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The Commercial Aspects of Navigation
Satellites: A Systematic Literature Review

Sofia Hassinen, Arto Ojala®, and Heidi Kuusniemi

1 INTRODUCTION

Commerecial space activities have been under growing interest during the
last two decades (Davidian, 2021; George, 2019; Gurtuna, 2013). In
this chapter, we focus on commercial activities within one specific sector
(Davidian, 2021)—satellite navigation systems—as these systems are
increasingly integrated into daily commercial activities (OECD, 2022).
Further, satellite navigation systems have rapidly evolved since the launch
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of the first location-based services (LBS) in the 1990s (Huang et al.,
2018). The Global Navigation Satellite System (GNSS) is a key method
for LBS and finds application in various industries (Manulis et al., 2021).
That is, the commercial use of navigation services now encompasses a
wide range of products and value-added services, catering to diverse
purposes and industries (see e.g., Paravano et al., 2023).

GNSS-based services are employed at both enterprise and consumer
levels. The enterprise market primarily encompasses maritime naviga-
tion, agriculture, aviation, driver advisory systems, geomatics, search and
rescue, rail, critical infrastructures, among others. The consumer market
mainly involves system integrators such as smartphone and automotive
companies (Breeman et al., 2022). According to the EU Agency for
the Space Programme, the most significant cumulative revenue segments
in 2021-2031 are consumer solutions (61.0%), with revenues primarily
generated from sensors installed in smartphones and tablets using LBS
and applications. This is followed by the road and automotive sector
(29.2%), where the majority of revenue comes from devices used for
navigation, including emergency assistance, advanced driver-assistance
systems, and fleet management applications (EU Agency for the Space
Programme, 2022). As space-based activities are highly demanding, and
technology is advancing rapidly, companies operating in this sector face
several challenges related to technology, organization, and management
in their pursuit of success (Xue et al., 2008).

The field of LBS, including the GNSS industry, has been extensively
studied across various academic disciplines. However, while GNSS plays
an increasingly vital role in our daily lives and has been integrated into
numerous commercial products and services, there is limited academic
understanding of the commercial usage and application of navigation
satellites. By promoting awareness of this field from a commercial perspec-
tive, it can provide a foundation for future research on the subject and
offer valuable insights for both academic research and business practices.
For these reasons, it is essential to investigate the current state of research
related to the commercial aspects of navigation satellites.

The objective of this systematic literature review is to compile existing
literature, map the current state of knowledge, and suggest new research
directions concerning the commercial issues of navigation satellites.
Specifically, the aim is to find answers to the following research question:
What is the current state of knowledge about the commercial aspects of
navigation satellites?
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Given the ongoing development of LBS and technological advance-
ments, it is evident that this industry is in a constant state of evolution.
In this chapter, our goal is to contribute to the existing literature by
providing a deeper understanding of the GNSS market. This article is
organized as follows: In Sect. 2, we present the literature search process,
the selection criteria for the collected data, and an overview of the data.
In Sect. 3, we disclose findings from the literature review by categorizing
the articles into six themes. Section 4 discusses further research direc-
tions based on the literature review. Finally, in Sect. 5, we conclude by
presenting the contributions and acknowledging some limitations of this
work.

2  METHODOLOGY
2.1  Data Collection

The data collection for this systematic literature review was conducted
across five databases: ABI, EBSCO, IEEE, SCOPUS, and Taylor and
Francis Online. Data searches were carried out between October 2022
and January 2023. The selected keywords for the search were ‘nav-
igation,” ‘satellite,” ‘GPS,” ‘GNSS,” ‘business,” ‘space economy,” and
‘commerc*.” These keywords were chosen because they are associated
with the studied phenomenon and are essential for finding relevant articles
on the topic.

For the data search, specific criteria were established to guide the
collection process. An initial search using the selected keywords, without
additional selection criteria, yielded a total of 28,478 results from articles
across the five databases. Consequently, it was crucial to carefully apply
chosen criteria to identify suitable articles that could address the research
questions. To achieve this goal, we focused on publications published in
English in scholarly peer-reviewed journals. No restrictions were set on
the publication years, allowing us to capture all relevant studies related to
this research.

Using the selected terms and criteria, we identified 1,253 articles based
on the abstracts. These included 292 articles from ABI Inform Complete
(ProQuest), 43 from EBSCO, 13 from IEEE Xplore, 474 from SCOPUS,
and 431 from Taylor and Francis Online. The abstract criteria required
that they comprehensively describe the topic of this study. Additionally,
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duplicate publications were excluded at this stage. In total, 153 articles
that met the abstract criteria were selected for full-text review.

During the full-text review, it became evident that some of the articles
primarily focused on the technical aspects, with the commercial dimen-
sion being less prominent in the study. For instance, Prol et al. (2022)
surveyed the potential of Low Earth orbits (LEO) for positioning, navi-
gation, and timing (PNT) systems, delving into technical elements while
also touching on the commercial prospects of the industry’s current
and future market. However, this article was omitted from the literature
review because it primarily focused on the technical aspects of LEO-PNT,
with the commercial dimension being a minor component in relation to
the overall content of the article.

Based on the full texts, a total of 32 articles were deemed suitable for
inclusion in this systematic literature review. Most of the articles were
obtained from Taylor and Francis Online, totaling nine articles, while
EBSCO and SCOPUS each contributed eight articles. Additionally, ABI
yielded five articles, and IEEE provided two articles. Figure 1 illustrates
the process by which data were searched, articles were selected from the
database search, and articles were ultimately included in the final anal-
ysis. In Table 1, all 32 articles selected for this literature review are listed,
presenting the authors, journals, publication year, databases from which
they were retrieved, and the research themes covered in these articles.

2.2 Overview of the Data

The distribution of the selected studies for this literature review by year is
presented in Fig. 2. The articles were published between 2002 and 2022,
with the majority in 2021 (3), 2019 (5), 2013 (5), and 2011 (3). The
distribution of selected studies by year indicates that researchers have been
actively studying and contributing to the understanding and advancement
of this field over a significant span of time.

Over the years, as navigation satellite systems have become prevalent in
our daily lives, they have sparked interest among researchers. Numerous
studies about the industry have been conducted from various perspec-
tives and across multiple disciplines. However, while most of the studies
have focused on the technical aspects of navigation satellite systems,
there also appears to be a growing interest in commercial and business-
oriented research. This broad interest among different disciplines can also
be observed in the various journals in which the selected articles are
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Search terms:

navigation, satellite, GPS, GNSS, business, space economy and commerc*

!

ABI Inform Complete (ProQuest): 292

Abstract Selection criteria

Language: English

EBSCO: 43 Scolarly journal / Article
IEEE Xplore: 13 :

Peer-reviewed
SCOPUS: 474

X . Abstract is available
Taylor & Francis Online: 431

In total: 1253
Criteria for the abstract
< The abstract describes the subject area
The content is comprehensive
< Exclusion of duplicate publications
Full text

ABI Inform Complete (ProQuest): 62
EBSCO: 28

IEEE: 7

SCOPUS: 26

Taylor & Francis Online: 30

Materials selected based on the full text:

ABI Inform Complete (ProQuest): 5
EBSCO: 8

IEEE: 2

SCOPUS: 8

Taylor & Francis Online: 9

In total: 32

Fig. 1 Search process and selection criteria

published. Table 2 shows the journals and the corresponding number
of publications from each. The reviewed articles were published in 26
different journals. The most common journals among the publications
were the Journal of Location-Based Services (4), the Journal of Spatial
Science (2), Sustainability (2), and Regional Studies (2).

The articles included in this literature review employ a diverse range of
research and analytical approaches. The following categories were used to
distinguish the different methodologies adopted in the studies:
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Fig. 2 Distribution of the chosen articles by year

Table 2 Distribution of the chosen articles by journal

List of journals

Number of articles

ACM Computing Surveys

Astropolitics

California Management Review

Cultural Trends

Economics of Innovation and New Technology
Electronic Commerce Research

Governance

IEEE Systems Journal

Information Systems Journal

International Journal of Information Security
Internet Research

Journal of Engineering and Technology Management
Journal of Hospitality Marketing and Management
Journal of Location-Based Services

Journal of Spatial Science

Journal of Travel Research

Management Science

Personal and Ubiquitous Computing
Proceedings of the IEEE

Prometheus

Quarterly Journal of Electronic Commerce
Regional Studies

Research Policy

Sustainability

Technological Forecasting and Social Change
The Professional Geographer

il Rl Rl el e S I N I e I I R I e i I R I =
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1. Qualitative research

2. Quantitative research

3. Mixed methodology (e.g., both qualitative and quantitative
research)

4. Computational methods

5. Literature reviews, overviews, and mapping studies

The distribution of different methodologies is presented in Fig. 3.
Due to the nature of the topic, it is common for the studies to involve
various domains of resecarch methods. In the business-related literature, it
is evident that there are methodologies that combine both business and
technical principles.

The majority of the reviewed studies employed empirical research.
Quantitative research was the most widely used method, with a total
of 13 studies employing this approach. Additionally, the review cate-
gory, which encompassed overviews and mapping studies, consisted of
ten studies. Mixed methodologies, meaning in this context the use of
multiple research methodologies, such as a combination of qualitative
interviews and quantitative data, were employed in four studies. Addition-
ally, four studies conducted qualitative research. Lastly, one study used
a computational method, more precisely, agent-based modeling. Inter-
estingly, five studies applied a case study approach along with the main
research method.

m_ Qualitative research; 4; 12 %

= | Reviews; 10; 31 %

Computational method; 1; 3 % ® | Quantitative research; 13; 41 %
Mixed; 4; 13 %

m Qualitative research = Quantitative research = Mixed = Computational method = Reviews

Fig. 3 Distribution of research methods
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3 ANALYSIS AND FINDINGS

The purpose of the following subsections is to offer an overview of the
existing knowledge on the topic and to present six key themes that have
emerged from the literature. This will establish a foundation for the
subsequent section where we will explore potential directions for future
research in this area.

The research topic of commercial aspects of navigation satellite systems
has generated interest for studies in various contexts and for various
purposes. Given the broad nature of this industry and its engagement
with various domains, the resecarch themes are extensive. Based on the
systematic literature review, six themes have emerged from the reviewed
articles. Table 3 summarizes the themes and the number of publications
in each theme.

LBS are an integral part of the utilization of navigation satellite
systems, and it was expected that this topic would be discussed in the
literature. LBS were discussed in several studies, yet four articles were
categorized in this theme group, as they had a prevailing focus on LBS
in their research agenda. Mobility and spatial data are also relevant topics
concerning commercial aspects of navigation satellite systems, with a total
of six studies focusing on these themes in their research. In total, eleven
articles covered topics of collaboration, coordination, and knowledge
networks while studying navigation satellite systems. The consumer and
user point of view were covered by four studies. A popular theme among
the studies was security, privacy, and personal information privacy, and

Table 3 Themes observed in the literature

List of themes Number of publications
Location-based services (LBS) 4
Mobility/Spatial data 6
Collaboration/Coordination/Knowledge networks 11
Consumer/User point of view 4

Security/Privacy/Personal information privacy (PIP) 4
Critical infrastructures 3
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this category included four articles. Lastly, three articles discussed navi-
gation satellite systems from the critical infrastructures viewpoint. In the
following section, the themes are introduced, and the research on each
theme is elaborated.

3.1  Location-Based Sevvices

LBS are services that comprise technologies enabling the geographic
information of a mobile user’s real-time location and provide personal-
ized information for their users (Uphaus et al., 2021). The development
and deployment of LBS have been studied by Petrova and Wang (2011)
through a case study approach. The focus is on the LBS landscape and
reveals that regulatory factors have been crucial for commercial success
in the LBS markets, yet innovative business approaches have also played
a significant role in generating customer demand. The findings suggest
that economies aiming to adopt LBS should prioritize the establish-
ment of a supportive environment that nurtures the development of
services tailored to meet the specific needs and requirements of the target
customer market.

A recent study by Uphaus et al. (2021) presents a comprehensive
overview of the current LBS market. They investigated the existing use
cases of LBS and identified the relevant players and value creation models
within the market. By analyzing providers, areas of application, functions,
and technologies, the study establishes a category system that helps iden-
tify success factors in well-established services based on application type,
technology, business models, and other characteristics. The research high-
lights the promising opportunity of using location analytics to improve
the user experience in current LBS implementations. Overall, the study
introduces a novel framework for future market explorations in this field.

The work by Khurri and Luukkainen (2009) focuses on identifying
and analyzing the necessary conditions for the development of a mobile
LBS market in its phases of evolution. They found that there are favor-
able conditions in place to initiate the implementation of LBS. However,
the authors indicate several areas that require further research, such as
understanding the societal impact, value proposition, and risks related to
security and privacy. Additionally, the authors state that creating sustain-
able business models and establishing a balanced mobile LBS ecosystem
that offers equal profit opportunities for all participants is crucial for the
success of the LBS market. Additionally, De Reuver et al. (2013) have
conducted research on the topic of business models of LBS providers
and how these will be impacted by the advantages of Galileo commercial
services.
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3.2 Mobility/Spatial Data

The rapid mobility of people and goods has been facilitated by the
widespread availability of ubiquitous computing and LBS. The emergence
of GPS and other positioning devices has further enabled the collection
of real-time location data for objects moving in geographical space. As
a result, vast amounts of tracking data have been generated, opening
up new commercial possibilities for innovative applications built upon
this movement information. Researchers from various fields, including
database management, geographic information systems (GIS), visualiza-
tion, data mining, and knowledge extraction, have contributed to the
development of models and techniques for analyzing mobility patterns
and extracting valuable insights from this data (Parent et al., 2013).

The survey conducted by Parent et al. (2013) delves into the funda-
mentals of mobility data, addressing its definitions and investigating
the challenges associated with its management. The study also offers a
comprehensive overview of various approaches and techniques for three
critical aspects: (1) constructing trajectories from movement tracks, (2)
enriching trajectories with semantic information to facilitate meaningful
interpretations of movements, and (3) utilizing data mining to analyze
semantic trajectories and extract insights, including behavioral patterns
of moving objects. Likewise, Isaacson and Shoval (2006) conducted an
examination of tracking technologies for gathering data on pedestrian
spatial behavior. Their study primarily focuses on two key tracking tech-
nologies: satellite navigation systems and land-based navigation systems.
In a separate study, Millonig and Gartner (2011) delved into the spatio-
temporal behavior of shoppers, investigating the factors that influence
their commercial behavior within specific groups. Moreover, research has
explored the potential of applying Geographic Information Technologies,
such as GPS, in cultural research, as demonstrated by the work of Gibson
et al. (2010).

Visitor mobility plays a crucial role in supporting sustainable local
economies and effective management in urban tourism destinations.
When researching visitor mobility, much attention has been focused
on uncovering the underlying patterns and structures of spatial visitor
behavior (Sugimoto et al., 2019). Traditional approaches to gathering
data on spatial and temporal visitor activity have posed challenges for both
survey participants and researchers. However, advancements in geospatial
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technologies have provided alternative methods for collecting and visu-
ally presenting information about activities in specific locations. Among
these technologies, GPS has emerged as a valuable tool for data collection
related to commercial behavior.

In their study, Hallo et al. (2012) explore the use of GPS technology
for tracking nature-based tourists and underscore its benefits compared to
traditional tracking methods. Their research revealed that GPS provides
numerous advantages, including increased reliability, accuracy, and preci-
sion in data collection. By leveraging GPS technology, researchers can
examine the actual movements of visitors, yielding valuable insights into
visitor use patterns, as opposed to relying solely on self-reported data. In
a study conducted by Sugimoto et al. (2019), researchers investigated the
connection between visitor mobility and urban spatial structures through
an exploratory analysis. They collected data on visitors’ movements and
characteristics using surveys that combined GPS tracking technologies
and questionnaires. Based on these works, it is evident that GPS tech-
nology offers several advantages that can be applied for different tourism
related businesses.

3.3 Collaboration/Coovdination/Knowledge Networks

Balland (2012) has made significant contributions to the literature in
the GNSS industry. His highly acclaimed article explores the impact
of proximity on the development of the GNSS collaboration network
(Balland, 2012). The study’s primary focus is to understand how orga-
nizations select their partners, with a specific emphasis on proximity or
distance. It empirically analyzes how organizations choose their part-
ners based on various dimensions of proximity, including geographical,
cognitive, organizational, institutional, and social factors (Balland, 2012).
Another study by Balland, conducted in collaboration with Vicente and
Brossard, analyzes clusters within collaborative knowledge networks in
a specific technological field. It examines the interface between clusters
and networks, aiming to enhance our understanding of collaboration
across different locations and cognitive domains. The research specifically
investigates the Midi-Pyrenean cluster in the GNSS industry, utilizing a
relational database constructed from collaborative research and develop-
ment projects funded at various levels in Europe (Vicente et al., 2011).
These collaborative networks are important for commercialization of
innovations (Balland, 2012; Balland et al., 2013) Additionally, Balland
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et al. (2013) have studied how innovation is influenced by specific struc-
tural characteristics of knowledge networks and its impact on geographical
patterns.

The topic of public—private partnerships (PPPs) has garnered interest
among researchers in GNSS literature, particularly concerning the Euro-
pean Galileo case. Morth (2009) has studied the relationships between the
public and private spheres through an analysis of three European collab-
oration cases involving public and private actors. The study includes cases
of the European satellite navigation program (Galileo), the European
Investment Bank (EIB), and the European financial market. The article
examines the balance between managerial autonomy and democratic
accountability in European public—private collaborations, emphasizing the
importance of political control for democratic legitimacy, rather than
evaluating efficiency.

In their paper, Zervos and Siegel (2008) explore the role of multi-
public partnerships in the space industry in promoting commercially
viable space programs, addressing market failures, and tackling transat-
lantic security concerns. The paper specifically focuses on the benefits
and policy implications of transatlantic multi-public—private partnerships
through a case study of the Galileo space-based navigation system. In
another publication by Zervos and Siegel (2005), they examine the advan-
tages of transatlantic collaboration in technology policy, particularly in
publicly-funded R&D space projects like Galileo. Using an industrial
organization methodology, the research investigates the negative secu-
rity impacts of unilateral space projects, highlighting the importance
of transatlantic coordination in technology policy to enable the space
industries to benefit from cross-border strategic research partnerships
(SRPs). Rouyre and Fernandez (2019) conducted a case study on Galileo
to examine the challenges associated with balancing knowledge sharing
and knowledge protection in collaborative innovation projects involving
competitors. Additionally, de facto standardization concerning GNSS has
also been studied in the literature, with a focus on GPS, GLONASS, and
Galileo (Breeman et al., 2022).

Higgins (2008) and Hausler and Collier (2013) studied GNSS
coverage and precise positioning in Australia. Both studies address the
challenges and opportunities associated with establishing a comprehensive
and accessible National Positioning Infrastructure in Australia. They high-
light the limited coverage of high-accuracy GNSS services in Australia and
identify inefficiencies and factors that have hindered nationwide access
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to high-accuracy positioning services, such as inefficient investment and
lack of coordination. Higgins (2008) introduces a model to identify
the distinct roles played by organizations involved in delivering precise
positioning services. It emphasizes the importance of governance mech-
anisms that enable collaboration among partners, ensuring transparency
regarding their respective roles and maintaining user confidence in the
services provided. In their work, Hausler and Collier (2013) identify orga-
nizational business drivers and technical methodologies that have resulted
in a lack of nationwide access to high-accuracy positioning services and
inefficient investments in Australia. The study by Lee et al. (2021) focuses
on analyzing the Korean satellite and space industry and developing
strategies for its growth. The researchers utilized the SWOT-AHP method
to assess the priorities of various factors and proposed detailed strategies
based on their findings.

3.4  Consumer/User Point of View

Given the extensive research conducted on GNSS from various perspec-
tives and domains, it is evident that commercial literature also explores the
consumer’s or user’s viewpoint in relation to the market. Furthermore,
there has been an interest in examining the value proposition of GPS and
other navigation satellite systems for their users, as well as analyzing their
impact at a consumer level.

A paper by Kaasinen (2003) studies location-aware mobile services
from the user’s point of view and has received significant attention
among scholars. In her study, Kaasinen conducts a thorough analysis of
user needs in location-aware services through a comprehensive approach
encompassing user interviews, laboratory, and field evaluations, as well
as expert evaluations. The study identifies key issues and presents user
needs across five main themes: topical and comprehensive contents, seam-
less user interaction, personalized and user-generated contents, cohesive
service entities, and privacy concerns.

Luo et al. (2014) study how mobile technologies allow marketers
to target consumers based on time and location. Their work examines
the effects of different combinations of mobile targeting on consumer
responses to mobile promotions. Using a large-scale randomized experi-
ment involving 12,265 mobile users, the researchers draw on contextual
marketing theory to formulate hypotheses. Overall, the article emphasizes
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the importance of understanding the timing, location, and strategies used
in mobile targeting.

A study by Wang et al. (2018) explores consumer purchase deci-
sions regarding mobile GPS navigation apps, drawing on the value-based
adoption model and innovation diffusion theory. It also examines the
moderating role of perceived availability of free substitutes (PAES) in
the relationship between perceived value and purchase intention. For the
study, authors’ analyzed data from 219 mobile users using the partial least
squares approach. With this study, they aimed to contribute to advancing
knowledge in mobile internet marketing and analyzed consumer purchase
intentions in the mobile GPS navigation app context.

Navigation satellite systems have also raised interest from a marketing
perspective. In their research, Cobanoglu et al. (2010) investigate how
consumers perceive the possibility of using GPS devices as marketing
tools, specifically in the context of services for travelers. It is based on
a survey of 200 randomly-selected online consumers, gathering insights
into their usage patterns and attitudes toward GPS. The findings suggest
that GPS devices are indeed employed as marketing tools, but there is
notable resistance among consumers toward businesses reaching out to
them through GPS.

3.5  Privacy/Personal Information Privacy (PIP)/Secuvity

When discussing locations and activities that concern individuals’ personal
lives, such as their residences, workplaces, visited places, and social inter-
actions, this information should be regarded as personal and safeguarded
from being shared without authorization. Many countries around the
world have established norms and laws to limit the gathering and utiliza-
tion of personal data. Nevertheless, privacy regulations are unable to
fully shield personal information from malicious entities, namely those
intentionally seeking unauthorized access to protected data (Parent et al.,
2013). In their study, Ng-Kruelle et al. (2002) discuss the hidden aspect
of mobile commerce concerning private information, such as personal
location, that must be provided for benefits like navigation support;
hence, this can be perceived as a significant cost. The authors intro-
duce the concept of the “price of convenience,” which addresses how
users’ privacy is exchanged for convenience. More specifically, the study
examines the decision-making process of individuals.
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The topics of personal information privacy and security have been
studied considerably in navigation satellite systems-related literature. The
overall topic of privacy concerning individuals’ locational data has received
increasing interest among researchers, and it is considered an important
aspect related to the industry. A study by Conger et al. (2013) introduces
a comprehensive model of personal information privacy (PIP) that goes
beyond just collecting transactional data and also considers the sharing of
data in interorganizational settings. This study examines how emerging
technologies impact the management of PIP. It also explores various
research avenues related to privacy, technologies that protect privacy,
interorganizational data sharing, and the development of policies in this
field. For a better understanding of the motives and traits of adversarial
threats, Manulis et al. (2021) examine past instances of security threats
and incidents targeting satellites. According to their analysis, ground
and radio frequency communications have been the primary targets so
far. Yet, with the growth of satellite constellations expected in the near
future, there is a need to shift focus toward securing the space segment as
well. Lubojemski (2019) contributes to the security discussion by exam-
ining the security dilemma linked to satellites. By applying concepts and
theories from international relations studies, the dual-use nature of satel-
lites provides valuable insights into understanding their influence on the
international system.

3.6  Critical Infrastructuves

GNSS, like GPS, is increasingly relied upon in modern infrastructures
due to its positioning and timing capabilities, hence making GNSS itself
a critical infrastructure. These infrastructures are essential systems that
contribute to the operations of the economy, government, and businesses.
Moreover, they are essential for maintaining the economical operations,
societal functions, well-being, health, safety, and security of citizens and
states (Bucovetchi et al., 2019; Dempster & Cetin, 2016). Fields such
as finance, telecommunications, and energy distribution use GNSS as a
timing source for network synchronization. However, GNSS can face
issues by becoming a target of hackers, spoofing attacks, and such, as some
of these networks can also be classified as critical infrastructures (Falletti
et al., 2019).

The literature review identified three articles that considered crit-
ical infrastructures in their research and highlighted the significance of
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GNSS’s role in the operations of critical infrastructures. Bucovetchi et al.
(2019) emphasize the vital role of critical infrastructure. The study show-
cases a modeling exercise revealing the global air transport infrastructure’s
reliance on space systems, underscoring the potential impact of disrup-
tions and the necessity for tools to support policy and decision-making in
safeguarding and designing infrastructures.

In their study, Falletti et al. (2019) discuss the dependence of critical
infrastructures on GNSS and GPS for time synchronization and consider
the vulnerability of their receivers to spoofing attacks. It emphasizes the
need for increased awareness and potential mitigation strategies to address
this vulnerability of GNSS. Similarly, Dempster and Cetin (2016) discuss
the increasing reliance on GNSS, specifically GPS, in safety—critical infras-
tructures. It highlights the vulnerability of GNSS to radio frequency
interference (RFI) from intentional (jamming) or unintentional sources,
which has become a significant concern. As a result, GNSS itself is now
considered critical infrastructure that requires protection and mitigation
of its vulnerability to interference. In this study, Dempster and Cetin
(2016) present an overview of the existing systems and a comparison of
different interference geo-localization techniques based on literature.

4  FuTruRE RESEARCH DIRECTIONS

Navigation satellite systems have become an intriguing subject of inves-
tigation spanning a wide range of research areas. Beyond their primary
applications in technical, engineering, and aerospace sectors, navigation
satellite systems have increasingly piqued the interest of the business
research community. Nevertheless, there remains a substantial need for
a deeper comprehension of the business and economic aspects within this
domain. This is primarily because the majority of published papers have
been predominantly technically oriented, with limited attention given to
entrepreneurial initiatives and business prospects related to GNSS-based
services. Consequently, there is ample opportunity for research that delves
into these aspects through a business-oriented lens. Some avenues for
further studies are presented below.

Based on the existing literature on LBS, it becomes evident that there
exists a significant variance in customer requirements concerning these
services (Khurri & Luukkainen, 2009; Uphaus et al., 2021). This chal-
lenge is underscored by Khurri and Luukkainen (2009, p. 206), who
note, “It is not clear how to develop business models that will take
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into account the interests of different players in the LBS value network
ranging from content owners and device vendors to end-users.” In order
to effectively thrive in markets with such diverse customer needs, there is
a compelling necessity for a business model that can be replicated across
various use cases, industries, and market segments (Winter & Szulanski,
2001). As such, there is a clear demand for further research to delve into
the innovation and development of business models (Karami et al., 2022)
within the context of LBS. These studies should explore how to create a
versatile business model that is easily customized, while also considering
the diverse demands of customers and the specific regulations of different
countries.

Prior research underscores the utility of various positioning-based
services in data collection and the examination of visitor mobility, encom-
passing their underlying patterns and structures (Hallo et al., 2012; Sugi-
moto et al., 2019). Leveraging such data, diverse service types have been
developed, including smart-city services for municipal authorities and
tracking services for consumers aiming to circumvent traffic congestion,
among others. Nonetheless, a noticeable gap exists in linking the develop-
ment of these services to entrepreneurial aspects that could explore how
entrepreneurs innovate novel services using available positioning tech-
nologies. An equally intriguing realm lies in indoor positioning, which
presents unique challenges due to the limitations of GPS within inte-
rior spaces and the need for multifaceted technology solutions (Dedes &
Dempster, 2005). Exploring this area would expand positioning-based
studies and business prospects from outdoor to indoor settings (Ojala
et al., 2024).

We have observed that the existing literature emphasizes networking
with partners and other market actors (see Balland, 2012; Zervos &
Siegel, 2008). In future research endeavors, we propose a more compre-
hensive application of network theories to yield in-depth insights into the
dynamics of networking and ecosystem initiation among diverse stake-
holders in GNSS-based services. For instance, exploring the formation of
both weak and strong ties, as outlined by Granovetter (1973), can shed
light on how these various types of connections contribute to the creation
of a successful business ecosystem (Tiwana, 2015). Furthermore, given
the international nature of GNSS-based businesses, there is a compelling
need to investigate the establishment of different types of cross-border
networks (Ojala, 2009). This research should aim to identify the neces-
sary actions and strategies for integrating the potential requirements of
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foreign partners and addressing possible bottlenecks in the market into
the service (Fraccastoro et al., 2023).

5 CONCLUSIONS

In this chapter, we have provided a comprehensive literature review
that contributes to the advancement of our understanding regarding the
commercial application of navigation satellite systems. Our review indi-
cates the main themes and key findings derived from an analysis of 32
studies within this domain. The outcomes of this systematic literature
review reveal that despite its importance, business-related research on
the application of navigation satellite systems remains relatively scarce.
While the technical features of GNSS have attracted a lot of interest, the
commercial side of this market is only emerging. However, there seems
to be growing interest in business research related to GNSS. Notably, a
substantial portion of the existing business literature concerning GNSS
and LBS emerged in the early 2010s, indicating a pressing need for
contemporary research that examines the current market dynamics of
GNSS and LBS.

In light of these findings, this study provides the following contri-
butions that future research endeavors should focus on in more detail.
Firstly, especially in the LBS market, there are diverse customer needs that
should be addressed by developing flexible and replicable business models.
Secondly, the literature highlights different services and technologies for
position-based data collection, but it does not focus on how these services
are created and commercialized. Thirdly, we observed that although the
industry is highly networked, these networks and how they are formed
have not been studied in detail.

It is essential to acknowledge the limitations of this literature review.
While it aims to provide an overview of the current literature concerning
navigation satellite systems with a focus on commercial aspects, it is
important to note that the review is based on a modest sample size of
32 publications. We also acknowledge that some publications might be
missing if they are not published within the databases applied or did
not include the search words employed. Furthermore, there is always a
possibility of mistakes, and the authors are responsible for any poten-
tial errors. We also acknowledge that the findings and implications of
this study cannot be extrapolated beyond its specific scope. However, the
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study provides valuable insights into the existing literature within its spec-
ified themes and offers new perspectives for further business research on
this topic.
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