there is flying more 
than 3 days in a row, the flight time is limited to 8 hours a day. When it comes to rest, 
the crew should have at least 7 hours of uninterrupted bed out of 24 hours. If the period 
of work lasts 2 days or more, the bed rest should be 8 hours. If the crew has been 
working for 3 consecutive days, the time of rest should be planned between 8 PM and 7 
AM.71 
 
Eva Björksten, who is responsible for the planning of the Flight Division, says that one 
possible work suggestion in the future is to have crews on duty for 4 days. They would 
know what time the work starts on day 1 and when it ends on day 4, but the shifts 
during this period would be a bit more flexible. The crews on the vessels work a bit like 
this today. A change like this requires modifications in the operation manual, but 
Björksten does not believe that this is so far-fetched. One difficulty regarding this 
matter is that people from the union, the crews and management have different wishes 
and it is difficult to make everyone happy.72  

5.2.3 A Typical Flight Mission73 

The flight crews today consist of four people; two pilots and two system operators. A 
crew starts their shift with a briefing of the current weather and traffic situation. A flight 
order is received from the duty officer at the command centre that is situated in the 
region where the mission starts. Quite often, a mission is carried out over two or even 
three regions. In this case, the duty officer in the starting region receives information 
from the duty officers in the other participating regions and puts this together in the 
flight order. One of the system operators is responsible for contact with the duty officer 
during the mission. Based on the given flight order, the crew proceed to plan the flight 
in more detail. The system operators make sure that all the safety equipment is onboard 
the aircraft and prepare the flight by gathering the information that is necessary for the 
mission and preparing the technical equipment. The pilots ensure that necessary 
permissions are obtained and that required documents are brought along. They also 
check the technical condition of the aircraft before take off.  
 
When the MSA is in the air, one of the pilots is commander and outermost responsible 
for all actions aboard. One of the pilots has the main responsibility for flying the 
aircraft, while the other takes care of the radio communication. The system operators 
are responsible for the operation of the different sensors and they report sights and 
actions continuously, both in written reports and over the radio. One of the system 
operators is responsible for the control of the sensor equipment, while the other takes 
care of documentation with the help of handheld cameras and deals with all 
communication.  There is a close co-operation between the pilots and the system 

                                                 
70 Björksten 2005-10-06   
71 Kustbevakningens drifthandbok flygverksamhet. Operation manual for the Flight Division DHB 2.1, p. 
2-3  
72 Björksten 2005-10-06 
73 Information gained through participation in two flight missions and from www.kustbevakningen.se 
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operators during the flight. The pilots and the system operators assist each other with 
visual reconnaissance and navigation, in order to perform the mission as efficiently as 
possible.  
 
The system operators are also responsible for the noting of all sights and action taken 
during the mission. The duty officer in charge is briefed over the phone and a mission 
report is put together and sent to the command centre. All the information is also written 
into the SCG internal support system for decision-making, KIBS74.   
 
 
 
 
 
 
 
 
 
 
 

                                                 
74 Kustbevakningens Interna Beslutsstöd System 
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6. Comparison 
This chapter will present a comparison of the technical systems and the working 
environment in the current and the future aircraft systems. The technical system is 
defined as the basic aircraft and the technical equipment that is added in order to make it 
useful for maritime surveillance. The chapter starts with a theoretical section that aims 
to give a brief introduction to the technique behind the sensors of interest. This is 
followed by a presentation of the characteristics of the basic aircraft, the management 
system and the sensors in the current and the future aircraft systems. The final section 
on the technical systems presents a comparison between the maintenance situation with 
the current and the future technical systems. The chapter ends with a comparison of the 
working environment, which is defined as the overall comfort and the milieu in the 
aircraft that has an effect on the pilots’ and the system operators’ ability to perform their 
job.  

6.1 The Technical System 

6.1.1 Basic Theory on Radar and Electro Optical Sensors 

Radar – Radio Detection and Ranging 

A radar can fundamentally be said to consist of a high frequency radio transmitter, an 
antenna, a radio receiver, a signal processor and a display, as illustrated in Figure 5.  

 
Figure 5. The fundaments of radar. (Source: Torbjörn Ohlsson) 

  
The transmitter typically generates radio waves (pulses) that are radiated by the antenna. 
Ships, vehicles, the ground etc. will reflect some of the transmitted radio waves. Most 
of the energy will be scattered in many directions, but some will be reflected back to the 
antenna where the receiver is listening for an ”echo”. The range at which the signal is 
strong enough to be detected depends on several factors. Among the most important is 
the mean power of transmitted waves, the size of the antenna and signal processing.75 
 
There are two types of transmitters that differ fundamentally; coherent and non-
coherent. Most radars of today have coherent integration, which means that the 

                                                 
75 Ohlsson, Torbjörn, Sensor Systems Engineer at FMV. Continuous guidance throughout the project 
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transmitter continuously gives the receiver information about the phase of the 
transmitted radar signal. In this way, the radial speed of the target can be determined 
and it also becomes possible to sort out other background clutter that has a different 
speed than the target.76 A non-coherent transmitter can only use the amplitude of the 
transmitted signal when integrating it and therefore it is more difficult to detect a target 
in a clutter rich environment. 77 

SAR – Synthetic Aperture Radar 

Synthetic Aperture Radar (SAR) makes it possible to create two-dimensional imagery 
of ground targets through advanced processing of radar data streams. As mentioned 
above, the size of the antenna is an important parameter when deciding radar 
performance. In general, to obtain high resolution it would be necessary to have an 
unreasonably large antenna. However, with SAR technology it is possible to obtain the 
same result with a smaller antenna. A number of radar images with low resolution are 
collected as the aircraft moves forward. These pictures are then correlated through 
sophisticated signal processing and a radar image with high resolution can be 
synthesized.78 

Electro Optical Sensors 

Electro optical (EO) sensors are systems where electronic and optical components act 
together. EO sensors can be divided into passive and active sensors. Passive sensors 
only detects radiation from different objects and do not transmit any radiation 
themselves, while active sensors consist of a radiation source, such as laser, and a 
detector. Passive EO sensors could for example measure thermal emitted infrared (IR) 
radiation or ultraviolet (UV) radiation. Sensors that are sensitive in different wave bands 
are used, depending on what type of objects that is of interest.79 

6.1.2 The Basic Aircraft 

The Current MSA 

The basic aircraft in the current system is a CASA C-212-200 Aviocar (CASA 212), 
originally built in Spain and intended for short military transport80. Data regarding the 
characteristics of the basic aircraft is summarised in Table 2 and a picture of the MSA 
today is shown in Figure 6. 
 
 
 
 
 
 
 
 
 

                                                 
76 FOI orienterar om sensorer, nr 3 2004, p. 59 
77 Ohlsson 
78 Ohlsson 
79 FOI orienterar om sensorer, nr 3 2004, p. 39 
80 Franzén 2005-10-06 
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Figure 6. Picture of one of the current MSA.  
(Source: SCG internal web page) 

  

The Future MSA 

The basic aircraft in the future system is a DHC-8-Q300 (often shortened to Dash 8), 
manufactured by Bombardier. The basic aircraft is commonly used as a passenger 
aircraft and takes in that case 50 passengers. The aircraft has a pressurized cabin, which 
makes it possible to fly on high altitudes. A picture of the future MSA is displayed as 
Figure 7. Data regarding the future basic aircraft is shown in Table 2. 
 

 
 

Figure 7. Picture of the future MSA. (Source: Field Aviation) 
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Table 2. Characteristics of the Basic Aircraft 
 

 CASA C-212-200 DHC-8-Q300 

Span [m] 19,0 m 27,4 m 
Length [m] 15,7 m 25,7 m 
Height [m] 6,9 m 7,5 m 
MTOW [kg] 7700 kg 18734 kg  
Fuel Capacity [l] 2000 l 5808 l 
Fuel Consumption [l/h] 400 l/h 800 l/h 
Cruising Speed [kts] 150 kts (low altitude) 

160 kts (high altitude) 
200 kts 

Cross Wind Limit [kts] 20 kts 36 kts 

6.1.3 The Management System 

The aircraft are equipped with a range of different sensors that are used for surveillance, 
identification and documentation. They are all a part of the Management System81, 
which is the interface between the technical equipment and the system operators. The 
management system is used to control the sensors and it provides the system operators 
with information and enables them to put together reports and forward data to the 
command centre and other units. The current and the future MSA will be compared on 
the possibilities for voice communication, internal information access and external 
information exchange.  

The Current MSA 

Internal Voice Communication 

The internal communication system in the current aircraft systems makes it possible to 
split the communication into two different groups; cockpit and cabin. This means that 
the pilots in cockpit can isolate themselves from the operative communication between 
the system operators, in order to keep their communication focused on air safety 
matters, and vice versa.82  

Internal Information Access  

There are two system operator consoles in the current aircraft systems and it is not 
possible to receive the same information on both places. All the information from the 
sensors is displayed at system operator console 1, while system operator console 2 has 
access to all external information and handles most of the communication. In cockpit, 
the pilots have a display where they can choose to see a picture of the radar or the 
SLAR (Side Looking Airborne Radar).83  
 
It is possible to record information from the SLAR today, but the recording has to be 
stopped if one wishes to go back and look at previous information. The radar is not 
connected to the management system and hence no data can be stored for further 
analysis. It is possible to record voice communication, but this has to be done on a 
separate tape-recorder and the recording cannot be transferred to the management 
system.  
 

                                                 
81 The management system is named MSS in the old aircraft and MMS in the new aircraft. I have chosen 
to use the generic term management system for both of them.   
82 Olofsson, Hans, IT Manager Swedish Coast Guard, interview in Stockholm 2005-11-23 
83 Participation in flight mission II 2006-01-12 
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A picture of the cabin with the system operator consoles (taken from the rear part) in 
one of the current MSA is shown as Figure 8.  
 

 
 

Figure 8. Overview of the cabin with the system operator 
 consoles in one of the current MSA. (Source: SCG internal web page) 

External Information Exchange 

When the current aircraft system is on the ground at for example Skavsta airport, there 
is no direct data communication to the aircraft. The crew has a laptop with a small 
communication module that contains a phone card. It is possible to receive data at 40 
kb/s via GSM and 384 kB/s via 3G, but the sending rate is only approximately 10kb/s 
and 64 kb/s, respectively.84 In the air, it is possible to send emails and pictures via 
satellite (SATCOM) at a rate of 2.4 kb/s. To be able to send photographs via email it is 
often necessary to compress them. This can make the pictures less useful, since there is 
a loss of accuracy and hence harder to distinguish details. Another problem associated 
with the slow transfer rate is that it takes quite a long time until the information has 
been sent. A photograph can take about 10 minutes to send and the system operator has 
to make sure that there is not any disconnection during this time. If there is a 
disconnection after 9 minutes, the whole sending process has to start over again.85  In 
mobile communication, it is fairly common with disconnections and therefore this could 
be a source of irritation and unnecessary workload for the system operators. It also 
means that the cost for sending data increases, since all the data has to be sent again.86  

The Future MSA  

Internal Voice Communication 

The internal voice communication system in the future aircraft systems will make it 
possible to split the communication in the cabin into several different sub groups. This 
means that different activities can take place at the same time, without disturbing each 
other. For example, one group can talk about the information that comes from different 
sensors and the other group can discuss what is observed optically through the 

                                                 
84 Olofsson 2005-11-23 
85 Erlandsson, Björn, participation in flight mission II 2006-01-12 
86 Olofsson 2005-11-23 
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windows.87 Sub groups can also be useful if there are any extra passengers onboard on 
for example an educational visit.88  

Internal Information Access 

There will be three almost identical system operator consoles in the future aircraft 
system. This means that both (or all three) system operators can see information from 
all the sensors. According to the system operator John Brehammar, the integration 
between the different sensors will facilitate documentation and calculations and provide 
a better basis for analysis of the situation.89 There will be a so-called tactical plot, where 
a lot of information could be gathered on one screen. It will be possible to show AIS 
targets, as well as targets that are detected by the surveillance radar, on the same map. 
The system operator could also choose to display different layers, such as nautical 
charts with special boundaries marked.90 The future MSA will have two displays in 
cockpit, where this information will be available for the pilots. This means that the 
pilots will get a better insight into the situation, which will make cooperation and 
decision-making easier. 91  
 
The future MSA will have a recording system that is connected to the management 
system. It records all occurrences, such as radar and AIS targets, or markings that the 
system operators make manually to show an area of interest or a route. The memory 
capacity makes it possible to save 24 hours of continuous recording. At the same time it 
is possible to record voice communication, both radio and internal communication. The 
management system has the capacity to save all external communication and most of 
the internal communication. This means that it will be possible to check precious events 
again, either up in the air or later. If all recording equipment is on, it will be possible to 
repeat the entire flight at a later time.92  
 
Figure 9 shows the system operator consoles in a similar MSA and a sketch of the 
layout of the cabin and cargo area in the future MSA is displayed in Figure 10.  
 

 
 

Figure 9. View of system operator consoles in a similar MSA.  
(Source: SCG internal web page) 

                                                 
87 Olofsson 2005-11-23 
88 Brehammar  
89 Brehammar 
90 Erlandsson, Björn [2], Chief System Operator, Swedish Coast Guard Flight Division, continuous 
answers to questions. 
91 Brehammar 
92 Olofsson, Hans 2005-11-23 
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Figure10. Sketch of the layout of the cabin and cargo area in the future MSA. 
 (Source: SCG internal web page) 

 

External Information Exchange 

The future aircraft systems will have several different options when it comes to data 
communication. When the aircraft are on the ground at for example Skavsta airport, it 
will be possible to have wired access to broadband communication at a rate of up to 100 
Mb/s. If there is not any computer network wire, it could be possible to have a wireless 
connection, WLAN93, at a rate of up to 2 Mb/s. If this connection is not available, there 
is a 3G phone and a GSM phone in the aircraft that can be used at the rates of up to 384 
kb/s and 40 kb/s, respectively. In the air, there is no access to broadband communication 
or mobile phones, so satellites will primarily be used for data communication. The 
satellite transfer rate will be 64 kb/s. It will also be possible to use the new radio 
communication system, RAKEL, for low speed data communication at a rate of 7.2 
kb/s.94 
 
There will be a special communication server integrated in the management system, 
whose mission is to render more effective communication. If a system operator wants to 
send a message, the communication system will compress it as much as possible, 
choose the most appropriate media for a cost effective transfer and make sure that the 
data is delivered to the recipient. This automatic action means that the system operators 
do not have to be concerned about how long it will take to send something and how 
much it will cost, they can simply send the data and be fairly certain that it eventually 
will get delivered. Consequently, the system operators can receive updated information 
more easily and they do not have to hesitate about sending reports and photographs due 
to the slow connection.95 Table 3 summarises the possibilities for external data 
communication in the current and the future system.  
 
 
 
 
 
 
 
                                                 
93 Wireless Local Area Network 
94 Olofsson 2005-11-23 
95 Olofsson 2005-11-23 
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Table 3. Comparison of Data Communication Transfer Rate 

 
 
 
 
 
 
 
 
 
 

6.1.4 Surveillance Radar 

According to Torbjörn Ohlsson, systems engineer at FMV, it is difficult to compare the 
radar used in the current MSA with the one in the future MSA, since they are practically 
different generation types of radar.96 However, the basic task of the radars is the same: 
to get an overview of the situation at sea by detecting targets. A description of the radars 
in respective MSA is presented below.  

The Current MSA 

The radar in the current MSA is a Bendix RDR-1500 from Telephonics.97 It operates at 
360°, but it only covers a sector of 240° in front of the aircraft, due to the way it is 
mounted on the aircraft. The radar is located inside the nose of the aircraft and is 
sometimes called FLAR – Forward Looking Airborne Radar. Its main use is as weather 
radar and it can also be used to plan the flight, through communication with the Flight 
Management System, as well as to detect ships and vessels. The radar is not connected 
to the management system, which means that no data is processed or saved for further 
use.98  
 
The radar in use today is non-coherent and its ability to detect targets when there is a lot 
of clutter present is therefore limited. This means that it is difficult to discriminate 
targets on a longer distance. According to the system operator Björn Erlandsson, a 
fishing vessel could typically be detected on a distance of approximately 15 NM on the 
radar screen today, if the weather conditions are reasonable.99 A typical picture from a 
radar screen is shown in Figure 11.  
 

 
 

Figure 11. The radar in the current MSA. 
 (Source: SCG internal web page) 

                                                 
96 Ohlsson 
97 Ohlsson 
98 Presentation of the Swedish Coast Guard Flight Division, CD 
99 Erlandsson, Björn, flight mission II 2006-01-12 

Data Communication  
Transfer Rate 

The Current MSA The Future MSA 

On the Ground   

Network Cable - 100 Mb/s 

WLAN  - 2 Mb/s 

3G  384 kb/s (64 kb/s) 384 kb/s 

GSM  40 kb/s (10kb/s) 40kb/s 
In the Air   

Satellite 2,4 kb/s 64 kb/s 

RAKEL  - 7.2 kb/s 
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The Future MSA 

The surveillance radar in the future MSA is an ELTA EL/M 2022 MPA. It presents a 
non-obstructive view of 360° and is mounted in a radome underneath the aircraft 
fuselage. The radar has coherent integration as well as the ability to track up to 100 
targets, with regard to position, speed and course. It also has a number of different 
modes that can be used to detect and classify targets. In order to detect targets in a 
clutter rich environment, there is a special mode called MTI – Moving Target 
Indication. Targets with a speed of 5 knots or more could be detected with the help of 
Doppler processing, even if weather conditions and winds make it difficult to determine 
targets from background clutter. There is also another function that can be used to 
specify where the most clutter is present, which could be useful information for the 
system operators when they are searching for small targets. To avoid clutter 
interference, they could fly in from a different angle and thereby get a better chance of 
detecting small targets.100  
 
The radar also has several modes for classification of targets. If there is a long distance 
to the target, Range Signature (RS) can be used to find out the size of a vessel with high 
accuracy. This mode makes it possible to determine whether the target is an oil tanker, a 
fishing vessel and so on. Since the resolution with RS is high, it could also be useful to 
distinguish between targets that are close to each other. If the sea is calm, the 
Classification SAR (CSAR) is used to classify targets. If the sea is a bit rougher the 
Inverse SAR (ISAR) can be used. The radar also has imaging modes called Spot SAR 
and DBS (Doppler Beam Sharpening). These make it possible to detect targets in 
coastal areas with high resolution. The effective detection range for fishing vessels or 
other medim sized vessels will likely be between 40 and 60 NM with the surveillance 
radar in the future MSA. 101 Table 4 displays some basic characteristics of the respective 
radars. 

 
Table 4. Comparison of Radar Characteristics 

 

 
 
 
 
 
There is also a specific weather radar mounted in the nose of the aircraft. This radar has 
a separate screen in cockpit, which means that it could be used at the same time as the 
surveillance radar.102 

6.1.5 SLAR – Side Looking Airborne Radar  

The SLAR is a non-coherent side looking radar that is mostly used for detection of oil 
spills at sea. The radar can cover large sea surface areas on both sides of the aircraft by 
transmitting radar pulses at oblique angles. The echoes from the sea surface are received 
by the SLAR and processed as lines, which eventually creates an image as the aircraft 
moves forward. Land, water, wave patterns, oil and other object such as vessels are 
shown on the monitor. Normally, there are capillary waves that cause sea clutter on the 

                                                 
100 Ohlsson 
101 Ohlsson 
102 Timan, Hans, Flight Operation Manager Swedish Coast Guard Flight Division. Continuous guidance 
throughout the project.  

 The Current MSA The Future MSA 

Coverage 240° 360° 
Coherent Integration No Yes 
Mean Power 8 W  400 W  
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sea surface, but these small waves are reduced when there is oil present. A clean sea 
surface produces a greyish colour on the monitor, while an oil discharge comes off as 
black.103 Figure 12 shows a picture from a SLAR screen.  
 
 

 
 

Figure 12. SLAR picture that shows an oil discharge. 
(Source: SCG internal web page) 

The Current MSA 

The SLAR in use today is made by Ericsson and supplied by the Swedish Space 
Corporation. The two long antennas are mounted on each side of the aircraft fuselage. 
The SLAR can detect oil discharges of up to 40 km on each side of the aircraft. When it 
is used for detecting oil discharges, it can typically cover 18 000 km2/h, if the speed is 
150 knots/hour.104 

The Future MSA 

The SLAR will be delivered by the same supplier in the future system and the technical 
performance will be basically the same. However, the integration into the future 
Management System will improve the ability to analyse the data, since all system 
operator consoles will have access to the SLAR information. It will also be possible to 
scroll back down the picture and look at the information that was produced earlier, 
while the SLAR keeps on scanning and recording the current situation. 105 

6.1.6 EO System 

Several different EO sensors are put together in a turret that is mounted under the nose 
of the aircraft. A picture of a typical EO system is shown in Figure 13 below. One of the 
sensors in the turret is a thermal imager (IR camera) and the EO system is often related 
to as the FLIR – Forward Looking Infra Red – or FLIR turret. The thermal imager can 
be used both day and night, but is extra useful during dark hours. There is also a TV 
camera that can be used for identification both day and night, often complemented with 
a low light camera to facilitate vision in the dark. These cameras have different fields of 
view; so that objects can be filmed with various degree of zoom. The turret also 
typically contains an additional spotter, with a very narrow field of view, that can be 

                                                 
103 Presentation of the Swedish Coast Guard Flight Division, CD 
104 www.ssc.se/default.asp?groupid=2004920142445215 read 2006-02-28 
105 Erlandsson, Björn, flight mission II 
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used when great detail is demanded. A laser illuminator could also be included to 
facilitate identification.106 
 

 
Figure 13. Picture of the Wescam MX-15 

(Source: Wescam marketing material) 

The Current MSA  

Two aircraft in the current system are equipped with Star SAFIRE II (Star II) and one 
has the later version of the same brand, Star SAFIRE III (Star III), both from FLIR 
Systems. There is a great difference in capacity between these versions and the latter 
one is often moved among the aircraft so that it can be used effectively during missions 
at night etc. Star III will be used in the comparison since the data on this sensor was 
easier to access and use than that concerning the Star II. However, it is important to 
consider that 2 out of 3 EO sensors have significantly less capacity that the one used in 
the comparison.  
 
The laser illuminator in the Star III makes it possible to read 30 cm alphanumerical 
characters on a range of 800 m, when it is dark107. Some of the basic data regarding the 
EO sensors are presented in Table 5.  

The Future MSA   

The EO turret used in the future MSA is a Wescam MX-15, delivered by L3 
Communications. The turret basically contains the same type of sensors as the Star III 
and there is not a major difference in performance between these two. However, with 
the laser illuminator it will be possible to read ship names on a distance of up to 3000 
m, in the dark. The future EO system also has a function for geopointing, which means 
that it can lock the camera on a position and it will be followed, even if the aircraft is 
moving. The position of the target will be shown in addition to the position of the 
aircraft. The EO system could also be slewed to a position that is given by the 
surveillance radar. When a target is detected with the radar, it is possible to point the EO 
directly at it for identification. All the recorded data from the EO sensors is saved 
digitally, which means that it easily could be distributed to other units. 108 Table 5 shows 
some of the data regarding the respective EO systems.  
 
 
 
 
 
 

                                                 
106 Ohlsson 
107 Ohlsson 
108 Erlandsson [2] 
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Table 5. Comparison of EO Systems 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Source: Marketing material from FLIR Systems and Wescam) 
 
In Table 5 the different characteristics of the EO sensors are compared. One of the most 
important factors is the stabilisation, i.e. the ability of the turret so focus on a certain 
spot. This is measured by the deviation from the expected position, which means that 
the lower value the better. The stabilisation affects the outcome of the film sequence or 
photograph by contributing to the clarity and sharpness.109 The resolution of the detector 
is the same in both EO systems, but the resolution of the TV camera is better with the 
MX-15.  
 
Table 5 also shows several different fields of view for the cameras. It is seen that the 
widest field of view is wider and the most narrow field of view narrower for the thermal 
imager in the MX-15. This means that it is easier to get an overview of a larger area, 
and it is also possible to see more details than with Star III. With the TV camera, the 
widest field of view is wider with the Star III, but it is possible to get in closer with the 
MX-15. The Spotter Camera has equivalent performance in both systems, but three 
different fields of view with the Star III. The Low Light Camera in the current system 
has two fields of view, but the mono spotter that is used at night in the future system 
share the same lens as the colour spotter camera and its ability to zoom in on objects 
will be better. Figure 14 shows examples of pictures that are taken with different fields 
of view, with the future EO system.  
 
 
 
 
 
 
 

                                                 
109 Ohlsson 

 Star III MX-15 

Stabilisation 3-axis, < 20 µrad 4-axis < 6 µrad 
Thermal Imager   

Detector 640 x 480 (512) 640 x 480 (512) 

Wide FOV 25° 31.7° 

Mid FOV 5.4° 6.5° 

Narrow FOV 1.4° 1.3° 

Super Narrow FOV  0.7° 0.43° 
Day/Night TV 1-CCD, 18x zoom 3-CCD, 15x zoom 

FOV 25° to 1.4° 17° to 1.17° 

Resolution 470 TVL 800 TVL 
Spotter Camera 3-CCD, Colour 3-CCD, Colour 

# FOV 3 1 

FOV 5.4°, 0.7°, 0.29° 0.29° 
Low Light Camera Gen III I2TV Mono Spotter 

FOV 5.4°, 0.7° 0.29° 
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  Wide  Mid 
 

 

  
  Narrow  Very Narrow 

 
Figure 14. Pictures taken with the EO system in the future aircraft, 

 to demonstrate the difference between various fields of view. 
(Source: www.wescam.com/products_services_1g.asp collected 060210) 

6.1.7 IR/UV Scanner 

After a discharge of oil has been discovered, the infrared/ultraviolet (IR/UV) scanner 
can be used to identify the proportions of the area. The IR scanner is an infrared passive 
sensor that measures the radiation temperature of the sea surface and shows the thickest 
regions of oil. This helps in deciding the focus of clean up actions. The UV scanner is 
an ultra violet passive sensor that measures the reflective power of the sea surface. This 
can be used for area estimation, even where there is a thin layer of oil, since oil reflects 
UV light better than a clean water surface.110 Figure 15 shows a picture from the screen 
of the IR/UV scanner. 
 

 
 

Figure 15. Picture of IR/UV image 
(Source: Presentation of the Swedish Coast Guard Flight Division, CD) 

 
 

                                                 
110 Presentation of the Swedish Coast Guard Flight Division, CD  
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The Current MSA 

The IR/UV scanners in the current MSA are old and have experienced a lot of problems. 
According to Erlandsson, two out of three scanners have been broken for some time. 
For this reason, the IR/UV scanner is not used very much today. Another reason for the 
limited use is the fact that liquid nitrogen has to be filled into the system before use. 
Since the IR/UV scanner is not used that much, nitrogen is not even brought along on 
all missions.111   

The Future MSA 

There will be no major differences in the basic capacity of the future IR/UV scanner. 
However, there will be a closed circuit cooling system that will increase the user 
friendliness considerably. The software used to calculate the area of a discharge will be 
better and the ability to estimate the volume will also increase, through calculation of 
different greyscales in a discharge.112 It will also be possible to upgrade the scanners in 
the future, if new technology indicates that it will be possible to distinct mineral oil 
from other pollution on the water surface. 113 

6.1.8 Handheld Cameras  

To complement the sensor equipment, the MSA also have a set of handheld still and 
video cameras that could be used to document a number of different scenarios. The 
cameras are especially useful when there is a suspicion of a committed crime.  

The Current MSA 

The MSA today have an analogue and a digital still camera, as well as a video camera. 
The cameras are mainly used on low altitude to take detailed photographs of for 
example an oil slick or a fishing vessel. The cameras are stationed at the observers spot 
in the back of the cabin, where there are two bulb windows that could be opened to 
increase the possibility to get clear shots. When the video camera is used, the video is 
transferred to a VCR and data regarding date, time and position of the aircraft is added 
to the recording. It is not possible to get flight data annotated on photographs taken with 
the digital camera.114 

The Future MSA 

There will be two digital handheld cameras in the future MSA, one for still pictures and 
one for recording. The cameras are developed later than the current ones and will have 
somewhat better resolution. Data regarding the position of the aircraft as well as date 
and time will be annotated on both the video camera and the still camera. Both of the 
cameras are easily connected to the management system so that pictures and short video 
recordings could be sent to the command centre or used for the flight reports. The 
observer seats are at the back of the cabin in the future system as well, but it is not 
possible to open the windows to take pictures. There is a possibility that this may affect 
the quality of the footage, but it is difficult to say at this moment.115  
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6.1.9 Additional Equipment for Rescue Service 

The Current MSA 

Today, the MSA is equipped with one life raft for 7 people. It is dropped from the ramp 
that can be opened during flights.  It also has sampling buoys and marker buoys to be 
used when an oil discharge is discovered. These can be thrown out of the bulb windows 
that are possible to open during flight.116  

The Future MSA 

In the future MSA, there will be 2 life rafts that can take 7 people each. There will be 
several types of buoys that could be dropped automatically through pipes that are 
installed in the cargo area. Each time a buoy is dropped, the system operator can press a 
button and the position will automatically be marked in the tactical plot.117 The 
dropping device could be controlled from cockpit and the system operator consoles. 
Every time a buoy is dropped, a marking will appear automatically in the tactical plot. 
The rafts will be dropped from the air operable door.118 The equipment in the future 
MSA also includes a stretcher.  

6.1.10 Maintenance 

The technical systems are regularly serviced as a preventive measure, but they also have 
to be serviced due to unexpected failures on the basic aircraft or the mission equipment. 
The preventive maintenance is performed in cycles, based on how many hours the 
aircraft has been in the air. If some part of the aircraft system is not functioning 
correctly, there is a need to perform corrective maintenance. Maintenance checks and 
repair are performed at Skavsta Airport and require the aircraft in question to be situated 
there until the work is completed. 

Contract  

The Current MSA 

Today, the SCG has a contract with SAAB Nyge Aero regarding maintenance of the 
aircraft and with the Swedish Space Corporation (SSC) concerning maintenance of the 
management systems. The maintenance contract requires the technical systems to be 
available for operation at a minimum of 80% of the time. This means that each aircraft 
could have a maximum standstill of 73 days a year, due to preventive or corrective 
maintenance. In 2003, the aircraft were available approximately 85% of the time.119 

The Future MSA 

The maintenance contract is not yet signed, but the intention is to have an agreement 
where the main contractor, Field Aviation, who is responsible for the delivery and 
design of the future systems, also deals with maintenance. The maintenance staff will 
probably be the same people as today, which means that they have no practical 
experience from the future technical systems. To reduce this problem, there will most 
likely be some sort of technical representative from the manufacturer who can help with 
troubleshooting and assist the crews and technical staff. The availability requirements 
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117 Erlandsson [1] 
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will be 80 % with the new technical systems as well. The requirements mean that at 
least one aircraft have to be available with 99 % probability, i.e. the probability that not 
all aircraft are on the ground, due to maintenance, is 99 %.120  

Preventive Maintenance 

The Current MSA 

Preventive maintenance checks are performed in intervals of 150 flight hours, up until 
3600 flight hours. The checks generally last for three workdays and a lot of service 
takes place during this period. Generally, it is the engines and the undercarriage that are 
serviced, along with interior and exterior inspections and lubrication. The checks that 
are performed every 150th hour are called A-checks. When the aircraft has been 
operating for 600, 1800 and 3600 flight hours, the checks are a bit more thorough. The 
biggest one is when the cycle is done, after 3600 flight hours. This check lasts for 
approximately 14 workdays and is called a C-check.121 

The Future MSA 

In the future, preventive maintenance checks equivalent to A-checks will be performed 
in intervals of 500 flight hours, up until 5000 flight hours. A-checks will basically 
consist of the same activities as today and last for 1-3 days, depending on the multiple 
of A-check that is in question. The C-checks will last for 7 workdays and be performed 
every 5000 hours.122  
 
Table 6 shows a comparison between the current and the future MSA, regarding the 
amount of time that the MSA will be on the ground due to preventive maintenance. In 
2005, the aim was to fly 4000 hours and this number is used as the total number of 
flight hours. It is seen that the time for preventive maintenance with the future MSA is 
less than 1/3 than today.  
 

Table 6. Comparison of Preventive Maintenance Time 

 
 The Current MSA The Future MSA 

A-checks   

Maintenance interval (h) 150 500 

# Days  3 3 

# Days standstill/year
123

 80 24 

C-checks   

Maintenance interval (h) 3600 5000 

# Days 14 7 

# Days standstill/year 16 6 

A-checks + C-checks   

# Days standstill/year 96 30 

# Days standstill/year/aircraft 32 10 

(Calculations made by the author) 

                                                 
120 Lindelöw 2005-11-30 
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Corrective Maintenance 

The Current MSA 

SAAB Nyge Aero decides which spare parts to keep in stock so that they can fulfil the 
availability requirements. The aircraft manufacturer provides reliability analysis reports 
that show how often certain parts of the aircraft break down. Which parts to keep in 
stock is a balance between costs and availability. An expensive spare part that rarely 
needs to be used might not be prioritised, but on the other hand, it is important to 
consider what happens if this part is needed and not available in stock. If a certain part 
is not available today, SAAB Nyge Aero can contact CASA or another supplier who 
can deliver the part. Any simple component can usually be obtained within 2-3 days 
through an Aircraft on Ground Order. But if there is a structural problem that requires a 
repair or even the construction of a new part, it will be more complicated, since CASA 
in Spain might have to be involved. According to the technical director of maintenance 
at the SCG Flight Division, Per Lindelöw, it is not very common that the Flight 
Division’s activities are interrupted due to maintenance, but sometimes the operational 
performance is limited due to malfunctioning parts. The capacity could for example be 
reduced if a sensor is not working or there can be restrictions on flights in certain 
weather conditions. Sometimes, different components are moved between the three 
aircraft to optimise the performance of the ones that are needed at the moment. There is 
a minimum equipment list that states which parts that have to be functioning properly, 
and if one of these is not working, the aircraft has to stay on the ground. This happens 
approximately once a year and a complete standstill, where all aircraft are on the ground 
due to maintenance, has hardly ever happened.124  

The Future MSA  

The future system will experience some of the same basic problems as the current, e.g. 
it will still be difficult to decide which spare parts to keep in stock. An advantage is that 
there is a big Dash 8 operator in Norway, which might facilitate the access to spare 
parts, especially on the basic aircraft. Lindelöw points out that the maintenance 
problems regarding the basic aircraft probably will not differ that much between the 
current and the future technical systems. However, the increase in complexity with 
regards to the extra added equipment, i.e. the management system and all sensors, could 
lead to more complicated and unexpected failures. Since several of the modifications 
that have been made are unique for the Swedish Coast Guard solution, there is no 
statistical data to rely on when estimating which parts to keep in stock.125 Field Aviation 
have given recommendations on this matter and estimated the amount of money that 
may have to be spent on corrective maintenance during the first year. At the moment, 
the budget does not nearly cover these recommendations and this could lead to 
problems in turns of decreased availability during the initial phase of use.126 

6.2 Working Conditions 

6.2.1 Noise Level 

The level of noise in the aircraft influences the crews’ ability to execute their job. 
According to the Swedish Work Environment Authority, noise can reduce the 
operators’ power of concentration and make them sleepy, especially if the noise is low 
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frequent.127 As stated by the Swedish Work Environment Authority’s statue book, 
operators shall not be exposed to a noise level more than 85 dB(A).128 Starting from 80 
dB(A), the workers should be informed of the high levels and have access to hearing 
protection.129 Since individuals perceive noise differently, there are some people that 
will be affected by noise levels below this.130  
 
The noise from propeller aircraft is typically low frequent. The highest levels of noise 
are generated when the propellers rotate and pass the aircraft fuselage. The noise 
depends basically on how much air that is pushed aside from the propellers and hit the 
aircraft fuselage and how well the structure of the aircraft can handle the vibrations that 
spread into the cabin.131  

The Current MSA 

Since the basic aircraft in the current system was originally built for short military 
transports, the noise level probably was not considered. Today, the working 
environment, and especially noise, is one of the greater problems the crews experience 
and the level of noise in the aircraft has led to problems for some of the staff.132 The 
noise level in the current aircraft systems is between 88-99 dB(A), well above the 
permitted level. This means that the crews should always wear hearing protection when 
they are in the aircraft and the engines are running. The noise is mostly low frequent 
and to reduce it, the crews have so called ANR (Active Noise Reduction) headsets. With 
these on, the noise level reaches between 73-83 dB(A).133 Stefan Andersson, who has 
been responsible for the technical specifications regarding the working environment in 
the project, recommends that the pilots and the system operators should not be exposed 
to the noise levels in the current system for more than 6 hours a day. This value is 
calculated on the basis of permitted levels and the various levels that appear in the 
aircraft and based on the use of ANR headsets. At the moment, there are no substitute 
ANR headsets available if the existing ones break, since their current supplier does not 
deliver them anymore.134 This means that the recommended time of work might have to 
be revised if the headsets have to be replaced with less effective ones.   

The Future MSA 

Since the basic aircraft in the future is originally developed as a passenger aircraft, 
levels of noise have been carefully taken into consideration.135 The propellers are placed 
further away from the aircraft fuselage than on the CASA 212 and it also has a special 
system to reduce noise and vibrations, called the Active Noise and Vibration System 
(ANVS).136 This system reduces the vibration that leads to noise in the cabin by sending 
out-of-phase counter vibrations from devices that are mounted on the aircraft frames.137 
The noise level in the future aircraft will be between 71-79 dB(A) in the aircraft and 
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between 60-70 dB(A) in the headsets.138 This means that it will be possible to stay in the 
aircraft without a headset on. Table 7 provides a summary of the noise levels in the 
current and the future aircraft.  
 

Table 7. Comparison of Noise Levels 

 
 
 
 

6.2.2 Comfort 

The Current MSA 

As mentioned above, the working environment is considered a problem in the current 
aircraft systems. The basic aircraft are built in Spain and not adapted for operation in the 
North. The CASA 212 does not have a system for regulating the climate in the aircraft, 
simply an air intake.139 It is possible for the crew to manually regulate the temperature 
to some extent, but it is hard to maintain a stable level. This means that it gets really hot 
in the aircraft when the sun is shining in the summertime and cold and draughty in the 
winter.140 The climate in the aircraft can also have an effect on safety. For safety 
reasons, the crew is required to wear insulation suits when the temperature in the water 
is below a certain level. In the spring, the sun can heat up the aircraft and make it 
unbearable to wear the suits, even though the temperature in the water has not yet risen 
to the permitted level.141   
 
There is not a lot of space to move around in the current aircraft and the standing height 
is approximately 178 cm.142 This means that there is no place to stretch out and not 
really any possibility to leave the workstation for a short break. There is a toilet in the 
current aircraft, but there is no running water143.  

The Future MSA 

The future basic aircraft is built in Canada, where the climate is similar to that in 
Sweden. It will have an environmental control system in the aircraft that provides the 
cabin, mission equipment and avionics with conditioned air. 144 There will also be 
access to auxiliary power units so that the aircraft can be heated up quickly if it has been 
standing outside in cold weather.145  
 
The cabin is quite spacious with a standing height of 190 cm It also includes a rest area, 
where the seat backs can be reclined. In connection to this area, there is a refrigerator, a 
microwave oven and an oven. The toilet is externally serviced and it will be possible to 
wash in hot and cold water. 146 
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7. Analysis and Evaluation of System Performance  
The aim of the thesis work is to analyse and evaluate system performance of the future 
aircraft system from a sociotechnical perspective, by comparing it to the system that is 
in use today. So far, a description of the environment in which the maritime surveillance 
aircraft operate has been provided, along with a description of the SCG organisational 
structure, including a presentation of how the Flight Division operates today. The 
comparison has focused on the technical system and the operators’ working conditions, 
since these are the areas where the work has been carried out so far. However, as 
mentioned by Rasmussen et al, it is important that a major change in technology is 
accompanied with adjustments in the work system. Factors that need to be considered 
when the new MSA are implemented are therefore discussed at the end of this chapter. 
This chapter will start with a presentation of the basic evaluation model, which consists 
of the main (comparable) parameters that contribute to system performance. After this, 
there will be a definition of the main parameters and a division into sub parameters. The 
evaluation method used will then be presented, followed by the result of the evaluation.  

7.1 Evaluation Models 

The work so far has led to the understanding that different sociotechnical aspects have a 
various influence on overall system performance. Organisational support is important 
for a successful implementation of a new technology, regardless of the type of mission 
carried out. However, some of the technical equipment could contribute more or less 
within a certain area of work. The next step is to define and evaluate the main 
parameters that can be said to contribute to system performance. As mentioned before, 
system performance is the potential capacity of the maritime surveillance aircraft to 
execute the missions of the Swedish Coast Guard Flight Division, through interactions 
with operators and organisation. Four main parameters can be said to have a crucial 
impact on system performance and in the end the flight division’s job execution. To 
start with, the capacity depends on the amount of time that the MSA are available for 
operation. It is fairly obvious that it will be difficult to reach set up goals if the MSA for 
some reason are unavailable. Another important factor that affects the overall 
performance is the endurance of the MSA, i.e. for how long they can stay in the air and 
hence perform their tasks. While in use, the MSA cannot be controlled without the 
flight crew. The working environment they are subjected to affects their ability to 
perform their tasks and hence the overall system performance. Finally, how well the 
missions are performed depends on a number of factors. The parameter mission 
performance will be broken down into the specific tasks that are executed within the 
areas of work. Figure 16 shows how system performance can be broken down into 
availability, endurance, working environment and mission performance. This is 
followed by a description of the main parameters and the sub parameters that constitute 
them.  
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Figure 16. Basic model used for the evaluation. 

7.1.1 Availability  

If the MSA for some reason are unavailable for operation, the system performance will 
decrease. It is therefore important to compare factors that might contribute to the 
availability of the MSA. When it comes to the technical aspects, it can be said that the 
technical availability mainly depends on how much time the aircraft systems have to be 
on the ground due to preventive or corrective maintenance, illustrated in Figure 17. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. The technical availability of the aircraft system is  
dependent on preventive and corrective maintenance. 

 
Since the MSA cannot be operated without a crew it is also important to consider the 
access to pilots and system operators. Another factor that could limit the availability is 
budget restrictions. Theses factors will be discussed under implementation aspects later 
on. 

7.1.2 Endurance  

The technical endurance of the MSA could be defined as the amount of time that the 
MSA can stay in the air, and the distance that could be flown during this time, i.e. the 
range. This is shown in Figure 18. These terms both represent the endurance of the 
MSA, but the respective characteristics could be useful for different types of missions.  
 
The ability to stay in the air for a certain amount of time is mainly dependent on the fuel 
capacity and the fuel consumption of the MSA. The working environment could also 
affect this ability, but this will be discussed later. An increase in endurance could bring 
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new opportunities to operate and be extremely useful during for example rescue 
missions. The range of the aircraft is dependent on the fuel capacity and consumption, 
but is also affected by the cruising speed of the aircraft. A change in range effects the 
operative planning and could render new possibilities for operation.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18. The endurance of the aircraft system can be  
divided  into the sub parameters time and range. 

7.1.3 Working Environment  

The working environment is of crucial importance for the operators’ ability to perform 
their tasks. The working environment has been divided into two sub parameters for the 
evaluation, noise level and comfort, illustrated in Figure 19. Especially important to 
consider when working in a propeller aircraft, is the exposure to noise, since this can in 
worst case lead to impaired hearing and often contribute to fatigue and concentration 
difficulties. The overall comfort could influence the crew’s work performance, not least 
by having an effect on their well-being.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19. The working environment is evaluated 
 with regards to noise level and comfort. 

7.1.4 Mission Performance 

The tasks of the flight crews, and the equipment used to perform them, differ somewhat 
depending on the type of mission that is carried out. This means that the importance of 
certain parameters also varies. A rough division can be made between the areas of 
Rescue Service and Maritime Surveillance. Basically, the ability to identify objects, 
document the findings and receive and pass on information is important, regardless of 
the focus of the mission. In case of a rescue mission, the area of interest is usually 
predetermined and it is valuable to be able to get there as fast as possible, while the 
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ability to cover a vast area is one of the most prominent features of maritime 
surveillance. When there is question of a sea rescue, it is also valuable if the MSA could 
contribute through specific action. Next, the different parameters that define mission 
performance when it comes to Maritime Surveillance and Rescue Service will be 
presented147.  

Maritime Surveillance 

The ability to move over and cover large areas, during a relatively short amount of time, 
is what makes the work of the Flight Division unique. The meaning of the word cover is 
naturally the ability to detect targets and this capability increases with the use of radar. 
The ability to detect targets in different weather conditions and with high accuracy is 
important during most missions. After a target has been detected, it could be useful to 
classify it. If an object can be classified from a long distance it may lead to time 
savings. The detection and/or classification of a target is followed by identification. The 
accuracy with which an identification of an oil discharge or an offender of the law is 
made could be of crucial importance. The identified objects and the action taken are 
documented for further use. Documentation includes photographs, video recordings, 
sound recordings, data from sensors and written notes. The documentation needs to be 
delivered to the command centre or other units, who can use it as a basis for decision-
making or sometimes as a basis for prosecution. The ability to access information from 
the sensors or through external communication and to send information to the command 
centres or other units is also of importance for how effectively the crews can execute 
their mission.  Figure 20 summarises the parameters that lays the ground for mission 
performance within the area of maritime surveillance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. The sub parameters that are of interest when the performance 
of maritime surveillance missions is evaluated. 

 

                                                 
147 There are practically an infinite number of different scenarios that could arise and the reader should 
keep in mind that this is a model and hence a simplification of the real life situation. However, the 
parameters presented are considered to describe the major tasks performed during operations within 
respective area.   
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Since the use of technical equipment differs somewhat depending on the specific 
mission that is carried out, there will be a discussion of the different tasks in relation to 
the focus of the work done within the different areas. However, the work within the 
areas Fishery Control, Supervision of Shipping and Safety at Sea, Customs Work and 
Participation in Police Work, will be presented together under the term “Law 
Enforcement”. There are two main reasons for this. The first is that the equipment used 
to detect targets is basically the same in these areas. When environmental surveillance is 
carried out, there is a search for chemical substances on the water surface, while the 
other areas mainly concern the detection of objects, ranging from pleasure craft to 
fishing vessels to merchant vessels.  The second reason is that there is a point in 
separating environmental surveillance from the others, since this is the area where most 
flight hours are put in from the Flight Division and it is also an area with a clearly 
defined political objective. To summarise, the evaluation will be made within the 
following areas:  
 
• Environmental Surveillance 
 
 

• Law Enforcement
148

 
 
 

Environmental Surveillance 

Within environmental surveillance, the ability to cover large areas is mainly determined 
by the range of the SLAR, and the speed of the aircraft. The EO sensors could also be 
used to detect oil. Since it could be directed forward, a suspected oil spill could be 
found in front of the MSA and the aircraft could be flown over this area to see what 
comes up on the SLAR. When the SLAR indicates that there could be something on the 
water surface, there is not really any definite way of classifying it. However, by looking 
at the area optically and by using the IR/UV scanner, it is possible to get a fairly good 
idea of the content. The identification of a discharge is here defined as the ability to 
estimate the thickness and the spread of the discharge. The ability to do this depends on 
the characteristics of the IR/UV scanner.149 Documentation is dependent on the ability 
to use data from the SLAR and the IR/UV scanner and the ability to take pictures and 
video recordings of discoveries. If there seems to be a discharge of mineral oil, a 
sampling buoy is released and a boat is directed there to collect it150. When it comes to 
information exchange, it could be valuable to get information concerning a suspected 
discharge and it is also of importance to be able to send data from the sensors and 
photographs to the command centre and to the SCG’s seagoing units, so that they know 
where to go and in what area to focus clean-up actions.  

 

 

                                                 
148 Environmental surveillance could also be classified as law enforcement, but is kept separate to make 
the evaluation easier to grasp. The evaluation of environmental surveillance will therefore focus on the 
detection of discharges, since this is what discriminates this area from the other areas. However, basically 
the same methods and equipment that is used in the area of law enforcement could be used within the area 
of environmental surveillance, when there is question of detecting and identifying offenders.   
149 In some maritime surveillance aircraft, there is a microwave radiometer, which is another instrument 
that could be used to estimate the dimensions of a discharge.  
150 Erlandsson [2] 
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Law Enforcement 

The ability to cover large areas with respect to the detection of objects is mostly 
dependent on the characteristics of the radar, as well as the speed of the aircraft. The 
distance at which a classification of an object can be made is also influenced by radar 
characteristics. The ability to identify an object is connected to the qualities of the EO 
sensors. One important parameter is the ability to identify ships during dark hours, and 
the ability to get an accurate position of the object in focus. When it comes to 
documentation, it is valuable to be able to save information from the sensors and to be 
able to take photographs and recordings with high resolution. If there is suspicion of a 
crime, the documentation made from the aircraft could be used as evidence in court. To 
be able to perform for example fishery control, it is important to have access to updated 
information regarding the current fishing situation. The internal information access is 
also of importance, since it could act as a basis for decisions on the next move. It is also 
very important to be able to send information and documentation to the command centre 
and to other units. This information could for example be of use for the control of 
fishery and as support when there is need to take measures against criminal offenders.  

Rescue Service  

Rescue Service can be divided into Environmental Rescue at Sea and Sea Rescue. Since 
environmental surveillance already has been discussed, and environmental rescue is 
composed of many of the same elements, the focus here will be at sea rescue and 
especially search and rescue (SAR), since these operations could be more challenging 
than if the position of those in distress is known. Figure 21 shows the sub parameters 
that constitute mission performance when there is question of a SAR operation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21. The sub parameters that are of interest when the performance of 
missions that fall under rescue service is evaluated. 

Search and Rescue 

Time is an important factor when it comes to all rescue operations. In case of a SAR 
operation it is important to be able to arrive at the scene as fast as possible. The speed of 
the aircraft is therefore an important factor in deciding mission performance for rescue 
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operations. The next step is to search an area of interest, usually limited in range. The 
radar is useful to get an overview of the area, but the characteristics of the EO system is 
even more important when there is a search for a fairly small object in an area that is 
limited in range. The ability to identify the position with high accuracy is important for 
further action. Sometimes the Flight Division takes specific action; such as dropping a 
life raft or act as ACO and the ability to take action is dependent on the MSA 
emergency equipment and the design of the aircraft. When it comes to documentation, it 
is valuable to easily access data from the sensors so that accurate information regarding 
positions, and possibly photographs, of the situation could be transmitted to command 
centres and other units. It is also helpful to be able to send information on search 
patterns to MRCC/ARCC151.   

7.2 Evaluation Method 

The main parameters that contribute to system performance have been presented in the 
evaluation model. These parameters will be analysed more carefully and the difference 
between the current and the future system will be evaluated. This is done through a 
discussion of the difference between the parameter/function in the current and the future 
system and a judgement will be given on the basis of this discussion. The judgement 
will state whether the parameter in the future system is: 

• Significantly better  

• Better  

• No distinguishable difference 

• Poorer 

• Significantly poorer  
 
The evaluation of the sub parameters will be the basis for further evaluation of the main 
parameters that they constitute. Some sub parameters are more or less important than 
others and this will be taken into consideration when the total evaluation of a main 
parameter is done. It is not possible to state exactly how import a certain sub parameter 
is in relation to the other sub parameters, but the influence will be discussed and an 
attempt to estimate the weight of each sub parameter will be made.  

7.3 Result of Evaluation 

7.3.1 Availability 

Preventive Maintenance 

Table 6 shows that there will be a great difference in the number of days that the MSA 
will be unavailable for operation due to preventive maintenance. In the future there will 
be longer time between both A-checks and C-checks and the checks will be performed 
faster. This means that the MSA do not have to be scheduled at Skavsta as often as 
today and this could facilitate the operative planning. The scheduled maintenance time 
will be less than one third of the time that is spent on preventive maintenance today and 
this could be said to be significantly better. 

                                                 
151 Brehammar  
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Corrective Maintenance 

It is hard to tell if there will be more or less corrective maintenance in the future system. 
Even though the aircraft and the technical equipment are new, the increased complexity 
can lead to more problems and down time. On the other hand, if there is a problem with 
the basic aircraft that requires a spare part that is not in stock, it might be easier to get 
that part due to the closeness of people that operate the same type of system.  
 
Most likely, there will be a lot of complications during the first period of operation. 
According to Hans Malmquist, Chief Engineer in project KBV 501, it is fairly common 
that the users test different combinations and functions that the people designing the 
verification plans did not predict. He has experience from several systems that have 
been carefully tested and validated before being put into operation, but even so, 
problems have occurred when the systems have been introduced to the final users. Since 
all users are different and think and behave differently, it is not unusual that all of a 
sudden a bug is found and the system goes down.152 This indicates that the situation 
regarding corrective maintenance will be poorer during the introductory years. This 
problem could become more serious if the access to spare parts is limited due to a tight 
budget. However, after the first couple of years, both operators and maintenance staff 
will have more experience and the implementation problems will most likely have 
disappeared. The more easy access to spare parts might lead to less down time, but since 
this does not seem to be a major problem today, it can not be stated for sure that this 
will make a difference. In other words, there will be no distinguishable difference 
regarding corrective maintenance time with the future MSA.  

Total Judgement Availability 

The technical availability is a difficult parameter to evaluate, especially since the 
availability most likely will be lower during the introductory years. The final judgement 
will be made from a more long-term perspective, but it is still important to be aware that 
the implementation process most likely will lead to a decrease in availability, compared 
to today. As mentioned earlier, this is due to common implementation problems and 
inexperience, but could further be strengthen by a tight budget. The overall ability 
during the implementation period could also be dependent on the selling of the current 
MSA. If there turns out to be a lot of problems during the introductory period, the total 
availability could be further affected if none of the old MSA could be operated 
concurrently. However, it should be noticed that a major part of the maintenance 
problems most likely will concern the management system or the sensors. This means 
that the aircraft might still be available for operation, but with reduced capacity.   
 
The evaluation showed that the preventive maintenance time will decrease significantly 
and this also leaves room for more corrective maintenance, without decreasing the 
overall availability. Not considering the introductory period, the corrective maintenance 
time is believed to be at least comparable to today. This means that the total time for 
maintenance will be less that today and this motivates the judgement better. Table 8 
shows a summary of the judgements concerning the parameter availability.  
 
 
 
 
 
                                                 
152 Malmquist 2005-12-07 



 

 51 

Table 8. Summary of Judgements regarding Availability 

 
 
 
 
 

7.3.2 Endurance  

Time  

As seen in Table 2, the future MSA can carry almost three times as much fuel, but it 
also consumes twice as much fuel per hour. From simply dividing the fuel capacity with 
the fuel consumption, it is seen that the current MSA can stay in the air for 5 hours, 
while the future MSA can stay for approximately 7 hours and 15 minutes153. The ability 
to stay in the air for long could be of major importance during rescue operations or 
various forms of surveillance, but it also increases effectiveness in the daily operation of 
the Flight Division. A lot of time could be saved merely on the fact that the MSA do not 
have to be taken down for refuelling during a work shift. This means that the flights 
could be planned without having to consider the access to open airports, which saves 
time and facilitates planning. This increase in endurance, with regards to the time that 
the MSA could stay in the air, is considered to be significantly better.  

Range  

If the aircraft operate on low altitude, the cruising speed for the CASA is 150 knots/h 
and it is 200 knots/h for the Dash 8. In theory, this means that the CASA could fly 750 
nautical miles, while the Dash 8 could fly 1452 nautical miles154. The almost double 
range means that the MSA can fly the same distance as during a mission today and then 
back to the base again. Since there are no airports open at night in the north of Sweden, 
this could facilitate the planning and execution of flight missions in the northern region 
during night. The ability to fly back to the base could also mean that the number of 
nights that the crews have to stay in hotels decrease considerably, with reduced costs for 
the SCG as a consequence.155 The increase in range with the future MSA could be 
stated to be significantly better.  

Total Judgement Endurance 

The almost double increase in range and the ability to operate for more than 2 hours 
longer with the future MSA, has given each of the sub parameters the judgement 
significantly better (see Table 9). It is not difficult to summarise this and state that the 
endurance of the future MSA is significantly better.  
 

Table 9. Summary of Judgements regarding Endurance 

 
 
 

 
 

                                                 
153 Timan (Required reserves are not considered and the flight altitude is assumed to be low)  
154 Timan (Required reserves are not considered and the flight altitude is assumed to be low) 
155 Timan 

 Judgement 

Preventive Maintenance Significantly Better 
Corrective Maintenance No Distinguishable Difference 
Total Judgement Better 

 Judgement 

Time Significantly Better 
Range Significantly Better 
Total Judgement Significantly Better 
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7.3.3 Working Environment 

Noise Level 

Table 7 shows that there will be a significant improvement when it comes to the 
operators’ exposure to noise. The levels of noise in the future MSA will not only 
decrease; they will also make it possible to work without hearing protection. The risk of 
getting impaired hearing due to the noise exposure will decrease significantly and the 
lower noise levels will also make it possible for the operators to work for an additional 
number of hours a day. The operators will most probably feel less tired and the decrease 
in fatigue makes it easier to stay alert and thereby be able to analyse situations and 
perform tasks better. These factors make it possible to state that the operators’ situation 
regarding the level of noise will be significantly better.  

Comfort 

The improved possibility to regulate the climate in the aircraft will lead to a more 
comfortable working environment, but it could also have a positive influence on safety. 
The more spacious work area and the rest area provide a better possibility to stretch out 
and take breaks, which helps concentration when the operators are seated in cockpit or 
at their workstations. The access to kitchen facilities makes it possible to have a coffee 
or entire meal and the crew will thereby be less dependent on opening hours of 
restaurants on the airports. The mentioned facilities also make it possible to operate for 
a longer period of time, if necessary. Accordingly, the comfort in the new MSA will be 
significantly better.  

Total Judgement Working Environment 

The noise level and comfort in the MSA are both important when judging the overall 
working environment. The summary in Table 10 shows that they both have been 
awarded the highest judgement and it is therefore natural that the total judgement of the 
working environment in the future MSA could be considered significantly better.  
 

Table 10. Summary of Judgements regarding Working Environment 

 
 
 
 

7.3.4 Mission Performance 

Environmental Surveillance 

Area Coverage 

The capacity to cover large areas is especially important when it comes to 
environmental surveillance. The more often an area can be watched over, the bigger the 
chance that a discharge will be discovered on an early stage. Since the SLAR in the 
future MSA basically has the same capacity as the current one, there will be no 
difference in the ability to cover a large area due to the range of the SLAR. However, 
the speed of the aircraft also affects the ability to cover large areas and since the 
cruising speed will go from 150 knots to 200 knots, the surveillance capacity could be 

Summary Working Environment Judgement 

Noise Level Significantly Better 

Comfort Significantly Better 

Total Judgement Significantly Better 
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said to increase from 18 0000 km2/h to 24 000 km2/h156. This increase makes it possible 
to state that the ability to cover large areas, when environmental surveillance is carried 
out, will be significantly better with the future MSA.157   

Classification 

When the SLAR indicates that there could be a discharge on the water surface, there is 
not any definite way of becoming 100 % sure that it is mineral oil. However, by looking 
at it optically and using the IR/UV scanner, it is possible to get a fairly good idea of the 
content and at least rule out the possibility that the water simply is unusually still at that 
moment. Today, the IR/UV scanner is rarely used due to the old scanners and the 
inconvenience with the manual adding of liquid nitrogen. The introduction of three new 
IR scanners with a built in cooling system will mean that the chances of being able to 
classify a SLAR indication will increase, since the scanners most likely will be used 
more often. The fact that it will be possible to upgrade the scanners if a new technique 
for classification of mineral oil is found, is also an advantage. The judgement is that the 
ability to classify becomes better.  

Identification 

There will not be that much difference in the theoretical capacity of the IR/UV scanner, 
but there will still be an improvement, since the IR/UV scanners can be utilised more 
often. The ability to calculate the area and volume will also improve. These factors 
mean that the ability to identify the dimensions of an oil discharge will increase, which 
motivates the judgement better.  

Documentation 

The improved performance of the cameras and the EO sensors means that is will be 
possible to get photographs and video with higher quality than today. An advantage 
with the new digital still camera is that it will be connected to the management system, 
so that time, date and information regarding position will be annotated on the 
photographs. When a discharge of oil is found and there is no apparent offender nearby, 
the ability to save all data from the sensors could be valuable in the search. The 
situation at sea when the discharge was found could be analysed with a considerably 
wider perspective than today and suspected offenders could be contacted. The recording 
possibilities that come with the future MSA could be of use here as well. The functions 
of the future report system are not entirely defined yet and the management system will 
most likely be upgraded at some point after the MSA have been put into operation158.  
This upgrade could provide the system operators with better possibilities to handle 
reports, by making it possible to import position data from the management system to 
KIBS automatically. As the situation is today, the documentation abilities regarding 
environmental surveillance with the future MSA are judged to be better. 

Information Exchange 

The transfer rate of data communication could be almost 30 times faster than in the 
current MSA, which means that it will be possible to send pictures at a much faster rate. 

                                                 
156 Assuming that the ability to detect targets is the same and not considering the influence that a change 
in flight altitude may have. See appendix 1 for calculations.  
157 The fact that the EO sensors are used for detection as well is not considered here, since the effect they 
have on the ability to cover large areas is too undefined to evaluate. However, it is likely that the new EO 
system contributes further to the ability to perform environmental surveillance.   
158 Erlandsson [2] 
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It could also be useful to send short video recordings that show the spread of a 
discharge. The use of a communications server to ensure that all sent information is 
delivered means that the sending process does not need any attendance from the system 
operators. These improvements suggest that it will be more common to send 
photographs and other information in the future, which could mean that the command 
centres will have a better basis when directing action and the sea going units could be 
more efficient. Since it will be possible to receive reports from the flight crews at an 
early stage, the possibilities to analyse the information will also increase. The improved 
possibilities for data communication will also mean that satellite pictures could be sent 
straight to the MSA. These factors demonstrate that the capacity regarding information 
exchange will be significantly better in the future MSA.  

Law Enforcement 

Area Coverage 

The detection range of the surveillance radar will increase considerably with the future 
system, which means that the SCG will get an exceptional overview of the situation at 
sea. Besides this, the increase in cruising speed further contributes to the ability to cover 
large areas. It is easy to say that the ability to cover large areas will be significantly 

better in the future.  

Classification 

The features of the new surveillance radar will increase the ability to classify targets 
radically in the future. A lot of time can be saved if the MSA can classify a target from a 
long distance. For example, if the intention is to check that no fishing vessels are fishing 
in a prohibited zone, it will be possible to determine whether there are any vessels 
present, on a much longer distance. Secondly, if a target is detected, The RS mode can 
be used to determine the size and it can be seen if it is for example a merchant vessel or 
a smaller fishing vessel. If the target is classified as a merchant vessel, there is no need 
to go to the area in question and the MSA can move on to new tasks. The RS mode 
could also be used during supervision of heavily trafficked routes, to check the 
distances between ships so that they are not too close to each other. The EO sensors are 
used to classify targets today and could also be used in the future system, with an even 
longer range. However, the use of the EO system is limited by bad weather conditions, 
such as haze and fog. The radar, on the other hand, could be used during these 
conditions as well, and is also useful at a longer distance. The possibilities to classify 
targets can be said to be significantly better with the future MSA.  

Identification 

As noticed earlier, one of the EO sensors in the current system has considerably better 
capacity than the other two. Even if Star III and MX-15 have similar capacity regarding 
some of the characteristics, it can be seen that the stabilisation is notably better with the 
future EO system. This could have an important effect on the quality of the footage, 
which will be less clear with a more unsteady turret. The ability to identify targets in the 
dark is extremely important in the pursuit of lawbreakers. This means that for example 
illicit fishing could be exposed, before the offenders even notice that the SCG is in the 
area.  The geo pointing function could also be useful, especially in the identification of 
smaller targets. The fact that the position of the target is displayed could also facilitate 
the co-operation between the system operators and the pilots. The factors mentioned, in 
addition to the total increase in identification performance that is brought on by the 
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installation of three new EO systems of this capacity, generates the judgement 
significantly better.  

Documentation 

The increased performance of the EO sensors means that it will not be necessary to use 
the handheld cameras as much as before, since the quality of the footage with the EO 
system will be much better. When the handheld cameras are used it is valuable to get 
information on the current situation on photographs and the integration of the video 
camera to the management system is more smooth and easy that in the current MSA. 
The EO sensors could be used in the dark to a higher extent than before, which could be 
very useful when suspicious activities are documented. The integration of audio 
recording in the management system is also a plus, since radio communication could be 
saved and used as evidence later. The ability to save all sensor data is also of 
importance for the same reason. These factors summarised generates the judgement 
significantly better when it comes to the documentation abilities within the area of law 
enforcement for the new MSA. 

Information Exchange 

Many of the advantages that come with the improved possibilities to send and receive 
data are important for all missions. When it comes to fishery control, it will be useful to 
be able to get updated information on the positions of fishing vessels to the aircraft. 
Today, the information is collected before take off and could be several hours old, when 
the MSA comes to the area in question. With the future MSA it will be possible to 
receive the latest data when it is needed, which could facilitate the mapping of fishing 
activity. It will also be possible to send an updated tactical plot from the MSA, which 
shows the currents situation at sea, to the command centre and other units.159 The fact 
that both system operators and pilots can view the tactical plot will provide better 
situation awareness and it will be easier to plan the next step. Information exchange is 
judged to be significantly better in the future MSA.  

Search and Rescue 

Transfer 

The speed of the aircraft is the most important factor that decides the ability to transfer 
quickly to an emergency situation. As seen in Table 2, there will be a substantial 
difference between cruising speed and maximum speed between the current and the 
future MSA. Besides this, the increase in endurance also effect the transfer time, since 
the current MSA are more likely to have to go down for refuelling than the future. The 
difference in speed indicates that the ability to quickly get to a specific area to perform a 
search and rescue mission is significantly better with the future MSA.   

Predetermined Area Search 

The future surveillance radar will facilitate the detection of targets greatly, but when 
there are searches in a limited area, the EO sensors are especially useful. The increase in 
performance for the EO system will certainly facilitate searching in the dark. The wider 
range of fields of view could also be of importance. The stabilisation of the turret 
influences the ability to get an accurate position, which is crucial when other units are 
guided to the spot. The geopointing function will be very valuable, since the cameras 
could be locked on an object, such as a life raft, which otherwise would be easy to loose 
                                                 
159 Erlandsson [1] 
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sight of in rough sea. The increase in capacity implies that the ability to search a 
predetermined area will be significantly better with the future MSA.   

Action  

The ability to act as ACO will increase in the future. The double set of radio and 
telephones will make it possible to use the same type of radio at two system operator 
consoles, but on different frequencies.  The size and equipment of the aircraft means 
that it will be possible to put in extra people in case of a SAR mission. The third system 
operator console could be used by a leader of the rescue operation, since it is equipped 
with all necessary radio equipment, and also provides an overview of the situation 
through the tactical plot. The two extra observer seats could also be used for optical 
search. Besides this, it will be possible to transport a rescue crew or an extra pilot and 
system operator to take over it the mission would last for a long time. Two life rafts 
make it possible to assist more people, if necessary, and the air operable door will 
facilitate the dropping of life rafts. The factors mentioned imply that the ability to take 
action during search and rescue missions will be significantly better with the future 
MSA.  

Documentation 

The ability to save data from the sensors and record all voice communication could be 
useful when rescue missions are analysed. By replaying the mission, the action taken 
could be examined and alternative methods considered. A lot of units, with different 
backgrounds and qualifications, co-operate during SAR missions to achieve a successful 
result. The ability to analyse the mission afterwards could be valuable in order to 
improve performance in future rescue missions. There will also be an improvement 
when it comes to documenting search patterns. It will be possible to make specific 
search patterns at the system operator consoles and these could be exported to the Flight 
Management System (FMS) in cockpit.160 Documentation abilities are judged to 
become better with the future MSA.  

Information Exchange  

The ability for the whole crew to get an overview of the situation could be of 
importance during a rescue mission. This has improved with the future MSA with 
regards to the nearly identical system operator consoles and the displays in cockpit. The 
internal communication system could also facilitate operation, if there are several 
persons aboard. As mentioned above, the double set of radios could be useful and the 
major improvement in data communication speed will make it possible to send and 
receive more updated information on search patterns. The factors mentioned imply that 
information exchange will be better when it comes to SAR missions with the future 
MSA.  
 
All the judgements within respective area are summarised in Table 11.  
 
 
 
 
 
 

                                                 
160 Brehammar 
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Table 11. Summary of Judgements regarding Mission Performance 

 
 
 
 

 

 

 

 

 

 

 

Total Judgement Mission Performance 

As with the other main parameters, the tasks within the respective areas of the 
parameter mission performance have a varying significance for the final outcome. 
Within the area of environmental surveillance, all tasks are important, but the ability to 
cover large areas in the search for oil discharges is central. It is also valuable to be able 
to classify and identify the proportions of the discharge. Another important step is to 
document the situation and be able to quickly send information to the command centre 
and other units who can decide how to proceed and direct possible clean up actions. 
Within the area of Law Enforcement, it is valuable to be able to detect, classify and 
identify objects from a long distance and in poor light conditions. Documentation is an 
important step in the pursuit of lawbreakers and the ability to receive and send updated 
information provides a basis for an efficient execution of tasks. When it comes to 
Search and Rescue, the most important aspects are the ability to quickly get to the area 
in question and be able to perform an effective search. It is also valuable to be able to 
get an overview of the situation, be able to send and receive information in real time and 
take action by dropping life rafts if necessary.  
 
To sum up, all the sub parameters have become better with the future MSA and the 
most important sub parameters within respective area have received the judgement 
significantly better. As presented in Table 12, this motivates the total judgement of 
significantly better to all three areas.  
 

Table 12. Total Judgement of Mission Performance within Respective Area 

 
 
 
 

 Judgement 

Environmental Surveillance   

Large Area Coverage Significantly Better 

Classification Better 

Identification Better 

Documentation Better 

Information Exchange Significantly Better 
Law Enforcement  

Large Area Coverage Significantly Better 

Classification Significantly Better 

Identification Significantly Better 

Documentation Significantly Better 

Information Exchange Significantly Better 
Search and Rescue  

Transfer Time Significantly Better 

Predetermined Area Search Significantly Better 

Action Significantly Better 

Documentation Better 

Information Exchange Better 

Environmental Surveillance  Significantly Better 

Law Enforcement  Significantly Better 

Search and Rescue Significantly Better 
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7.3.5 Total Evaluation of System Performance 

The evaluation so far has shown that the majority of the assessed main parameters and 
sub parameters are considered to be significantly better with the future MSA than with 
the current. A summary of the evaluation of the main parameters is presented in 
Table13. The most unreliable parameter is availability, which suffers the risk of being 
poorer during the introductory years, due to the possible increase in corrective 
maintenance that might occur when the new MSA are introduced. However, looking at 
it long-term, the evaluation shows that the overall availability will become better with 
the future MSA.  
 
The next question is whether all the main parameters have an equal effect on system 
performance? Probably not, but it is clear that they all greatly contribute to the 
performance of the system. It is not possible to state whether one aspect is more 
important than another, since it is, to some extent, the combination of different 
characteristics that make the evaluated increase in system performance possible. This is 
what the saying “the whole is greater than the sum of its parts” is all about. As an 
example, the increase in aircraft endurance would have had less effect on overall system 
performance, if it was not accompanied by a better working environment. Surely, it 
could be useful to be able to fly a longer distance without having to refuel, but the 
working environment would still have been a limitation for the duration of the mission. 
On the other hand, the combination of these parameters will provide the SCG with 
completely new opportunities for operation. Some of the specific possibilities that 
appear as a consequence of the increase in performance will be discussed briefly below.  
 
As mentioned before, the evaluation model does not cover all aspects that contribute to 
system performance, mainly the ones that are comparable at this time. When all the 
judgements are summarised, there is a clear indication that the performance of the future 
aircraft system will be significantly better than with the current one.  
 

Table 13. Summary of Judgements for all Main Parameters 

 

 
 
 
 
 
 

7.4 Implementation Considerations 

So far, the evaluation has shown that the system performance of the future MSA by no 
doubt will be better than the current. However, it is important to realise that this 
increase in performance not necessarily means that the overall effectiveness of the 
Swedish Coast Guard will increase. The future aircraft system certainly has potential to 
contribute to better results in the execution of the SCG mission, but this depends to a 
great extent on how it is implemented in the organisation. There are several aspects that 
need to be considered if the potential of the future aircraft system is going to be 
optimally made use of.  

Summary Main Parameters Judgement 

Availability  Better 

Endurance  Significantly Better 

Working Environment Significantly Better 

Mission Performance Significantly Better 
Total Judgement System Performance  Significantly Better 
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7.4.1 Education and Training 

The future technical system brings an enormous amount of opportunities for more 
effective operation. It is of great importance that both pilots and system operators realise 
the potential of the new MSA and receive adequate education and training to be able to 
use them optimally. Some of the technical equipment in the future MSA will have 
practically the same functionality as today, but in conjunction with the new 
management system and the additional functions of the other sensors it will still bring 
new operating possibilities. If the crews do not receive the right training and education 
to recognise the value of these new opportunities, there is a risk that they could fall back 
into old patterns and the increase in performance would simply concern the change in 
technical capacity. The greatest change that the new sensors bring is the future 
surveillance radar. This sensor alone will make an incredible difference in surveillance 
capability. It is of great importance that the system operators get carefully instructed on 
its different functions and the new possibilities for surveillance that it brings, so that it 
will be used as the great asset it is. Even if the education and training received is 
thorough, it is not possible to become fully educated on such short time. However, it is 
important that the education and training provide the crews with sufficient knowledge to 
feel comfortable using the new equipment. When this is the case, the methods and 
understanding can be further elaborated during operation and the operators will 
hopefully find the best possible ways to utilise the potential of MSA in full.  
 
The challenge for the Swedish Coast Guard and Field Aviation at the moment is to 
ensure that the flight crews receive an education and training that will provide them 
with this necessary knowledge. According to the contract, the supplier is imposed to 
provide education for both pilots and system operators. At first, the SCG was not 
satisfied with the amount of time that was originally set aside for education.161 This time 
has now been extended and the education is being worked out in more detail. A 
thorough education does not only mean a more effective operation, it could also lower 
the risk of experiencing unnecessary user faults during the introduction of the new 
MSA. According to Per Lindelöw, technical director aircraft maintenance, the problem 
with a decrease in availability due to inexperienced users could be reduced through a 
comprehensive education162. The complexity of the systems also means that it will be 
even more important with continuous education. John Brehammar is concerned that it 
could be more complicated to get continuous education in the future, for example when 
new system operators are hired. This is not a problem today, since SSC takes care of 
most of the education on the current technical equipment and they are stationed in 
Solna. People from the Flight Division have also been responsible for some of the 
education. Since the complexity of the future MSA could require specific sensor experts 
to handle the education, a more problematic situation could arise, since the suppliers are 
stationed in Canada and the United States. This means that the system operators also 
need to be prepared to receive their education in English.163  

7.4.2 Development of Operational Strategies and Working Methods 

A thorough education is a step on the way, but to be able to use the performance of the 
future MSA optimally, it is necessary to adjust operational strategies and working 
methods as well. The Flight Division needs to consider how they should act to use the 

                                                 
161 Franzén 2005-10-06 
162 Lindelöw 2005-11-30 
163 Brehammar 
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new possibilities to a maximum. This concern both overall strategies on how the MSA 
are going to be used and more specific operational strategies on how to solve the tasks.  
 
To begin with, it is necessary to determine how the MSA are going to be operated with 
regards to flying time and personnel. From a management point of view, it is of interest 
that the potential of the new MSA is made the most of. Lars Franzén, head of Flight 
Command, believes that it is important that everyone is aware that the new MSA are 
acquired in order for the Flight Division to be more effective. However, he also 
emphasizes the importance of having a discussion with the employees on how this is 
done. 164 From the employees’ point of view, there seems to be a concern about the 
future working conditions, most likely because they have not been determined yet. 
Development of new working strategies does not happen over night and therefore it is 
critical that this work is undertaken immediately. The new MSA bring a number of new 
operating opportunities and these all have to be considered. For example, how long are 
the working shifts going to be? Are they always going to be the same length? Should 
the flights primarily begin and end at Skavsta? How many people should a crew consist 
of? Should there be one, two, or three system operators? Perhaps an alternative would 
be to develop operational profiles, where the length of the shift and the size of the crews 
are variable? These questions are just a fraction of the ones that have to be dealt with 
when the new strategies are developed. As Franzén points out, it is important that the 
personnel take part in the development process, since they have to be comfortable with 
the future working conditions. Since the new strategies most likely require a change of 
working hours, it is also necessary to co-operate with the union.  
 
It is not only the overall strategies that needs to be considered, it is also important to 
develop operational strategies on how the MSA are going to be used optimally in the 
air. As mentioned before, there are an incredible amount of different scenarios that 
could take place and it is not feasible to plan these in detail. There is also a point in 
elaborating operational strategies after the MSA have been used for a while. 
Nevertheless, it is essential to consider some basic approaches on how to operate and to 
develop a new tactic before the new MSA are introduced. This is not easily done, 
especially when the flight personnel are used to a certain way of doing things and the 
new MSA are technically more complex. However, it is important to take a step away 
from how things are done today and realise that the future capacity requires a change of 
working methods, if the performance is going to be optimally made use of. Hans 
Malmquist suggests that the SCG turn to the tactical units at the Swedish Armed Forces 
or the Swedish Air Force to get advice on how they should adjust their way of operating 
in the air. FMV could also be of help when it comes to sensor knowledge. Malmquist 
believes that it is important to have a tactical approach and a plan from the start, even if 
the methods naturally have to be adjusted to the real life situation.165  
 
The Flight Division has recently started this important work, by appointing a group to 
deal with operational questions. The next step is a conference for the entire Flight 
Division at the end of March, where these issues will be discussed. This is definitely a 
step in the right direction and hopefully there will be an intense work process so that 
some basic strategies could be worked out before the first MSA is put into operation.  

                                                 
164 Franzén 2005-10-06 
165 Malmquist 2005-12-07 



 

 61 

7.4.3 Managing an Increasing Amount of Information 

The capacity of the future MSA means that more information will be delivered to the 
command centres, both through verbal communication and through reports that are used 
for analysis. It also means that the crew on the MSA will have a greater need to receive 
updated information. It is important that there are enough resources on the command 
centres to handle this increase in information exchange.  
 
According to Lars Mattson, Commander of staff at Regional Management East, the 
mission reports that the system operators send to the command centre today are usually 
very ambitious and he feels that the information could be taken care of more 
thoroughly. There is a lot of useful information in these reports, but the regions do not 
have the capacity to analyse all the information that is given. Mostly used is the 
information that is given in the verbal debriefings to the duty officer. Pictures that are 
taken during rescue operations are also very valuable and are used as a basis for 
decisions on further action. Mattson thinks that it would be useful to have more people 
that could analyse information and put different pieces together. Today, there is one 
person in each region that is in charge of handling intelligence matters, but this person 
has other tasks to perform as well and is quite loaded with work. Mattson believes that 
the Swedish Coast Guard definitely could get better when it comes to information 
handling and intelligence service. There is some work done in these areas, like the start-
up of SMIC and FKC that will provide intelligence and fishing information, but 
Mattson’s impression is that it has not led to better access to information so far. He 
believes that there is a lot of work to do, especially in the near future when the new 
aircraft are introduced. It is important that the crews have relevant information from the 
start, if the technical capacity of the aircraft is going to be used effectively.166 Since the 
command centres seem to have problem with information handling with the current 
MSA, it is necessary that the SCG consider how to deal with this situation when the 
future MSA are introduced. The increase in information exchange means that there will 
be a greater need for more people who can manage and analyse this information.   
 
According to Nils Lindquist, duty officer at the command centre connected to region 
East, it takes almost full time from one person to coordinate an MSA when it is present 
in the region today. The increase in information that most likely will come with the 
future MSA means that more staff is needed to handle it. He also believes that it is not 
so far away to consider that the Flight Division could be controlled by its own duty 
officer.167 This is something that several pilots and system operators has mentioned. 
They feel that the operative planning and use of the MSA could be more effective if 
there was one function that controlled the MSA over all regions. Today, it is felt that 
there is a communication gap between the different regions and the total resources are 
not planned optimally. Another problem is that the people in the different regions are 
not aware of the special regulations that hold for the flight crews. For example, it has 
happened more than once, that the resting periods have been interrupted, due to 
unawareness from the duty officer in charge. A common view among flight crew 
members seems to be that these problems would disappear if there was a specific 
control function for the Flight Division. This function would obviously be connected to 
long term planning as well as co-operate with the regional command centres regarding 
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more immediate control. A specific flight control function would provide a more 
comprehensive view of all of the operating MSA and not unlikely increase the total 
effectiveness. Since the control of the MSA today seems to be problematic, and the 
future MSA will be moving over larger areas and hence cross different regions more 
often, it could be valuable for the SCG to consider this option.  

7.4.5 Organisation and Nation Wide Awareness  

To be able to use the future MSA optimally, it is vital that the entire organisation of the 
SCG is aware of their performance. Since the regions request assistance from the Flight 
Division, it is necessary that they have an understanding of what is and is not possible to 
do. Mattson thinks that it is necessary to form some kind of group from the Flight 
Division who can educate regional managements and the people on the command 
centres on the performance of the future MSA. Since the VBs plan the flight in co-
operation with the pilots, it is for example necessary that they know the range, speed 
and operational capabilities of the aircraft during different conditions.168  
 
Information regarding the performance of the new MSA needs to be presented to other 
instances as well. All of the authorities that the SCG co-operates with today need to be 
informed and it is also possible that the increase in performance generates new 
collaborations. According to Dan Thorell, head of Maritime Surveillance, there could be 
more missions appointed to the SCG if there is a more widespread knowledge of the 
Swedish Coast Guard’s capacity. He also believes that there is a need to inform units 
within the judicial system of the future possibilities. The court and prosecutor are 
familiar with the pictures that are produced with the current MSA, but they need to 
know the difference in data processing with the future MSA. There is a great fear that 
data is manipulated in some way and hence it is important that there is work put into the 
presentation of data and into describing for the court how the data has been 
processed.169 
 
It is also important that the people working at sea and the public become aware of the 
performance of the future MSA. One of the SCG ambitions is to be able to prevent 
criminal activities by being present at sea. Lars Franzén believes in publishing a lot of 
information in connection to the introduction of the new MSA. There has for example 
been talk about the Swedish Coast Guard future surveillance capability within the 
International Maritime Organisation (IMO).170  
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8. Discussion 

8.1 Further possibilities 

This final chapter starts with a short presentation of further possibilities that comes with 
the future MSA and touches briefly on cost considerations. The concluding discussion 
at the end covers the most important conclusions of the report.   

International Assistance 

The endurance of the future MSA will, as already mentioned, make it possible to 
operate differently than today, but they also bring opportunities to perform mission that 
cannot be executed today. The increase in range will especially facilitate more 
international work. Ronnie Willman, operative planner at the Flight Division, believes 
that the new MSA provides an opportunity to assist nations that have limited resources 
for air surveillance, such as the Baltic countries. The increase in surveillance capacity 
that comes with the future MSA means that it could be possible to sell flight hours to 
those who need it.171 It is also likely that the MSA will be requested to take part in case 
of larger international rescue operations, all over Europe.172 The endurance of the future 
MSA will also make it possible to use them for fishing surveillance in the area in the 
north east Atlantic173. This will be a great contribution, since the area is large and there 
is little access to aircraft today.   

Flexibility 

The capacity of the MSA will make the planning and operation more flexible in the 
future. Today, operation is sometimes restricted due to the limited capacity of the 
aircraft. As mentioned before, there are no night open airports in the north of Sweden, 
and flights during the night hours are therefore limited. Weather conditions also have an 
effect on the ability to start and land. If the winds are strong, it is sometimes not 
possible to land on a certain airport. In table 2 it is shown that the current MSA cannot 
land on an airport if the cross wind stronger than 20 knots, while the future MSA can 
land in cross winds up to 36 knots. When it comes to fair wind, it cannot exceed 10 
knots for the CASA 212, while the corresponding limit is 20 knots for the Dash 8. This 
is an important improvement, since some airports only have certain means of landing 
assistance in one direction.174 
 
The fact that there are three practically identical system operator consoles in the future 
MSA brings a redundancy to the system, since it will be possible to use the MSA even 
if there is a problem with for example a screen or a keyboard. It will also be possible to 
bring new technology to the MSA that could be put on one of the consoles and the two 
remaining could be operated as usual. According to Lars Franzén, the next step when it 
comes to environmental surveillance is to study air pollution from vessels. The more 
intense maritime traffic makes this an increasing problem and it is currently being 
investigated how to develop a system to analyse emission from vessels. The future 
MSA has the physical capacity to carry more technical equipment if this comes into 
question. 175 
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Recruitment and Training  

According to Franzén, there is a fairly large turnover of system operators, which means 
that education and training of new system operators have to be performed regularly. By 
having three system operator consoles in the future MSA it will be easier for newly 
employed system operators to receive on-the-job training.176 The MSA today also differ 
somewhat in cabin layout and other functions such as autopilot. Hans Timan says that 
the identical design of the future MSA will increase flight safety, both during operation 
and if the aircraft for some reason need to be evacuated. He also believes that the more 
comfortable working environment could make it easier to recruit new pilots and system 
operators.177  

Analysis and Evaluation of Missions 

The ability to record entire missions with the future management system could be used 
by the SCG Flight Division for analysis and evaluation of mission execution. By going 
through “real” situations that have been experienced and discussing the action taken, it 
could be possible to come up with more effective ways of action. It could also be useful 
to use recorded missions as case studies during the education for newly employed 
system operators and pilots. Real life situations could be simulated and act as a basis for 
discussion on how to act. Another possible use could perhaps be to evaluate the action 
taken during complex rescue operations when several different units co-operate. Given 
that all voice communication can be recorded and data from the sensors could be saved, 
it might be possible to analyse the co-ordination and action taken during a rescue 
operation. If all action is examined closely, it might lead to improved methods or a more 
effective utilisation of resources.  

8.2 Cost considerations 

Costs have not particularly been taken into account in this report, but have been 
mentioned a few times, both as obstacles and saving possibilities. It should be noted that 
the operating cost of the future MSA is considerably higher than with the current. This 
report has not specifically aimed to investigate to what extent the increase in costs is 
compensated by the increase in performance. However, the evaluation shows that the 
capacity to perform the missions of the SCG will be significantly better with the future 
MSA and there will be further possibilities for more effective operation through the 
improved conditions regarding availability, endurance and working environment.  
 
As mentioned before, the lack of financial resources could in worst case have a severe 
effect on the availability of the MSA during the introductory period. Money has also 
been a restraining factor in the purchasing process. On the other hand, the 
characteristics of the future MSA also bring opportunities to be more cost-effective. It is 
likely that an increasing number of missions will start and end at Skavsta and according 
to Hans Timan, this would not only reduce costs of hotel nights and personnel, it could 
also compensate for some of the increasing costs of fuel. Today, a charge has to be paid 
every time an aircraft land on a different airport than the one that it took off from. This 
will not change, but the costs can be reduced if the future MSA will start and land at 
Skavsta more often. Timan also mentions that it could be possible to have a fuel depot 
at for example Skavsta, where cheaper fuel could be obtained than elsewhere.178 
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8.3 Concluding Discussion 

The evaluation has shown that the overall system performance will be significantly 
better with the future MSA. When mission performance is examined more carefully, it 
can be seen that there will be greatly improved capabilities for mission execution, 
within all areas. Among some of the greater improvements is the ability to detect and 
classify targets on a much greater distance, the ability to identify persons and objects on 
a greater distance in the dark, the ability to cover larger areas of sea surface per hour 
when performing environmental surveillance, the ability to quickly act and have staying 
power in case of a rescue operation, the ability to document different kinds of situations 
and the ability to receive and send updated information on the current situation. The 
endurance of the future aircraft means that each flight hour could be used more 
effectively and leads to new possibilities of operation. The improved working 
environment is a condition for a more effective operation and will influence the crews’ 
comfort and well-being. The decrease in preventive maintenance time will likely make 
the MSA more available for operation and facilitate operative planning.  
 
The result of the evaluation implies that project KBV 501 has been successful in the 
procurement of the new MSA. There is no coincidence that this result is obtained. It is 
obvious that there will be an increase in performance when an old and worn out system 
is exchanged for a brand new, but the extent of the improvement is most likely 
dependent on the thorough acquisition process and the close co-operation between FMV 
and the SCG. It is not likely that the result would have been as successful if any of the 
two authorities had taken on the work single-handedly.  
 
The biggest concern that arose in the course of the evaluation is the potentially low 
technical availability, due to a possible increase in corrective maintenance time, during 
the introductory period. This could be a bottleneck when the new MSA are put into 
operation and the SCG should be aware that it could in worst case lead to a decrease in 
effectiveness, compared to today. On the whole, it is important to be aware that there 
will be a transition period before the operation of the new MSA runs smoothly and it is 
possible to see the results of the increase in system performance. It should also be 
considered that the complexity of the systems will remain after the introductory years 
and could lead to more problems over time. There is also a risk that some of the new 
functions will not be used. One reason for this is that the selection of functions will be 
considerably more extensive than today, which means that it gets complicated to keep 
track of all different functions.  
 
As mentioned at the beginning of this report, there seems to be an increasing need for an 
effective coast guard. At the moment, a lot of money is being invested into the Swedish 
Coast Guard, not only in new aircraft, but also in several new vessels and the SCG is 
getting further tasks and authorities. Lars Mattson hits the nail on the head, when he 
points out that it is crucial that the SCG considers how all this new equipment is going 
to be handled optimally. There is a tendency within the authority that these issues have 
had to make way for more tangible aspects, such as the acquiring of new technology. 
Mattson emphasizes that the work on how to deal with the new resources have to be 
started now, so that the organisation is prepared once they are taken into operation.179 
This could be considered to be the major challenge for the Swedish Coast Guard at the 
moment. There is a need to focus on how to use the acquired resources. If the result is to 
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be optimised it is also necessary to base the new strategies on the capacity of the new 
resources and not get stuck in old patterns of operation. It could be useful to identify the 
most critical functions that have the ability to enhance system performance and make 
sure that these are considered when new tactics are developed. If the SCG fails to 
operate the new resources successfully, it will not only be a waste of potential, but will 
probably have a negative effect on future investments as well.  
  
To conclude, the analysis and evaluation of the system performance of the Swedish 
Coast Guard’s future maritime surveillance aircraft indicates that the acquisition of the 
technical system has been successful, since it has the potential to greatly contribute to 
the execution of the SCG mission. However, the extent of the increase in system 
performance is dependent on how well the SCG handles the preparation and 
implementation of the new MSA. There is still a lot of work ahead before it can be 
finally determined how the acquisition of the future MSA has affected the overall 
system effectiveness.  
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List of Acronyms, Abbreviations and other Definitions 
ACO: Airborne co-ordinator 
AFS: Arbetsmiljöverkets Författningssamling The Swedish Work 

Environment Authority’s statue book. 
AIS: Automatic Identification System  
ARCC: Aeronautical Rescue Coordination Centre 
CSAR: Classification SAR – Radar mode in the future surveillance radar 

utilised to classify targets. 
CEPCO: Coordinated Extended Pollution Control Operation 
EO sensor: Electro Optical sensor. System where electrical and optical 

components act together.  
FKC: Fiskerikompetenscenter, Fishery Competence Centre. A co-operation 

between the SCG and the Swedish Board of Fisheries. 
FLIR: Forward Looking Infra Red 
FMV: Försvarets Materielverk (Swedish Defence Materiel Administration) 
HELCOM: Helsinki Commission. Baltic Marine Environment Protection 

Commission 
ISAR: Inverse SAR- Radar mode in the future surveillance radar utilised to 

classify targets. 
KBV: Kustbevakningen. The Swedish Coast Guard  
KIBS: Kustbevakningens Informations och Beslutsstöd System 
KT: Knot. Unit of speed. 1 Knot = 1 nautical mile per hour 
MIGRIS: Database containing data and photos of ships 
MMS: Mission Management System 
MRCC: Maritime Rescue Coordination Centre 
MSA: Maritime Surveillance Aircraft. Basic aircraft with technical 

equipment added to make it useful for maritime surveillance. 
MSS: Mission Support System (Field) 
MSS: Maritime Surveillance System (SSC) 
NEAFC: North East Atlantic Fisheries Commission 
NM: Nautical Mile. Unit of length. 1 NM = 1852 meters 
RAKEL: RAdioKommunikation för Effektiv Ledning. Digital radio com-

munication system to be used by public safety authorities in Sweden.   
RS: Range Signature – Radar mode in the future surveillance radar 

utilised to classify targets. 
SAR: Synthetic Aperture Radar 
SAR: Search and Rescue 
SLAR: Side Looking Airborne Radar 
SMA: Swedish Maritime Administration (Sjöfartsverket) 
SMC: Swedish Maritime Clearance 
SMIC: Swedish Maritime Intelligence Center (also known as MUC – 

Maritimt UnderättelseCenter) 
SSC: Swedish Space Corporation (Rymdbolaget) 
SSRS: Swedish Sea Rescue Society (Svenska sjöräddningssällskapet) 
SWEDENGER: Cooperation between SWEden, DENmark and GERmany, regarding 

environmental surveillance.  
TVL: TV Lines.  
VMS: Vessel Monitoring System  
WLAN:  Wireless Local Area Network 
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Appendix 1 

Calculation of Surveillance Capacity for the Future MSA 

The surveillance capacity for the SLAR is known to be 18000 km2/h, at a speed of 150 
knots (kts).  
 
Since the aircraft will move 277.8 km in one hour, the detection range sideways will be:  
 
18000/277.8 = 64.79 km 
 
The future MSA will have a cruising speed of 200 kts and the detection range of the 
SLAR will be the same, which means that the surveillance capacity will be: 
200 x 1.852 x 64.79 = 24 000 km2/h.  
 
 
 The Current MSA The Future MSA 
Cruising Speed 150 kts = 277.8 km/h 200 kts = 370.4 km/h 
Detection Range 
Sideways  

64,79 km 
(18 000/277.8) 

64,79 km 

Surveillance Capacity 18 000 km
2
/h 24 000 km

2
/h  

(370.4x64.79) 

 
1 kt = 1.852 km/h  
 


