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Currently, the business of location based service providers largely depends on 
 the existing Global Navigation Satellite Systems (GNSSs), i.e. GPS and recently 
 also GLONASS. Not only are these two systems operated under the discretion 
 of the US and Russian military, respectively, but they also give only best effort 
 guarantees  on  accuracy  and  availability.  Because  of  this  and  given  that  LBS 
 providers  increasingly  rely  on  positioning  information,  EU  is  preparing  the 
 launch of Europe’s own GNSS platform, Galileo, which is expected to be fully 
 operational around 2020. Besides the free-of-charge basic service, a Commercial 
 Service (CS) with advanced characteristics will be offered at a premium-rate to 
 service providers. The business case behind the launch of Galileo assumed that 
 part of the investments would be recouped by having service providers pay for 
 the  enhanced  characteristics  of  CS,  i.e.  higher  positioning  accuracy,  signal  au-
 thentication capability and service guarantee. However, as yet, it is still highly 
 unclear whether service providers are in fact interested to pay for accessing CS 
 signals,  especially  because  the  access  to  civil  satellite  navigation  signals  has 
 been traditionally free-of-charge. Motivated by the lack of research in this area, 
 this thesis seeks an answer to the question “What are the factors contributing to the 
 willingness  of  service  providers  to  adopt  the  future  Galileo  Commercial  Service?”  To 
 answer this, we analyzed secondary data through desk research as well as con-
 ducted  in-depth  interviews  with  key  stakeholders.  Specifically,  we  found  that 
 the factors contributing to the willingness of service providers to adopt CS are 
 the key value drivers, other value determinants, demonstrated usefulness, ap-
 proaches  alternative  to  Galileo  CS,  and  reverse  salients.  In  overall,  it  appears 
 that service providers are reluctant to make any serious preparations for adopt-
 ing CS, as they indicate there are too many uncertainties. In order to increase 
 the  chances  of  adoption,  we  suggest  clarifying  the  value  proposition  of  CS  as 
 well as creating awareness of it early on and focusing attention either on getting 
 governments on board to create trust and reputation for CS or on service pro-
 viders directly.  


Keywords: Galileo, Commercial Service, Location-based Services, Business via-
bility, Service providers 
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 Ohjaaja: Veijalainen, Jari 


Tällä hetkellä kaupalliset paikkatietopalvelut ovat riippuvaisia olemassa olevis-
 ta  maailmanlaajuisista  satelliittipaikannusjärjestelmistä  (GNSS),  kuten  GPS:stä 
 ja  GLONASSista.  Nämä  järjestelmät  toimivat  Yhdysvaltojen  ja  Venäjän  hallin-
 non alaisina, eivätkä anna takuita palvelun tarkkuudesta tai saatavuudesta. Joh-
 tuen tästä ja siitä, että paikkatietopalveluja tarjoajat toimijat luottavat yhä ene-
 nevissä  määrin  paikannustietoon,  EU  on  valmistelemassa  Euroopan  omaa 
 GNSS-järjestelmää Galileoa, jonka on tarkoitus olla täydessä toiminnassa vuo-
 den 2020 paikkeilla. Järjestelmä tulee tarjoamaan sekä ilmaisen että kaupallisen 
 palvelun (CS), jonka lisäominaisuuksia tarjotaan palveluntarjoajille lisähintaan. 


Galileoa  laukaistaessa  oletettiin,  että  osa  järjestelmän  rahoituksesta  saataisiin 
 palveluntarjoajien  maksamista  CS-lisäominaisuuksista,  kuten  suuremmasta 
 tarkkuudesta, signaalin todentamismahdollisuudesta ja palvelun saatavuudesta. 


Tällä  hetkellä  on  kuitenkin  hyvin  epävarmaa,  että  ovatko  palveluntarjoajat 
 kiinnostuneita  maksamaan  CS-lisäominaisuuksista,  koska  siviilisatelliittinavi-
 gointijärjestelmien käyttö on tyypillisesti ollut ilmaista. Tähän liittyvä tutkimus-
 toiminta  on  ollut  vähäistä,  joten  tämä  työ  etsi  vastausta  kysymykseen  ”Mitkä 
 ovat  ne  tekijät,  jotka  vaikuttavat  palveluntarjoajien  haluun  ottaa  käyttöön  Ga-
 lieon kaupallinen palvelu (CS)?” Tutkimusta varten analysoimme toisen käden 
 tietolähteitä  sekä  suoritimme  syvähaastatteluja  pääsidosryhmien  kanssa.  Ha-
 vaitsimme, että kaupallisen palvelun (CS) käyttöönottohalukkuuteen vaikutta-
 vat tekijät ovat arvoa kasvattavat tekijät, muut arvon määrittäjät, havainnollis-
 tettu hyöty, kaupallisten palvelujen (CS) vaihtoehdot ja ”käänteiset rintamakii-
 lat”.  Yhteenvetona  voidaan  sanoa,  että  palvelujentarjoajat  ovat  haluttomia  te-
 kemään  merkittävämpiä  valmisteluja  kaupallisen  palvelun  (CS)  käyttöönotta-
 miseksi  johtuen  järjestelmään    liittyvistä  epävarmuuksista.  Jotta  käyttöönoton 
 todennäköisyyttä  voidaan  lisätä,  ehdotamme  tietoisuuden  lisäämistä  kaupalli-
 sesta palvelusta (CS) jo aikaisessa vaiheessa. Toimissa tulee keskittyä joko valti-
 oiden  saamiseen  mukaan  lisäämään  palvelun  tunnettuutta  ja  luomaan  luotta-
 musta järjestelmään tai vastaavasti voidaan keskittyä myös suoraan palvelujen-
 tarjoajiin tarjoamalla heille esimerkiksi progressiivisia tai syrjimättömiä hinnoit-
 telumalleja 


Asiasanat:  Galileo,  Commercial  Service,  paikkatietopalvelut,  liiketoiminnan 
kannattavuus, palveluntarjoaja 
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1  INTRODUCTION 


1.1  Background 


In 1991, Mark Weiser stated that "The most profound technologies are those that dis-
 appear. They weave themselves into the fabric of everyday life until they are indistin-
 guishable from it." (Weiser, 1991). This statement depicted his personal vision of 
 ubiquitous computing, where the influence of technology is all-pervasive. Ac-
 cording  to  the  author  of  this  thesis,  this  metaphorical  statement  successfully 
 illuminates  the  most  profound  technologies  but  not  only  them  per  se.  It  also 
 describes the most critical technologies; those that people depend on and whose 
 abnormal  or  interrupted  operation  has  extensive  impact.  Every  time  a  disap-
 pearing technology fails, it unveils itself and spreads confusion. The author be-
 lieves that satellite based positioning is fast becoming such a profound disap-
 pearing technology. 


 A Global Navigation Satellite System (GNSS) is a combination of different 
 technologies into a complex and massive infrastructure that (1) provides precise 
 timing information and (2) enables users to compute their location on the Earth.  


When  the  first  GNSS  was  developed,  known  as  Global  Positioning  System 
(GPS), its purpose was to augment U.S. military weaponry in times of war. Dur-
ing the eighteen years passed after the GPS became operational, the GNSS land-
scape  has  changed  significantly.  In  particular,  the  year  2000  was  a  decisive 
milestone in GNSS history when President Bill Clinton ordered Selective Avail-
ability (SA) to be turned off. SA was a feature that allowed GPS operatives to 
degrade the quality of the GPS civil signal and limit the horizontal positioning 
accuracy to approximately 100 meters (in 95% of the cases). This signal degrada-
tion was utilized as a measure to protect the security interests of the U.S. and its 
allies by globally denying the full accuracy of the civil system to potential ad-
versaries (NGS, 2013). When SA was deactivated, the positioning accuracy in-
creased  by  one  order  of  magnitude  and  a  new  era  begun  where  GNSS-based 
positioning  was  useful  not  only  for  the  military  and  few  professional  service 
providers but also for civilians. 



(13)13 


The earliest mass-market applications, those developed while SA was ac-
 tive,  were  mainly  related  to  positioning  at  sea  or  directed  to  hikers.  After  SA 
 was turned off, road vehicle applications became possible. In these, two major 
 tasks are performed: (1) positioning (where am I?) and (2) navigation (how do I 
 reach my destination?). Later on, the integration of Assisted-GPS chipsets into 
 mobile  phones  allowed  the  expansion  of  the  Location-based  Services  (LBS) 
 market by reaching out to new user segments and innovative applications. Ac- 
 cording  to  the  author’s  opinion,  vehicle  and  mobile  applications  are  the  ones 
 that helped to cross the chasm between the early adopters and the early majori-
 ty. Moreover, the establishment of GPS receiver as a standard feature of every 
 smart-phone is leading towards turning GNSS into a disappearing technology. 


Nowadays, the variety of GNSS-based applications has greatly grown and 
 positioning  information  is  used  not  only  for  navigation  but  also  for  tracking 
 objects or other people. Both end-user and professional markets are established 
 and the sectors to which new applications are targeted include among others, 
 entertainment, health and safety, security, agriculture, road-toll charging, mari-
 time, etc. For instance, according to the 2012 GNSS Market Monitoring report 
 (GSA, 2012), the global market for GNSS is growing fast and total enabled reve-
 nues are expected to increase at 13% Compound Annual Growth Rate (CAGR) 
 between 2010 and 2016. It was also estimated that LBS handset sales make up 
 the majority of shipments, approximately €170 million in 2020 up from €38 mil-
 lion in 2010. In general, the size estimates of the current LBS market pale almost 
 into insignificance when compared to the socioeconomic benefits it already has. 


For  example,  accurate,  inexpensive  and  ubiquitous  access  to  outdoor  location 
 information  has  become  indispensable  for  the  logistics  and  transport  sector, 
 which in EU has an annual turnover of over 1 trillion €.  


Nonetheless,  the  business  of  LBS  providers  largely  depends  on  GPS  and 
 recently also on the Global Navigation Satellite System (GLONASS). Not only 
 are  GPS  and  GLONASS  operated  under  the  discretion  of  the  US  and  Russian 
 military, respectively, but they also give only best effort guarantees on accuracy 
 and availability. Because of this and given that LBS providers increasingly rely 
 on  positioning  information,  the  European  Commission  (EC)  in  collaboration 
 with the European Space Agency (ESA) and the European GNSS Agency (GSA) 
 is preparing the launch of Europe’s own GNSS platform, Galileo, which is ex-
 pected to be fully operational around 2020 (Europa, 2013, 24. July). Besides the 
 free-of-charge basic service, a Commercial Service (CS) with advanced charac-
 teristics will be offered at a premium rate to service providers.  


These characteristics are (a) higher positioning accuracy, (b) signal authen-
tication,  and  (c)  service  guarantee.  The  high-precision  characteristic  is  geared 
more  towards  the  markets  of  topography,  civil  engineering,  precision  agricul-
ture,  cadastral  surveying,  etc.,  and  will  provide  professional  users  with  centi-
meter-level accuracy. The authentication capability will guarantee users that the 
computed  position  has  not  been  tampered  thus  will  enable  the  creation  of 
GNSS-based insurance policies as well as the use of CS in road tolling and other 
critical applications (GMV, 2012, 19. December). Unlike the first two characteris-
tics,  the  third  one  is  not  based  on  some  advanced  technology;  instead  it  is  of 
legal nature. 
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The business case behind the launch of Galileo (illustrated in figure 1) assumed 
 that  part  of  the  investments  would  be  recouped  by  having  service  providers 
 pay for the use rights of CS signals (ESA, 2013b) and who will then decide on 
 the  specifics  of  the  offered  services  (e.g.  integrity  data,  differential  corrections 
 for local areas, precise timing services, the provision of ionosphere delay mod-
 els, etc.) which will depend also on the final characteristics of the other services 
 offered by Galileo (Navipedia, 2013, 19. June). 


FIGURE 1 Presumed Galileo business model for CS 


Therefore, CS signals will only be available to service providers who pur-
 chase  a  license  to  do  so  from  the  future  Galileo  Operating  Company  (GOC). 


However, as yet, it is still highly unclear whether LBS providers are in fact in-
 terested to pay for accessing CS signals for two main reasons. First, because the 
 technical  characteristics  CS  have  not  been  clearly  defined  (e.g.  which  method 
 will be employed for implementing the authentication mechanism and how to 
 manage the encryption keys in a reliable and efficient way) thus the exact add-
 ed value is to a large extent still unknown. Second, because the access to satel-
 lite navigation signals targeted for civilian use has been traditionally either free-
 of-charge or restricted only to military.  


With respect to the first reason, in late 2012, the EU awarded an industrial 
 consortium with a contract for conducting a study to define Galileo’s future CS 
 and specifically, the mission requirements of the high-precision and authentica-
 tion  characteristics.  The  consortium  consists  of  three  service  provides;  GMV 
 who is responsible for the development of the CS demonstrator and the leader 
 of  the  consortium,  Logica  who  is  in  charge  of  the  authentication  matters  and 
 Helios, responsible for the business study and commercial plan (GMV, 2012, 19. 


December).  However,  the  project  is  still  on  going  and  the  results  of  it  are  ex-
pected  in  2014  so  at  least  until  then,  the  uncertainties  related  to  the  technical 
implementation of CS remain. 
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As  far  as  we  are  aware,  there  is  no  academic  research  on  the  business  model 
 viability  of  Galileo  CS,  which  is  surprising  given  (a)  the  dependence  of  LBS 
 providers on reliable and accurate positioning information; and (b) the consid-
 erable amount of tax-payers money which has been invested in the Galileo sys-
 tem, one of the biggest space projects ever initiated in Europe. While the tech-
 nological details of Galileo are often discussed in academic work, the business 
 implications for the LBS sector have not been studied by academics or covered 
 by popular press. We argue that the business impact of Galileo CS is highly rel-
 evant, given the sheer size of the LBSs market as well as the increased depend-
 ence of consumers and business on LBSs for their everyday activities.  


To the best of our knowledge, there are only a handful of reports, mainly 
 from  consultancy  agencies,  that  give  a  prediction  on  the  business  viability  of 
 Galileo system in general or specifically, on Galileo CS. For example, an inde-
 pendent  study  conducted  by  a  private  consortium  (led  by  Pricewaterhouse-
 Coopers) for EC concluded that the Galileo project is economically justified as it 
 will generate significant revenue and will achieve positive operating cash-flow 
 just three years after beginning operation. In this study, two major sources of 
 market revenue were identified; royalties from chipset (video, image and other 
 data) sales and revenues from service providers (Europa, 2001, 23. November; 


PWC, 2003). Another study, this time from Helios, emphasized that achieving 
 all four objectives set by EC for CS (i.e. to stimulate the wider GNSS market, to 
 deliver  a  public  service,  to  generate  commercial  revenues,  and  to  ensure  fair-
 ness to all) equally, in an existing market with competing service providers and 
 products, is an extremely difficult task (Sage & Mitchell, 2010). Moreover, only 
 in the context of a new emerging market and innovative service concept, the CS 
 will be able to deliver substantial revenues and user benefits (Sage & Mitchell, 
 2010). Motivated by the lack of research in this area, this thesis seeks an answer 
 to the following research question 


What are the factors contributing to the willingness of service providers to adopt the 
 future Galileo Commercial Service? 


To study this research question, we analyzed secondary data through second-
ary  research  and  conducted  in-depth  interviews  with  policy  makers,  service 
providers  and  industry  experts.  In  interviews,  we  focused  on  how  Galileo  CS 
may impact the business models of those LBS providers who decide to adopt it 
along  the  four  business  model  domains  (Bouwman,  Haaker  &  Vos,  2008)  as 
well as how willingness to adopt and pay for the Galileo CS depends on such 
expected impacts. In this thesis, a business model is defined as the way an or-
ganization  intends  to  create  and  capture  value  (Chesbrough  &  Rosenbloom, 
2002; Bouwman, Haaker & de Vos, 2008). The four domains are the service do-
main (i.e. what new services would be enabled by Galileo CS?); technology do-
main (i.e. what are the merits of Galileo CS compared to present and emerging 
technology alternatives); organization and finance domains (i.e. what are organ-
izational issues and financial risks that LBS providers face when adopting Gali-
leo CS). We notice that while the willingness of service providers to adopt CS 



(16)inherently  depends  on  the  added  value  perceived  by  the  end  users  and  how 
 much they are willing to pay for, it was not deemed feasible to focus on the end 
 users for two reasons. The first reason stems from the difficulty in acquiring a 
 large enough sample of end users considering that these would not come from 
 the consumer sector but from the professional sector, such as oil and gas explo-
 ration, finance, and others.   The second reason is related with the fact that in 
 addition to the many uncertainties surrounding the implementation of CS, it is 
 up to the service providers to shape the exact service offering around CS. And 
 as this service offering was too vague, especially at the beginning of our study, 
 we decided to focus on the service providers who were more likely to provide 
 relevant insights.  


The main contribution of this thesis is answering the above-stated research 
 question. This also provides an insight on whether it is realistic to expect that 
 service  providers  would  be  willing  to  pay  for  Galileo  CS,  which  in  turn  de-
 pends  on  the  end  customers’  willingness  to  purchase  LBSs  exploiting  the  ad-
 vanced characteristics of CS. This contribution is also crucial for policy makers 
 as well as for the general public given that large investments are being made in 
 the development and operation of Galileo system. 


1.3 Thesis outline 


The  remainder  of  this  thesis  is  organized  as  follows:  Chapter  2  describes  the 
methodology followed to answer the research question presented in this chap-
ter. Chapter 3 overviews current and future GNSS where particular focus is put 
on Galileo, Europe’s future own GNSS. Chapter 4 discusses the business mod-
els of existing and emerging GNSSs. Chapter 5 includes the results of this thesis 
which  are  documented  in  a  collection  of  two  peer-reviewed  publications  (the 
compilation  of  the  publications  included  in  this  thesis  can  be  found  after  the 
Bibliography). This chapter also includes a description on the author’s contribu-
tion  in  each  of  the  two  published  papers.  Finally,  Chapter  6  summarizes  the 
main  research  outcomes,  draws  the  conclusions,  and  suggests  future  research 
directions. 
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2  RESEARCH METHODOLOGY 


The research methodology consists of both a desk (i.e. secondary) research and 
 an empirical investigation. The former involves gathering and analyzing infor-
 mation already available in print or published on the Internet, such as technical 
 reports, policy papers, market reports, scientific literature, magazines, and on-
 line news articles. In the latter, we try to draw empirical evidence from inter-
 views with key stakeholders and experts in the GNSS field. While a question-
 naire-based survey might have facilitated a larger sample, we considered inter-
 viewing as a better approach because it allows us to probe individuals’ interpre-
 tations and even to gently challenge assertions. Moreover, as the willingness of 
 service  providers  to  adopt  Galileo  CS  is  linked  to  its  impact  on  the  business 
 models of those services providers who decide to adopt it, we searched for suit-
 able frameworks to design and execute our empirical study. The framework we 
 utilized, the specifics of data collection and analysis, as well as the limitations of 
 the research methodology are described in the following subsections. 


2.1  Business model domains 


While business models were initially often used in a loose and narrative man-
ner (Magretta, 2002), in the recent years, several detailed frameworks have ap-
peared  in  the  literature  that  provide  the  key  components  and  variables  that 
comprise business models (Gordijn & Akkermans, 2001; Osterwalder & Pigneur, 
2002; Bouwman, Haaker & Vos, 2008; Ballon, 2009). Compared to other business 
model  frameworks  (e.g.  Gordijn  &  Akkermans,  2001;  Osterwalder  &  Pigneur, 
2002; Ballon, 2009), the framework from Bouwman, Haaker & Vos (2008) explic-
itly includes technology issues that enable a service offering as well as the or-
ganizational  relationships  between  multiple  actors  in  the  ecosystem.  As  these 
elements are core in our study, we adopt their framework and subscribe to their 
business model definition. Specifically, a business model is defined as the way 
an organization intends to create and capture value and in their conceptualiza-
tion of the STOF model, business models cover four domains: 



(18)• Service domain (S): a description of the value proposition (added value 
 of  a  service  offering)  and  the  market  segment  at  which  the  offering  is 
 aimed  


•  Technology  domain  (T):  a  description  of  the  technical  functionality  re-
 quired to realize the service offering  


•  Organizational  domain  (O):  a  description  of  the  structure  of  the  multi-
 actor value network required to create and distribute the service offering 
 and to describe the focal firm’s position within the value network  


• Financial domain (F): a description of the way a value network intends to 
 generate revenues from a particular service offering and of the way risks, 
 investments and revenues are divided among the various actors in a val-
 ue network.  


These domains are illustrated in figure 2: 


FIGURE 2 STOF framework (Bouwman, Haaker & Vos, 2008) 


The core concepts of the service domain are customers (i.e. the person(s) paying 
 for the service), end-users (i.e. the persons actually using the service), intended 
 value (i.e. the value a provider intends to customers/end-users), delivered val-
 ue (i.e. the value actually delivered to customers/end-users), expected value (i.e. 


the  value  customers/end-users  expect),  perceived  value  (the  value  custom-
 ers/end-users  actually  perceive  as  receiving),  market  segments  with  their  dif-
 ferent  needs/wishes/preferences,  context  in  which  the  service  is  consumed, 
 rate (i.e. the price to consume the service), effort (i.e. all non-financial efforts the 
 end-user must take), and bundling of services. We notice that the term “value” 


is defined as the value derived from the actual use of a service and may include 
 also indirect uses.  


In the technology domain, the most important technology design variables and 
characteristics are the overall technical architecture, the backbone infrastructure 
(i.e. the medium and long range backbone network infrastructure), access net-
works (i.e. the first and second mile network infrastructures), service platforms 
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(i.e. the middleware enabling different functions such as authentication, billing, 
 data management, etc.), end-user devices, user applications, data streams over 
 networks, and technical functionality.  


The organizational domain describes the value network that is needed to 
 realize a particular service offering. The relevant topics here are the value net-
 work,  actors  in  the  value  network,  their  roles,  interactions  and  relationships 
 among actors, their strategies and goals, organization arrangements (i.e. formal 
 or  informal  agreements  among  actors  on  how  to  divide  and  coordinate  their 
 activities),  value  activities  (i.e.  the  activities  that  actors  are  supposed  to  per- 
 form in order for the value network to deliver the service), resources and capa-
 bilities (e.g. financial, social, organizational and technical). 


The financial domain is the bottom line of the business model, with reve-
 nues  on  one  side  and  investments,  costs  and  risks  on  the  other.  The  relevant 
 topics in this domain are investment sources, costs, revenue sources, potential 
 risks, pricing, financial arrangements among actors, and performance indicators 
 to evaluate and manage the financial arrangements over time. 


Business models have especially gained attention in the area of mobile tel-
 ecommunications  and  mobile  Internet  services,  which  is  not  surprising  given 
 the evolving industry structure and technological landscape. The authors in Li 


& Whalley (2002) discussed the changing role of operators due to vertical disin-
 tegration and the subsequent impact on business models in the sector. Recently, 
 the increasing role of device manufacturers and application stores has steered 
 debate on how business models in the field are changing (Reuver et al., 2011; 


Holzer  &  Ondrus,  2011).  Another  reason  why  business  models  are  often  dis-
 cussed in the mobile services domain is due to the struggle of service providers 
 to come up with value-adding and viable mobile services. 


In the context of mobile context-aware services (the category to which LBS 
 are  considered  to  belong),  Reuver  &  Haaker  (2009)  have  illustrated  the  rele-
 vance  of  the  above  four  business  model  domains  from  Bouwman,  Haaker  & 


Vos (2008), leading us to structure the discussion of Galileo CS-related business 
 models  in  this  thesis  along  these  four  domains  as  well.  Hegering  et  al.  (2004) 
 argue that a non-trivial context-aware service can only be realized by moving 
 beyond  the  boundaries  of  single  organization,  i.e.  require  a  value  network  of 
 organizations.  Killstrom  (2007)  suggest  four  generic  business  models  for  con-
 text-aware mobile services: an advertising-based model built around contextual 
 advertising,  a  mobile  extension  model  that  extends  the  existing  business  of  a 
 company towards the mobile domain, a technology-based model that leverages 
 new  context-aware  applications,  and  a  contextualized  content  delivery  model 
 that delivers content based on user context. All these generic business models 
 are  generally  complex,  as  they  require  the  participation  of  partners  providing 
 context as well as content and/or partners from advertising. 


Bouwman, Haaker & Vos (2008) argued that the critical success factors for 
business model viability indicate to what extent a business model is capable of 
creating (1) customer and (2) network value. With respect to the customer value, 
the  critical  success  factors  are  compelling  value  proposition  (i.e.  the  benefits 
delivered to the user of a service by its provider), clearly defined target group 
of  people  with  similar  needs/preferences/capabilities,  unobtrusive  customer 



(20)retention (i.e. marketing strategies aimed at keeping customer but which do not 
 create negative experiences to users), and acceptable quality of service. The crit-
 ical success factors related to creating network value are acceptable profitability, 
 acceptable  financial  and  technological  risks  (e.g.  return  on  investment  uncer-
 tainty,  technology  availability,  etc.),  sustainable  network  strategy  for  securing 
 access  to  resources  and  capabilities,  and  acceptable  division  of  roles  among 
 firms (i.e. distribution and integration of roles within the firms participating in 
 a business network). 


The  STOF  model  and  the  considerations  specific  to  telecommunications  and 
 LBSs were used in the design and execution of the interview study, as it will be 
 specified in the following subsection. 


2.2 Data collection  


In order to answer the research question presented in Section 1, we conducted 
 interviews complemented by desk research (also known as secondary research).  


Interviews  are  particularly  useful  for  getting  the  story  behind  a  participant’s 
 experiences as the interviewer can pursue in-depth information around the top-
 ic. While the focus of our investigation, i.e. willingness of service providers to 
 adopt Galileo CS, inherently depends on the added value perceived by the end 
 users and how much they are willing to pay for, it was not deemed feasible to 
 focus on the end users for two reasons. The first reason stems from the difficul-
 ty  in  acquiring  a  large  enough  sample  of  end  users  considering  that  these 
 would  not  come  from  the  consumer  sector  but  from  the  professional  sector, 
 such as oil and gas exploration, finance, and others (in fact, this was also vali-
 dated by the analysis of the interview data). The second reason is related with 
 the fact that in addition to the many uncertainties surrounding the implementa-
 tion of CS, it is up to the service providers to shape the exact service offering 
 around CS. And as this service offering was too vague, especially at the begin-
 ning of our study, we decided to focus on the service providers who were more 
 likely to provide relevant insights 


In addition to service providers and in order to ensure that this selection 
was representative of the industry as a whole and not just a particular subsec-
tion, participants were chosen from the fields of academia, GNSS and generally 
LBS  business,  as  well  as  research  and  consultancy  firms.  Specifically,  some  of 
those approached had also made various significant contributions in the devel-
opment  of  professional  LBSs  which  further  ensured  they  represented  a  legiti-
mate voice within the industry. We also interviewed people from the three pub-
lic bodies involved in the development and exploitation of Galileo, i.e. EC, ESA, 
and GSA, which provided us with unique access to the insides of these driving 
forces as well as the opportunity to discover personal views versus the official 
position of an organization as a whole. The common denominator of all partici-
pants  is  that  they  were  people  who  have  a  comprehensive  understanding  of 
GNSS and a degree of authority on the topic.  
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To  determine  the  number  of  interviewees,  we  used  the  saturation  principle 
 (Miles & Huberman, 1994), i.e. we stopped interviewing additional persons af-
 ter  no  additional  insight  was  gained.  Based  thereon,  we  conducted  14  semi-
 structured, in-depth interviews during the spring of 2011. Typical job descrip-
 tions of interview participants include chief executive officer, market monitor-
 ing officer, business consultant, project manager, and professor. All interviews 
 but one were conducted in a location of the participant’s choosing while one of 
 the participants provided his answers in written because a face-to-face meeting 
 was not possible. 


In the beginning of each interview, we briefly described the Galileo system (see 
 Section 3.1). Then, we explained that Galileo CS would be offered at a premi-
 um-rate to LBS providers in exchange for improved accuracy, signal authentica-
 tion and service guarantee. The interview questions were structured based on 
 the STOF model thus all four dimensions were covered. Specifically, regarding 
 the service domain of the business model, we asked the interviewees how high-
 er positioning accuracy, signal authentication and service guarantee would im-
 pact their services, and how these impacts would differ across service catego-
 ries and target groups. Regarding the technology domain, we asked the inter-
 viewees  whether  they  are  aware  of  any  alternatives  to  CS  features  and  if  yes, 
 which ones. Regarding the organization and finance domain, we asked the in-
 terviewees  to  identify  organizational  and  financial  risks  associated  with  the 
 adoption of CS platform, if any. 


The  interviewees  were  allowed  to  make  sidesteps  and  elaborations  and 
 their responses were recorded in audio using a smartphone (with their permis-
 sion) in order to facilitate the transcription process. The process of transcribing 
 also  allows  the  researchers  to  become  acquainted  with  the  data  (Reissman, 
 1993). After the transcriptions were completed, we submitted them to the inter-
 viewees in order to reduce errors and clarify possible misunderstandings.  


2.3 Data analysis 


The results of the interview study were analyzed using a thematic content anal-
ysis  technique.  This  involved  identifying  key  themes  within  each  answer  and 
then  counting  the  number  of  times  each  theme  occurred  overall.  Quotes  also 
provide a way to back up the claims made through the thematic analysis tech-
nique.  In  order  to  facilitate  the  analysis  process  we  used  Atlas.ti  (version  6.2) 
which is one of the most frequently used software for structuring the qualitative 
analysis of interview material. The use of a software tool in analyzing qualita-
tive  data  can  reduce  analysis  time,  make  procedures  more  systematic  and  ex-
plicit and permit flexibility and revision in analysis procedure (Tesch, 1989). An 
important step in the process of data analysis is the identification and annota-
tion of the various concepts, known as coding. While analyzing the interview 
transcripts, we focused on the key concepts such as positioning accuracy, signal 



(22)authentication  and  service  guarantee.  However,  to  prevent  premature  closure 
 we kept an open mind to explanatory factors beyond the conceptual model and 
 coded them as well (Miles & Huberman, 1994).  


After completion of the coding stage, we merged codes referring to similar 
 concepts  and  removed  others  that  were  not  considered  essential.  In  order  to 
 ensure the applicability of the merging actions, we looked at the quotations at-
 tached to each of the codes and checked whether the merged code does indeed 
 describe all the quotations. When the final code list was formed, we identified 
 logical  connections  between  codes  and  the  nature  of  their  relationship.  Using 
 one of the Atlas functions, we generated a network of codes, which is a visual 
 illustration of the various concepts encountered during the interviews and their 
 interconnections. In order to facilitate the data analysis, we identified categories 
 of  codes  with  common  characteristics  and  grouped  them  into  code  families. 


This structuring not only improves the visual quality of the network by reduc-
 ing the complexity but also introduces a hierarchy, which can serve as a guid-
 ance model. 


2.4 Methodology limitations 


One  potential  limitation  of  the  above-described  research  methodology  is  the 
relatively small size of interviewees. Ideally, quantitative research would have 
also  taken  place  by  performing  a  wider  scale  survey  of  end  user  desires  and 
concerns but due to the limitations described earlier as well as the differing lev-
els  of  understanding  of  user  knowledge  about  GNSS,  it  was  felt  that  a  wide-
spread  survey  would  not  provide  accurate  results.  It  is  also  possible  that  the 
thematic analysis could have had different results if it had been conducted by 
another  researcher  as  the  element  of  interpretation  is  involved  in  deciding 
which  answers  follow  which  themes.  However,  while  this  could  have  had  a 
slight effect on the exact number expressed in the rate of occurrences it is un-
likely that the factors identified to contribute to the willingness of service pro-
viders to adopt CS would have changed significantly. 
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3  GLOBAL NAVIGATION SATELLITE SYSTEMS 


3.1  What is GNSS? 


A GNSS is a combination of different technologies into a complex infrastructure 
 that (1) provides precise timing information and (2) enables users to compute 
 their location on the Earth.  It is a massive infrastructure with global coverage 
 and  impact.  According  to  the  glossary  of  the  Organization  for  Economic  Co-
 operation and Development (OECD), an infrastructure is defined as the system 
 of public works in a country, state or region, including roads, utility lines and 
 public buildings. However this definition limits the scope of the infrastructure 
 to  at  most  within  a  country’s  borders  thus  it  is  not  suitable  to  be  used  in  the 
 context of our study. In fact, a universally accepted definition has remained elu-
 sive and the interest reader is referred to the work of Torissi (2009) who studied 
 the various definitions and classifications reported in the literature. In this the-
 sis, we adopt the distinction of economic and social infrastructures introduced 
 by  Hansen  (1965).  Specifically,  an  economic  infrastructure  is  defined  as  infra-
 structure that promotes economic activity such as roads, electrical lines and wa-
 ter pipes. On the other hand, social infrastructure promotes health, educational 
 and  cultural  standards  of  the  population,  which  include  schools,  clinics,  and 
 parks among other things  (DBSA, 1998). Naturally, economic and social infra-
 structures can overlap (Fourier, 2006) and we believe that nowadays, GNSS has 
 pervaded our life to such extent that can be considered as both an economic and 
 social infrastructure. However, in this thesis we focus mainly on the economic 
 impact of GNSS (see Chapter 4). 


The  experience  gained  from  the  existing  GNSSs  has  demonstrated  the  ad-
 vantages of satellite navigation to the extent that, for example, in the USA, GPS 
 is  regarded  as  the  fifth  utility,  alongside  water,  electricity,  gas  and  telephone. 


Therefore, also other geopolitical entities, such as EU, China, and India under-
stood the advantages of such a global system and initiated the development of 
their own GNSS as an attempt to enter the GNSS-enabled market and gain po-
litical  independence.  In  this  chapter,  we  describe  the  various  existing  and 



(24)emerging  GNSSs  and  make  a  high-level  comparison  of  some  of  their  key  fea-
 tures.  


3.2 Galileo 


Galileo is Europe’s initiative for a state-of-the-art global navigation satellite sys-
 tem that would allow the European Union to reap the economic and strategic 
 benefits  (EC,  2013).  Galileo  will  provide  a  highly  accurate,  guaranteed  global 
 positioning service under civilian control and would cut the dependency of Eu-
 rope on GPS or other GNSSs. Such dependency is extremely valuable consider-
 ing that the availability of the most widely used system, GPS, cannot be taken 
 for  granted.  For  instance,  in  2004,  the  U.S.  President  George  Bush  established 
 plans  for  temporarily  disabling  GPS  satellites  during  future  national  crises  to 
 prevent terrorists from using the navigational technology (STO, 2013). Moreo-
 ver, gaining such independence has been one of the main reasons for develop-
 ing Galileo as about 6%-7% of Europe’s Gross Domestic Product (GDP) is cur-
 rently, according to the EC Head of Satellite Navigation, Paul Flament, totally 
 dependent on GNSS (Gutierrez, 2013, 30. April). In particular, a further assess-
 ment about EU’s dependence on GPS showed that delivery services (e.g. fleet 
 management  and  parcel  tracking  used  by  freight  forwarders)  have  100%  reli-
 ance, utilities (e.g. electricity grids utilizing satellite navigation timing for syn-
 chronization)  have  60%  exposure,  communications  (e.g.  around  400  million 
 smartphones  containing  a  GPS  chips  were  shipped  globally  in  2010,  15%  of 
 which in the EU) have 40% exposure, banking and finance (i.e. money transac-
 tions that are stamped with GPS time) have 35% exposure, and agriculture (e.g. 


spraying on the bigger farms in the EU is done by GPS assistance) has 10% ex-
 posure (Amos, 2011, 1. February). 


3.2.1 Governance of the system 


Figure 3 shows the current overall governance of Galileo, the development of 
which has been orchestrated by three public bodies: the European Commission, 
the European GNSS Agency, and the European Space Agency (EGSC, 2013). EC 
represents the general interest of the EU and is responsible for the political di-
mension  and  the  high-level  mission  requirements.  In  particular,  it  initiated 
studies on the overall architecture, the economic benefits and the user needs for 
Galileo. GSA is currently responsible for a variety of tasks such as the successful 
commercialization and exploitation of Galileo, ensuring the security accredita-
tion of the system, promoting satellite navigation applications and services, and 
ensuring  the  certification  of  the  system’s  components  (GSA,  2013a).  ESA’s  re-
sponsibility  covers  the  definition,  development,  and  in-orbit  validation  of  the 
space segment and related ground element. EC and ESA have signed a delega-
tion agreement by which ESA acts as design and procurement agent on behalf 
of the EC. In addition to these three public bodies, plenty of private and public 
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organizations mainly in European Member States are taking part in the devel-
 opment of the Galileo system. 


FIGURE 3 Current Galileo governance (Lisi, 2013) 


Galileo should have been operational by now but the project has run into myri-
 ad  of  technical,  commercial  and  political  obstacles,  including  early  objections 
 from  the  US,  who  thought  a  rival  system  to  GPS  might  be  used  to  attack  its 
 armed forces. In fact, the venture came very close to being abandoned in 2007 
 when  the  public-private  partnership  put  in  place  to  build  and  run  the  project 
 collapsed (Amos, 2011, 18. January). Based on the most recent estimates, Galileo 
 is expected to be fully operational in 2019−2020 (Crop, 2011). 


3.2.2 System and service description 


The space segment of Galileo will consist of 30 Medium Earth Orbit (MEO) sat-
 ellites, equally distributed in three orbital planes inclined at an angle of 56° to 
 the equator. The core of the Galileo ground segment will be two control centers 
 which will manage "control" and "mission" functions, supported by dedicated 
 Ground  Control  Segment  and  Ground  Mission  Segment,  respectively  (ESA, 
 2013a). The Galileo user segment translates the signals into services for the final 
 users  and  it  is  composed  by  technologies  (e.g.,  receiver  technologies),  added-
 value services (combined with communication, mapping, pricing services) and 
 user applications. Galileo will provide worldwide and independently from oth-
 er systems the following four services (ESA, 2013b): 


Open Service (OS) 


OS makes use of the open signals, based on which the user of a Galileo receiver 
 can  obtain  positioning,  velocity,  and  timing  information  free  of  direct  user 
 charges (Navipedia, 2012, 23. February). This service is suitable for mass-market 
 applications,  such  as  in-car  navigation  and  hybridization  with  mobile  tele-
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 with no authorization required. The timing service is synchronized with UTC 
 when  used  with  receivers  in  fixed  locations  and  can  be  used  for  applications 
 such as network synchronization or scientific applications (EC, 2002).  


While up to three separate signal frequencies are offered within OS, cheap 
 single-frequency receivers will be used for applications requiring only reduced 
 accuracy, i.e. around 15 m and 35 m of horizontal and vertical accuracy, respec-
 tively (Navipedia, 2012, 23. February). When more than one signal is used from 
 each satellite then the positioning accuracy could be improved to around 4 m 
 and 8 m of horizontal and vertical accuracy, respectively.  The positioning accu-
 racy  in  OS  mode  is  expected  to  be  comparable  or  in  some  cases  even  higher 
 than the one offered by C/A Global Positioning System (GPS) signals (e.g., the 
 signal used to bear OS is expected to be more robust in environments prone to 
 heavy  multipath  propagation  such  as  urban  canyons).  However,  because  OS 
 will be interoperable with other GNSS civil signals, it would be possible to facil-
 itate the provision of combined services for enhanced performance (EC, 2002). 


There will be no service guarantee or liability from the Galileo Operating Com-
 pany on the Open Service.  


Safety of Life service (SoL) 


SoL will offer better performance than the one offered by OS through the provi-
 sion of timely warning to the user whenever the position solution falls outside 
 the  acceptable  margins.  SoL  is  mainly  meant  for  safety-critical  applications, 
 such as maritime, aviation and rail, where guaranteed accuracy is essential es-
 pecially in areas where services provided by traditional ground infrastructure 
 are  not  available  (ESA,  2005).  A  worldwide  seamless  service  will  increase  the 
 efficiency  of  companies  operating  in  a  global  basis,  e.g.  airlines,  transoceanic 
 maritime companies. 


SoL will be offered openly and the system will have the capability to au-
 thenticate the signal (e.g. by a digital signature) to assure the users that the re-
 ceived signal is the actual Galileo signal. This system feature, which will be ac-
 tivated if required by users, must be transparent and nondiscriminatory to us-
 ers and shall not introduce any degradation in performances (EC, 2002).   


Commercial Service (CS)  


CS provides added value services on payment of a fee and it is based on adding 
 two signals to the open access signals available through OS. This pair of signals 
 is  protected  through  commercial  encryption,  which  is  managed  by  dedicated 
 CS  service  providers  who  would  act  upon  a  license  agreement  between  them 
 and the GOC. Access is controlled at the receiver level, using access-protection 
 keys (Navipedia, 2012, 19. June). Within CS, users will be offered data access via 
 an authentication mechanism (yet to be defined), higher data rate throughput 
 (i.e., the average rate of successfully received data), higher accuracy compared 
 to OS, and service guarantee (i.e., on the liability of the service).  


The authentication capability of CS would enable the development of anti-
fraud  applications.  For  instance,  fishing  regulators  require  better  systems  for 
tracking  fishing  vessels  in  order  to  monitor  whether  they  are  operating  fairly 
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and  legally,  according  to  regulations.  However,  the  availability  of  various 
 spoofing technologies allows those who do not want to follow the regulations 
 to bypass the existing control systems (e.g. by spoofing the GNSS receiver on-
 board  thus  sending  the  wrong  positioning  information  to  the  monitoring  au-
 thorities). Such fraud cases could be avoided with the use of CS as it would en-
 able reliable monitoring by the relevant authorities. With respect to accuracy, it 
 is  expected  CS  to  enable  a  cm-level  in  contrast  to  the  meter-level  of  accuracy 
 offered by GPS. Such accuracy level can be extremely beneficial for surveyors or 
 oil  platform  operators,  where  helicopter  transport  is  vital.  Services  within  CS 
 will  be  developed  by  service  providers,  which  will  buy  the  right  to  use  the 
 commercial  signals  from  the  Galileo  Operating  Company  (GOC)  and  then 
 charge the users for accessing these services (ESA, 2005). CS is considered to be 
 the main source of revenues for the GOC. 


Public Regulated Service (PRS) 


PRS is addressed to limited to a specific user segment, which requires high con-
 tinuity of service and controlled access (e.g., meant for police, coast-guards, se-
 curity services, firefighters, etc.). It will be encrypted and designed to be more 
 robust,  with  anti-jamming  mechanisms  and  reliable  problem  detection  (Navi-
 pedia, 2012, 19. June). Civil institutions will control the access to the encrypted 
 PRS. Access by region or user group will follow the security policy rules appli-
 cable in Europe. The need for PRS results from the analysis of threats to the Gal-
 ileo  system  and  the  identification  of  infrastructure  applications  where  disrup-
 tion to the Signal in Space (SiS) by economic terrorists, malcontents, subversives 
 or hostile agencies could result in damaging reductions in national security, law 
 enforcement,  safety  or  economic  activity  within  a  significant  geographic  area. 


PRS will be operational at all times and in all circumstances, including during 
 periods of crisis. Each Member State wishing to use PRS will set up a “Respon-
 sible  PRS  Authority”  which  will  manage  and  control  end-users  as  well  as  the 
 manufacture  of  PRS  receivers.  In  turn,  coordination  on  a  European  level  will 
 guarantee consistency and conformity with the high level of security required.  


(Navipedia, 2012, 19. June).  
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The preliminary schedule for Galileo services in shown in figure 3. In addition 
 to the above four services, the Galileo support to the search and rescue service 
 represents  the  contribution  of  Europe  to  the  international  COsmicheskaya 
 Sistyema Poiska Avariynich Sudov - Search And Rescue Satellite Aided Track-
 ing (COSPAS - SARSAT) co-operative effort on humanitarian Search and Res-
 cue activities (ESA, 2013b; COSPAS, 2013). Specifically, ESA has appointed the 
 Aerospace & Defence division of Capgemini, one the global leaders in consult-
 ing, IT services and outsourcing, to implement the ground segment of the Gali-
 leo  search  and  rescue  system  which  will  locate  these  people  in  around  ten 
 minutes under operating conditions of more than 99.8%, compared with several 
 hours under the previous arrangements (Capgemini, 2013, 28. February). 


Although  Galileo  will  be  self-contained,  the  performance  of  its  services 
 will be enhanced thanks to its interoperability with other systems such as GPS 
 and GLONASS. Furthermore, the services offered by Galileo contribute, in par-
 ticular, to the development of trans-European networks in the areas of transport, 
 telecommunications and energy infrastructures. Hence cooperation with other 
 countries providing satellite navigation services will help to maximize benefits 
 for users, the public or the economy as a whole (EC, 2013).  


3.2.3 Phases of Galileo program and budget allocation 
 The implementation of Galileo system is shown in figure 5.  


FIGURE 5 Implementation plan of Galileo system (Lisi, 2013) 



Galileo Implementation Plan
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Specifically,  the  Galileo  program  consists  of  four  phases  (Crop,  2011;  Europa, 
 2011, 23. May): 


1. Definition phase - During this phase, the basic elements of this project 
 are  defined.  The  definition  phase  spanned  during  the  years  2000  and 
 2001  and  was  financed  by  EU  and  ESA.  The  EU  contribution  to  this 
 phase was around €80 million coming from the 5th Framework Program 
 and s similar amount was contributed by ESA. 


2.  Development and validation phase – This phase is also known as the In-
 itial  Operational  Capability  (IOV)  and  is  expected  to  complete  in  2014-
 2015.  When  Galileo  reaches  IOV,  a  constellation  of  18  satellites  will  be 
 available and early services for OS, PRS, as well as support to COSPAS - 
 SARSAT will be offered. Total costs of the development phase which was 
 launched  in  2003  under  the  auspices  of  the  ESA  and  is  currently  on-
 going  were  initially  estimated  at €1.1  billion,  equally  shared  between 
 ESA and the EU. However, costs have since increased to around €2.4 bil-
 lion, with the EU, providing €560 million to remedy the Programs’ budg-
 et shortfalls. 


3.  Deployment phase – In this phase, also known as Full Operational Ca-
 pability (FOC), the constellation will be complete and all services will be 
 available.  FOC  is  expected  in  2019-2020  and  is  entirely  financed  by  the 
 EU's budget. Of the total €3.4 billion made available, €560 million were 
 required  to  finance  cost  overruns  in  the  development  and  validation 
 phase  (i.e.  IOV  phase)  while  around €2.4  billion  are  earmarked  for  the 
 deployment phase of Galileo.  


4.  Exploitation  phase  –  This  is  the  phase  where  services  are  offered;  it  is 
 scheduled to begin in 2014 and to be complete by 2020. 


The  completion  of  the  constellation  for  the  provision  of  all  Galileo  services  is 
 estimated to require a further €1.9 billion beyond 2014, including €1.18 billion 
 for the deployment of the construction and launch of the remaining satellites. 


Moreover, the Commission is also preparing for an additional €1 billion in costs 
 per  year  for  the  period  2014  to  2020  (Seidler,  2011,  21.  October).  So  far,  addi-
 tional  financing  has  been  required  to  replenish  the  budget  assigned  for  the 
 completion  of  Galileo.  On  the  request  of  Member  States,  parts  of  this  budget 
 were used to cover financial shortfalls in the development and validation phase 
 managed  by  ESA.  Another  factor  has  been  the  worldwide  increase  in  launch 
 costs, exceeding the initial estimates for the Galileo program (Europe, 2011, 18. 


January). Moreover, increasing security constraints, which affect all critical in-
 frastructures,  such  as  telecommunication  networks,  financial  systems,  power 
 grids, etc., have also impacted Galileo (EOS, 2009; EC, 2013c). Finally, competi-
 tion in a number of work packages has not been as strong as was initially hoped 
 for (Europe, 2011, 18. January). 


The cost of operating Galileo can be broken down into the costs of operat-
ing the infrastructure, maintaining or replacing the components that have a lim-
ited  lifetime  and  evolving  the  system  in  line  with  user  requirements.  On  the 
basis  of  calculations  jointly  elaborated  with  ESA,  the  total  annual  operating 
costs of Galileo are expected to lie at €590 million (Europa, 2011, 23. May). 
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3.3.1 History of GPS 


Global Positioning System (GPS) represents one of the great technological ad-
 vancements.  In  1973,  Navy  and  Air  Force  programs,  directed  by  U.S.  govern-
 ment, were combined to form the Navigation Technology Program which acted 
 as the basis for the development of GPS. The first four satellites were launched 
 in  1978  while  in  April  1995,  the  U.S.  Air  Force  Space  Command  formally  de-
 clared the GPS as a system with Full Operational Capability where each satellite 
 transmitted two signals; one for military use and one for civilian use.  


Although GPS was initially intended for military use only, the Congress, 
 with the support and guidance of the U.S. President Reagan, directed the De-
 partment of Defense (DoD) to promote the civil use of GPS. It is stated that a 
 major factor toward civilian access to GPS has been a tragic accident that hap-
 pened on 1st September 1983, when a commercial airplane of Korean Airlines 
 was flying from Anchorage to Seoul but strayed off course into the airspace of 
 the Union of Soviet Socialist Republics (USSR) and was shot down by a soviet 
 fighter jet. As a result, all 269 passengers and crew were killed. Two weeks later, 
 US President Reagan proposed GPS be made available for civilian use (through 
 free access to the civilian signal) to avoid navigational error ever again leading 
 to similar tragic events (Rutan, 2006; TomTom, 2013).  


In 1990, the DoD activated the functionality of Selective Availability (SA) 
 causing  a  variable  error  on  the  civilian  signal  that  deliberately  degraded  the 
 positioning  accuracy  for  unauthorized  users.  The  reason  for  enforcing  SA 
 stemmed  from  the  results  of  the  tests  performed  with  user  equipment  which 
 showed that the achievable positioning accuracy was much higher than initially 
 anticipated (Doucet & Georgiadou, 1990). In particular, it was expected that an 
 accuracy of no better than 100 meters could be achieved using the civilian signal 
 (called  Coarse/Acquisition  signal  and  denoted  as  C/A)  while  the  results 
 showed that a commercial receiver could achieve approximately a 20-30 meter 
 range  of  positioning  accuracy  versus  the  10-20  meter  range  of  accuracy 
 achieved based the military signal (called Precision signal and denoted as P(Y)).  


In  the  following  years,  various  differential  GPS  services  were  developed 
using the civilian signal which significantly increased the positioning accuracy 
and  largely  mitigated  the  SA  effect.  Specifically,  these  services  utilized  a  net-
work  of  fixed,  ground-based  reference  stations  to  broadcast  the  difference  be-
tween the positions calculated using GPS civilian signals and their known fixed 
position.  The  widespread  growth  of  differential  GPS  services  in  combination 
with  the  U.S.  military’s  active  efforts  to  develop  alternative  technologies  for 
denying GPS service to potential adversaries on a regional basis led to another 
important  landmark  in  the  history  of  GPS  operation;  in  May  2000,  U.S.  Presi-
dent Bill Clinton ordered SA to be turned off (Defree, 2013, 2. May).  This led to 
a  significant  increase  in  the  positioning  accuracy  and  in  turn,  enabled  the  de-
velopment of GPS-based services such as standalone positioning and car navi-
gation, as well as established GPS as a free-access utility. 
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3.3.2 System description  


GPS  is  a  Global  Navigation  Satellite  System  (GNSS)  that  comprises  of  three 
 segments (USNO, 2013a): (a) Space segment, (b) Ground segment, and (c) User 
 segment. These segments are illustrated in figure 6: 


FIGURE 6 GNSS segments 


GPS  space  segment  consists  of  24  MEO  satellites  located  at  an  altitude  of  ap-
 proximately  20200  km  and  equally  distributed  in  six  orbital  planes  character-
 ized  by  an  inclination  angle  of  55  degrees.  The  ground  segment  includes  the 
 Master Control Station (MCS), five monitor stations, and three ground antennas. 


Each station has several GPS receivers that continuously track the visible GPS 
 satellites. The monitor stations passively track all satellites in view, accumulat-
 ing ranging data which is processed at the MCS and used to determine satellite 
 orbits  and  to  update  each  satellite’s  navigation  message.  The  updated  infor-
 mation is then transmitted to each satellite via the ground antennas. The user 
 segment consists of the GPS receiver equipment that is used to compute user’s 
 Position, Velocity and Time (PVT). 


GPS currently offers two types of services: a Standard Positioning Service 
(SPS) for public use and an encoded Precise Positioning Service (PPS), dedicat-
ed solely for military use NCO-PNT, 2013). The former is offered via the civil 
signal C/A transmitted in the L1 frequency band centered at 1575.42 MHz and 
the latter, via the P(Y) signal transmitted at both the L1 and L2 frequency bands 
with the latter centered at 1227.60 MHz. It is also important to emphasize that 
although GPS and in general GNSS technology is mostly known as a means for 



(32)computing the three-dimensional position, it also provides a critical fourth di-
 mension - time. Precise timing information and synchronization are crucial in a 
 variety  of  technical  and  financial  operations  such  as  in  wired  and  wireless 
 communication  systems,  electrical  power  grids,  financial  transactions,  etc.  For 
 example, GPS time is used by the U.S. Federal Aviation Administration to syn-
 chronize reporting of hazardous weather from its weather radars and by wire-
 less telephone and data networks to synchronize their base stations. Hollywood 
 studios are also incorporating GPS time in their movie slates, allowing for un-
 paralleled control of audio and video data, as well as multi-camera sequencing 
 (NCO-PNT, 2013). 


3.3.3 GPS modernization 


Since  the  time  SA  was  turned  off,  the  demand  for  GPS  service  was  steadily 
 growing  as  well  as  alternative  GNSS  systems  were  introduced.  The  growing 
 demand for GNSS services and the need to remain competitive in the arena are 
 two  main  reasons  that  recently  initiated  the  GPS  modernization  program,  an 
 ongoing,  multibillion-dollar  effort  to  upgrade  the  GPS  space  and  control  seg-
 ments  with  new  features  to  improve  GPS  performance  (USNO,  2013b).  A  big 
 part of program is dedicated to the design of new GPS signals with enhanced 
 capabilities.  Among  others,  the  new  signals  will  employ  new  modulation 
 schemes,  new  structures,  longer  codes  but  also  faster  transmission  rates,  new 
 data encoding, new navigation message formats and the possibility of dataless 
 signals (Ziedan, 2006).  


Specifically, it is planned to introduce three new signals designed for civil-
 ian  use,  L2C,  L5,  and  L1C,  while  the  legacy  signal,  L1  C/A,  will  continue 
 broadcasting in the future (USNO, 2013b). L2C is designed specifically to meet 
 commercial  needs;  when  it  is  combined  with  L1  C/A  in  a  dual-frequency  re-
 ceiver, L2C would enable higher positioning accuracy, enhanced reliability, and 
 greater  operating  range.  It  is  interesting  to  mention  that  the  Commerce  De-
 partment  estimates  L2C  could  generate  $5.8  billion  in  economic  productivity 
 benefits  through  the  year  2030  (Levenson,  2006).  L5  is  the  third  civilian  GPS 
 signal, designed to meet demanding requirements for safety-of-life transporta-
 tion  and  other  high-performance  applications.  It  is  broadcast  in  a  radio  band 
 reserved  exclusively  for  aviation  safety  services  and  features  higher  power, 
 greater  bandwidth,  and  an  advanced  signal  design.  L1C  is  the  fourth  civilian 
 GPS signal, designed to enable interoperability between GPS and international 
 satellite  navigation  systems.  Originally,  it  was  developed  as  a  common  civil 
 signal for GPS and Galileo but satellite navigation providers of other systems, 
 such as of China and India, are adopting L1C as a future standard for interna-
 tional interoperability. It is also mentioned that L1C will improve mobile GPS 
 reception in cities and other challenging environments (USNO, 2013b). 


In order to benefit from the new signals, users must upgrade their equip-
ment.  The  new  civil  signals  are  phasing  in  incrementally  as  the  Air  Force 
launches new GPS satellites to replace older ones and most of the new signals 
will be of limited use until they are broadcast from 18 to 24 satellites. Based on a 
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