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Abstract

Key components of building customer trust in the
space industry

Josefine Nittler & Mattias Ahlsén

This study is an empirical case study of the Swedish space- and automation
company Unibap AB about how to build trust in the space industry. The
space industry is distinctive in the way that space missions are at high stakes
because of high costs and the fact that the technology can not be modified
after launch. Reliability and trust are therefore crucial factors of doing
business in the space industry. Also, AI-based satellite solutions can bring
huge benefits, but 60% of the resistance from companies to run AI is linked
to lack of trust. The concept of trust has been discussed before in the
industrial marketing literature and differentiates between social sources and
offer-related sources of trust. However, there appears to be an empirical as
well as a theoretical gap when it comes to building trust in the space industry.
Since the topic is unexplored, an exploratory methodology is used while
interviewing 12 actors in the space- and high-tech industry worldwide. One
important aspect of offer-related trust seems to be usability, hence this study
also includes a usability evaluation of Unibap's space computer solution,
SpaceCloud®, which enables on-board AI applications. Key antecedents of
trust in the space industry were found to be transparency, competence,
reliability of technology, and exact delivery times. It appears that social- and
offer-related trust significantly influence partnerships between companies
and that offer-related trust is the most important type of trust to win contracts
of tax-funded agencies. Strengths and improvements of the usability of
SpaceCloud® are also identified, and it is concluded that SpaceCloud® has
the potential to offer a new way of building satellite applications in the future.
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Populärvetenskaplig sammanfattning

Rymdindustrin har länge varit en konservativ industri som främst drivits av
statliga organisationer som till exempel National Aeronautics and Space Admin-
istration (NASA) och European Space Agency (ESA). Delar av rymdindustrin
är fortfarande konservativa, men sedan NewSpace-eran tog fart mot slutet av
1990-talet har rymdindustrin blivit alltmer kommersiellt tillgänglig även för
privata företag. Även om dessa företag driver utvecklingen framåt i snabbare
takt med hjälp av ny teknik, är det svårt att veta om nyare företag med betydligt
mindre erfarenhet kan leva upp till de höga krav som ställs inom rymdindustrin.
Rymdindustrin är unik i många avseenden, inte minst i avseendet att tekniken
som används måste vara noggrant anpassad efter extrema påfrestningar både
på jorden vid transport och uppskjutning, såväl som i rymden där tekniken
sätts i en extrem strålningsmiljö. Eventuella problem eller fel som uppstår
med tekniken efter uppskjutning är dessutom omöjliga att åtgärda. På grund
av de höga kraven blir rymduppdrag ofta mycket kostsamma. Företag måste
därför kunna kommunicera förtroende och tillförlitligthet för att lyckas inom
rymdindustrin. Dessutom kan AI-baserade satellitlösningar ge stora fördelar,
men brist på förtroende ligger till grund för ungefär 60% av motståndet hos
rymdföretag till att köra AI.

Begreppet "förtroende" har diskuterats tidigare i den industriella marknads-
föringslitteraturen och anses ha två typer av ursprung: sociala och erbjudande-
relaterade. Dessa två koncept undersöks närmare i denna studie för att jämföra
deras betydelse i att bygga förtroende som rymdföretag. Tidigare forskning om
förtroende inom rymdindustrin är praktiskt taget obefintlig. Därför bidrar denna
studie både till forskningen kring förtroende i industriell marknadsföring samt till
nya perspektiv på marknadsföringsstrategier inom rymdindustrin, som tidigare
inte fått mycket uppmärksamhet. Studien syftar till att ge ett stort empiriskt
bidrag och ett mindre teoretiskt bidrag till forskningen om förtroende. Studien
syftar även till att brygga mellan praktik och teori genom att ge praktiska
marknadsföringsråd till företag som verkar inom rymdindustrin.

Den här studien är en empirisk fallstudie av det svenska företaget Unibap AB
som jobbar med intelligent automatisering för industrin på jorden och i rym-
den. Nyckelegenskaper för att bygga förtroende i marknadsföringsstrategin för
en rymdprodukt undersöktes och en djupare förståelse för hur rymdindustrin
fungerar växte fram. I denna studie tillämpades en explorativ forskningsme-



tod vilket är väl passande för den hittills relativt outforskade rymdindustrin.
Semistrukturerade intervjuer genomfördes med tolv aktörer inom rymd- och
högteknologibranschen över hela världen, vilka ligger till grund för en del av
studiens resultat. Eftersom en viktig aspekt av erbjudande-relaterat förtroende
är användbarhet, inkluderar denna studie även en användbarhetsutvärdering av
Unibaps satellitdator SpaceCloudr genom en applikation-integrering.

Resultaten i denna studie avslöjar att viktiga aspekter för att bygga förtroende i
rymdindustrin är transparens och ärlighet, kompetens, tillförlitlighet av tekniken
samt punktliga leveranser. Det verkar som att både socialt- och erbjudande-
relaterat förtroende påverkar partnerskap mellan privata företag medan erbjudande-
relaterat förtroende är den viktigaste typen av förtroende för att erhålla kontrakt
med statliga organisationer, som har större restriktioner på hur kapitalet används.
Styrkor och förbättringar av användbarheten av SpaceCloudr identifierades.
Resultaten visar att integrering av satellitapplikationer i SpaceCloudr är möjligt,
vilket innebär att utveckling av applikationer för satelliter inte längre är beroende
av specialiserade satellitapplikationsutvecklare. SpaceCloudr kan alltså komma
att ändra hur rymdapplikationer utvecklas i framtiden.



Distribution of Work Between Authors

As a whole, the distribution of work worked really well and both of us contributed
the same amount to the project. Both of us worked on the space application
development in the beginning but after a few weeks we realised that we had
different types of expertise and interests. Therefore, we decided to divide the
space application development part between us. Mattias has been responsible
and programmed roughly 70% of the SpaceCloud Framework application and
Josefine has been responsible for and written 70% of Section 3 "Electronics and
Software in Space". The theoretical framework was also divided, we picked
different articles to read and summarize and we wrote different paragraphs and
iterated each others texts. When the interviews were analysed, we also had
primary responsibility to analyse and summarize different interviews. The rest of
the project was written in closer collaboration, with both of us discussing what
to write, writing on the same paragraphs and iterating over the same paragraphs.
The distribution of work worked really well and both of us have been involved in
every section and therefore we are individually responsible for the whole report.
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DICTIONARY

Table 1: Description of items used through out this report.

Item Description

AI Artificial Intelligence
B2B Business-to-Business
B2C Business-to-Customer
CEO Chief Executive Officer
CTO Chief Technology Officer
DaaS Data-as-a-Service
ESA European Space Agency
GCR Galactic Cosmic Rays
GEO Geostationary Orbit
HaaS Hardware-as-a-Service
LEO Low Earth Orbit
NASA National Aeronautics and Space Administration
OBC Onboard Computer
SaaS Software-as-a-Service
SEE Single Event Effect
SEU Single Event Upset
SNSA Swedish National Space Agency
VC Venture Capital
VCs Venture Capitalists



1 Introduction

The space industry has for a long time been a conservative industry and parts of
it still are. However, since the NewSpace wave begun in the late 1990s space has
become more commercially accessible for everyone and not only governmental
agencies (Gary, 2017). This has lead to new companies with new technology
and components of high complexity entering the industry. It is difficult to know
whether these new companies and technologies, with less history and evidence of
success, can live up to their promises (Bruhn, 2021). Because of this uncertainty,
and the fact that supply chains in the space industry are consequential and
complex, the importance of trust in business-to-business (B2B) relationships has
increased.

The concept of trust in the context of B2B marketing has been discussed in
the literature before (Doney et al. (2007); Irene et al. (2009)) but it has never
been discussed in the context of the space industry. Research on marketing in
the space industry, in particular, is also lacking. This is however not surprising
because the space industry has traditionally been small in terms of the number
of actors, relatively conservative and dominated by governmental agencies such
as the European Space Agency (ESA) and the National Aeronautics and Space
Administration (NASA).

In an industrial marketing context, trust has been defined as "an expectation of
the partner’s reliability concerning its obligations, predictability of behaviour,
and fairness in actions and negotiations while faced with the possibility of
behaving opportunistically" (Bachmann and Zaheer, 2006, p. 266). It has also,
fairly synonymously, been defined as "one party’s belief that its needs will be
fulfilled in the future by actions undertaken by the other party" (Anderson
and Weitz, 1989, p. 312). Gullett et al. (2009) suggest the definition of trust
must include behaviour: "Trust is not simply a belief, attitude, or psychological
state. Ultimately, we trust when we assume a risk associated with a relationship
with others and, making ourselves vulnerable, we then take action" (Gullett
et al., 2009, p. 331). Trust as used in this project is a combination of the above
definitions, and includes both expectation and vulnerable action. In this context
trust is considered to have two types of sources: social and offer-related (Doney
et al., 2007).

Social sources of trust include social interaction and communication, while offer-
related sources concern the service- or product quality and include quality of
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delivery, reliability and value (Doney et al., 2007). This project differentiates
the types of trust originating from social sources and offer-related sources. The
term social trust will be used to signify trust originating from social sources,
while offer-related trust will be used to signify trust originating from offer-related
sources.

This project was carried out with support from the Swedish space- and automa-
tion company Unibap that resides in the space industry as a NewSpace company.
They enable us to fill the knowledge gap about the above subjects with a focus
on how to build trust as a company selling new technology within the space
industry. This subject will be investigated in two ways: firstly, by interviewing
actors within the space industry, secondly by integrating a typical, simple space
application with Unibap’s product SpaceCloudr to evaluate the complexity of
the process for someone with no specific background in space technology.

1.1 Background

Space has been something that has fascinated humans for as long we can
remember. Though it was not until about sixty years ago, in 1957 October 4th,
that the Space Age began. This was when the former Soviet Union’s Sputnik
I became the first human-made object launched into space and succeeded to
orbit around Earth (NASA, 2011). The main task was just for it to send radio
beeps back to Earth and it was successful. One month later the same year, the
Soviets succeeded in putting the first living creature into orbit in the Sputnik II
mission (NationalGeographic, 2020). On January 31, 1958, the US succeeded
with their first space mission named Explorer I with the objective to detect
cosmic rays which resulted in the knowledge we have today about the Van Allen
Radiation Belts, which are zones of energetic particles that are captured around
a planet by its magnetic field. One of Van Allen’s coworkers, Ernie Ray’s, first
famous comment was: "My God, space is radioactive!" (NASA, 2018). In 1969,
the first foot was set on the Moon and since then, several other space missions
have been made: thousands of exoplanets and stars have been detected and our
solar system and the centre of our galaxy has been explored closer than ever
(NationalGeographic, 2020; Aerospace, 2018).

At the beginning of the 1970s communication- and navigation satellites were
orbiting the Earth and were used daily to communicate with our ground segments
(Aerospace, 2018). The development of space technology, especially in the 20th
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century, has made us benefit from space in many ways. The first software
applications (from here on used synonymously with "applications") in space
were used in weather forecasting satellites. After that satellites have been used
for communication, navigation, imaging and to observe nature deviations such
as fires and oil spills (Aerospace, 2018).

Due to the risks and huge costs involved when planning a space mission, the
space industry has always been a conservative industry and the number one
priority has always been reliability over efficiency (Castet & Saleh, 2009). New
technology is therefore typically not worth trusting due to the increased risk of
failure. However, this is in the process of changing. The age of NewSpace began
in the late 1990s when the company SpaceX among others were launched with
the aim to streamline the space mission process. This has brought down costs
and time needed to complete a mission and has made space more accessible for
private organisations (SatSearch, 2019). NewSpace opened up the possibility for
much faster technology development and new innovations. NewSpace can be
defined as a new wave of the space industry, with two new properties: commercial
components and VCs (Interviewee 3, 2021).

1.1.1 Unibap and SpaceCloudr

Unibap AB is an advanced technology company that works with intelligent
automation for the industry on Earth and, most relevantly for this project, for
satellite applications in space. Their solutions for industry on Earth include
systems that utilize machine learning and vision recognition to, for example,
analyze product samples more efficiently and verify they have no deficiencies.
Unibap is ISO 2000 and ISO 9001:2015 certified for the entire business which is an
international certification for the quality management system. Unibap’s solution
for space is their product SpaceCloudr which includes hardware, software and
a framework for developing and deploying applications for space. SpaceCloud
is developed with help from the Swedish National Space Agency (SNSA) and
together with the ESA within the advanced Earth Observation Program.

Today, when making an application for a satellite, you have to use custom
hardware and software depending on the satellite model the app will run on,
and program the app for this particular environment. This makes creating
and installing apps for satellites a very complex, time-consuming and inefficient
endeavour. Furthermore, because of the lack of a standardized environment
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and framework, it is hard to have multiple apps running on the same satellite
at the same time or switch between them. There is also no standard way to
manage and maintain the applications after they are deployed to the satellite.
SpaceCloud solves these problems through a hardware-software package, which
could be seen as an adapter that can be attached to any satellite, together with
a framework.

SpaceCloud provides a standardised environment that can be installed into any
satellite, and a framework to develop and manage space applications. It makes
it easier to run advanced data processing and filtering directly in the spacecraft
instead of having to downlink the data to Earth before filtering. This reduces the
costs for the customer and also increases the possible bandwidth for important
data. SpaceCloud is intended to be as easy to use as possible, enabling users to
create their apps for space without being experts at a specific satellite’s hardware
and software or having to care about the satellite-specific platform. SpaceCloud
does this by providing a platform-independent interface. It allows for a more
efficient way to develop and run applications in space because it removes the
necessity to care about satellite-specific properties and applications will be able
to be shared and reused by different users on different satellites.

1.2 Problematisation

Introductory interviews about important aspects of marketing strategies in the
space industry were at first conducted with core personnel within Unibap. In the
beginning, these interviews were unstructured to better understand the problem
and further specify the problematisation. It was in one of these conversations
with Fredrik Bruhn, Chief Evangelist of Unibap, that the topic of trust came
up: "formalities and requirements are very similar in the high-tech and space
industry. But there are a few different ways to test products. When we deliver
to high-tech on Earth, we can do service and maintenance, but it does not work
on space products. It is precisely the question of trust that customers need a
little that the infrastructure and artificial intelligence (AI) are robust enough.
Sometimes we deliver the AI and sometimes we have a third party who delivers
it and then the third party must have as much trust as we have when we market
this together. The ecosystem must breathe the same confidence, the ecosystem
is not stronger than the weakest link in the ecosystem" (Bruhn, 2021).

It seemed necessary to first investigate what key differences there are between the
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high-tech industry in general and the space industry in particular. A high-tech
industry is defined as "an industry using or involving advanced methods and
the most modern equipment" (Procter, 1978). Examples of high-tech industries
are the IT industry, the telecommunications industries and the military industry.
Considering the unique characteristics of the space industry, the investigation
then continues to the topic of trust and whether any unique company and/or
product properties should be highlighted in a marketing strategy in the space
industry to build trust.

Although research done on trust in industrial marketing is lacking, there has
been some research made on the topic (Doney et al., 2007; Irene et al., 2009;
Wolfgang and Andreas, 2006). There is also at least some research on trust in
high-tech marketing (De Jong and Woolthuis, 2008; Akkermans et al., 2004),
but there is practically no research on how trust is built in the space industry.

As mentioned earlier, the literature on trust in industrial marketing defines two
types of sources of trust: social sources and offer-related sources (Doney et al.,
2007). It would be interesting to investigate how important offer-related sources
of trust are compared to social sources of trust in the space industry.

In the case of Unibap selling SpaceCloud to one of their direct customers,
the delivery aspect of offer-related trust would be the speed and ease of the
installation of SpaceCloud into a satellite, reliability (or technical quality) would
be how well SpaceCloud worked according to specifications and value would
be the economic value SpaceCloud provided to the customer e.g. through low-
latency actionable data sent to Earth services. In an industry where almost
10% of all unmanned launches fail (Kyle, 2020), where satellites can cost from
hundreds- to thousands of millions of euros (including the cost of launching it
into orbit) and where it is still hard to modify both the hardware and software of
a satellite once it is in orbit, it would be interesting to analyze the significance of
offer-related trust, how it relates to usability and how to improve the offer-related
trust in a space product by improving its usability.

1.3 Purpose

The purpose of this study was to investigate what components are needed for
a company to build trust in the space industry. This was done in different
ways. Firstly, experienced actors within the space industry will be interviewed
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to explore how the space industry differs from other high-tech industries and
how trust is built in it. The study aims to fill the empirical gap on the topic of
industrial marketing in the space industry and to contribute to the understanding
of trust in the space industry. Secondly, a technical evaluation was made to
better understand SpaceCloud and evaluate its usability, which is part of its
offer-related trust. The technical evaluation consisted of integrating a typical,
simple space application to SpaceCloud and simulate running this app on a
satellite. The main purpose of the technical evaluation was to understand how
easy it is to integrate an application into the SpaceCloud Framework.

1.3.1 Research Questions

In order to fulfil the purpose presented in Section 1.3, the following research
questions are to be answered in this study.

• What are the key differences and unique characteristics of the space industry
compared to the high-tech industry in general?

• Considering the unique characteristics of the space industry, what compo-
nents are needed in a marketing strategy for a company to build trust?

• How important is offer-related trust compared to social trust in the space
industry?

• How can offer-related trust be improved for a space product?

The above four questions were analyzed by starting with an empirical approach
with regards to the unique characteristics of the space industry, which then
becomes more theoretical when it comes to building trust and the different
concepts of trust. Research question four is answered not only through the
theory and empirical data but also through a usability test of SpaceCloud to
evaluate its offer-related trust since usability is part of the reliability dimension
of offer-related trust and seems to be important for a product like SpaceCloud.
By answering the above questions, the study contributes to the research on trust
in industrial marketing and gives a new perspective on marketing strategy within
the space industry, which has not received much attention prior. Due to the lack
of empirical data regarding this, this study makes a large empirical contribution
about trust in the space industry and a smaller theoretical contribution to the
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theory on trust. Furthermore, the study aims to create a bridge between practise
and theory by applying industrial marketing concepts to the space industry to
provide practical marketing advice to companies that operate within it.

1.4 Boundaries and Limitations

One boundary of the project is to focus mainly on the space industry that Unibap
resides in, even if some of the results may be generalizable to the high-tech
industry. The research questions have also been selected to be related to each
other to obtain a narrow focus and to get a better understanding of one specific
aspect of marketing in the space industry, namely trust.

The usability analysis of SpaceCloud, which relates to offer-related trust, will be
limited to the core features of the SpaceCloud Framework. While the product
at the centre of this study is SpaceCloud as a whole, most focus will be on
SpaceCloud Framework, including app development for it. This is again to limit
the scope of the project.

1.5 Disposition

This report will start in section 2 "Theoretical Framework" by introducing the
reader to the literature found on the topic of industrial marketing in general.
It also introduces the reader to reliability and trust in B2B relationships. This
is followed up by a presentation of the current state of research on high-tech
marketing and how to build trust in buyer-supplier relationships. Section 3
"Electronics and software in Space" presents information about how satellite
applications are developed today and how SpaceCloud is changing this procedure
to make it easier. Section 3 also discusses how AI can change how satellites
operate today and how electronics survive the environment of space. The methods
used throughout this project are presented in section 5 "Method", starting
with presenting the scientific philosophy followed by the research approach,
analysis approach and how the integration of an application into SpaceCloud
will be made to evaluate the usability of SpaceCloud, which relates to its offer-
related trust. Discussion about ethics regarding the topic we are contributing
to and ethics of research are presented in section 6 "Ethical Aspects". The
findings of the interviews and the results of the technical integration process
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are presented in section 7 "Analysis and Result of SpaceCloud Integration". A
summary of the findings of section 7 is presented in section 7.1.8 "Summary
of Findings". A discussion regarding the outcomes of this project together
with future research is presented in section 8 "Discussion". Finally, conclusions
regarding the scientific questions and practical conclusions for Unibap is presented
in section 9 "Conclusions".
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2 Theoretical Framework

This section will give an overview of the current state of research on the concept
of trust and buyer-supplier relationships, which are closest to the focus of this
project, starting with an introduction to industrial B2B marketing and high-tech
marketing. In this section, the terms "industrial" and "B2B" will be used
somewhat interchangeably depending on the context.

2.1 Current State of Industrial Marketing Research

It was not until the late 1960s when B2B marketing started to get academic
attention (Reid & Plank, 2000). As a consequence, there is not as much research
today as there is on B2C marketing (Mora Cortez & Johnston, 2017). In the
modern industrial marketing literature six topics can be identified (LaPlaca &
Katrichis, 2009):

• Sales management

• Buyer behavior

• Relationships

• Innovation and new product development (NPD)

• Marketing strategy

• Channels and distribution

The topics that this project will focus mostly on are buyer behaviour, marketing
strategy and relationships, which also happens to be the topic that has grown
most proportionally in recent years (LaPlaca & Katrichis, 2009).

Lilien (2016) identified three areas of industrial marketing research with potential
for future research: B2B innovation, B2B buying behaviour and B2B customer
analytics. Of these areas, this paper will contribute most to the area of B2B
buying behaviour, because this topic is tightly linked to customer relationships
and trust, presumably even more so in a more intimate market context such as
the space industry where the connection to each customer is stronger. Lilien
(2016) divided B2B buying relationships into four categories based on where each
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partner in the relationship is located. Unibap’s buying relationships belong to
the category "Contractual-Relationships dominant relationships" because both
the buyers and the sellers are located in developed markets. This is the category
where most research has already been conducted, but due to the market context
changing, new research is called for in this category too. For example, increased
centralization in buying and increased sophistication of sellers (Lilien, 2016). In
the case of Unibap, when selling products to large entities such as Amazon or
NASA, the buying decisions are supposedly being made by a smaller and smaller
locus of control, making them more consequential. The suggestion is that this
changes the dynamics in the market and therefore calls for further research.

Research of Contractual-Relationships Dominant buying relationships have been
largely researched using the same model for the last 50 years: the BuyGrid
model (Lilien, 2016). Due to increased interdependence between buyers and
sellers though, leading to buyer-seller relationships becoming more critical, Lilien
(2016) proposes an update to the model. They propose a further division into
three B2B buying modes that differ with regards to the relationships between
the buyers and the seller (Lilien, 2016):

• Routinized exchange relationships

• Transactional buying operations

• Organic buying relationships

In this division, Unibap will probably operate mostly in the mode of Organic
Buying Relationships because presumably the set of products and solutions sold
will differ and evolve organically for different customers, resulting in customer-
specific adaptation and dynamic offerings. It seems only natural that this would
put a higher importance on relationship quality and trust.

2.2 High-Tech Marketing

The high-tech sector can be defined as "industries having high concentrations
of workers in STEM (Science, Technology, Engineering, and Mathematics) oc-
cupations" (Wolf & Terrell, 2016). High-tech has also been defined as "high
uncertainty about technology and the market" (Moriarty & Kosnik, 1989). Ac-
cording to Viardot (2004), high-tech product marketing is a subset of traditional
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marketing where the specific components in the marketing strategy remain un-
changed but the weight of each component has to be adapted to the technological
context. In the same way, the goal of each marketing strategy in the different
segments are the same to increase the market share and profits while improving
available resources, such as range of products, distribution and product adver-
tisement. In this section, the segment of high-tech marketing will be analysed
further.

The "space application" market, general-purpose software running in space,
could be considered to be an emerging high-tech business field, based on the
three characteristic emerging high-tech business fields are considered to have:
market uncertainty, technological uncertainty and competitive volatility (Mohr,
2011; Moriarty and Kosnik, 1989). Market uncertainty is defined as the level of
uncertainty in the behaviours of actors and customers in the market (Moriarty
& Kosnik, 1989). In the space industry, this could be satellite manufacturers
suddenly changing the standard hardware for satellites, or the process of running
applications in satellites suddenly becoming much easier and therefore popular
among companies. Technological uncertainty is the certainty to which the
product will be able to deliver on its promises and work as expected. Perceived
technical certainty is an offer-related source of trust and reliability, which is
described in section 2.3. Technological uncertainty is higher the more advanced
a solution is, and the fewer successful precedents of similar solutions there are.
Competitive volatility means how unpredictable the behaviours of competitors is.
This could include new competitors emerging as threats in a short time frame or
an existing competitor changing market strategy (pivoting) rapidly (Moriarty &
Kosnik, 1989).

Emerging high-tech business fields require distinct network management ca-
pabilities (Nordin et al., 2018), which has been defined as "the competency
of a firm to purposefully search and find network partners, manage and lever-
age network relationships for value creation" (Mu et al., 2017). Based on the
literature on dynamic capabilities and networking capabilities, Nordin et al.
(2018) has developed a network management framework for emerging high-tech
environments. The purpose of this framework is to attract, establish and manage
relationships in the turbulent environments of emerging high-tech fields (Nordin
et al., 2018). The framework consists of three components: context handling,
network construction and network position consolidation (Nordin et al., 2018).
Context handling means the ability to understand, influence and adjust to the
environment in an emerging context. Network construction means the ability
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to identify and create connections to actors with relevant resources. Network
position consolidation means for a firm to continually use and obtain knowledge
in the field to be at the top regarding technological and market competence in
the network (Nordin et al., 2018).

2.2.1 High-Tech Products

Features of high-tech products according to Viardot (2004) are that they are
built by sophisticated and innovative technology, are developed and updated fre-
quently and need high investments in R&D. They also mean that any technology
innovation is either sustaining or disruptive. Sustaining innovations improves
already existing products and services while disruptive innovations are untested
solutions that offer much better performance and provides more value to the
customer cost and convenience wise. By providing this, disruptive innovations
create new markets and are especially useful in the weakest segments of large
companies. Viardot (2004) also emphasises the importance of distinguishing
between different types of high-technology for a company’s marketing method.
The two categories are standard products and distinguished products and the
difference is that standard products are mass-produced while differentiated prod-
ucts allow for flexibility by being adaptable and customised for each customer.
Here, SpaceCloud can be categorised as a differentiated product since it is made
on demand and the software are adapted to the customer needs.

2.2.2 High-Tech Marketing Strategies

Prokopenko and Omelyanenko (2014) analyses the differences between traditional
marketing and high-tech marketing and finds that high-tech clients do not often
have sufficient knowledge and therefore have difficulties in evaluating the product
and this is seldom the case elsewhere. Furthermore, high-tech marketing differs
from traditional marketing in the way that the marketer needs to possess
more advanced strategic thinking and must often know more than the average
marketer (Prokopenko & Omelyanenko, 2014). It is here also important that the
technology-based innovation provides significant cost savings and an increase of
profitability for the future customer. The high-tech industry is rapidly changing
and if looking at successful high-tech companies, one thing they have in common
is their pace of launching new services (Prokopenko & Omelyanenko, 2014).
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According to Viardot (2004), when marketing an advanced high-tech product, the
target markets that should be approached first are those that have performance
as their number one criterion. However, this may not be as simple as it sounds
because the new technology tends to worry potential buyers because of the
unknown risk and the learning process of how to use it. Some companies are
negative to new technological innovations while others are afraid that the new
technology will get antiquated quickly and because of this, they might postpone
their decision regarding place an order or not. Companies use different strategies
for determining and minimizing the risk and especially analysing the risk-return
relationship of a new investment instead of just focusing on what benefits such
innovation may generate. To overcome this threshold, a successful marketing
strategy should include an accurate calculation of the risk-return relationship
to make the buyer more comfortable. It has to take into consideration that
industrial products as application software have a short life cycle duration of
about 2 years and therefore needs an efficient schedule of how to maintain the
customer relationship with updates of software, development of schedules and
marketing time limits (Viardot, 2004).

Academics and other professionals presume that the interface between R&D
capabilities and marketing is one of the most important aspects when considering
the companies performance in general. This is believed since the integration of
R&D and marketing has a considerable influence if the development of new and
already developed products are successful or not. This is important in all different
stages of product development from the idea to exit of the market and in every
component of the marketing management. Therefore, the product innovation
and the R&D need to cooperate directly for successful product management
(Viardot, 2004).

2.3 Relationship Marketing and Trust

Doney et al. (2007) suggests that research on the topic of customer trust in the
industrial marketplace has been lacking. Trust in an industrial marketing context
has been defined as "an expectation of the partner’s reliability concerning its
obligations, predictability of behaviour, and fairness in actions and negotiations
while faced with the possibility of behaving opportunistically" (Bachmann and
Zaheer, 2006, p. 266), as well as "one party’s belief that its needs will be
fulfilled in the future by actions undertaken by the other party" (Anderson &
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Weitz, 1989). In marketing, the definition of trust seems to encompass two
crucial components: credibility and benevolence (Doney et al., 2007; Irene et al.,
2009). The belief that one’s partner stands by its word and the belief that one’s
partner is interested in one’s well-being. It should be noted that trust implies
vulnerability and uncertainty. In an industrial marketing context, two types of
sources of trust are generally considered: social sources and offer-related (Doney
et al., 2007).

Social sources of trust can be divided into three categories (Doney et al.,
2007):

• Social interaction (interpersonal relationships)

• Open communications (open sharing of information)

• Customer orientation (displaying that you understand and care about the
buyer’s needs)

Offer-related sources of trust concern the service quality and has been
considered to also have three dimensions (Doney et al., 2007):

• Delivery (speed and ease of installation)

• Reliability (technical quality, how the product works)

• Value (economic value)

Delivery is the speed and ease of the installation of a service into some hardware or
system and the integration into the customer’s existing services and infrastructure.
Reliability would be how well the service worked after the initial installation
and integration were done and how much further support the customer needed
to make the service function reliable. Reliability here is synonymous with
the technical dimension/technical quality of the product and include how well
the product works according to the specifications and how well it solves the
customer’s problem (Doney et al., 2007). Finally, value is the economic value
and is partly based on price. It is similar to the concept of perceived value and
includes future calculations of risk vs reward from working with a supplier. The
reliability dimension and value dimension are somewhat similar, but reliability is
focused more on the technical quality of product or service, while value is focused
more on the overall economic value of the relationship and includes risk versus
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reward (Doney et al., 2007). Two important relational outcomes, outcomes with
relational customers, of trust are loyalty commitment and share of purchases.
Loyalty commitment in this case is the loyalty, or obligation, a customer feels
to a seller, while the share of purchases refers to a percentage of the money a
customer spends (Doney et al., 2007). Doney et al. (2007) found that trust has
a positive influence on loyalty commitment and share of purchases, though the
literature does not seem to be in consensus on the point of share of purchases.
Wolfgang and Andreas (2006) found that trust does not seem to be an antecedent
to behavioural outcomes, such as share of purchases. Crosby et al. (1990) and
Boles et al. (2000) did not find that relationship quality, a higher-order construct
including trust has a positive link to share of purchases. Johnson and Grayson
(2005) suggested that inconsistencies in the research on this point is due to the
different impacts of affective (social) and cognitive (offer-related) trust on sales
effectiveness (which is related to share of purchases), and demonstrated that
cognitive trust did have an impact on sales effectiveness.

2.3.1 Relationship Quality and Value

Other central concepts in the literature on customer relationships is relationship
value and relationship quality (Wolfgang & Andreas, 2006). Relationship value
is defined as the value that each party gets out of a relationship, what they
stand to gain from the relationship (Wolfgang & Andreas, 2006). A higher
relationship value by definition creates the incentive to keep the relationship
alive. Relationship quality is a higher-order construct consisting of commitment,
satisfaction, and trust, which are first-order constructs (Wolfgang & Andreas,
2006). Commitment is here defined as the desire to develop and maintain
the relationship, and the willingness to make short-term sacrifices to do so
(Irene et al., 2009). This is practically the same thing as loyalty commitment,
which was mentioned earlier. Trust has been shown to have a positive effect on
commitment (Irene et al., 2009). Satisfaction is here defined as including the
cognitive judgement and the affective response to the evaluation of the customer
experience. In other words, when a customer thinks back on and evaluates
the customer experience, their satisfaction both depend on the judgements the
customer makes about this experience, as well as the emotions that are generated
when thinking back on the experience. It should be noted that satisfaction here
relates to the total relationship with a supplier or service provider, rather than
a specific transaction (Irene et al., 2009).
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Relationship value is an antecedent to relationship quality, meaning that the more
a customer values a relationship with a service provider, the higher commitment,
satisfaction and trust the customer is likely to have (Wolfgang and Andreas,
2006; Irene et al., 2009). Relationship value also impacts a customer’s intention
to increase the share of purchases with a supplier (Wolfgang & Andreas, 2006).
Wolfgang and Andreas (2006) also found that relationship quality, especially trust,
is important for keeping customer business and stabilizing business relationships.
To summarize, relationship value is more important for increasing business with a
customer while relationship quality is more important for a long-lasting business
relationship.

To summarize the concepts of relationship marketing, see the nomological network
in Figure 1. For example, the research suggests that offer-related trust more than
social trust increases the share of purchases and that the research is ambiguous
regarding whether trust increases the share of purchases and repeat purchases.

Figure 1: Nomological network of relationship marketing concepts.
See the blue colours for the impacts of trust, which are the most
relevant. The solid lines indicate a causal relationship found in
research, while the dotted lines indicate that the research on the
relationship is more ambiguous. The blue lines originate directly

or indirectly from trust.
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2.3.2 Reliability and Trust

Weick (1987) talks about the reliability of systems and introduce the concept
of "requisite variety", meaning that a complex system is regulated by people
and sensors of sufficient complexity to provide reliability. Effectiveness in this
context is measured as "the degree to which informational richness matches the
complexity of organizational phenomena". A way to increase requisite variety in
an organization is to increase the diversity of the individuals within it. Trust
also increases requisite variety because of better communication and more inputs,
but diversity decreases trust. The goal is for each party to be a reliable source
of information for others while at the same time using the information from the
other parties (Weick, 1987). For this, trust is needed as well as for each party
to transparently provide the other parties with their point of view. Trust is
built faster and information is transferred more effectively through face-to-face
communication, meaning that face-to-face communication increases the reliability
of a system.

Reliability is a non-event, it is the absence of things going wrong (Weick, 1987).
This makes it deceptive because it is impossible to know all the things that
could have gone wrong but did not. There is not any positive feedback from
things going according to plan. This makes it harder to appropriately evaluate
the things gone right, and it makes it harder to stay focused when the outcome
is stable. A prescription for the complacency one might slip into under these
conditions is a proactive mindset of seeking for developing errors rather than
a passive mindset of waiting for already developed errors (Weick, 1987). It is
important here to understand that "sameness is a function of change" (Weick,
1987, p. 119), i.e. action is required to preserve a stable state.

2.4 Buyer-Supplier Relationships

According to Lages et al. (2008) business performance is highly dependent on
the development of relationships with business partners. They mean that five
key aspects need to be considered to improve B2B relationships and loyalty:

• Relationship policies and practices

• Relationship commitment
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• Trust in the relationship

• Cooperation

• Relationship satisfaction

By providing better and faster service and problem-solving the relationship
value will improve. In the same way, commitment is essential for long-lasting
relationships and is an important measurement of objective and relationship
performance. The degree of relationship commitment is a way of differentiating
successful from unsuccessful relationships. What is meant by this is that because
both parties receive benefits from each other, each part has a stronger will to
maintain, build and expand the existing relationship by renewed and improved
commitment efforts Lages et al. (2008).

As stated in Lages et al. (2008), there are three different types of commitment
in an organizational environment; affective, continued and normative. The only
effective commitment, which is the commitment made by free will and not by
owing the firm, is the one with positive relationship outcomes. Cooperation
between partners in the relationship exchange process improves as long as each
partner benefits more from working together than working alone. Relationship
satisfaction is based on previous cooperation and influences the expectations of
future collaborations and as long as both partners are satisfied, a long-lasting
relationship is built. Furthermore, in the study made by Lai et al. (2008), they
found a strong positive relationship between trust and commitment and that
the positive outcomes of trust are more vigorous when business uncertainty is
high. Their results also show that the trust-commitment relationship is higher
in a U.S setting (0.604) than in for example a European setting (0.517) (Lai
et al., 2008). This is believed to depend on the more competitive market in the
U.S compared to other markets in the world. It is believed in the article that
being in a competitive market leads to a higher business uncertainty because
competition may cause price unpredictability and products will be outdated
faster (Lai et al., 2008).

18



Figure 2: Illustration of relations between concepts in the domain
of B2B relationships.

Gullett et al. (2009) explain how trust is created in buyer-supplier relationships.
The buyer-supplier relationship can either be a zero-sum antagonist relationship
or a cooperative, win-win relationship (Moeller et al., 2006). One deciding factor
to the nature of the relationship is trust. According to Gullett et al. (2009),
the definition of trust must include behaviour: "Trust is not simply a belief,
attitude, or psychological state. Ultimately, we trust when we assume a risk
associated with a relationship with others and, making ourselves vulnerable, we
then take action" (Gullett et al., 2009, p. 331). Regarding what builds trust by
increasing perceived trustworthiness on an organization level in a buyer-supplier
relationship, they propose a model consisting of six elements:

• Honest communication

• Task competence

• Quality assurance

• Interactional courtesy

• Financial balance

They mean that these elements are assessed through a lens of perceived ethical
obligations modeled by an ethical framework also consisting of six elements
(Hosmer, 2008):

• Personal virtues
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• Religious injunctions

• Utilitarian beliefs

• Universal rules

• Distributive justice

• Contributive liberty

These elements give slightly different indications of the ethical obligations of each
party and are lenses through which to view the ethics and evaluate trustworthiness
in the buyer-supplier relationship. For example, personal virtues emphasizes
openness, fairness and honesty while utilitarian benefits puts more emphasis on a
more pragmatic, contextual approach summarized as "the greatest good for the
greatest number" (Gullett et al., 2009, p. 333). It should be noted that these
elements overlap and that the perceived ethical obligations in the relationship
are implicit and subjective (Gullett et al., 2009).

Competence is a deciding factor to whether an organization or an individual will
be perceived as trustworthy (Mayer et al., 1995). Competence here includes the
ability to market a product or service to increase its perceived value. This very
much relates to what Doney et al. (2007) has found in that competence seems to
be positively correlated with offer-related antecedents of trust. A part of showing
competence and building trustworthiness for a supplier is to understand the
value provided to the buyer’s supply chain (Muthuraman et al., 2006). It also
appears that quality, together with quality assurance, is an important (maybe
the most important) factor for sustaining long-term buyer-supplier relationships.
The key takeaways from Gullett et al. (2009) are that the definition of trust in
an organization context should include behaviour, that trust is subjective and
based on perceptions and that trust is based on ethics and values (Gullett et al.,
2009).

Related to buyer-supplier relationships is supply chain management (SCM),
an important part of the high-tech industry as well as the space industry.
Akkermans et al. (2004) investigated supply chain collaboration in the high-
tech electronics industry. They describe a case study of multiple independent
companies implementing a process they call collaborative planning, where they
make supply-chain decisions for much of their businesses together to streamline it.
They found that supply chain collaboration requires a lot of trust and information
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sharing from all parties involved. They also stress the hard work required to
develop the processes.
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3 Electronics and Software in Space

This section will present space systems used today in satellites in addition to
how AI is applicable and useful in a space environment and how hardware has
to be adapted for the unique space environment. Lastly, a discussion about how
SpaceCloud is adapted to all the above topics.

3.1 Previous and Current Space Systems

In the 60s, satellites had very little or no software because a computer was way
too big and heavy to include. Engineers tried to reduce the weight by shrinking
the hardware and using lighter materials. When the hardware was compressed,
satellite software could be developed and since then, the number of lines of code in
every satellite has grown exponentially (Sheard, 2014). Today, much of the data
is collected by the spacecraft and all the raw data is downlinked back to Earth
and the analysis can begin. This is a pricey process because all the data, relevant
or not is downlinked for analysis. When making an application for a satellite,
you have to use custom hardware and software depending on the satellite model
the app will run on, and program the app for this particular environment. This
makes creating and installing apps for satellites a very complex, time-consuming
and inefficient endeavour. Therefore, a company often have several software
developers specified on space application development (Bruhn, 2021). According
to a Software application developer, the time it takes to develop software for
satellites may be longer than other sectors due to the rigour required before
launching into space (Interviewee 6, 2021).

According to Pultarova (2019): "Flexibility and the ability to reconfigure a
satellite which is already in orbit, is something operators have been asking for for
years. The ability to adjust the spacecraft to the changing needs of the market
is essential. That might include moving a satellite into a different position or
even switching its functionality from TV broadcasting to internet connectivity —
something that would be impossible with traditional hardware-defined satellites."
It is also said that satellites are unique in their way and therefore built one by
one, and that makes it more expensive. One way to decrease the production cost
according to Pultarova (2019) is to standardize the software product. Also, the
space sector is now looking at more standardised approaches, also when it comes
to software, re-using core building blocks as much as possible from mission to
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mission, and if needed, only focusing on payload-driven software developments
(Interviewee 6, 2021).

3.2 Intelligent Systems in Space

The space-to-ground data rate is one of the most limiting factors of any space
mission. This is what makes AI so attractive but it does also have limitations
because it requires high power when it enables high-speed computing (Bergman,
2021). AI has made steady progress in the space realm in NASA robotic missions
and already in 1999 was AI successfully used for the first time in the Remote
Agent Experiment (RAX) mission (Chien et al., 2006). In this mission, AI
flight software controlled the spacecraft for the first time. AI was used in both
the on-board planning system, execution engine and for analyzing the recovery
capability. Another successful space mission technology experiment that adapted
AI was the Autonomous Sciencecraft Experiment (ASE) that was deployed in
2003 (Chien et al., 2006). The main purposes for the AI were then to plan the
software, control the execution engine and event detection. EO-1, one of NASA’s
previous Earth observation satellites, adapted this software and therefore saved
over 1 million USD per year in operation costs. Also the rovers on Mars today
uses machine-vision components for entry, descent, landing and wind calculations
(Chien et al., 2006).

According to Chien et al. (2006): "New capabilities, whether based on AI or
other technologies, are adopted only when they offer overwhelming benefits to
a mission. Even then, a new capability’s risks must be well understood". It
is also said that, as human space exploration develops, the level of expertise
and number of staff needed to manage all systems from the ground segment to
the space segment will not be sustainable if AI is not applied where possible.
Machine learning can develop skills in event detection and interpreting noisy
and incomplete data and therefore only downlink the data of interest. With this
efficient automized onboard decision making, human capabilities can be used for
other important tasks than analysing raw data and remote space operations can
then be extended beyond human involvement (Chien et al., 2006).

According to Pultarova (2019): "Hardware that allows greater processing on-
orbit for AI and machine learning will become very important. GPUs are heavily
used for this on the ground and eventually having that capability in space could
unleash a whole new world of opportunities.” According to IBM: "Organizations
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that scale AI are seven times more likely to be the fastest-growing businesses in
their industry". For this to happen, one of the obstacles that need to overcome
is the lack of trust in AI systems. As AI becomes more common, the concern
over how we can trust that it reflects human values rises too. Since the best AI
algorithms rely on huge amounts of data, it is important to know how it was
developed and by who (IBM). In Figure 3, three general categories regarding data
challenges that companies struggle with are presented. It is data quality, data
integration and knowing about the AI data needs. The number one challenge for
companies is the data quality where it is forgotten that AI systems are only as
good as the data used to train them (Linthwaite, 2020). Furthermore, according
to Linthwaite (2020), more than half of the employees responsible for AI are not
fully confident in what their AI data needs are. If knowledge is lacking regarding
this, AI initiatives will fail or never be taken at all.

Figure 3: Top Data Challenges For AI implementation (Linthwaite,
2020).

Regardless of the huge benefits that AI enables, studies made by Rossi (2018)
show that 60% of the resistance from companies to running AI is linked to trust
and liability and 63% say they lack the skills to utilize AI to its fullest potential.
According to Rossi (2018), this problem can only be tackled by building a system
of trust by showing trustworthiness of both the technology and the AI producers.
Key aspects that a company should address and be open with would be the
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explainability of the AI technology, the potential problems with bias, how data
is handled, transparency on data policies, and design choices. AI developers will
be able to bridge the trust gap by explaining how their decision making is made,
and permeate the AI technology with powerful and confirmed bias detection
and constraint functions (Rossi, 2018). This cooperative approach between all
parties involved, users, developers and policymakers, is key for trustworthy AI
solutions (Rossi, 2018).

3.3 Hardware in the Space Environment

Radiation hardness is required to allow the satellite hardware to withstand
the radiation, extreme temperature variations, solar winds and other possible
conditions encountered in its orbit (Sheard, 2014). The nature of the space
environment varies greatly depending on if the spacecraft is operating in low
Earth orbit (LEO) or in higher Earth orbits such as geostationary orbit (GEO)
(Bourdarie & Xapsos, 2008). Since the Van Allen belts containing high-energy
particles around Earth in LEO was discovered it has become quite obvious that
the space environment is a disruptive medium for space electronics to operate in
(Bourdarie & Xapsos, 2008). Regular hardware used on Earth will not survive
the environment of space if not adapted and tested for it beforehand. What is
different compared to the environment on the ground is the radiation of cosmic
rays, originating from solar- and galactic activity, causing electrons, protons and
ions to be trapped in the Earth’s magnetic field creating the so-called Van Allen
Belt. These high-energy particles, can have serious effects on the electronics of
the spacecraft and affect it in different ways (Stassinopoulos & Raymond, 1988).

Accumulated damage will limit the system endurance and may disrupt system
operations (Stassinopoulos & Raymond, 1988). According to Bourdarie and
Xapsos (2008), the degradations in spacecraft systems will differ depending on
the energy of the particles, their nature and the satellite orbit. The degradations
are as often as 9-21% due to the radiation environment, 6-16% due to electronic
problems, and 11-25% due to design problems. Furthermore, 1-8% is due to
quality problems and then there are some other problems (11-33%) and also
unexplained problems (19-53%) probably linked to the previously mentioned
reasons (Bourdarie & Xapsos, 2008). Therefore, about 20% of anomalies are
probably due to the environment in space and by trying to minimising the effect
of the radiation the electronics lifetime will greatly increase (Bourdarie & Xapsos,
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2008).

Both the external and internal electronics can be disrupted but in different ways.
The effects on the external surface include for example charging of dielectric
material and the probability for this depends on the characteristics of the
environment of the free-field electrons and protons which in turn is dependent on
the particle energy and exposure time (Stassinopoulos & Raymond, 1988). The
effects on the internal parts of the spacecraft can for example be degradation
of electronics, which is due to the energy deposition by the ionization that is
accumulated in the semiconductor materials (Stassinopoulos & Raymond, 1988),
transient effects such as single event effects (SEE) in electronic circuits, noise
in detectors and photonics, and electrostatic discharges. SEEs are the main
radiation effects caused by galactic cosmic rays (GCR) (Bourdarie & Xapsos,
2008). A sort of SEE is Single Event Upsets (SEU) which are irregular changes
in the state of a memory device, more specifically bitflips in memory cells. These
kind of possible effects in electronics are of particular importance to take into
consideration when testing satellite computer hardware.

3.4 Features of SpaceCloud

SpaceCloud was released in 2020 and is at the beginning of its time on the market.
SpaceCloud is a package of an onboard computer (OBC) and software which
together enables on-orbit AI and cloud computing. The OBC is the heart of the
spacecraft. It collects, stores and validates data, synchronizes all subsystems and
decodes and distributes commands received from the ground segment to all of the
spacecraft’s subsystems (Tasfnat, 2020). SpaceCloud is special in the way that it
enables reduced application development time, simplified testing and better code
reuse, data processing and storage directly in the spacecraft. For a customer,
this contributes to reduced mission costs (Unibap, 2021). The data processing
onboard enables low latency applications and the need to download raw data to
ground stations is reduced, which significantly reduces communication costs and
frees up bandwidth for important data (Unibap, 2021).

When the data processing takes place in the satellite, all interesting data can
be filtered out using AI so that only the useful data is downlinked to a ground
station (Unibap, 2021). Except for this advantage with filtering useful data
using AI, SpaceCloud is designed to make it easier to use without any special
knowledge about space technology. Any application developer should be able to
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develop a satellite application for SpaceCloud and any student should be able to
write for this system using e.g. Python or TensorFlow, a platform for machine
learning. This means that anyone who can develop an app for a mobile phone
can then also develop an app for a satellite (Bruhn, 2021). SpaceCloud’s value
chain can be divided up into multiple segments: space segment providers, ground
segment providers and service providers. When the app is written it is the service
providers and the ground segment providers that will be able to start, close
and operate the apps in the satellites (Bruhn, 2021). The "final products", the
products for the end customer, are services that provide actionable information
they can use to make business decisions (Unibap, 2021). This is important
because the value of these services is what ultimately determines the value of
SpaceCloud.

A typical application that can run on SpaceCloud could be an image recognition
application using machine learning and sensor data analysis. SpaceCloud is for
example equipped with thermic sensors which makes it easier to detect natural
events such as volcanic activity, forest fires or oil spills in the oceans. It can also
detect cars, ships and aircraft with AI and machine learning. An example of
a service built on SpaceCloud could be an application that alerts the user of
volcanic activity anywhere in a specific area within 3 minutes of the first indication
(Unibap, 2021). A key value proposition from Unibap is that SpaceCloud makes
it much easier to create services that provide actionable information with very
low latency (< 3 minutes) (Unibap, 2021). That SpaceCloud also is compatible
with the popular software and framework ENVIr from L3HARRIS used for
satellite and drone data is another huge advantage since ENVI is widely used
in the industry and SpaceCloud can take the features from ENVI and create
advanced applications much faster than before (Bruhn, 2021). With AI onboard,
SpaceCloud can extract and exploit value from imagery to detect, classify and
quantify objects and areas of interest in seconds instead of minutes or hours.
It also supports a wide range of pre-processing algorithms to enhance imagery
or sensor data for improved post-processing analytics, e.g removing bad pixels
or correct for atmospheric distortion. Furthermore, app developers will not
need to re-write the whole application whenever they want it to run on another
satellite model (Unibap, 2021). To explain this using a metaphor, SpaceCloud
can be seen as the electrical socket, and the applications can be seen as the cords.
Instead of each cord (application) having to be designed for a specific house’s
electrical system, they only need to be able to connect to the standard interface,
i.e. the electrical socket.
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Today, customers need to install the SpaceCloud hardware-software package in
their spacecraft to run their applications. In the future, Unibap is planning to
offer SpaceCloud as a software-as-a-service (SaaS), allowing customers to run their
applications on already installed hardware without needing their own spacecraft.
This could also facilitate the creation and sharing of apps for SpaceCloud through
an online store or registry. The apps can then be purchased and downloaded by
SpaceCloud customers. For example, each app might be designed to have its
own tasks, such as detecting oil spills, forest fires or volcanic activity. This would
lead to every satellite having more than just one purpose and would generate a
whole new demand, especially when it also gets cheaper to operate on a satellite.
This is most likely not coming in the near future, but rather many years from
now if SpaceCloud becomes the industry standard for running applications in
space.

The SpaceCloud hardware, e.g iX5 and iX10, are built in a clean room with
an ISO 14644-1:2015 class 8, M6.5 classification. The ISO 14644-1 specifies the
classification of how clean the air is in terms of the concentration of airborne
particles. This is to avoid contamination on the circuit boards to minimize the
risk of short circuits and particles that in vacuum can create membranes on
camera optics. The only components that are chosen are those that have been
tested in radiation chambers on Earth and have known behaviour. Also, the
whole system is tested in a radiation chamber and in that way it is tested to
cope with the space environment.

4 Concepts and Tools in SpaceCloudr

In this section, some concepts related to SpaceCloud, such as cloud computing
and app containerization, will be explained. The tools used with SpaceCloud as
Docker and gRPC, will also be described.

4.1 Cloud Computing

The term "cloud computing" was introduced in 2007 (Wang et al., 2010) and has
been defined as "the delivery of computing services—including servers, storage,
databases, networking, software, analytics, and intelligence—over the Internet
(’the cloud’) to offer faster innovation, flexible resources, and economies of scale"
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(Microsoft). Aspects of cloud computing include Hardware-as-a-Service (HaaS),
Software as a Service (SaaS) and Data-as-a-Service (DaaS) (Wang et al., 2010).
One general feature of cloud computing includes user-friendly interfaces. This
means for example that users are not required to switch environments to use
cloud services (Wang et al., 2010), which is a very relevant concept in the
context of space applications. This can be achieved through something called
app containerization, and in the case of SpaceCloud, this is achieved with Docker
(Docker, 2020).

4.2 App Containerization and Docker

Docker is a platform for developing and running applications in loosely isolated
environments, containers, separate from the rest of the infrastructure and is a
lightweight form of hardware virtualization (Docker, 2020). Docker containers
are instances of images, which specify the environment of the container (Docker,
2020). The Docker images describe how to create a Docker container and are
typically designed to do one specific thing. This makes them easier to develop and
debug, less prone to errors and suitable for microservices (Docker, 2020). Docker
images contain everything needed to run the software, without being dependent
on the host’s software. This means that the images can be easily shared between
hosts and the containers will work in the same way on all computers (Docker,
2020).

Docker is used by SpaceCloud to provide a standardized platform for space
applications, allowing them to run in any satellite agnostic of the specific hardware
and software in that particular satellite. The isolation Docker provides also
results in higher security, allowing many applications to run simultaneously on
the same computer in a structured way with much fewer security risks (Docker,
2020). The size of the application is of extra importance in satellites, where it is
more limited and normal. The size of the data sent to and from the satellite is
even more crucial because the bandwidth is so limited. A feature of Docker is
that if multiple applications are based on the same image, the framework-runtime
image, they will share this image, meaning the data of that image won’t be
duplicated. This will have two benefits: If multiple applications are installed on
SpaceCloud on a satellite, which will be a typical use case, this will save size
because you only need one framework-runtime image. The second major benefit
is that to upload an application to a satellite in orbit, much less data will have to
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be transmitted because the base image is already on the satellite. This will make
it easier to upload new applications to a satellite in orbit, as well as uploading
new versions or bug fixes. To further reduce the size of the applications, one
can use a feature in Docker called multi-stage building. This will strip down
the Docker image to the bare minimum of data needed for running the app in
production, removing everything that’s only used for development. This feature
of Docker will be particularly significant in the context of SpaceCloud since data
size is of such high importance.

4.3 gRPC

Remote Procedure Call (RPC) is when you execute a subroutine, i.e. function,
in a different address space but it is treated as if it is a normal function. The
fact that it’s remote is abstracted away. gRPC is an RPC framework initially
developed by Google that implements the RPC concept. It is commonly used in
microservice software architecture, and one of its features is that it uses Protocol
Buffers to define the API services. Protocol Buffers are powerful because it sends
binary data over the API, which makes it much more efficient than for example
JSON in terms of the amount of data transmitted (gRPC, 2021). Protocol
Buffers are also simple to use and language-agnostic, so it is simple to define
a service and the actual implementation of the service in a specific language
is then generated by the framework (gRPC, 2021). This can often be a lot of
code. The point is that Protocol Buffers are defined to be as efficient, simple
and well adjusted as possible to define gRPC services in, irrespective of whatever
restrictions are imposed by specific languages. Always using the same language
to define the services also simplifies the usage and the documentation. gRPC is
used by SpaceCloud because of the reasons just described, as well as because
it is open source and popular. It is also common to use with- and works well
together with Docker. In the specific case of SC, gRPC will provide the user
with functions for resource management and sensors, such as syncing storage
with the ground and getting images from sensors.
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5 Method

This project has two different approaches since sources of trust in the space
industry will be analyzed and a usability evaluation of SpaceCloud Framework
will be made. The methodology for the analysis of the characteristics of the
space industry as well as the role of trust in it is first presented, followed up by
the methodology used for the application development in section 5.4.

5.1 Selection of Case

Unibap was chosen as the company for this project because they are in a very
interesting emerging market and at the forefront of technology development.
Unibap is an especially interesting company because they provide solutions in
both the regular high-tech industry and in the space industry and this makes it
even more convenient for us to analyze the differences between the two segments.
The space industry is something that so far is quite unexplored when it comes to
research and we wanted to contribute to knowledge within marketing strategies
in the space industry.

5.2 Scientific Philosophy

The world view used in this project is presented under 5.2.1 and how knowledge
about the world will be created is presented under 5.2.2. For knowledge to
be produced accurately, our ontology and epistemology need to be mirrored
(Skoglund, 2021). It is self-evident that for correct knowledge to be produced
successfully, the epistemological perspective needs to reflect the ontological
perspective, otherwise the underlying assumptions in your method of building
knowledge are wrong (Skoglund, 2021). The chosen worldview must also be
aligned with the ontology of the key literature and chosen theoretical framework
that this project will contribute to (Skoglund, 2021).

5.2.1 Ontological Viewpoint

The ontological position taken for this study is constructive (social construction)
because we think the world of the space industry is constructed by the actors in
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it (Tuli, 2010). This is also aligned with the most commonly view associated with
qualitative research (Bryman & Bell, 2013). This is as opposed to the position of
objectivism which is most commonly taken in quantitative research (Tuli, 2010).
The difference between these ontological positions is that in objectivism the
reality is something separate from the social actors and something more static.
This means that in the position of constructionism, reality and what is true is
seen as more dynamic and changes with social norms and trends and is, therefore,
harder to understand since it is always changing. This also implies that the
social actors’ interpretation of the reality they are in is very consequential, since
their interpretation itself contributes to shaping the reality, and is not simply a
reflection of it (Tuli, 2010).

5.2.2 Epistemological Viewpoint

Since this is a qualitative study and the ontological position taken is construction-
ism, an interpretive perspective is used to create knowledge. In an interpretive
paradigm, the trustworthiness and credibility of the studied subjects are the
most important criteria, as opposed to the criteria of validity, reliability and
objectivity used in quantitative studies with a positivist perspective (Tuli, 2010).
It should be noted that a side effect of the interpretive-constructionist perspective
is lower generalizability because more weight is given to the individual actor’s
perspective (Tuli, 2010).

5.3 Research Approach

An exploratory research methodology is used in this study because the topic
of trust has not been researched before in the space industry. To perform this
exploratory research, the case study research approach is used because this
approach is suitable for inductive, empirical studies (Blomkvist and Hallin, 2014,
p. 61) and fits well with the exploratory methodology. This is a qualitative study
and semi-structured interviews were conducted. The interviews were transcribed
and then analyzed methodically with respect to each research question.
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5.3.1 Exploratory Research Methodology

Throughout this project, an exploratory research methodology was used. We
began with a hypothesis that trust is an important factor when it comes to
business development. We then analysed how this phenomenon is created and
what effect it has on the relationship between suppliers and customers. According
to Reiter (2013), exploratory research may be successful if the hypothesis can
explain a lot about the phenomenon or if it only can explain a small part of
it very well. In both ways, it provides a valid explanation where knowledge
has been created (Reiter, 2013). When analyzing the collected empirical data,
we did focus on every word literally, rather we looked for the essence behind
every word or concept to find what aspect of reality the data opens up for us or
refers to (Reiter, 2013). Our choice of interviewees was not random, they were
carefully chosen to analyze the richest and most telling cases to find the best
answers to our interview questions (See Appendix). Exploratory studies allow
us to not only measure but to think around the data by using our imagination,
experience and insights to find new and innovative ways of how to understand
and interpret the collected data and reality (Reiter, 2013).

The exploratory method is applied in the way that the intention of this study
is not to provide conclusive evidence, but rather help society get a better
understanding of our scientific questions (Dudovskiy, 2020). We were also willing
to change our scientific direction as a result of new data and new insights, which
is characteristic for exploratory research (Dudovskiy, 2020). This method was
very useful for us to use because it can find answers to problems on which little
or no previous research has been done earlier. We were not expecting to find one
clear answer to each of our questions, but rather several alternative solutions
(Dudovskiy, 2020).

Exploratory research was also used in the beginning to explore the research
topic and design for this report. Three introductory, exploratory non-structured
interviews were held with core employees at Unibap to better understand the
company, SpaceCloud and the space industry. This allowed us to specify the
problematisation and design the research questions. It was in these introductory
interviews it became apparent that trust seemed to be an important factor in the
space industry, and that usability was an important part of this for a product
like SpaceCloud.
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5.3.2 Empirical Case Study

A case study is suitable when the researchers are open to discovering new
dimensions and when questions beginning with "how" or "why" are to be
answered. It is also commonly used in inductive studies because it’s natural
for a case study that the theory grows from the empirical data (Blomkvist and
Hallin, 2014, p. 61). For these reasons, a case study seemed like an appropriate
research method for this project, since the space industry is an emerging market
without much pre-existing theory and since the research questions of this study
are exploratory by nature.

Case studies have gained criticism for being ungeneralizable, of low scientific
value and biased toward verification, and that the knowledge produced from them
is illusory and the conclusions therefore often lack sufficient evidence (Flyvbjerg,
2006). However, these criticisms have met a lot of counter-criticism and could
be considered dismissed if the case study methodology is approached with the
correct epistemological considerations rooted in the social sciences. In a heavily
cited paper, Flyvbjerg (2006) argues that these criticism are invalid and founded
on misconceptions.

Flyvbjerg (2006) presents two arguments for case studies with regards to human
learning. Firstly, research has shown that context-dependent knowledge, which
case studies produce, is necessary for gaining a deep understanding of a topic
(Flyvbjerg, 2006). This could be assumed to be especially true in the social
sciences, where some ambiguities and contradictions require extensive knowledge
of individual cases to be properly understood and calibrated for. This leads
us into the second argument concerning human learning, which is that in the
study of social sciences, or human affairs, there appear to be no hard rules,
only context-dependent knowledge. There probably can not exist predictive
theory and context-independent knowledge in social sciences, which means that
context-dependent knowledge is the best we have got (Flyvbjerg, 2006).

Flyvbjerg (2006) also argues that one can indeed generalize based on a single
case, depending on the choice of case. This applies in the natural sciences too
and is especially clear when using a single case to disprove some general rule.
The point here is the degree to which a case is generalizable depends on the
specific case, and the case should be analysed critically in this regard. The
conclusions one can draw from the case study of Unibap and the generalizability
of this case will be discussed in section 8. Also, general rules are not the only
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valuable type of knowledge and might be considered overrated in the scientific
community (Flyvbjerg, 2006). Hence, even if much of the knowledge created by
this study would be context-dependent, it could still be of use and has its place
in the literature.

This case study aims to make an empirical contribution to the already existing
literature and theory on industrial marketing because so far there is lacking
information about how marketing should be conducted when the product is
in a high-risk market as the space industry. This technical field is relatively
unexplored and there is no existing theory about how to best market a space
product, which is what this study contributes. The empirical material was
collected via interviews with actors in the space industry.

5.3.3 Qualitative Interview Methodology

The space industry is an emerging industry, which implies turbulence and
uncertainty when it comes to the development of new products and the upcome
of new competitors. Because of the uncertainty and the fact that important
factors for marketing in this context are not necessarily known beforehand, a
qualitative study fits as the methodology in this project. This is because it is
more dynamic and is open for different interpretations of the data (Bryman &
Bell, 2013). A qualitative study was also chosen to capture as many details
and intricacies as possible. Additionally, marketing is a dynamic topic that is
always evolving with the context it is in, with regards to for example advances
in technology and social trends. Even industrial marketing has links to social
psychology and social behaviour since these aspects usually influence the end
consumers (Burchell et al., 2013). For this kind of topic, an interpretive research
strategy is a good tool (Bryman & Bell, 2013). Or more specifically: a case
study.

Although a qualitative research methodology is not required to be used in
conjunction with a case study, the general perception is that qualitative methods
such as unstructured or semi-structured interviews work well together with the
case study method, because they are appropriate for making a dense, detailed
examination of a case (Bryman and Bell, 2013, p. 85).

In a qualitative interview methodology, qualitative data is generated in a way
that you learn about how individuals reason about different issues. This is
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suitable when you are interested in developing an in-depth understanding of
a phenomenon when you want to discover new dimensions of what you are
studying and are interested in ambiguity, which is the case in this study. At the
beginning of the study, unstructured interviews were conducted to formulate
the problem and the purpose. A qualitative inductive method was used where
theory emerged from empirical data. The result is then a theory that is new or
further developed and empirically valid since it was developed by analysis of
empirical data (Bryman & Bell, 2013).

5.3.4 Semi-Structured Interviews

At the beginning of the project, unstructured exploratory interviews with key
personnel at Unibap were held to choose the focus for the report. The other
interviews in this project for the analysis were semi-structured. A semi-structured
interview means that the interview is structured in an interview guide but the
interviewee still has great freedom to design the answers in their own way. The
interview process is thus flexible where the questions do not have to come in
the same order as the interview guide. A total of 12 actors in the high-tech
industry and space industry were interviewed digitally over Microsoft Teams for
approximately one hour each. The interviews were recorded and transcribed
afterwards. The interviews began with a clear focus and structure as we had a
clear picture of how the analysis of data should be performed. Some structure is
also required in the answers to enable comparison of the different cases (Bryman
& Bell, 2013).

When creating the questions, some guidelines were taken into consideration. To
begin with, each question should help answer the research questions. This means
that the research questions altogether should sufficiently cover the problemati-
zation and that they should stay within the scope of the problematization and
not go outside of that (Bryman and Bell, 2013, p. 268). Open-ended questions
were asked to leave room for unusual or unforeseen answers or reactions, answers
that we might not have been able to imagine when designing the interview guide.
Open-ended questions are also important so that the questions do not lead the re-
spondents’ thoughts in any direction (Bryman and Bell, 2013, p. 269). Although
the questions were designed to be specific enough to not be misinterpreted and
for the answer to providing the intended information (Bryman and Bell, 2013, p.
269)
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5.3.5 Analysis Method

After analyzing three interviews, several recurring themes were found that were
connected to the research questions, and they were searched for in the remaining
interviews. All empirical data that related to a theme was then sorted into it.
When all the relevant empirical data from all interviewees were sorted to its
correct theme, it was analysed in three different ways depending on the research
question that was answered.

The first research question "What are the key differences and unique character-
istics of the space industry compared to the high-tech industry in general?" is
entirely empirically driven, because there is very little written about it in the
current literature. This question is quite general and to answer it the interviews
were simply analyzed for uniquenesses of the space industry and significant
differences between the space industry and the high-tech industry in general.
The second research question is mostly empirically driven with some connection
to theory through the concept of trust. It is based on the quite broad definition
of trust found in the literature.

To answer the second research question "Considering the unique characteristics
of the space industry, what components are needed in a marketing strategy for a
company to build trust?", we searched the themes systematically for different
components that are needed for a company to build trust. The definition of
trust used in this project is derived from several definitions from the literature
(Anderson and Weitz (1989); Gullett et al. (2009)), and is here defined as "when
a party assumes a risk associated with a relationship and, through action, makes
itself vulnerable with the belief that their needs will ultimately be fulfilled by the
other party." Because the concept of trust is elusive, and because its meaning in
everyday use may be different from the definition of trust used in this project, the
interviews were analysed with this definition in mind without the word "trust"
actually being used explicitly. This is a typical theoretical analysis because the
interviews are analysed based on the definition of trust found in the literature.

The third research question "How important is offer-related trust compared to
social trust in the space industry?" and the fourth "How can offer-related trust
be improved for a space product?" are both closer to theory because of their
tighter connection to the two specific concepts of social trust and offer-related
trust. A theoretical approach is needed here since it is a conceptually driven
question. Hence, we will go through all the data related to the second research
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question with the lens of social and offer-related trust respectively. Research
question four will be answered not only through the theory and empirical data
but also through a usability test of SpaceCloud.

To summarize, this is a typically empirically driven analysis because the themes,
which acted as a structure for the analysis and the lens through which the
interviews were looked at, emerged mainly from the interviews. It is not only
an empirically driven analysis because for the second and especially the third
and fourth research questions the theoretical concepts of trust helped shape the
analysis. In other words, have gone through the interviews in three different
systematical ways to answer all research questions rigorously.

5.4 SpaceCloud Application Integration

To get better insight into SpaceCloud Framework, an app was developed. A
typical app that would be run on SpaceCloud, an image analysis app using
machine learning to identify objects on satellite images, was integrated into
SpaceCloud. Implementing the image analysis application was not part of this
project. Rather, the technical part of this project aims to evaluate SpaceCloud’s
usability, which is a part of its offer-related trust. It aims to find out how easy
it is for someone with no specific satellite programming experience to port an
app to SpaceCloud, as well as identify potential usability improvements.

5.4.1 Structure of Integration Process

A simple but still typical satellite application, an image analysis application
written in Python that takes an image as input and outputs data about that
image, was implemented in SpaceCloud and simulated running in a satellite.
To write the code, Visual Studio code was used. Material to help with the
development process includes two training courses in SpaceCoud Framework, as
well as a manual (Synodinos, 2020).

Because SpaceCloud is still in development, mail support from developers at
Unibap was also provided to help with the development process and access to the
simulation environment with SpaceCloud installed is provided through SSH. The
development process used here is not quite the process intended to ultimately
be used by the end-users of SpaceCloud, but rather a tailored solution that fits

38



the circumstances of this project. With that being said, based on the manual
and instructions from the developers at Unibap, the development process was as
follows:

1. Create the simple image analysis application from largely finished code.

2. Create the docker image, based on SpaceCloud’s framework-runtime docker
image, that contains and runs a simple Hello World application.

3. SSH to a remote SpaceCloud testing machine with SpaceCloud installed.

4. Build the Docker image to the testing machine.

5. Create SpaceCloud execution parameters for the application and package
them in a zip file. We will call this package the SpaceCloud application.

6. Run the Hello World SpaceCloud application in SpaceCloud.

7. Establish a connection to the gRPC servers from the SpaceCloud applica-
tion.

8. Implement python code that gets an image from the sensors using gRPC.

9. Integrate the image analysis application with the python code that interacts
with the sensors, to feed the image to the image analysis application.

10. Get the output from the image analysis application.

11. Get the location of the satellite at the time when the image is received.

12. Use SpaceCloud storage synchronization to simulate downlinking the data
from the image analysis along with the satellite position to the ground.

It should be noted that while this overarching structure of the process was
planned before starting, details of the process were added continuously.

5.4.2 SpaceCloud Usability Evaluation

During and after the integration process the framework was evaluated with
regards to usability. Usability in the context of software is defined by Wikipedia
as "the degree to which a software can be used by specified consumers to achieve
quantified objectives with effectiveness, efficiency, and satisfaction in a quantified
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context of use" (Wikipedia, 2021). No standard model to evaluate the usability
of software frameworks was found in the literature, and the status quo of software
frameworks is changing rapidly. Instead, this evaluation was based heavily on
one of the authors’ extensive experience of using software frameworks, especially
web frameworks. Comparisons were specially made with the web frameworks
Vue and React because of their popularity and their reputation of being user
friendly.

From looking at what makes the frameworks Vue and React good from a usability
perspective, three aspects of usability were chosen for this evaluation:

• Documentation

• Configuration

• Examples

On top of being relevant from a usability perspective, these aspects were also
chosen for being relatively tangible and well defined as opposed to aspects like
intuitiveness or simplicity.

As defined in this project, documentation includes all the text and images that
explain the framework and how to use it. The more precise, extensive and simple
to understand the documentation is, and the less ambiguous it is, the better
it is. The best documentation is easy to understand, explains everything you
need to know in as few words as possible and leaves minimal space for multiple
interpretations.

Configuration is how you configure the framework when using it. The simpler and
faster it is to configure the framework to suit your needs, the more configuration
options you have and the more transparent it is, the better the configuration of
the framework is. The best-case scenario is if the framework is easy and fast to
configure, allows you to configure it to any needs you might have, and it is clear
what the current configuration of the framework is. The configuration options
should preferably be self-explanatory and default configuration options should
be explicit or intuitive if they are especially consequential. I.e., if an important
configuration option’s default value is not what you would expect it to be this
should be made very clear.

The last aspect of usability, examples, as defined in this project includes working
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code examples from the documentation that can be used in one’s code, but it
also includes code from other places, for example from tools and boilerplates.
It is basically files and code that you are given. We consider this an important
aspect of usability because it helps build an understanding of the framework
faster as well as speed up the development time.

5.4.3 Integration Process in Depth

Here details of the integration process will be discussed. The language in this
section is technical and specific and is intended for a reader with sufficient
technical knowledge and understanding of the context. The first step was to
download a demo application that was provided by the developers at Unibap,
understand the code and tailor it for this project. This demo application is a
Python image analysis application that takes an image as input, identifies cars
on this image with the help of a Tensorflow model and then visualize the car
positions using the image analysis library OpenCV. After the demo application
worked as expected and output an image with rectangles around the cars to
verify that it works as expected, a Hello World Docker application based on
SpaceCloud’s framework-runtime image was created following the instructions
in the manual. It worked as expected on the local computer.

The next step was to SSH into the remote testing machine with SpaceCloud
installed and run the Hello World Docker application in the SpaceCloud en-
vironment. Here support from the Unibap developers was required and some
issues were getting the correct privileges. Running the application in Space-
Cloud required creating and packaging execution parameters and feeding them
to SpaceCloud. The execution parameters were all the SpaceCloud settings
of the application that were not configured in Docker and included things like
specifying the Docker image and the time when the app should be executed.

The next step was to extend the Docker application to establish a gRPC connec-
tion to the gRPC server running on the machine. This part of the development
process will be different when SpaceCloud is more finished.

Once the Docker application successfully connected to the SpaceCloud gRPC
server on the testing machine, the next step was to load the image into SpaceCloud
that would then be sent from the gRPC server. We will call this simulating a
satellite image. After the image was successfully received from the SpaceCloud
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gRPC server, it was time to integrate the image analysis python application to
the Docker application to analyze the image.

The next step was to get the location of the satellite where the image was
(simulated to be) taken. This too was done through a gRPC request, and it was
very intuitive. Both the location and the image was retrieved through the sensors
gRPC API. The last step was to downlink the location and the car positions
together as a JSON file, and this capability was provided through the ARMS
gRPC API. For this, two of the YAML files with execution parameters had to
be modified and this part was quite intuitive and easy to understand. This was
the last step of the application development process.
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6 Ethical Aspects

When conducting research and including other personnel in your work several
ethical aspects must be taken into consideration as ethical aspects regarding
the purpose of the project, but also ethical rules for how research should be
conducted professionally.

6.1 General Ethics

Many ethical aspects can be applied to the consequences of application develop-
ment in space. First of all, when constructing hardware for the end customer
that is building the satellites you are contributing to the huge space debris that
exists today, especially in low-earth orbit (ESA, 2020). There are companies
today that are trying to figure out ways to remove the existing debris and ways
to repair non-functional satellites that are in orbit. For the satellites launched
today it is a must to have a disposal plan where you can either make the satellite
leave the orbit around Earth out into space or make it enter Earth’s atmosphere
where it burns up because of the extreme friction (Bergman & Steiner, 2021).

Another ethical aspect is the software development that this project is contribut-
ing to. The application is AI-based, which is a typical use case of SC, and
there are both pros and cons when it comes to promoting AI solutions in society.
However, the typical AI application that will run on a satellite will help find oil
spills or volcano bursts and will not reduce the number of jobs like an industrial
AI implementation on Earth where workers are no longer needed (Bergman &
Steiner, 2021). One aspect that might be more ethically dubious though is the
increased availability of surveillance solutions that will come from easier access
to AI in space (for example image analysis models). The topic of surveillance is
controversial but most people would most likely agree that it is necessary to a
degree but that it can be abused. For example, you might consider it good if
used responsibly to stop a terrorist attack but bad if used in excess preemptively
or if used by a totalitarian regime to control its citizens. When it comes to
promoting surveillance with their solutions, Unibap’s position is to evaluate it
on a case-by-case basis (Bergman & Steiner, 2021). A related topic is the use of
SpaceCloud and AI for military purposes. Unibap’s position here is that they
do not want to contribute to military products involved in warfare.
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Another concern is the concern of security. One feature of SpaceCloud is to make
it easier to run multiple apps with different purposes concurrently, isolated from
each other, using Docker. But they are only "loosely isolated" from each other
(Docker, 2020), and as a general principle software always has security flaws
(@steelkiwiinc, 2018). Hence, running software from different third parties opens
up the risk of applications hacking each other. The consequences of this would
be particularly severe if a military application, within the range of ethically
acceptable applications that Unibap supports, was running on the same satellite
as a third party application and the third-party application somehow got access
to confidential military data or functionality (Bruhn & Steiner, 2020). Therefore,
the security requirements for SpaceCloud will have to be very high, especially
for the use case of running highly confidential applications on the same satellites
as third-party applications (Bruhn & Steiner, 2020). One might even argue that
highly confidential applications should be running in their satellites, or at least
in their own physically isolated environments, to be sufficiently secure.

There is also a question regarding what country the solution is most ethically
correct to sell to. The practical ethical limits can easily be blurry and it is
difficult to draw a line. For example, sometimes it might be better for a country
to do business with a not so ethical country to have a dialogue with them. In
the end, it is up to each company to evaluate and make ethical decisions on a
case-by-case basis.

6.2 Research Ethics

Since we are investigating something that is considered quite unexplored, we
have taken into consideration the precautionary principle which states that
research should not be carried out unless it has first been shown to be harmless.
This is because new knowledge can lead to new inventions that can either harm
or benefit society and the environment. We have thought about the possible
consequences of the knowledge production to which we contribute which can be
seen in the above section.

Before starting collecting data, several steps need to be performed to get the
best possible outcome of the research. As researchers, it is our job to know
about the risks of this study. Therefore, we will be precautious when it comes to
the well being of the interviewees and we will try to see to it that they are not
affected negatively in any way because of their participation. Also, we will assure
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that the results presented in this study will not negatively affect future readers
(Bryman and Bell, 2013, p. 144). Before the interviews begin, it is important to
inform the interviewees about several things such as (Bryman and Bell, 2013, p.
137):

• The purpose of the study

• That participation in the study is voluntary

• That the interview is confidential and anonymous if preferred

• That the information collected may only be used for research purposes

• That false or misleading information may of course not be published about
the interview

Participants will get as much information as possible via both mail and orally
before the interview for them to give informed consent or deny participation
in the research. The interviewee will be informed that the collected material
during the interview belongs to a study about industrial marketing and trust in
the space industry and the future of space applications. This information will
be given in both the email conversation and at the beginning of the interviews.
They will also be informed about the purpose and what parts are included in the
research. The people who participate in our study will know that they will be
anonymous in the study and they chose to participate voluntarily while knowing
that they could cancel their participation at any time. The personal data will
only be used for the study and will not be reachable in any other way by the
public (Bryman and Bell, 2013, p. 137).

If the participant chooses to be anonymous and readers will of course not be able
to figure out who the interviewee is from the details presented. Since 12 persons
are interviewed and the diversity is big it will not be difficult to anonymize if
that is requested (Bryman and Bell, 2013, p. 146). If it is determined that the
interviewees’ personal information will be published, they will know in what way
it will be used when it comes to future readers and its purpose (Bryman and
Bell, 2013, p. 145). Because of all the above, the study follows general guidelines
for ethics in research.
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7 Analysis and Result of SpaceCloud Integration

In this section, the findings from the 12 interviews conducted with experienced
people from the space industry are presented. The empirical data are categorised
through different themes that have been found during the analysis of the inter-
views. In each theme, an presentation of the empirical data connected to each
research question is made. A more in-depth analysis of the interviews is followed
in section "Summary of Findings". The results from the space application
development are then presented.

7.1 Interviews

In each theme below, you will encounter answers obtained from the interviews.
The answers to all three research questions are summarized in section We have
chosen to answer them thematically. In Table 2 are the interviewees’ official title
and how many years of experience they have within their specific industry.

Interviewee Years of Experience
CEO 31 (space industry)
Commercial Manager 13 (space industry)
CTO 37 (space industry)
Division Chief 59 (space industry)
Engineering Manager 16 (space industry)
Head of Product Line Management 25 (high-tech industry)
Sales Manager 11 (space industry)
Section Head 17 (space industry)
Space Business Developer 8 (space industry)
Strategic Procurement Manager 6 (space industry)
System Engineer 11 (space industry)
Technical Director 45 (space industry)

Table 2: Overview of all 12 interviewees
together with their number of years of
experience within their specific industry.
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7.1.1 The NewSpace Era

Each interview began with the following exploratory question: "When you were
new within the space industry, did you experience something different compared
to other industries?". A Chief Technology Officer (CTO) of a major satellite
manufacturing company with over 37 years of experience in the space industry
replies: "[Space companies] are pretty different from modern companies where it
is high competition and fast technical developments. Within the space industry
you are quite conservative." This is referring mostly to how the industry worked
before the era of NewSpace.

Traditionally, the space industry has been relatively inaccessible to other indus-
tries. According to a Space Business Developer with 8 years of experience in the
space industry, the space industry is generally closed in terms of pricing and
product information. He means this is changing with NewSpace though, describ-
ing NewSpace as "trying to streamline the process, bring down costs, trying to
make the space sector more accessible". The CTO defines NewSpace as having
two new properties that the space industry traditionally lacked: commercial
technology in space and venture capital (VC). Also the Sales Manager with 11
years of experience within the space industry emphasizes the use of commer-
cial components in NewSpace, and the effect this has on costs: "commercial
components not designed specifically for the radiation in space are much, much
cheaper". Both the CTO and the Sales Manager talk about companies within
NewSpace being more focused on cost-effectiveness, and hence being willing
to take more risks if it saves money. It is a trade-off. NewSpace is trying to
find a better balance while the traditional space industry has been much more
risk-averse, to its detriment according to the CTO. With the NewSpace wave,
partly as a consequence of using commercial components, the interaction with
other industrial sectors have increased. Both when it comes to selling services to
them and when it comes to buying components from them. The Section Head
with 16 years of experience within the space industry thinks there is a difference
between NewSpace in the US and Europe though, saying that there can not be a
company like SpaceX in Europe because the capabilities are not there and that
in Europe the space industry is more dependent on public money.
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7.1.2 Open Communication

While the information in the space industry has traditionally been quite inacces-
sible to outside industries, the degree of interaction and sharing of information
within the space industry seems to be high. Several interviewees mentioned
conferences as being a good way to market your company and making yourself
known. When comparing the space industry to the defence and service industry
the Sales Manager thinks the most significant differences are "a high degree of
openness and a high degree of a willingness to share information in the space
industry". He describes the space industry as "more or less an open book." He
continues: "People are not afraid to tell who they work with or to dive into
the details of the technology, because most of the sort of space technology is
developed in an ESA or NASA context. ... the IP (intellectual property) is
not owned by the companies, it is owned by the agencies so it is published in
research papers, most of it". Conferences and workshops seem to be one of the
core situations in which this information sharing takes place.

The Section Head mentions the importance of being transparent in what you can
and can not do as a supplier. This might be especially important if it is regarding
requirements that are in the contract because then it is a breach of contract
if you can not do it. The Section Head also emphasizes the importance of
putting everything down on paper when interacting with governmental agencies.
Because the processes in these agencies are so standardised and formal, the only
information that is actually on paper will be accounted for. Further, she thinks
a key to success for companies is being cooperative and customer-oriented rather
than focused on justice in every detail. For example, if a supplier is asked to
investigate something and does this without charging extra even if it is outside
the contract, this can outweigh other factors such as previous products in space.

7.1.3 Evaluating Competence

The space industry involves complex work, and the history is full of disastrous
failures that cost hundreds of millions of euros. The CTO mentioned that, when
evaluating potential partnerships, it is important that you "speak the same
language" and that "you work the same way", i.e. using the same method. In
his case, he thought it was important that potential partners work requirements
based, just like in his company. He also says that when selecting suppliers, it is
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important how a supplier answers when asked about how they select electrical
components and ensure they are radiation-resistant. If they answer "muddy",
i.e. if they either know they are taking risks or they do not have good knowledge
of the challenges, then that is a deal-breaker.

When talking about how to evaluate if a company actually "knows what they
are doing", the Division Chief with 59 years of experience within the space
industry, described an effective way to do this is to do factory visits and that
you visit the company when they actually do something and not just interact
with them in the conference room. It seems that meeting engineers in person
and being able to speak to them (for example in factories or conferences), ask
them questions, watch them in action in the factories as well as evaluating the
factories themselves are all parts of an important competence evaluation process
that might be more crucial in the space industry because of the high complexity
of work involved. It is about gathering as many data points as possible.

According to the Commercial Manager with 13 years of experience within the
space industry, the evaluation of competence and awarding of contracts is a bit
different in NewSpace than in more traditional, tax-funded agencies like ESA. In
ESA, the evaluation process is more formal following a structured template. The
Section Head mentioned factory visits as being important for ESA. But for ESA
it is not an important factor when awarding contracts or entering partnerships,
it is rather an important factor to make sure everything runs smoothly once the
contract is already entered. Although she mentioned that for bigger contracts it
is important to know the companies and to have visited them. For ESA missions,
ESA makes a statement of work specifying what they want, a target price and a
deadline among other things. Then companies make offers and are evaluated
according to the template. ESA then select companies based on suitability
and credentials, but it is also their job to stimulate startup companies as well
as to make sure the appropriate amount of money goes back to companies in
each member country of ESA. Therefore, previous products in space, while still
important, is less important for governmental agencies.

A Chief Executive Officer (CEO) and co-founder of a satellite applications
company with 31 years of experience in the space industry described the space
industry as "a small community where everyone pretty much knows everyone else,
compared to any other industrial sector". He continues: "The space industry
is extremely tiny. ... And if you blow your reputation in any way by doing
something dishonest or if you cannot be trusted, then you are immediately
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dropped." This seems to indicate that honesty and competence are more crucial
in the space industry than in other industries because you only get one shot
and if you ruin your reputation it is ruined forever. There is also the aspect of
social connection. The CEO says: "It is kind of interesting, even though we are
engineers, yeah, the human element is so important. Human chemistry can cover
up a lot of deficiencies, even if the solution is not absolutely perfect." The Sales
Manager thinks that if there is anything unique about entering partnerships in
the space industry, it is that personal relationships are more important here
than in other industries. He says: "When, on the emotional side, when someone
invests that heavily, both knowledge and time and effort into making something
like that happen, it is important that they work with someone that feels the same
way. That would be my explanation of why personal relations are so important
in the space sector. With regards to the space industry being small in terms
of the number of actors, he says that in the space industry "you do not have
competitors, you only have future partners ... [so] you can compete, but you
need to behave".

According to the Technical Director with 45 years of experience in the space
industry: "ISO certifications, like ISO-9100, has a value, because then people
work according to some definitions of respecting themselves and respecting the
customers". He continues "You need really at the end, the right quality, the right
price and the right reliance". The Section Head also mentions ISO certifications
as important for reliability. According to the Head of Product Line Management
with 25 years of experience within the high-tech industry, says they check the
whole development process from start to end and what suppliers they use and
how the quality is. The Procurement Manager explains that ESA has a list of
accepted suppliers and that workers can only choose a supplier from that limited
list. She continues: "Products can also be sourced from a supplier, but then
it must be accepted by our engineers and accepted by our project prime". To
be put on the ESA suppliers list you have to pass the qualifications which are
described in the ESA standards.

7.1.4 Selling Strategy

According to the CEO you need to have different selling strategies depending on
if you are selling to VCs or governmental agencies. "All these space organizations
have the conservatism that was built into them, because of many decades of
failures, and the experience that they gained from these failures. Therefore,
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they have all the safety and technological maturity, assessments that make the
entire process of qualifying a spacecraft or a NewSpace-spacecraft extremely
cumbersome and expensive". When marketing towards governmental agencies
with a lot of experience in space they can then evaluate whether the product that
you are offering is much better than what they have seen before and whether
it meets all their requirements for space rigour, i.e that you validated it in a
relevant environment and that it performed extremely well, the CEO explains.
For example, ESA has about 40 000 requirements that the supplier should fulfil
(even if they do not always fulfil all of these), explains the CTO, but this is
changing with NewSpace though.

According to the Technical Director, a lot of information needs to be supplied
to ESA when they are deciding on purchasing a space product. "No matter
what good salespeople they might have, there are strict rules how the European
taxpayer money would be handled in awarding a contract to one of those big
primes. So there is a lot of information that is needed to be supplied here. What
is the technical solution? Do they understand the problems? Do they provide
enough cause breakdowns? What margins do they have? Has the equipment
been flown before? And of course, you have to prove that it can work in vacuum".
He continues: "I think at the end it is what you have to sell and what quality
it has that is important for a marketing strategy, and to communicate how
it compares with other products that might be available". The theme of this
seems connected to the history of expensive failures and the general caution
exercised in the industry: as a buyer, you want to go to known suppliers with
high credibility, you do not want to be approached by new ones. The top priority
is that it works, new exciting features are not as important. The space industry
is generally conservative and this is the way it has always been done. The
Technical Director says that going through the "standard channels" provides
credibility to a supplier.

The CTO says that the most common way to get customers in the space industry
is to make yourself known through conferences and let the customers come to
you and that people in the space industry tend to be suspicious of "pushy"
suppliers. He thinks this is because of historical reasons, that the norm in the
space industry is that "the product should speak for itself". The Division Chief
also mentions conferences as one of the best ways to market yourself and the
System Engineer with 11 years of experience within the space industry mentions
fairs, specifical fairs for downstream industries.
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The CEO thinks that within a decade, governmental agencies like ESA and NASA
will no longer be the biggest players in the space industry, with the increased
commercialization of space. A difference with NewSpace is that companies are
more willing to risk failure because they do not have to answer to the public like
governments do if they fail since they are using tax money. The CEO continues
by adding that when marketing towards venture capitalists (VCs) you have to
do more reputation-based marketing and have a selling value proposition and
by talking about your expertise and background and dreams rather than the
technical specifications. The Sales Manager means that you need both the story-
based marketing as well as the technical accuracy simultaneously, as "a yin and
a yang". He thinks the space industry, and marketers for engineering products,
is lacking the story-based aspects that actually hook the customer and gets
the first commitment. He also emphasizes the importance of being technically
correct since in the space industry you have "so many intelligent people around
you that if you say something that is not true, or maybe a distorted version of
the truth, it will be caught, captured, and it will be assessed".

At the same time, according to The Space Business Developer, the biggest
difference compared to high tech industries is that there is seldom a public
pricing strategy available. He argues: "The industry is very closed in the sense
that it is very difficult to find information and know what the baseline costs
are, what the competitors are offering, etc. And this is quite frustrating". The
Division Chief also mentions this, saying that when looking for components you
often have to call "someone who knows" such as a friend who can tell you which
supplier you should contact. He continues: "In this industry, you have to create
a network of people you know you can contact, who you can ask questions and
get sensible answers from".

The Space Business Developer says he would like to see the Satcom industry
work in a similar way to the Telecoms in the terrestrial telecoms industry.
Because that would really encourage a lot more competition. Even though the
Satcom industry can not offer the same solution to all actors, the Space Business
Developer suggests to at least have an indication of an order of magnitude costing
and procurement time as procurement processes, etc. This is already happening
in the US and he thinks that Europe could benefit from this as well to improve
the exposure and the general perception of the business. He also guesses that
the European space companies will adopt a more high risk, high reward model
in the future to keep up with the industry worldwide.
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The System Engineer mentions how important it is for the product to be easily
understandable by the customer. This is a challenge in the space industry
because the most obvious use cases of the products are often quite scientific and
commercial use cases are not always clear. In other words, you have to make
the connection to commercial use cases of the product really clear and make
it easy for the customer to see how the product solves their specific problem,
how they can make money on it. He also mentions the financial risks involved
and the long times from development start to finished product. Basically, it is
very complicated to put a working product into space that provides value for
a customer and many things can go wrong along the way. This is a recurring
theme that comes up in several interviews.

The CTO mentions that a more common business model used more in NewSpace
is selling a service. This solves some of the problems with risks and complexity
because a service is usually more developed into a business application already,
so the commercial connection is more clear and it is easier to market. Also,
when selling a service there is less risk for the buyer of the service and more risk
is put on the company developing the service, because they take all the risk of
launch failure and in-orbit failure. The customer of the service will only pay
for it as long as it works. The System Engineer also means it is a trend to go
one step further and not only sell data but insights. This is when the data is
as adapted to a specific business problem as possible and is called a solution.
Basically, buying a service or a solution is more convenient for a customer. It is
abstracting away many of the complexities and is removing many of the risks and
is, therefore, easier to sell. This can also increase the margin by a lot explains
the System Engineer from about 8% to 30-40%.

The System Engineer also thinks the "pull" selling strategy is preferred, devel-
oping a solution based on the problem of a customer rather than trying to push
a new technology or product to the customers. He mentions a key indicator of
success being if a company is interacting with and selling something to customers
already during the development phase, such as an early prototype that is useful.
According to the Space Business Developer, a customer should have a clear
understanding of what they want from a space system and that that solution fits
with your own company strategy otherwise it can cause internal friction. This is
however not unique for the space sector, but he believes that it is quite common
in the space industry.
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7.1.5 Supplier Relationships

In the space industry, the B2B relationships between suppliers and customers
are not very trusting according to the CTO. He says that it is often assumed
that the suppliers will cheat on the requirements when possible, partly because
the customer usually provides an unreasonable amount of requirements that
have piled up over many years, throughout the history of the space industry and
its many failures. This is the traditional way of doing it in the space industry,
according to the CTO, and it is a result of risk-aversion that seems to be prevalent
in it. He also says that in the space industry companies usually do not rely on
only one supplier for a component. They have backup suppliers, for example in
case the prices increase with one supplier or if a supplier goes bankrupt.

The Division Chief says that suppliers will cheat on the delivery times for example
by "hiding" behind other suppliers’ delays. For this reason, he considers it
necessary to include in the contract that suppliers are not allowed to communicate
with each other directly, to prevent them from sharing information about delays
and delivery times. The Section Head thinks incentives is a better way to deal
with supplier delivery times, giving them a bonus if there are no delays. With
NewSpace, the trust in suppliers has increased, according to the CTO. The
number of requirements is more reasonable and the customers trust the suppliers
that they are competent and know which requirements are relevant. He means
that this has worked "fairly well" and that it results in better value for money,
especially since NewSpace has matured.

According to the Technical Director, for a successful partnership, there need to
be some natural synergies and the partnership must lead into enough business for
it to work both ways. According to the Head of Product Line Management: "For
partnerships to work, there must be mutual agreement and mutual benefit so you
trust each other. Often partnerships are a good idea but do not work. Everyone
is excited in the beginning but when it comes down to it, both companies focus
too much on their own part. You have to see results early and talk about it so
that it does not just become a marketing thing".

The Commercial Manager, explains that the people in the space industry are
really highly qualified and very reliable and explains that her relationships in
the space industry as: "We are sometimes competitors. Sometimes in some
products, we are partners. So it is very important from my point of view, as a
business development person to build strong and long term relationships within
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the business because we never know what kind of product could bring the future".
She continues by saying that potential sales and supplier relationships are created
when "companies participate in different workshops, B2B meeting space events,
conferences, we have a chance to extend the portfolio of our customers and
extend the network of connections with the different space companies around the
world". She continues: "Contact with a potential customer is very important, it
is not only about starting the business relationship, but somehow this is kind of
conduct as well because they often give you many new ideas of the project".

The Procurement Manager from a governmental agency says that a supplier
is chosen depending on if quality, price or time is the most important factor:
"Very often is the case that we need a product very urgently. So, we chose in
that situation the product that is available on the market." She continues "So,
it depends on the situation. And of course for me personally, it is very, very
important the reliability of the supplier. So, sometimes when I have to make a
decision on where to buy and I have time to make this decision, I choose the
most reliable supplier because I know that there will not be any problem in the
end. So, it is very important to have such suppliers”. When it comes to knowing
which supplier is reliable she answers "I have been working with the suppliers
for a couple of years so I know which of them are always late for the delivery.
So, this is the first official information for me that if I need something on time
I will choose the supplier that is on-time always and delivers quality of course.
We are doing analyzes of delayed deliveries so that we know who we can rely
on and who not". According to the Commercial Manager: "The department is
measuring the performance of the suppliers. They need to meet all the criteria
in terms of quality, on-time delivery and as third criteria is the price".

7.1.6 Components and Testing

Part of the reason for the low trust in suppliers could be that components are
not line-manufactured, as they are in most other industries. Instead, they are
produced in small quantities, often on-demand, explains the CTO. According
to the Division Chief, the deficiency rate of these components are higher than
line-manufactured components. The delivery times also become less predictable.
One of the things that characterize the NewSpace industry is that normal
industrial components are used instead of components specifically designed for
the space environment. The CTO explains that these components are often
line-manufactured and therefore much cheaper, have faster delivery times and,
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according to the Division Chief, lower deficiency rates. The flip side of this is
that because they are not specifically designed for the environment of space, they
are more unreliable in that regard and need to be tested for radiation tolerance.
Because radiation tolerance can vary between different copies of a component,
for the highest reliability each component should be tested individually, says the
CTO. The Division Chief says you should always assume a component does not
work until you have tested it.

Both the CTO and the Sales Manager emphasizes how expensive testing compo-
nents are, and that you avoid it as much as possible for example by purchasing
components that are already tested or that have been used successfully in space
missions before. You can also do verification by similarity, which is much cheaper.
Testing components yourself is the last resort. The CTO notes that in NewS-
pace, where components are not explicitly guaranteed to be radiation-tolerant,
sometimes the manufacturing processes change. This may lead to that a com-
ponent that was previously radiation-resistant is no longer, so even commercial
components that have previously been used in space or have tested successfully
on radiation are not guaranteed to do so still. According to the Strategic Pro-
curement Manager with 6 years of experience within the space industry: "This
is the one-shot production and not a serial one and from procurement side, it is
very hard to manage the procurement because the design is changing during the
whole project. So, we cannot buy everything at the beginning of the project,
because everything is changing during the design and manufacturing".

According to the Space Business Developer: "the sale procedure in the space
industry can be quite different depending on who you are providing a service.
Some customers prefer to have direct negotiations with satellite providers, other
customers like to put out a tender and keep with the tender public’s an invite
satellite providers to respond to that tender more formally". The engineer
presents a negotiation example from previous experience: "To develop a proposi-
tion that could meet the customer needs before even signing the contract would
be highly iterative. It did require quite a significant amount of resource and effort
from our side and from the company as well, too, invest time with the potential
customer to understand their needs to iterate a product, solutions with them or
mission solutions with them to see whether or not what we were developing and
proposing met their needs. So it was an extremely lengthy process. I mean, it
probably took my whole time at this company still working with the customer
before a contract was even placed.” He continues "But at the same time, you
know that the customer is not discussing with other companies. So you are
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building a relationship with them throughout this procurement process". As
long as the company has their funds in place, and they have the confidence that
you can deliver, signing a contract with that type of customer can be quite high
versus putting a bid into an open tender.

According to the Commercial Manager: "The testing procedure depends from
component to component and their destination and requirements. Testing is
always described better for each component separately. If a component is
not EEE qualified it will be tested again at the customer. According to the
Procurement Manager: "It surprised me that the price is really high in the
space industry than for standard components and the delivery time is very
long." According to the Commercial Manager, "everything must work, there is
no second chance back on the edge and we can not fix it if something was not
working in the space. So, that is why I think this is one of the sectors with the
highest standard in terms of quality and testing because we have to do a lot of
various tests."

7.1.7 Technology in Space

With regards to technology, there seems to be a focus on reliability that permeates
the space industry. When asked about the difference between technology on the
ground and in space, the Sales Manager described technology in space as: "Super
geeky and nerdy in every single layer. Most of the engineering stuff is always
very detail-oriented, and very one-sided, you can say that there is a right and
wrong and it is taken to an extreme in space". He also mentions the financial
risks involved due to the fact that the satellite technology can not be fixed after
launch.

The CEO says: "Space is much more highly demanding. There is a wonderful
saying that NASA invented which says that you cannot fly if you have not
flown before". He continues: "Space is a very unforgiving environment, and you
cannot send a repairman out to space to change the parts. Right? So you could
jeopardize a billion-euro mission on something that is unproven to the point
that it becomes a joke." The number one priority is that the technology actually
works in space. Therefore, according to the CTO, it is important to see if the
suppliers actually understand the challenges with radiation, see section 7.1.3.

When asking the Space Business Developer about the future of AI in space he
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replies: "Small satellites itself comes with a lot of limitations because you are
limited in terms of what you can carry, but you are also limited in terms of
resource perspective. So, how much power the spacecraft can generate, how much
data it can capture, how much data it can communicate back to the ground,
etc. And I think this is why this is where AI can really play a game-changing
role because it cannot help increase the resource on board and help optimize
the use of resources on board". He exemplifies: “You have a customer who
requests for an image to be captured over a specific location. The satellite is
then tasked to capture this satellite and in the next period when it passes over
this region. The satellite captures the image and then the images are downlink
to the ground segment and processed and then sent to the customer. So, the
image is covered by 90% of cloud and only 10% is actually useful". Another case
when AI will be useful he continues "is when the image you have captured on
the spacecraft is going to be processed, AI can understand how much is useful
and only communicate back the user to the ground. Then you are using power
to communicate for a shorter amount of time and these components can really
help optimize your resources onboard the spacecraft". AI will maybe also help
in the future when in inter-satellite communications to analyze information in
real-time, in order to cooperate in any way.

The CEO means that the space industry is much more demanding when it comes
to technology because no one dares to try new technology that has the risk to
sabotage a million euros mission if it fails after launch. This is a significant
difference from other high-tech industries where the hardware can be modified
several times on Earth. When creating payloads for a satellite mission the critical
tests that they need to pass are the launching environment and the rigorous
environments of space. During the launch, the payload is exposed to mechanical
vibrations and the loud sound that is created from the jets. According to the
CEO the orbital environment where it is radiation that can cause single up-events
together with extreme cold and extreme heat depending on the satellite’s position
relative to the sun. The technology on Earth does not need to be adapted to
this.

According to the Technical Director, it is very important to take into account
the vibrations during launch from the boosters and the acoustics and you could
damage a large commercial antenna if you have not designed it properly for that
kind of loads. And while in space, the satellites need to handle temperatures
ranging from plus 100-120 to minus 40 minus 60 degrees with a cycling period
of one day. He continues "Of course, if once the product has been already flying
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and demonstrated in orbit, that is the best say, view you might have that it is
likely to function again".

The CEO thinks that we are in the tail end of a space bubble, similar to the
.com- and telecom bubbles some years ago, where companies have been created
and funded via VCs. This space bubble has been going on since NewSpace
started, but now many companies without a true and honest business plan and
good value proposition have been disrupted and the commercial space industry
is starting to mature. But this too indicates that you need to be careful where
you invest your money and which companies you choose as suppliers or partners
because there have been many companies that do not live up to the hype but
that prove to be a mirage.

According to the Engineering Manager with 16 years of experience within the
space industry, technology in the space industry is special in the way that you
work with prototypes of prototypes. Because engineers need to do many tests,
prepare, and prove many solutions. "There are not so many standard solutions
that can be applied in different products, because each project is a different type
of mission whether it is LEO, GEO ... So, it is not so obvious that we can always
apply the same standard and the same rules the same materials. So, the work is
very interesting and challenging".

7.1.8 Summary of Findings

When it comes to the first research question, which relates to key differences
and unique characteristics of the space industry, one key difference found is
that the space industry is generally conservative and small, and reputation and
honesty is therefore especially important. You will immediately be dropped
if doing something dishonest or can not be trusted because of the complexity
of the technology and mission costs involved. Therefore, competence seems
to be a more important factor than in other industries, as well as the ability
to evaluate it. One indicator of competence is if you are speaking the "same
language", meaning using the same terminology and frame of reference. Another
way is to inspect the product development process on-site through factory visits.
When evaluating competence in the space industry, it seems to be important to
gather as many data points as possible through face-to-face interaction because
it provides more information and also makes it easier to evaluate and build trust
(Weick, 1987). The detail and nuance that face-to-face interaction and factory
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visits provide seem to be especially valuable in the space industry, because of
the importance of accurate competence evaluation. This exemplifies the concept
of requisite variety introduced by Weick (1987), meaning that it is required that
the complexity level of communication and signals match the complexity level of
a system to ensure the reliability of that system. In this case, the system is the
competence evaluation.

Regarding technology in space, there are some clear differences from other
industries. Firstly, reliability is a bigger concern here because of the expensive
nature of the missions and the fact that satellites can practically not be physically
modified once launched into space. Therefore, the space industry is one of the
sectors with the highest standard in terms of quality and testing. This puts a
higher emphasis on reliability and this too relates to the concept of requisite
variety because to secure the reliability of the technical systems there need to
be processed in place of matching complexity. Secondly, the factor of radiation
is unique to the space segment and very significant, resulting in a need for
an understanding of the problems this entails and implies higher importance
of specific properties of the hardware. This makes it much harder and more
expensive to acquire proper hardware in the space industry than in other high-
tech industries.

According to the interviews, trust seems to be especially lacking in two areas of
the space industry: supplier relationships and components. Moeller et al. (2006)
notes that buyer-supplier relationships can either be antagonistic and zero-sum
based on short-term thinking or collaborative, win-win and long-term based.
Based on the interviews the buyer-supplier relationships in the space industry
seem to be generally placed in the former category, which is not optimal. In
general, supplier relationships in the space industry are not very trusting and
reliability is the most important factor, not least when it comes to delivery times.
A late delivery of a single component can delay a whole mission. This is an
instance of the service quality dimension of offer-related trust (Doney et al.,
2007), which appears to be particularly critical in the space industry. Trust
in the reliability of components is also generally pretty low. In the NewSpace
industry, where much of the financing comes from VCs who are willing to take
more risks, a higher risk of components not working is also accepted. This
is a reason why industrial components can be used, sometimes without being
thoroughly tested. In NewSpace, it also seems that buyers are generally more
trusting towards suppliers when it comes to requirements and competence. They
are less controlling and trust more that the suppliers know their thing and
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know which requirements are actually important for example. At the same
time, in NewSpace the technology is becoming more complex and the priority of
reliability is smaller, so the need for trust in the technology and offer-related
trust increases.

Regarding the second research question which relates to components needed in
a marketing strategy for a company to build trust, several aspects have been
found. Trust can be built if companies are cooperative and customer-oriented
rather than focused on justice in every detail. Having references and showing
that your space product has successfully flown before is among the most effective
ways to build trust. Because of the small numbers of actors within the space
industry you should have in mind that sometimes you are competitors but later
on can become partners. This needs to be taken into account to build strong and
long relationships. Among three evaluation criteria: delivery time, reliability
and price it seems like reliability is absolutely the most important aspect when
choosing a supplier. Then comes delivery time and lastly the price.

Trust in electrical components can be increased through different tests and
previous examples of successful usage if this is communicated effectively. Being
ISO certified is also a really good way to build trustworthiness and it seems
to be the best indicator of the quality of a business. It is also important that
the technical people in a company deeply understand the technical challenges
inherent in the space industry, such as radiation and temperature changes and
that this is apparent. One way for a company to build trust is to make sure
people in all layers of the company that perform some kind of communication
have some degree of understanding about this. Speaking the same language, as
mentioned earlier, also helps build trust in one’s competence. It seems important
to be transparent, honest and consistent to build trust and preserve a good
reputation, because of the industry’s size and values.

The third research question relates to the importance of social sources of trust
compared to offer-related trust in the space industry. To recap, social trust is
defined as trust originating from social interaction, open communication and
customer orientation (valuing the other party’s needs), while offer-related trust
originates from a service or product’s delivery quality, reliability and economic
value (Doney et al., 2007). Social trust refers to trust that a company or person
for example has good motives, values your needs, will communicate properly
and that interaction with them will be sufficiently frictionless. Offer-related
trust means that for example, the delivery time will be as expected and that the
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service or product will function as expected.

Many interviewees indicated that reliability and the technical aspects were the
biggest concerns when purchasing components or products. However, according
to those working in private companies, the human element can cover up for some
degree of technical deficiencies if a partnership between two private organizations
is to be made. On the other hand, according to people in governmental agencies,
the human element does not seem to be an important factor in any way when
awarding contracts. Rather, formal elements and more objective indicators of
competence seem to play a bigger role and the process is very methodical and
objective, while the human element plays a role later. This is because there are
strict rules for how tax money should be used and governmental agencies can
therefore not take the same risks as private companies within the space industry.
It seems that offer-related trust is more important to secure a deal/partnership
while social trust seems to be more important to keep/maintain it and sufficient
communication skills and social trust are here more important to not lose the
contract once it is already awarded and to get more contracts in the future.
Governmental agencies also have an incentive to give opportunities to new players
to expand the market and encourage competition. In other words, with regards
to trust, social trust (Doney et al., 2007) seems to play a bigger role for private
companies than for governmental agencies.

The fourth research question is about how offer-related sources of trust can be
improved for a space product. This question goes a bit hand in hand with the
previous two research questions but instead of looking at the company as a whole
we are here focusing on only the space product. Offer-related sources of trust
concern service quality and include delivery, reliability and value (Doney et al.,
2007). Since NewSpace began, private companies dare to take more risk if it can
make them save money. But also for single space products, interviewees talk
about the importance of showing that the product can withstand the radiation
of space and the temperature changes. Because of this, ISO certifications are of
importance to show that the technology is developed in the right environment.
Offer-related sources of trust can also be improved if you can talk comprehensively
about the challenges concerning your product, show that you understand it, be
transparent and show that you are honest about the technology. The product
should be easily understandable and it should be clear how it solves ones specific
problem. A professional and understandable web page where the product should
speak for itself with value propositions and a product manual that is thoroughly
worked through would help a company to meet these criteria.
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Regarding value and reliability for a product, interviewees suggest that selling a
service or solution is more convenient for a customer because it removes many of
the complexities and risks. A service or solution is also easier to market because
the value proposition is more clear and can be more easily communicated. This
can also cover up for potential trust issues since the company is responsible for
anything going wrong and the customer only pays for it as long as it works. The
solution must also fit with your own company strategy because otherwise, it
can cause internal friction. Also, it seems to be very important to communicate
how components are tested against radiation. The highest reliability would be if
every component was tested individually but this is also very expensive.
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7.2 SpaceCloud Integration Process

The development of the SpaceCloud application went according to the plan
described in 5.4.1. There were obstacles along the way that will be described
below, but not more than expected. In the end, the image analysis application
was successfully integrated into SpaceCloud and it was found that through
SpaceCloud you can use standard tools to develop an application for space with
no specific background in space technology.

The most relevant files of the finished application can be found in the appendix.
The structure of the files can be seen in Figure 4. Some of the files were
provided to us, and much of the content of the files was found as examples in
the SpaceCloud manual.

Figure 4: The files and file structure of the finished SpaceCloud
application.

7.2.1 Takeaways From the Process and Obstacles

Here obstacles and specific potential improvements or notes from the point of
view of a user of SpaceCloud will be discussed. The language in this section will,
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like 5.4.3, be technical and specific, and is intended for a reader with sufficient
technical knowledge and understanding of the context. For the whole process
described in greater detail, see 5.4.3.

One of the parts that were a bit overwhelming and confusing was writing the
execution parameters, packaging them and feeding them to SpaceCloud. It was
unclear what timezone the time of execution should be specified in. The structure
of the files seemed suboptimal, it was unclear which options were required, there
was no clear point of reference and there were too many options to define for
the simplest possible application. Potential improvements regarding this are
discussed in section 7.2.2.

When establishing a gRPC connection to the gRPC server running on the
machine, it was a bit unclear that the gRPC SpaceCloud server was a part of the
SpaceCloud environment and already running without having to be manually
modified or started, and exactly how to connect to it. When SpaceCloud is
more finished, a GUI will be available and the development environment will be
available to download to a local computer. It is important though that is very
clear when the SpaceCloud gRPC server is running, how to connect to it and
how to use the functions in the development environment. This concerns for
example the relevant IP addresses and ports. Also, when feeding an image to
SpaceCloud to be provided to the application, requirements like the format of
the image provided to SpaceCloud for the simulation should be made clearer if
there are any.

One challenge when integrating the image analysis python application with the
Docker application was to convert the image received from gRPC to the format
that the image analysis application expected. It turned out to be relatively
pain-free due to the NumpyConverter that returned the image in Numpy format,
but the formats and how to convert between them could be more explicit. In
this case, each pixel had to be converted from RGBA to RGB format, which had
to be figured out through logging. The documentation of the NumpyConverter
and the exact image format returned should be made really clear.

One way to simplify the process of porting applications to Docker would be
to include explicitly in the documentation examples of pip package names and
versions for commonly used packages, to reduce issues with wrong pip package
names of incompatible versions. For example, in the application, for OpenCV
and Tensorflow the pip packages opencv-contrib-python tensorflow-cpu==2.3
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worked well.

In this project, a demo space application that takes images as input and returns
car positions as output was successfully ported to SpaceCloud. This integration
included getting satellite images from the SpaceCloud API and sending it to
the application, retrieving the relevant data from the image analysis (in this
case car positions) and downlink this data to earth, together with the location
where the image was taken. This results in a massive size reduction compared
to downlinking the whole image. This pattern of porting an image analysis
application to a satellite, send it images, retrieve data as output and downlink
this data continuously can be applied to many satellite applications, and based
on the experience of this project SpaceCloud makes this process relatively simple.

7.2.2 Usability Evaluation

Usability is one of the top-selling points of SpaceCloud. To start with, the fact
that SpaceCloud uses standard, modern tools such as Docker and gRPC and
allows for development in Python makes it intuitive and improves its usability
compared to the old ways of developing satellite applications. Further, to be
a bit more methodical, the usability of SpaceCloud was evaluated through the
lens of three aspects: documentation, configuration and examples. A disclaimer
here is that SpaceCloud is still in development and the documentation and the
development is continuously being updated.

The documentation of SpaceCloud at this stage of development was overall clear.
It was provided in a PDF with many images and examples. One thing that
was lacking was a specification of all the execution parameters, as well as which
ones were required and their default values. The development environment is
also in an early stage so the development process used in this project did not
have much documentation. When the development environment is more mature
it must be explained thoroughly in the documentation. It should for example
be clear exactly when the gRPC server is started when the gRPC functions
are ready to be used, what they will return, which IP addresses and ports you
use to connect to them and how you interact with them. How this relates
to SpaceCloud running in production should also be made very clear in the
documentation, i.e. which changes and which steps one has to take to move
an application from development to production. One thing the Vue framework,
which is well-known for its good documentation, does really well is to provide
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very extensive, well-written and detailed documentation with many examples
and good design.

SpaceCloud was configured using yaml files, which are a standard configuration
used in the cloud computing field and by services like AWS. The configuration
files in SpaceCloud are called execution parameters. As mentioned earlier, the
options lacked documentation which made many of them hard to understand.

In the current development environment, multiple configuration files had to be
provided to SpaceCloud to run the application. These default files were provided
by Unibap, and will later most likely be provided by the framework. These files
had many options defined by default. The purpose of many of these options, as
well as the different purposes of these different files, were unclear. The number
of files and options at the start was also overwhelming. To run the most simple
application, only very few options had to be modified, but all the other default
options and the multiple files made it harder to identify the relevant options and
running the hello-world application a harder task.

Aside from improving the documentation to explaining the options and the
different configuration files, it would improve the user experience if all the
irrelevant options were hidden (i.e. did not have to be defined) and fell back to
default values. If in the beginning, only one configuration file with a few options
had to be defined, running the first hello-world application would be a much less
daunting task. One could then define more options as development progressed. If
some options are crucial and should be made explicit, then these can be included
in the default configuration files generated by the framework, but their purpose
and their different values should be well documented. It should also be easy to
find the relevant options one should change in the beginning and to know which
options to ignore.

Regarding the examples aspect, the documentation included lots of code examples,
which was good. Default configuration files were also provided, which was also
good, although these options and values in these files could be commented or more
self-explanatory because currently many of them were unclear. A scaffolding
could also be very helpful. A scaffolding tool in the context of web frameworks is
a tool that through commands can generate template files (or scaffolds), which
can give a project a huge boost especially in the beginning. Vue has a tool called
Vue CLI that generates a scaffold for a new project with one command, including
configuration files with the most important options defined with default values.
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This boilerplate application is then ready to be run immediately and can be
developed from there. This is a good way to let the user get up and running
quickly, and not be hindered by dull configuration tasks in the beginning.

To conclude, the user experience (UX) is very important for a framework to be
popularized. The interface of it should therefore preferably be tested with end-
users in multiple iterations to ensure that it’s as simplified as much as possible
and that there are no points of confusion or ambiguity. It’s also important
that one can get started and run a "Hello World" application in as few steps
as possible. This "Hello World" boilerplate application will act as an example
and template for the actual application one wants to build, it will facilitate
comprehension of the framework and it will give the user positive feedback
early in the development process which should increase user retention. The
key components of usability of a framework identified in this project can be
summarized as clear documentation, clear configuration and clear examples.

It is important to be able to test applications in a framework in an easy way too.
The feedback loop that includes trial, error and feedback needs to be quick. This
relates to any software library but specifically one that’s built for AI because
testing is especially important here.

7.2.3 Summary of Findings

One of the most important selling points of SpaceCloud is that it allows a user to
develop an application for space the same way they would develop an application
for the ground to run in the cloud (Unibap, 2020). This was verified, as this
was what was achieved in this project. It uses state-of-the-art technologies such
as Docker and gRPC, it is adapted for machine learning applications and the
overall structure is intuitive. It seems that if SpaceCloud works the same way
in production as in this simulated environment, it will make developing space
applications easier. A point worth noting is that, although the deployment of the
application to a satellite was simulated, this simulation was of "low resolution"
(not a very advanced simulation) and it is therefore hard to say how many more
problems or complications would arise when deploying the application to an
actual satellite, and it is reasonable to assume that it would be more complicated.

Relating the results of this technical evaluation to the fourth research question
regarding how offer-related trust can be improved for a space product, it should

68



first be noted that usability is linked to offer-related trust in that it is a part
of the reliability dimension since reliability in the context of offer-related trust
is synonymous with technical quality and includes how well the product works
according to specifications and how well it solves a customer’s problems (Doney
et al., 2007). There are two things to say about SpaceCloud with regards to
offer-related trust. Firstly, SpaceCloud can help improve the offer-related trust
for satellite applications and services by facilitating testing, deployment and
management of them, which will improve their reliability. Secondly, the usability
of SpaceCloud is one of its core value propositions and it is tightly linked to its
technical quality and thereby its offer-related trust. This technical evaluation
has therefore given an indication of SpaceCloud’s offer-related trust as well as
tips of how to potentially improve it.
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8 Discussion

In the space industry, the development process of products takes a very long time,
the value chains are long and the products are complex. This makes the products
harder to market, and it is important to make the value to the customer clear.
A way to easier market the products and reduce the risk for the end customer is
to sell services. You also need different selling strategies depending on if you are
selling to VCs or governmental organisations. VCs listen more to value created
and storytelling while governmental agencies prioritize products that meet all
their requirements for space rigour. So, how can companies in the space industry
facilitate long-term collaborations with suppliers and vice versa? Potentially
collaborative supply chains could help with this. Akkermans et al. (2004) stresses
the importance of transparency in the context of supply chain management when
developing collaborative supply chains. They also emphasize the need for trust
between the partners involved to achieve the level of transparency required.

Supply chain collaboration is something that could be utilized more in the space
industry, and that is potentially close at hand because of the already open nature
of the space industry in terms of information sharing. With AI becoming more
common in space, it is clear the need for trust and reliability in space technology
will only increase in parallel with AI. This will demand more from the systems
around the AI applications too, such as testing, data pipelines and integration.
Potentially SpaceCloud can facilitate this in the space industry.

The theme of "speaking the same language" only appeared once so we could
not go into detail about this. Existing literature has discussed how ethics and
trust are related but we chose to not investigate this further either. Another
theme that was not investigated in this project, although it was mentioned as
a potential area of interest in one of the initial interviews, was insurances and
how as a space company communicate trustworthiness to insurance companies.
This was probed during subsequent interviews and insurances did not appear
to in fact be a rewarding area of research. Although they seemed to have some
implications for trust, they seemed to function predictably. There seem to be
insurances for most aspects of space missions, but their costs are relative to the
prices of what they insure and depend on the historical frequency of failures. It
should be noted though that in one interview an example was mentioned where
insurance was used only for superficial reasons, to calm people down rather
than for economical reasons. This indicates that insurances might help build
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offer-related trust since they reduce risks and facilitate vulnerable action. This
study provides components of building trust and one should be careful of not
over-generalizing the findings presented before they are further validated by
future research.

On the basis of the SpaceCloud usability evaluation performed in this project,
and considering how important usability is for products such as SpaceCloud
where there is a lot of interaction with the user, we propose that usability should
be a separate component included in the definition of offer-related trust. While
it is a part of the technical quality (the reliability dimension of offer-related
trust) of the product, it is different and impactful enough that we think it makes
sense to talk about it as a separate construct. It seems that as technology is
becoming more complex and as scalability and reliability are becoming more
important, the importance of usability increases. Especially in the context of a
product such as SpaceCloud or other software libraries or frameworks, usability
permeates the whole life cycle of the software, from development and testing
to deployment and maintenance, and therefore acts as a mediator for all these
properties.

8.1 Future Prospects

A question one might ask at this point is: What is the future of the space
industry and technology in space? While currently, one can not do much more
than speculate, a few things seem to be certain from the interviews. Number
one is, the commercial space industry is going to grow. Companies like SpaceX
and Blue Origin are a testament to this, as well as various projections (George,
2019). Number two is, currently computing in space generally seems outdated
and inefficient. Because of the heavy leaning towards reliability rather than
efficiency, the hardware has been slow and the software has been old. This has
been the mindset in missions as a whole and not only with regards to computing,
but while this is changing with NewSpace it seems that the computing aspect
is lagging. This might be because of the particularly hard challenges in the
combination of transistors and radiation but usability and efficiency always seem
to win out, and there seems to be a breakthrough coming soon.

Other questions that would be interesting for this industry to investigate further
would be ethical implications with regards to streamlining space. Lilien (2016)
pointed out B2B innovation and customer analytics as future research. We

71



see that how trustworthiness is to be communicated in the best way could be
investigated further as future research concerning a larger knowledge gap about
trust in buyer-supplier relationships. Something else that could be investigated
further in future research is the NewSpace industry in Europe. So far, most of
the NewSpace industry resides in the US, so it would be interesting to know its
relative relevance in the US and Europe, why it has not been able to spread as
effectively to Europe if it will be able to and the implications of this. This could
help predict the future of the space industry for both the US and Europe.

Finally, we propose that future research could be done to investigate potential
differences between social trust and offer-related trust. So far in the literature
social sources of trust are differentiated from offer-related sources of trust, but no
distinction is made on the types of trust originating from these different sources.
On the basis of the interviews in this study, we think it seems plausible that
there are differences between social trust and offer-related trust, and that maybe
these should be defined as separate concepts. This would mean that they should
also have different definitions, albeit similar.

8.2 Practical Implications

A practical takeaway from this project is that radiation tolerance and how one
deals with radiation might be the most critical issue regarding technology in
space for many companies, and displaying a good understanding of this as well
as convincing tests or methods to deal with it is important. For Unibap, this
might entail explaining the tests in detail, the probabilities of failure and how
failure is dealt with, and focusing more on this aspect than performance aspects.

Another practical takeaway with regards to the technical part of the project
and SpaceCloud are the suggested usability improvements, which can help
improve the offer-related trust of a product. In the context of a software
framework specifically, the documentation should be abundantly clear and the
amount of code needed to be written to get started should be minimal. One
could beneficially take inspiration from the web development community and
frameworks like Vue, for example on the points of CLI tools like Vue CLI and
automatically generated boilerplates and configuration files. Another inspiration
from the web development community is that if you can find ways to promote
an ecosystem around the framework and the software, this can be beneficial.
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The vision of SpaceCloud as the forefront of the space application revolution is
compelling. Again, the web development community might be used as a parallel
because some of the biggest technical revolutions within the last two decades
have been within this space. Google, Amazon, Facebook, Netflix are all large
web companies and they have all been part of changing society. One thing one
might say about the web development community is that it is largely driven
by trends and collaborations. Big ecosystems grow around certain tools and
patterns, and these ecosystems have then had an exponential impact and helped
shape the whole landscape for years to come. Examples of this include cloud
infrastructure like AWS, front-end frameworks like React and containerization
patterns with tools like Docker. If Unibap found ways to enable and encourage
this kind of collaboration and ecosystem, SpaceCloud Framework might be able
to do something similar for the realm of space applications.
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9 Conclusions

We will here give answers to the three research questions described below and
present some practical conclusions that can be useful for Unibap.

What are the key differences in the space industry compared to the
high-tech industry in general?

The space industry is unique in the way that it is both conservative and small,
which puts higher importance on trustworthiness and reputation. The buyer-
supplier relationships in the space industry are generally not very trusting. This
is related to the mission costs, technical challenges of components in space and
the importance of delivery times. The delivery time is a very important aspect
in the space industry because of the narrow launching windows for a satellite
to reach its intended orbit. Because of the remoteness of the satellite, the
radioactive environment in space and the high cost of missions the importance
of the satellite’s reliability increases, as well as specific properties of radiation
tolerance making the acquirement of satisfactory technology a more complicated
process than in other industries. This too results in a greater need for competence,
competence evaluation and reliable suppliers throughout the whole supplier chain.

Considering the unique characteristics of the space industry, what
components are needed in a marketing strategy for a company to
build trust?

Trust in the technical components in the space industry can be increased through
a display of various tests that prove the reliability of the components with
regards to the space environment. ISO certifications and previous successful
usage in space are also important as evidence of reliability. These things should
be communicated effectively. It also increases trust if people in all layers of
the company have some technical competence, as well as "speaking the same
language". It seems important to be transparent, honest and consistent to build
trust and preserve a good reputation. In the context of buyers and suppliers
especially, it also seems to be important to communicate openly and frequently
to build a trusting relationship.

How important is offer-related trust compared to social trust in the
space industry?
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Offer-related trust is extremely important in the whole space industry because
there is no second chance for a billion-dollar mission to be fixed in space if the
technology does not work. However, it was found that social trust can make up
for technical deficiencies in private companies but not in governmental agencies
to the same extent where public money is used.

How can offer-related trust be improved for a space product?

It is proposed in this project that usability can strengthen the offer-related
trust of a product. Key components of usability include clear documentation,
clear configuration and clear examples. Offer-related trust can also be improved
by facilitating testing, deployment and management. Furthermore, selling
a service could increase trustworthiness because it reduces the risk for the
customer. Finally, be transparent and honest about all specifications and
challenges concerning the product.

9.1 Findings in Relation to Previous Literature

The finding that open and frequent communication increases trust with a supplier
confirms the findings of Doney et al. (2007). Doney et al. (2007) also found that
service quality and evidence of it is positively related to a buyer’s trust in a
supplier. The results of this study are also in line with that finding, since previous
successful usage of a product in space was an important factor of increasing
trust, as well tests. Evidence of competence as a key factor of building trust
further reaffirms the findings of Doney et al. (2007).

Contrary to the findings of Doney et al. (2007) though, this study found the
relationship between trust and loyalty commitment to be more ambiguous. In the
space industry, some people seem to be more focused on keeping multiple options
open to not be cheated by a supplier and to prevent delays, rather than building
a more trusting long-term relationship with the supplier. Moeller et al. (2006)
notes that buyer-supplier relationships can range from zero-sum and antagonistic
to cooperative. In general, in the space industry, it seems that buyer-supplier
relationships are more antagonistic. Supply chains might be more consequential
in the space industry because of the very expensive, diverse missions and the
importance of delivery times being kept. The findings of this study indicate
that there might be benefits in developing more collaborative supply chains,
for example through the process called collaborative planning, as suggested by
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Akkermans et al. (2004). This could make the supply chains more reliable and
effective, but for this to work lot of trust is needed (Akkermans et al., 2004).

9.2 Practical Conclusions

These are the condensed, summarized practical conclusions targeted at Unibap
and other companies in the space industry:

• Focus on communicating how the company is dealing with the issue of
radiation and single-event upsets, with less focus on performance when
marketing technology for space. How does the product withstand radiation
in space? What are the testing procedures and how are the quality checks
made? This must be explicitly communicated on as many platforms as
possible.

• 60% of the resistance from companies to running AI is linked to trust
and reliability. The trust gap can be bridged by being transparent and
explaining the AI technology used. This includes the potential problems
with bias, how data is handled, transparency on data policies, design
choices, and how decision making is made.

• When it comes to interacting with tax-funded agencies such as ESA or
NASA, it is important to be meticulous with paperwork and procedures.
These agencies work methodically and will only take into account what is
on paper.

• Factory visits are important for evaluating potential suppliers and getting
insights into suppliers’ organizations. The potential gain from factory visits
is difficult to achieve in any other way. The other way around also holds
true. Invite current and future customers to the company and its factories
to build trust.

• Be realistic about delivery times. Overestimate rather than underestimate
and be transparent about the status.

• ISO certifications are among the best ways to show reliability. Strive to
get as many certifications as possible and emphasize all ISO certifications
in marketing to build trust.
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• Have people in multiple layers of the organization with technical knowledge
about the products, this can also increase trust.

• In the marketing of SpaceCloud and other products, focus on showing
reliability of the software, and specifically for SpaceCloud, show how
application developers ensure reliability of their SpaceCloud applications.

• For SpaceCloud Framework, focus primarily on usability, ease of use
and clear documentation. Run usability tests on potential users. Take
inspiration from the web development world and frameworks like Vue and
React. Think about how the development environment can make it as easy
as possible to develop and test applications in the framework, and how
the testing feedback loop can become as fast as possible in development.
Have sensible default values, and apply the concept of "convention over
configuration".

• Build trust with other organizations, be transparent and honest, communi-
cate openly and be willing to invest in long-term relationships. Always keep
in mind that competitors today might become customers in the future.
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9.3 Reflection on the Process

This project has been really fun to work on and the collaboration between us
has been very smooth. We have complemented each other surprisingly well
and from that gained a better understanding of the benefits of diversity and
different skill sets. When reflecting back on the process, there was a lot of open
communication within the group and any potential issues were discussed before
they had the chance to grow. For example, disagreements regarding the contents
of the report or the allocation of work were acknowledged without inhibition.
We have learned that the best way to encourage better performance of other
team members is to lead by example.

Another important ingredient for successful teamwork seems to have been trust.
Both of us trusted both the other person’s competence as well as the other
person’s goodwill and honest effort, and this resulted in both of us always giving
the other person the benefit of the doubt and avoiding conflict when it was not
necessary. The trust also manifested itself in deciding what would be written in
the report. One difficult part was to clearly define the problematisation and goal
of the project, in the beginning, to make the project-focused. Connecting to and
mobilising the theory as well as getting theoretical depth was also a challenge.
These were the tasks that required the most guidance from supervisors. Finally,
it would have been interesting to investigate how insurances can affect trust in
the space industry, but this fell outside the focus of this project.

This experience has taught us about effective teamwork, but it has also taught
us things about ourselves, our strengths and our weaknesses. Through this
project, we have improved teamwork skills such as understanding. Also, we
have progressed together to think more academically and nuanced. We have
learned what scientific work really is about, what it means to be rigorous in
your production of knowledge and what it is like to discover new things about
the world and view the world through new lenses. We have learned about the
values of case studies, empirical studies and qualitative interviews and how these
methods can help us understand the world we live in.
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10 Appendix

10.1 Interview Questions

Below the semi-structured interview presented. Since it is semi-structured not all
questions were asked every interview and the order of the questions could vary
a lot depending on what already had been said. Both analytical and technical
questions were asked depending on the interviewee’s experience.

Introductory Questions

• Can you tell us a bit about your background?

• What is your current title? What are your work tasks?

• For how long have you worked within the space industry?

• Have you worked with sales/partnerships/industrial marketing?

• Do you want to be anonymous? Is it okay that we record this interview?

Exploratory Questions - Analytical

• When you were new within the space industry, did you experience something
that was different compared to other industries? Some anecdotes perhaps?

• Can you tell us about a typical occasion when you were discussing a
potential sale with a customer/partner?

• Can you tell us about a non-typical occasion that you remember which was
not like a typical sale? Anything that was different from your experiences
in other industries?

• Have you experienced something that surprised you when working with
technology/industrial marketing in the space industry?

- Do you think it was special for the space industry?

- Have you spoken to someone else who has told you about a specific
experience from the space industry? Some anecdotes perhaps?
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• Do you have experience in what works and what does not work when it
comes to marketing space products B2B and getting customers interested?
Examples?

• Do you know about any unique customer segments in the space industry?

• Which are the important actors and customers to market towards in the
space industry?

• What types of customers do you have? What segments in the space
industry are your customers in?

• What do you think a business model should contain in order for the
customers to feel safe to make an order?

• What other successful and unsuccessful business models do you have
experience within the space industry? Tell us about them.

- What do the price models you use (buy/sell) look like? Why?

• Which regulations or laws exist in the space industry that one must take
into consideration? Examples of when this became relevant for you?

- Are they specific for the space industry?

• What does the flow of customers look like in your company?

- How many customers do you have currently?

- How do you get customers?

- How many recurring customers do you have?

- How long are your customer relationships usually?

- Do you customize your products for each customer, or does every
customer get the same product offerings?

- Can you describe the relationship you have with a long-term and a
short-term customer.

• Can you tell us about an occasion when you were to decide to become a
customer to another company?

- Anything there that is special for the space context?

• Can you tell us about an occasion when you were deciding to become a
partner with another company in a space context? Anything there that is
special for the space context?
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• Can you tell us about an occasion when you were to make a purchasing
decision? What aspects were important? What do you look at?

• Can you tell us about an occasion when you did not think you would enter
an agreement but then changed your mind?

• Can you tell us about an occasion when you did not make a deal or get
into a partnership with someone because of reasons related to the company
and the people? Some anecdotes perhaps?

• Can you tell us about an occasion when you did not make a deal or get
into a partnership with someone because of reasons related to the product
or the technology

• Who usually makes the purchasing decisions? Do you know how they are
made?

Exploratory Questions - Technical

• What do you think is different with working with technology in the space
industry, compared to other industries?

• Can you tell us about an example when you were evaluating the reliability
and technical quality of a product. What did you look at?

• What are your thoughts and experiences about solutions vs products? How
do you work with these?

• How do you work with the fact that space hardware and payloads for
satellites can not be modified after launched into space?

• How do you work with quality assurance (QA) and testing of hardware
and software?

- What kind of errors are acceptable in a space context?

• What do you think the future of space applications will look like?

• What do you think about implementing AI in space, compared to other
types of applications?

• How do you work with insurance when it comes to space applications or
hardware and software in space?

- How does this affect trust and risk?
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10.2 Code Files

application/contexts/manifest.yaml

contexts:
op1:

description:
- applications:

- command: null
environment:

PROCESSOR_HOSTNAME: processor
STORAGE: /mnt

storage:
- volume: volume_1

mount: /mnt
mode: rw

hash: sha256:da9dea6c1cb54357d6917b28be98cadcb06c9846b
716afd34d8ab5376a522ac5
hostname: main
logs:

compress: true
max-file: 3
max-size: 10m

resources:
cpu:

cores: 0.5
priority: 1024

gpu:
enable: false

memory:
kernel: 32m
limit: 256m
swap: 512m

vpu:
enable: false

when: auto

name: exjobb2
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settings_name: conf1
trigger:

description: ’2021-05-20 12:36:00’
type: date

type: add

operations:
- op1

version: 0.0.1

application/images/manifest.yaml

images:
operations: []

version: 0.0.1

application/settings/manifest.yaml

settings:
operations:

- op1
op1:

type: add
description:
- name: conf1

settings:
gsif:

isif:
type: FOLDER
description:

image_path: /home/unibap/sat_imgs
image_extension: png

psif:
type: TLE
description:
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name: ISS (ZARYA)
line_1: 1 25544U 98067A 20226.06311231 .00000634
00000-0 19556-4 0 9992
line_2: 2 25544 51.6462 66.9823 0001637 29.7739
108.2756 15.49160058240839

arms: {}
mission_data: {}

version: 0.0.1

application/volumes/manifest.yaml

storage:
operations:

- op1
op1:

type: add_volumes
description:

- name: volume_1
labels:

sync: down
- name: crap

labels:
sync: up

version: 0.0.1

application/manifest.yaml

version: 0.0.1
import:

operations:
- images
- settings
- volumes
- contexts
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container/app.py

#!/usr/bin/env python3

import cv2 as cv
import os
import grpc
import json
from proto.image_converter import NumpyConverter
from proto.unibap_spacecloud_api_pb2 import GetImageRequest,
SetStorageSynchronizationRequest, GetLocationRequest
from proto.unibap_spacecloud_api_pb2_grpc import SensorsStub, ARMSStub

import time
import detect
import track

if __name__ == "__main__":
print("Started Application")
gsif_channel = grpc.insecure_channel(’172.17.0.1:50002’)
arms_channel = grpc.insecure_channel(’172.17.0.1:50001’)
sensors_stub = SensorsStub(gsif_channel)
arms_stub = ARMSStub(arms_channel)
storage_path = os.getenv("STORAGE")
try:

res = sensors_stub.GetImage(GetImageRequest())
img = NumpyConverter.from_protobuf(res)
img = img[:,:,0:3]

req = GetLocationRequest(stamp=res.stamp)
loc = sensors_stub.GetLocation(req)
print(loc)

car_positions = detect.detect(img)
with open(storage_path + "/positions.json", ’w’, encoding=’utf-8’) as f:

json.dump({
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"positions": [position.tolist() for position in car_positions],
"location": {

"latitude": loc.latitude,
"longitude": loc.longitude,
"elevation": loc.elevation,
"orbital_speed": loc.orbital_speed

}
}, f, ensure_ascii=False, indent=4)

try:
req = SetStorageSynchronizationRequest(name=storage_path, priority=10,

mode=SetStorageSynchronizationRequest.SYNCHRONIZE_DOWNLINK_MAINTAIN)
arms_stub.SetStorageSynchronization(req)

except grpc.RpcError as e:
print("Error syncing storage")
print(e)

except grpc.RpcError as e:
print("RPC error")
print(e)

print("Application completed")

container/Dockerfile

FROM spacecloud.unibap.com/unibap/framework-runtime
SHELL ["/bin/bash", "-c"]
RUN apt-get update
RUN apt-get -y -qq install python3 python-virtualenv vim libglib2.0-0
WORKDIR /app
COPY proto/*.proto proto/
COPY proto/*.py proto/
COPY app.py app.py
COPY track.py track.py
COPY detect.py detect.py
COPY model_100.tflite model_100.tflite
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RUN virtualenv venv -p python3 \
&& source venv/bin/activate \
&& python3 -m pip install grpcio grpcio-tools opencv-contrib-python
tensorflow-cpu==2.3 \
&& python3 -m grpc_tools.protoc --python_out=./ --grpc_python_out=./ \
-I=./ proto/unibap_spacecloud_api.proto
CMD venv/bin/python app.py
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