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1 Introduction 
Satellite navigation systems used in everyday applications have 
permeated our lives to such an extent that we often take the availability 
of accurate location and time data for granted. In addition to consumer 
applications, many of society’s key functions are based on satellite 
navigation systems. This means that monitoring their development and 
continuously adopting their new features presents an opportunity to 
make our everyday lives smoother, more efficient and safer. 

Over the past ten years, rapid advances have been made in Global Navigation 
Satellite System (GNSS) development: Russian, Chinese and European systems 
have emerged alongside the previously dominant US system; the reliability of location 
and time data has improved considerably and, in line with overall technological 
progress, major advances have also been made in the performance capacity of GNSS 
receivers.  

The rapid pace of GNSS evolution will continue in the years ahead, too. During the 
period covered by this Action Plan, entirely new kinds of services will become 
available, including ones that will help to increase system robustness by protecting 
against jamming and spoofing, to increase the efficiency of emergency rescue 
operations by automatically transmitting the location of those in distress to the rescue 
authorities, and to improve the accuracy of available location data from the metre-
level to the decimetre-level.  

This Action Plan follows on from the ‘Efficient deployment of satellite navigation 
systems in Finland, Action Plan 2017–2020’ of the Ministry of Transport and 
Communications that aimed to ensure the deployment of satellite navigation systems 
nationwide and in all sectors of society. The 17 concrete actions set out in the Action 
Plan were implemented to a great extent during the period covered, and a dynamic 
operating culture has been created in Finland in the space and GNSS sectors: 
Finland is an active player in the European space community, Finnish GNSS-related 
enterprise activity has gained strength, and the supply of end-user products and 
services making use of data generated by satellite systems has grown. 

The independence of Finland and Europe as a whole was improved significantly by 
the construction of the EU’s Galileo system that went live in 2016. The decision of the 
Government’s Ministerial Committee on Economic Policy whereby Finland will start 
using the Public Regulated Service (PRS) of the Galileo system during 2024 is 
a significant contribution to improving Finland’s cybersecurity and security of supply. 
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In line with the objective set by the National Strategy for Finland’s Space Activities for 
2025 whereby ‘Finland will be the world’s most attractive and agile space business 
environment which benefits all companies operating here’, this Action Plan update 
aims to ensure the efficient deployment of satellite navigation systems in Finland in 
the future, too. The situational overview describes the current state of GNSSs and 
their augmentation systems, space administration stakeholders and the most 
important application areas in which GNSS services are deployed. The final chapter 
of the document defines 19 concrete actions that comply with Finland’s objectives in 
international cooperation as regards developing GNSSs, building national 
preparedness, maintaining competence and adopting the use of services offered by 
satellite navigation as part of end user applications. 
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2 Current state of satellite 
navigation systems 

Satellite navigation systems and their augmentation systems together enable 
countless uses and services in contexts making use of location, navigation and very 
accurate time data.  

This chapter compares the current state of four globally available satellite navigation 
systems and takes a closer look at the services provided by the European Galileo 
system and the European Geostationary Navigation Overlay Service (EGNOS) 
operating alongside it. In addition, the chapter discusses challenges relating to 
GNSSs and examines alternative methods to produce location data. 

All satellite navigation systems share the same operating principle: the system’s 
satellites transmit radio signals and the user’s satellite navigation receiver then uses 
the structure and message content of those signals to compute the user’s location 
and the accurate time. 

2.1 Available GNSSs 
There are currently four GNSSs that are globally available and openly accessible by 
all: the US GPS, the Russian GLONASS, the Chinese BeiDou and the European 
Union’s Galileo system. In addition, India (IRNSS) and Japan (QZSS) are developing 
their own local satellite navigation systems. 

The opportunity to use multiple GNSSs at the same time increases the number of 
available satellites many times over compared with a situation where only one system 
is used. Virhe. Viitteen lähdettä ei löytynyt. shows that the total number of different 
GNSS satellites has roughly tripled since 2000 and doubled during the past decade. 
This improves the accuracy of determining the location and time, particularly in more 
challenging conditions such as street canyons and forests featuring obstacles to 
satellite signal reception. 
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Figure 1. GNSS satellite constellations in Medium Earth Orbit (MEO)1  

 

Satellite Based Augmentation Systems (SBAS) have been developed to improve the 
performance of satellite navigation by means of ground stations, computing centres 
and satellites broadcasting correction data. These provide correction and reliability 
data for positioning that is typically transmitted to users via satellites in geostationary 
orbit (GEO). The system used in Europe is the European Geostationary Navigation 
Overlay Service (EGNOS), the current version of which is the SBAS used for GPS. 
In addition to GEO satellites, augmentation data in EGNOS is also provided from the 
European Data Access Service (EDAS) internet service. Following the launch of 
EGNOS V3 in 2025, EGNOS will be expanded to also augment Galileo.  

2.2 Galileo 
Galileo is a satellite navigation system built and owned by the EU that is under civilian 
control. It guarantees the EU’s independence of satellite navigation systems of other 
state actors and improves the security of supply of EU Member States. 

The EU’s Galileo programme began in 2003. In December 2016, the European 
Commission issued the Declaration of Initial Services. In early 2021, Galileo’s satellite 
constellation comprises 22 operational satellites and one spare satellite. In addition, 
the constellation includes two satellites that are in an elliptical orbit due to a launch 
anomaly and that are used as elements supplementing the operational satellites. The 

                                                      
1 Source: EUSPA GNSS User Technology Report 2020. 
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plan is to add six more satellites to the system by the end of 2022. The final 
constellation will consist of 24 operational and three spare satellites.  

In addition to the Space Segment, Galileo features an extensive Ground Segment, the 
key components of which are the two Galileo Control Centres (GCC) and the Galileo 
Security Monitoring Centre (GSMC), the Ground Control Segment (GCS) responsible 
for spacecraft housekeeping and constellation maintenance, and the Ground Mission 
Segment (GMS) responsible for the provision of navigation and timing data. 

Galileo is built and owned by the European Commission, while the research and 
development work is led by the European Space Agency (ESA) and the programme is 
managed by the EU Agency for the Space Programme (EUSPA). Systems and 
equipment are outsourced from European space industry actors. 

2.2.1 Galileo services 

Galileo offers users a range of services. The basic service is the Open Service (OS) 
providing positioning and time synchronization information. Galileo also offers many 
special services. These are listed in Table 1 and described in more detail in the 
following paragraphs. 

Table 1. Services offered by Galileo 

OS Open Service 

HAS High Accuracy Service 

OS-NMA Open Service Navigation Message Authentication 

CAS Commercial Authentication Service 

PRS Public Regulated Service 

SAR/Galileo Galileo Support to Search and Rescue Service (SAR) 

2.2.1.1 Galileo Open Service (OS) 

The Galileo Open Service (OS) is a worldwide basic positioning and time 
synchronization service that is open to all and free of charge. The accuracy of the 
open positioning information has been verified to be around 1.7 metres (95% 
confidence), including within the Nordic countries. The orbital inclination of the Galileo 
satellites is greater than in GPS, which means the satellites are more visible in 
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northern Europe, with users in Finland benefitting from this in the form of better-quality 
positioning services. 

The satellites transmit the OS signal on two different carrier frequencies (E1 and E5), 
which improves the system’s signal immunity to interference. Dual-frequency 
reception also improves positioning accuracy. 

Basic services of the Galileo OS became available worldwide in 2016 when the 
Galileo Initial Operational Capability (IOC) phase started. Before the declaration and 
deployment of the Full Operational Capability (FOC) phase in 2022, the system will 
undergo operational validation and the necessary system updates. 

2.2.1.2 Galileo High Accuracy Service (HAS) 

The Galileo High Accuracy Service (HAS) provides users with positioning accuracy to 
around 20 centimetres. The satellites transmit the HAS signal on a third frequency 
(E6) that is separate from the Galileo OS, with the HAS supplementing the positioning 
information provided by the Open Service (OS). The Galileo HAS is an open-access 
and free-of-charge service, but its use requires a receiving device capable of 
reception on the frequency band used by the service and of processing the signal 
broadcast. 

The Galileo HAS service is currently under development and has been structured into 
two phases: 

• In the Initial Operational Capability (IOC) phase, the service will undergo 
operational validation and the necessary system updates. In the IOC 
phase, the service will be accessible by users, but the accuracy 
provided will be only around 40 centimetres and the coverage will be 
limited to Europe.  

• Deployment at Full Operational Capability (FOC) will take place once the 
functioning of the service has been finalised and validated. In the FOC 
phase, the accuracy provided will be around 20 centimetres and the 
coverage will be global. 

The IOC phase of the HAS is scheduled to commence during 2022, and the transition 
to the FOC phase is due to take place by the end of 2024. 

2.2.1.3 Galileo Open Service Navigation Message Authentication (OS-NMA) 
and Commercial Authentication Service (CAS) 

Galileo offers various levels of authentication services for its open positioning and 
timing services that allow users to ensure that the data received comes from the 
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Galileo system. Galileo Open Service Navigation Message Authentication (OS-NMA) 
and the Commercial Authentication Service (CAS) are both based on encrypted 
satellite signals that allow the GNSS receiver to verify the integrity of navigation 
messages and to ensure they come from a trusted source, that is, Galileo satellites. 
This prevents third parties from falsifying the spoofing receiver systems.  

OS-NMA and the CAS use different encryption key management systems. The CAS 
distributes the keys to users via a pre-authenticated route. This enables the real-time 
decryption of the satellite signal in the receiver. Galileo OS-NMA uses a private-public 
key pair, which reduces the security requirements of the key distribution channel but 
on the other hand it also creates a delay in the satellite signal authentication process. 
The reliability of OS-NMA is comparable to the reliability of certificates used by web 
browsers: users have to trust that a genuine certificate has been installed by 
a benevolent actor. 

The plan is for the OS-NMA service to to enter Initial Operational Capability (IOC) 
phase and open the service for end users in early 2023. During the IOC phase, the 
service will be validated and updated if necessary. Full Operational Capability (FOC) 
is due to be achieved by the end of 2023. 

The plan is for the CAS to enter the IOC phase and become available to end users 
during 2023. Advancement to the FOC phase is scheduled for 2025. 

2.2.1.4 Galileo Public Regulated Service (PRS) 

Unfortunately, traditional satellite navigation services are relatively vulnerable to both 
deliberate jamming and spoofing as well as to unintentional interference and 
atmospheric distortion. The Galileo Public Regulated Service (PRS) provides 
electronically and functionally secured, continuous location and time data for the vital 
functions of the EU Member States in all circumstances – including crisis situations. 
The service is intended for public authorities as well as companies critical for the 
security of supply. These user groups include telecommunications companies, banks, 
critical transport and logistics actors, the energy sector, police, rescue services, 
defence forces, border guards and customs. 

The Galileo PRS will be operational in the EU during 2024. Finland aims to nationally 
adopt the PRS as soon as possible after that in line with the policy set out by the 
Government’s Ministerial Committee on Economic Policy in November 20202. The 
Finnish Transport and Communications Agency (Traficom) has been designated as 
the Competent PRS Authority (CPA) in Finland. The CPA is in charge of user 

                                                      
2 https://valtioneuvosto.fi/-/10616/galileo-paikannusjarjestelman-viranomaispalvelu-prs-
kayttoon-suomessa-2024?languageId=en_US 

https://valtioneuvosto.fi/-/10616/galileo-paikannusjarjestelman-viranomaispalvelu-prs-kayttoon-suomessa-2024?languageId=en_US
https://valtioneuvosto.fi/-/10616/galileo-paikannusjarjestelman-viranomaispalvelu-prs-kayttoon-suomessa-2024?languageId=en_US
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authorisations, supervision of receivers and the industrial manufacture of PRS 
equipment and, in particular, controlling the provision of the encryption keys required 
for the service to PRS users. 

2.2.1.5 Galileo Support to Search and Rescue Service (SAR/Galileo) 

The Galileo satellites support the international COSPAS-SARSAT emergency signal 
system. Galileo Support to Search and Rescue Sercvice (SAR/Galileo) contains an 
unique Return Link Service (RLS) which provides an acknowledgment for the distress 
signal, ensuring them that SAR response has activated. The detection and location of 
distress signals has been determined to take place within 10 minutes from signal 
transmission. The SAR/Galileo service requires the use of a special emergency 
beacon. 

The SAR/Galileo RLS was declared fully operational on 21 January 2020. The service 
is provided free of charge. In Finland, the transmission of COSPAS-SARSAT distress 
signals supported by Galileo is operational, but the additional RLS service offered by 
Galileo has so far not been taken into use. 

2.2.2 Galileo service deployment roadmap 

Galileo services will be rolled out to users in phases. The service-specific deployment 
features two phases: in the Initial Operational Capability (IOC) phase the service is 
available to users but will still undergo operational validation and the necessary 
system updates. When the service enters the Full Operational Capability (FOC) 
phase, a service promise for its functioning is also provided. 

In early 2021, the Galileo Open Service (OS) is in the IOC phase and Galileo Support 
to Search and Rescue (SAR/Galileo) in the FOC phase. The European Commission 
published an updated schedule for Galileo service deployment in March 2021. Virhe. 
Viitteen lähdettä ei löytynyt. provides a summary of the schedule. 
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Table 2. Galileo service deployment schedule 
 

IOC FOC 

Open Service (OS) 2016 2022 

High Accuracy Service (HAS) 2022 2024 

Open Service Navigation Message 
Authentication (OS-NMA) 

2023 2023 

Commercial Authentication Service (CAS) 2023 2025 

Public Regulated Service (PRS) 2023 2024 

Support to Search and Rescue Service 
(SAR/Galileo) 

- 2020 

2.3 European Geostationary Navigation 
Overlay Service (EGNOS) 

Available since 2009, the European Geostationary Navigation Overlay Service 
(EGNOS) is the EU’s regional system augmenting global navigation satellite systems 
(GNSSs). 39 Ranging Integrity Monitoring Stations (RIMS) of the EGNOS system 
observe GNSS signals and provide correction and reliability data within Europe. The 
information is broadcast to users via three geostationary satellites or, alternatively, 
over the internet using the EGNOS Data Access Service (EDAS). In Finland, 
geostationary satellites are visible at low elevation angles on the southern horizon, 
making it difficult to receive the support data. 

At the beginning of 2021, Finland had only one operational RIMS, located in Virolahti, 
southeastern Finland. Quality problems have been detected in EGNOS correction in 
northern and northeastern parts of Finland. This is due to there not being a sufficient 
number of RIMSs being able to detect satellites rising from the east, which reduces 
the coverage of correction. Ionospheric disturbances caused by solar activity also 
necessitate above-average location accuracy in corrections at higher latitudes. The 
new RIMS currently under construction in Kuusamo, northern Finland, will significantly 
improve the reliability of overall positioning. The Kuusamo RIMS will be included in 
service provision in 2023. 



PUBLICATIONS OF THE MINISTRY OF TRANSPORT AND COMMUNICATIONS 2021:30 

18 

2.3.1 EGNOS services 

EGNOS provides three services: the Open Service (OS), the Safety of Life (SoL) 
Service and the EGNOS Data Access Service (EDAS). These are described in more 
detail in the paragraphs below. 

The current EGNOS version, EGNOS V2, is capable of only augmenting the US 
Global Positioning System (GPS). EGNOS version V3, which provides the support for 
the augmentation of Galileo signals, will be launched 2025. EGNOS services are most 
widely used in aviation. A specific service for maritime and rail transport needs is also 
being planned. 

2.3.1.1 EGNOS Open Service (OS) 

Launched in 2009, the EGNOS Open Service (OS) provides correction data to 
improve the accuracy of location data available from GNSSs. EGNOS is capable of 
improving GPS positioning accuracy to around 1 metre. 

2.3.1.2 EGNOS Safety of Life -service (SoL) 

The EGNOS Safety of Life (SoL) -service has been available within Europe since 
2011 when it was authorised to aviation use. The service is due to be expanded to the 
maritime domain, too, in the near future. The SoL Service seeks to ensure the safety 
of positioning service use and alerts users of malfunctions of satellite or other 
subsystems that may affect the accuracy or reliability of location data. SoL messages 
can be signed digitally, enabling the recipient to ensure message authenticity. 

The SoL Service alerts the user when the system should not be used for navigation. 
Rather than positioning accuracy as such, the service pertains to system integrity – 
the unimpaired performance of the various components of the system. If the 
probability of positioning accuracy degrading exceeds the limit set, the service sends 
an alert message to the user. The limits are set separately for horizontal and vertical 
positioning accuracy for the various user groups. 

2.3.1.3 EGNOS Data Access Service (EDAS) 

The EGNOS Data Access Service (EDAS) provides end users with ground-based 
internet access to the same message contents as the EGNOS satellites. Owing to the 
basic attributes of the internet, the system cannot guarantee exactly the same real-
time access as a satellite connection. As an alternative data access channel, EDAS 
provides users with access to EGNOS also in areas with limited EGNOS satellite 
visibility, such as mountains or forests. 
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2.3.2 EGNOS service coverage in Finland 

The extensive deployment of EGNOS services in Finland has been constrained by 
two technical challenges: 

• Finland is geographically located at the northeastern boundary of the 
EGNOS service area, which causes occasional service level reductions. 
Virhe. Viitteen lähdettä ei löytynyt. shows the EGNOS SoL Service 
coverage of the APV1 and LPV200 aviation approach products reported 
by EUSPA for January 2021. 

• EGNOS satellites have a fixed position above the equator. Viewed from 
northern latitudes, they are visible at rather low elevation angles on the 
horizon, with even low ground obstacles causing a blind spot. 
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Figure 2. Coverage of EGNOS SoL service APV1- and LPV200-products in March 20213 

 

 

  

                                                      
3 Source: ESSP’s EGNOS Monthly Performance Report March 2021. 
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A solution to the service coverage challenge will be provided once Finland’s second 
Ranging Integrity Monitoring Station (RIMS) constructed in Kuusamo, northern 
Finland, is operational, as that will expand the EGNOS service area considerably 
beyond the Finnish borders. The Kuusamo RIMS will be included in service provision 
in 2023 following the deployment of the EGNOS V2.4.2-B evolution. 

Access to EDAS via ground infrastructure enables the use of EGNOS services also in 
more difficult terrain where satellite visibility is reduced. 

2.4 GNSS correction services 
In addition to satellite-based augmentation systems (in Europe EGNOS), GNSS 
correction services are also provided by commercial actors by means of differential 
correction. This correction is standardised and employed to improve accuracy and 
reliability. 

2.4.1 Differential Global Navigation Satellite System 
(DGNSS) services 

Differential Global Navigation Satellite System (DGNSS) services are based on 
precisely known reference station locations that can be used to determine how much 
GNSS satellite distance observations deviate from actual distances. Called DGNSS 
corrections, these differences in distance are then delivered to users. The user’s 
receiver first corrects the distances it has recorded on the basis of these differential 
corrections and then calculates its position in the normal way. DGNSS corrections can 
be used in real time. 

Examples of DGNSS services include the FINPOS service of the National Land 
Survey of Finland (NLS) and the IALA Beacon DGNSS service maintained by the 
International Association of Marine Aids to Navigation and Lighthouse Authorities 
(IALA). 

2.4.1.1 FINPOS service 

The FINPOS service of the National Land Survey of Finland (NLS) offers free 
Differential GNSS (DGNSS) correction data for code-based positioning. The service 
is based on a network of FinnRef reference stations maintained by the NLS and is 
intended for users requiring an accuracy of around 50 centimetres. The most accurate 
real-time service offered by FINPOS, the Real Time Kinematic (RTK) service, is 
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currently only available for research purposes. In addition to the around 50 FinnRef 
stations, the service also uses a total of 16 stations in Sweden, Estonia and Norway. 

2.4.1.2 IALA Beacon DGNSS service 

The IALA Beacon DGNSS service is a globally harmonised maritime DGNSS service 
for which shipborne equipment is available under the IMO Performance Standard 
(Resolution MSC.114(73)) as well as the IEC test standard (IEC 61108-4). The IALA 
Beacon DGNSS service is available throughout the Baltic Sea region. In Finland, its 
operation is outsourced to Fintraffic by the Finnish Transport Infrastructure Agency 
(FTIA). Corrections are delivered using the same RTCM2.3 format as part of the 
FINPOS services but via a dedicated radio link. The radio interface of the service is 
determined in Recommendation ITU-R M.823-3. 

2.4.2 Real Time Kinematic (RTK) positioning 

The highest-accuracy positioning and navigation applications use measurements of 
the phase of the signal’s carrier wave as well as regional support services such as 
Real Time Kinematic (RTK) and Network Real Time Kinematic (NRTK). In Finland, 
commercial NRTK services based on the national network of around 100 base 
stations are provided by companies including Geotrim Oy and Leica Geosystems 
Finland.  

2.4.3 Precise Point Positioning (PPP) 
Precise Point Positioning (PPP) techniques have evolved very rapidly. With the cost 
of multi-system reception and receivers decreasing, PPP can challenge traditional 
Differential Global Navigation Satellite System (DGNSS) technology and offer 
navigation accuracy at the decimetre level in real time. Several companies including 
OmniStar and TerraStar provide correction services via geostationary satellites that 
enable DGNSS and PPP solutions in the global system.  

Once deployed, the Galileo High Accuracy Service (HAS) based on PPP technology 
will offer global positioning accuracy of two decimetres (see section 2.2.1.2). 

2.5 Challenges in satellite navigation 
The most critical factor affecting positioning accuracy is the number of satellites 
viewed by the user’s receiver, the mutual position of satellites in the sky and the 
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undistortion of the GNSS signals transmitted by them. To compute the location GNSS 
signal from at least four satellites same time have to be available. In environments 
containing obstacles, availability of satellite signals is limited due to elements 
shadowing the view of the sky. Increasing the number of available satellites improves 
the probability of receiving high-quality location data. Consequently, best performance 
is achieved by building a receiver that uses satellites of multiple GNSSs at the same 
time. 

Advanced applications such as the autonomous mobility of devices require, 
depending on the application, positioning accuracy of less than 1 metre. In open 
terrain, Galileo’s advanced basic services and its new High Accuracy Service (HAS) 
are well placed to meet these requirements. In urban conditions, the requirements set 
for positioning accuracy are even higher, while on the other hand the operating 
environment of satellite positioning is considerably more difficult. To achieve reliable, 
centimetre-level positioning accuracy in urban canyons and other similar 
environments in practice requires GNSSs to be supported by other methods such as 
Real Time Kinematic (RTK) and the use of information collected from a variety 
of sensors. 

Satellite positioning does not work indoors, as the radio signals received from the sky 
are too weak to pass through the structures of buildings. For the usability of 
applications, it would be crucial to find a solution to seamless outdoor-indoor 
transitions in positioning. 

2.5.1 Operating environment 
In addition to access to satellite signals, the accuracy and consistent quality of 
location data is essentially affected by various distortions and radio interference in 
GNSS signals. Common sources of interference in urban environments include the 
built infrastructure and electronic equipment surrounding the user. Various kinds of 
surfaces cause GNSS signal reflections and multipath propagation. The 
characteristics of the various atmospheric strata, such as ionospheric activity, also 
distort signals.  

Using multiple frequency ranges in GNSS signal transmission improves system 
immunity to interference and the enables the possibility to correct signal distortions in 
receivers. Galileo is currently the only system providing a multi-frequency GNSS 
signal for civilian use. GPS is also making a gradual transition to the civilian use of 
multiple transmission frequencies as GPS satellites are being replaced by new-
generation ones. 
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2.5.2 Jamming and spoofing 

Following the overall process of technicalisation and digitalisation, Finnish society has 
become highly dependent on the availability of reliable location and time data. Just 
like any other radio system, satellite navigation is not available everywhere at all 
times. Due to the large distance and limited transmission capacity of satellites, GNSS 
satellite signals are vulnerable to both deliberate jamming and spoofing but also to 
unintentional interference caused by the operating environment.  

In mission-, safety- and security-critical applications, access to reliable location data is 
a critical factor for the continuity and security of operations. The performance 
capability of the police and rescue authorities in particular deteriorates if satellite-
based positioning is not available. Telecommunications networks, banking systems 
and many other functions that are significant for society’s functioning cease to 
function or function imperfectly without a highly accurate time signal usually received 
from satellites. 

Galileo is the only GNSS providing all users with access to satellite signal 
authentication services (OS-NMA and CAS). These help users to ensure the reliability 
of location data and identify any malicious spoofing attempts. The same methods can 
also be used to protect against various environmental and system disruptions. 

The Galileo Public Regulated Service (PRS) provides electronically and functionally 
secured, continuous location and time data for authorities and enterprises that are 
critical for the security of supply in EU Member States. 

2.6 Location data from the privacy and 
personal data protection perspective 

Regulation on positioning information is laid down in multiple statutes. The applicable 
statute depends on whether the processing of data concerns the processing of 
personal data (under either general or specific legislation), electronic communications, 
or data relating to geography and infrastructure. Personal data comprises any 
information relating to an identified or identifiable natural person. An identifiable 
natural person is one who can be identified, directly or indirectly, by reference to an 
identifier such as a name or even location data. This means location data is personal 
data if it can be directly or indirectly associated with a natural person.  

Provisions on the processing of personal data are laid down in Regulation (EU) 
2016/679 of the European Parliament and of the Council of 27 April 2016 on the 
protection of natural persons with regard to the processing of personal data and on 
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the free movement of such data, and repealing Directive 95/46/EC (General Data 
Protection Regulation (GDPR)) and in the Data Protection Act (1050/2018).  

Processing of personal data must be lawful, fair and transparent. In addition, personal 
data must be collected and processed for a specific, lawful purpose and its collection 
and use must be minimised. Personal data must be accurate, its storage must be 
limited and its integrity and confidentiality must be ensured in processing.  

Specific legislation pertaining to specific sectors has also been laid down on the 
processing of personal data. There is specific legislation on transport and smart 
transport as well as electronic communications. The Regulation on Privacy and 
Electronic Communications currently under preparation will replace the current 
ePrivacy Directive. The updated ePrivacy rules will define the cases where service 
providers may process electronic communications data or have access to information 
stored in end users’ devices. The Regulation proposal is a specific statute (lex 
specialis) particularising and complementing the GDPR.  

The provisions of the Act on Electronic Communications Services (917/2014) do not, 
as a rule, apply to satellite positioning, as satellite positioning does not use public 
communications networks. If the definitions change following new EU regulation, this 
might affect the processing of personal data in satellite positioning, too. The actual 
positioning takes place in positioning devices that receive a navigation signal and use 
the signal to calculate the location as well as the direction and speed of the device.  

Data collection takes place in the positioning device, with no location data processed 
by satellites. Other processing of personal data can also take place in the positioning 
device if it has the necessary features, or the data can be transmitted from the 
positioning device to another device or service.  

The mobile phone network and wireless local area networks can, however, be used to 
support positioning and transmit location data. Consequently, positioning devices 
often transmit data via public communications networks. Location data is usually 
transmitted via the mobile phone network to various services and applications, and 
this is usually a key component of the service. In addition, positioning systems in 
contexts such as mobile phones usually make use of both satellite positioning and 
location data obtained through public communications networks. Telecommunications 
networks offer a parallel positioning method in contexts such as indoor areas or may 
offer augmentation for the speedier commencement of positioning or for improved 
positioning accuracy. In such cases, the ePrivacy rules apply to service providers and 
added-value service providers. Otherwise, as a rule, general personal data protection 
legislation applies.  
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Spatial data is different from location data. Spatial data means any data with a direct 
or indirect reference to a specific location or geographical area. Regulation 
concerning spatial data mainly concerns the availability of such data from public 
datasets and registers. Spatial data has not, in principle, been considered as personal 
data. However, some spatial data may be associated with an individual person, in 
which case it qualifies as personal data. In such cases, general data protection 
legislation applies, provided that there is no specific legislation on the matter.  

On 31 November 2016, the European Commission published a Communication on 
a European strategy on Cooperative Intelligent Transport Systems (C-ITS). It states 
that the protection of personal data and privacy is a determining factor for the 
successful deployment of cooperative, connected and automated vehicles. Users 
must have the assurance that personal data is not a commodity and know they can 
effectively control how and for what purposes their data is being used. Vehicle 
positioning takes place using satellite positioning, and location data does, in principle, 
qualify as personal data as it relates, through vehicle identifiers, to an identified or 
identifiable natural person. The implementation of C-ITS therefore requires 
compliance with the applicable data protection legal framework. 

The European Parliament voted against the C-ITS Regulation in 2019. The Regulation 
may, however, be reopened in the future. Undergoing reform during 2021, Directive 
2010/40/EU on Intelligent Transport Systems (ITS Directive) also empowers the 
Commission to adopt delegated acts that are binding on Member States. In its C-ITS 
Strategy, the Commission has stated that it will consider making use of its mandate to 
adopt delegated acts to ensure the practical implementation of the General Data 
Protection Regulation (GDPR) in the area of C-ITS.  
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3 Space sector actors 

3.1 European Union Space Programme 
Regulation (EU) 2021/6964 on the Union Space Programme entered into force 
on 12 May 2021. The Union Space Programme’s subprogrammes include the Galileo 
satellite navigation system, the EGNOS regional satellite navigation system, the 
Copernicus Earth observation system, the Space Situational Awareness programme 
and the European Union Governmental Satellite Communications (GOVSATCOM) 
programme. The Regulation also established the European Union Agency for the 
Space Programme (EUSPA), which replaced the European GNSS Agency (GSA). 

The European Space Agency (ESA) plays an important role in the implementation of 
the Union Space Programme. It is responsible for the development of satellite 
systems and the Ground Segment in particular. Some of the ESA duties are based 
directly on the Union Space Programme Regulation and others on Commission or 
EUSPA delegation. The division of roles between the Commission, EUSPA and ESA 
as well as the EU funding allocated to the agencies are defined in the tripartite 
Financial Framework Partnership Agreement. 

3.2 Finland’s space administration 
Finland has decentralised space administration with multiple responsible ministries. 
The perspectives of the various administrative branches are brought together by the 
Finnish Space Committee, which operates under the Ministry of Economic Affairs and 
Employment. The Committee was established under a Government Decree that was 
reformed in spring 2019. The Government appointed the current Committee for its 
three-year term in autumn 2019. Committee members represent key ministries and 
agencies for space activity, with representatives of research and enterprise activity 
also included in the Committee.  

The mandate of the Committee includes in particular the strengthening of the National 
Strategy for Finland’s Space Activities and monitoring of the implementation of the 
Strategy as well as setting guidelines and priorities for Finland’s international 
influencing.  

                                                      
4 https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/PDF/?uri=CELEX:32021R0696&from=Fi 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0696&amp;amp;from=Fi
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32021R0696&amp;amp;from=Fi
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The Committee has a secretariat operating under the Ministry of Economic Affairs and 
Employment. The secretariat also has part-time members from the Ministry of 
Transport and Communications, the Ministry of Defence, the Finnish Meteorological 
Institute, the Finnish Transport and Communications Agency (Traficom) and Business 
Finland. In addition, the Committee has six working groups for intersectoral 
preparation: the Navigation; Earth Observation; Security; Space Situational 
Awareness; Science and Research; and Business Working Groups. 

3.3 Satellite navigation authorities in Finland 
Satellite navigation systems (GNSS) fall under the administrative branch of the 
Ministry of Transport and Communications in Finland. The Ministry leads the sector’s 
international cooperation, national preparation and monitoring. The Finnish Transport 
and Communications Agency (Traficom) operates as the responsible authority under 
the steering of the Ministry in matters relating to satellite navigation.  

The key duties of the responsible authority are coordinating EU GNSS development at 
the national level and representing Finland in programme working groups, promoting 
information security and societal preparedness relating to GNSSs, raising awareness 
of GNSSs in Finnish society, and facilitating the creation of business opportunities for 
Finnish industry and commerce. In addition, Traficom has been designated as the 
Competent PRS Authority (CPA) that attends to the statutory obligations of the Galileo 
Public Regulated Service (PRS) in Finland (see section 2.2.1.4).  

The National Land Survey of Finland (NLS), operating under the Ministry of 
Agriculture and Forestry, develops and maintains the FINPOS service providing 
supplementary measurement data and the network of FinnRef reference stations (see 
section 2.4.1). The NLS also maintains the Ranging and Integrity Monitoring Stations 
(RIMS) of the EGNOS system (see section 2.3). The Finnish Geospatial Research 
Institute (FGI) of the NLS is a key expert body in research and cooperation projects 
relating to satellite navigation. The FGI is also responsible for the creation and 
maintenance of Finnish coordinate systems. 

3.4 Administration of satellite frequencies 
and radio licence procedures 

In satellite operations, frequencies are used for purposes including controlling 
satellites from the ground and producing satellite information (using radar and other 
technology) as well as transmitting the information from satellites to the ground. 
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Frequency issues are therefore relevant to all satellites, including radio navigation 
satellites and small satellites. Frequency planning and international agreements 
enable the planned and interference-free functioning of satellites and their earth 
stations. The Radio Regulations of the International Telecommunication Union (ITU), 
a specialised agency of the UN, contain the procedures for agreements on the use of 
satellite frequencies (frequency coordination, notifications and registration in the 
international register of frequencies) and guide the use of these procedures. In 
Finland, the Finnish Transport and Communications Agency (Traficom) is in charge 
of satellite frequency administration and procedures compliant with the ITU Radio 
Regulations. 

The possession and use of radio transmitters carried by Finnish satellites requires 
a radio licence issued by Traficom if the agreement on the frequencies has been 
concluded in the name of Finland. In addition to issuing radio licences, one of the 
most important duties of the frequencies administrator is to protect Finland’s satellite 
resources, such as the direct broadcasting satellite (DBS) and terrestrial 
radiocommunication resources, against foreign satellites and to ensure that there are 
enough suitable frequencies available for Finnish satellite systems so that to ensure 
their planned use does not interfere with other services in or outside Finland. 

The ITU Radio Regulations are updated approximately every four years by the World 
Radiocommunication Conference (WRC). Between the conferences, international 
working groups (ITU and CEPT subgroups) conduct the necessary compatibility and 
other studies, with Traficom and Finnish interest groups also involved in these. 
Frequency bands assigned to satellites typically overlap with other terrestrial systems, 
most commonly with radio link and radar bands. As frequency bands are becoming 
congested, satellite operators compete for new frequencies and their terms of use 
with other services such as 5G. 

3.5 Competence and education 
The space sector in general and satellite positioning applications as a specific field 
call for broad competences in science, technology, engineering and mathematics 
(STEM). GNSS and receiver development and research require in-depth knowledge 
of not only GNSS algorithm development but also of fields such as radio technology, 
signal processing, electronics design, software development and cybersecurity. 
Designing end user applications and devices requires an understanding of sector-
specific uses and special characteristics created by the operating environment but 
also of the opportunities and limitations involved in GNSS application. 
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Finland has a large group of enterprises and research institutes that: 

• use GNSS in their products and services; 
• manufacture devices that contain a GNSS receiver; 
• manufacture and develop GNSS receivers and chipsets. 

Like in other industries, these actors also have high demand for talent with special 
expertise in a variety of roles, and ensuring sufficiently broad competence is essential 
for successful activities. 

Education in satellite positioning is only available in the form of individual courses in 
Finnish universities. In addition to universities, GNSS-related research is conducted in 
particular by the Finnish Geospatial Research Institute (FGI) of the National Land 
Survey (NLS). 

3.6 Earth observation, small satellites and 
telecommunication satellites  

3.6.1 Earth observation (EO) 

Combining earth observation (EO) data with detailed terrestrial environmental 
observations and weather and conditions models produces the best possible data on 
conditions. Making use of this in automated transport makes it possible to take 
account of up-to-date impacts of weather on road conditions and of any damage to 
transport infrastructure. This increases the safety of automated transport significantly. 
Conditions data and satellite navigation help to anticipate any challenges occurring on 
the route in real time. This applies to all modes of transport. New opportunities are 
becoming available in the current information services of road transport in particular. 
Data is already employed in maritime transport and aviation, but tailored data 
generates added value when access to data is more frequent and broader. 

The EU’s Copernicus Earth Observation Programme offers free, openly accessible 
processed EO data on land, water bodies, the atmosphere and climate change and 
assists in crisis operations and other civil security. 
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3.6.2 Small satellites 

Small satellites can be used for measuring a variety of observables. For example, 
data on parking space occupancy rate, agriculture and aircraft movements can be 
collected using small satellites. Applications of small satellites also include various 
atmospheric measurements, climate change monitoring, and monitoring of Arctic 
conditions such as the ice situation. Small satellites are also utilised in 
telecommunications applications. 

A small satellite is a spacecraft the mass of which is no more than a few hundred 
kilograms. Microsatellites typically weigh 50–100 kilograms and nanosatellites or 
CubeSats 1–10 kilograms. Starting with small satellites bult by university students, the 
introduction of the latter created the New Space phenomenon, as private venture 
capitalists started to invest in small satellite applications. This resulted in Finland 
becoming a space nation with Finnish satellites operating in space in 2015. 

GNSS positioning could also be augmented with small satellites: their lower orbit 
makes their distance to Earth smaller than that of GNSS satellites, making the radio 
signals transmitted by them stronger in the receiver. This improves signal interference 
immunity and availability, especially in obstructed conditions such as forests and 
indoor areas. Due to their low orbits, the size of a satellite constellation required for 
global and temporal coverage would, however, be many times larger compared with 
GNSSs. Because of the challenges involved in satellite time synchronisation and orbit 
corrections, the accuracy of the location data obtained would also be lower. 

Small satellites intended for telecommunications that maintain continuous 
communication could also be utilised in the production of location data. Satellite 
movement in orbit causes the Doppler effect in the emitted frequency, making it 
possible to determine the distance of satellites from the receiver and to obtain the 
location data. The location data accuracy achieved with this method, too, is 
considerably poorer than with GNSS positioning. 

3.6.3 Satellite telecommunications 
Terrestrial information networks are not accessible everywhere. Satellite-based 
telecommunications are required particularly in wilderness and marine areas and in 
aviation.  

The most traditional telecommunications satellites used are ones placed in 
geostationary orbit (GEO) where they match the Earth’s rotation. These are used to 
provide services including satellite television. In addition, companies such as the 
satellite operator Iridium have been providing voice and data services for authorities 
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and professional users since the early 2000s by using Low Earth Orbit (LEO) 
satellites. Iridium’s operational constellation currently features 66 satellites. 

Examples of new kinds of services emerging in the market are satellite broadband 
systems based on megaconstellations. Their operators, such as OneWeb or Starlink, 
aim to offer fast telecommunications connectivity with LEO satellites that are smaller 
than typical telecommunications satellites and that may even be mass produced. This 
service provision covers, for example, consumer broadband connections, 5G 
compatibility, maritime and traffic broadband services and access to various Internet 
of Things (IoT) systems. Data access capacity can be increased in such networks by 
increasing the number of satellites in the constellation to considerably large numbers 
from hundreds to even thousands of satellites. 

The operators currently providing commercial satellite telecommunications services in 
Finland are foreign companies. 

Under the 2021 Union Space Programme Regulation, the EU launched the European 
Union Governmental Satellite Communications (GOVSATCOM) Programme that aims 
to provide secure communications capabilities for Member States to use in security 
and safety critical missions. 
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4 Deployment of satellite 
navigation systems 

This chapter first provides an overview of the global and EU market situation of 
satellite navigation systems. The sections cover GNSS applications and GNSS 
deployment at the national level. 

4.1 Overview of satellite navigation 
system markets 

The EU Agency for the Space Programme (EUSPA) publishes two sister reports on 
the GNSS operating environment in alternate years: 

• GNSS Market Report5 
• GNSS User Technology Report6. 

According to EUSPA reports, the market for products and services exploiting GNSS 
technology is continuing to show rapid growth. The size of the global market was 
around EUR 150 billion in 2019, with the EU accounting for around EUR 38.4 billion of 
the total. The global market is projected to grow to EUR 325 billion in 2029, with 
device sales accounting for around EUR 95 billion. 

  

                                                      
5  https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-
market-report 
6 https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-
user-technology-report  

https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-market-report
https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-market-report
https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-user-technology-report
https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-user-technology-report
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Figure 3. Projected GNSS market development for 2019–2029 (source: GNSS Market 
Report 2019) 

 

The global number of devices with a GNSS receiver totalled more than 6 billion in 
2019, and annual sales of new devices amounted to around 1.7 billion. The overall 
installed base is projected to grow to more than 10 billion GNSS units in 2029. The 
largest regional market is Asia-Pacific, accounting for 50% of the total, while North 
America and the EU accounted for 15% and 10% respectively. 
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Figure 4. Projected GNSS device sales development for 2019–2029 (source: GNSS Market 
Report 2019) 

 

Consumer solutions is projected to be by far the largest market segment in terms of 
number of devices at more than 90% in 2019–2029. In terms of revenue, however, 
road transport is the largest market segment at 55%. 

Figure 5. Projected cumulative revenue of GNSS market segments for 2019–2029 (source: 
GNSS Market Report 2019) 

 

The figure below shows the market shares of receivers supporting the various GNSSs 
in 2020: 75% of receivers sold were capable of supporting more than one GNSS, with 
Galileo support found in 60% of receivers. 
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Figure 6. Market for receivers supporting the various GNSSs in 2020 (source: GNSS User 
Technology Report 2020) 

 

4.2 Consumer applications 
Cumulative revenue generated by consumer GNSS applications is estimated to total 
around EUR 960 billion in 2019–2029, accounting for around 38% of the global GNSS 
market. The majority of consumer segment devices with a GNSS receiver are mobile 
phones. In the years ahead, the market for wearables, such as sport watches, and 
various tracking devices is projected to grow significantly. 

Figure 7. Projected development of consumer GNSS projects (source: GNSS Market 
Report 2019) 

 



PUBLICATIONS OF THE MINISTRY OF TRANSPORT AND COMMUNICATIONS 2021:30 

37 

In addition to access to location data, important features of consumer segment 
devices include low power consumption and quick connectivity to location data when 
the device is turned on. GNSS not working indoors is a clear problem.  

4.3 Logistics 
There are numerous potential uses for GNSS applications in logistics, including the 
real-time tracking of fleet location. When fleet location is known, delivery and routing 
plans can be changed very rapidly if necessary. Consignment- and package-specific 
tracking is also possible in real time. Timely deliveries help to reduce the need for 
interim storage, increase production process efficiency and improve customer service. 
Aspects often more important in logistics than speed are predictability and reliability, 
and these call for not just data on one’s own location but also real-time data on traffic 
congestion and disruptions that is often based on positioning. 

For smoother flows of goods, efforts are made in port logistics to maximise 
automation in the tracking of containers and control of machinery. Ports are 
challenging environments for GNSS use due to blind spots and signal reflections 
caused by tall stacks of containers. As a rule, GNSSs cannot therefore be used as 
primary sources of location data.  

4.4 Machinery 
Forest industry roundwood transport is largely based on satellite positioning. When 
the forwarder brings logs from the forest to a roadside landing, the operator uses 
satellite positioning to mark the location of the stacks electronically. Precise location 
data is also needed to control the operation of forestry machinery on logging sites: 
identifying unit boundaries and following them automatically using GNSS increases 
work efficiency significantly. Achieving the required accuracy of around one metre is 
challenging in a forest where trees obscure some of the view of the sky. 

In earthworks, the operation of machinery is automated by 3D-modelling the site, such 
as a grade-separated junction, in the design phase and entering the model in the work 
management system. On the construction site, machines are assisted in filling work 
by controlling their operation based on location data and site modelling. GNSS-based 
machine control increases work efficiency significantly compared with manual 
surveying methods. A special characteristic of earthworks is also the significant role 
played not only by horizontal but also by vertical location data obtained from GNSSs. 
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The operation of agricultural machinery can be assisted on the basis of location data: 
for example, fertiliser dose allocation can be optimised automatically by tracking the 
movements of the tractor in the field. In the same way, information on a site’s growth 
data and conditions can be collected on the basis of a tractor-mounted measurement 
system and GNSS location data. The autonomous mobility of agricultural machinery is 
also projected to become more common in the years ahead.  

To improve location data accuracy, GNSS positioning is often augmented in 
machinery applications with EGNOS and RTK correction data.  

4.5 Spatial data and mapping systems 
Spatial data and mapping applications are covered in more detail in the separate 
Ministry of Agriculture and Forestry report on spatial data policy7. Autumn 2021 will 
see the completion of the Finnish national spatial data strategy, providing an update 
to some of the topics raised in the report. 

All data with location as one of its attributes is spatial data, with location expressed 
using, for example, an address, name of an area (such as a municipality or a state), 
code (such as a property identifier) or coordinates. Spatial data includes data on 
buildings, facilities, municipalities, nature reserves, weather, offences, accidents, 
radio signal strength, mobile phone location data and transport infrastructure as well 
as statistical data, among others. Thanks to its location attribute, spatial data can be 
efficiently used and combined by means of various geographic information system 
(GIS) methods for many types of analyses, plans and maps. Spatial data is integrated 
with all other data, and defining it as spatial data does not affect its other potential 
uses. 

GNSSs are among the most significant sources for location data provision in various 
spatial data applications. To achieve sufficient location data accuracy, GNSSs are 
often also augmented by other methods, such as RTK positioning. 

  

                                                      
7 http://urn.fi/URN:ISBN:978-952-453-980-7 

http://urn.fi/URN:ISBN:978-952-453-980-7
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4.6 Transport system 
Transport systems are the most significant deployers of satellite positioning systems. 
Fields of application can be divided roughly into value-added services (such as route 
navigation) and safety and security critical applications (such as traffic control 
systems). 

Transport automation is undergoing a phase of rapid development. Evolving 
technology – sensor fusion, telecommunications and GNSSs together with increasing 
processing power – has created a leap in performance capacity that enables the 
deployment of various degrees of automation (augmentation and autonomous 
systems) in transport mode applications. 

On 4 May 2021, the Ministry of Transport and Communications sent for comments 
a draft government resolution on the promotion of transport automation8 that applies 
to all modes of transport. It opens up the current state of the development of 
automation and outlines the possible directions this development may take. The 
resolution is based on the action plan of legislation and key measures on transport 
automation under preparation at the Ministry of Transport and Communications 
(scheduled for publication in autumn 2021), which envisions safer, more efficient and 
more sustainable transport for the future. 

4.6.1 Road transport 

In road transport, an everyday GNSS application is route navigation, which is 
employed by all user groups from private individuals to professional drivers and the 
authorities. Smart transport applications are evolving rapidly. In addition to 
autonomous driving, many systems assisting the driver (such as various alerts) and 
traffic monitoring applications (such as priority systems for public transport and 
emergency vehicles) rely on GNSS-based location data.  

In addition to driving-related applications, there is also debate on the implementation 
of many payment-based applications (such as road user charging (RUC), taximeters, 
parking fees, insurance premiums) and applications based on legislation (such as 
digital tachographs, transport of dangerous goods, geofencing) using GNSSs. 

                                                      
8 https://www.lausuntopalvelu.fi/FI/Proposal/Participation?proposalId=b0946450-0fd2-
4ed7-b345-f8d7f0b5fc5e 

https://www.lausuntopalvelu.fi/FI/Proposal/Participation?proposalId=b0946450-0fd2-4ed7-b345-f8d7f0b5fc5e
https://www.lausuntopalvelu.fi/FI/Proposal/Participation?proposalId=b0946450-0fd2-4ed7-b345-f8d7f0b5fc5e


PUBLICATIONS OF THE MINISTRY OF TRANSPORT AND COMMUNICATIONS 2021:30 

40 

GNSS location data is also exploited in transport logistics in freight and fleet tracking 
applications (such as cash/valuables in transit, transport of dangerous goods). Road 
wear can be estimated by monitoring traffic volumes and heavy-duty transport.  

According to the GNSS Market Report 20199, global GNSS device sales for road 
transport applications totalled an estimated EUR 60 billion, with the EU accounting for 
around EUR 22 billion of the total. By 2029, the revenue is projected to grow globally 
to EUR 100 billion and to around EUR 35 billion in the EU. 

Figure 8. Projected development in the number of GNSS receivers in road transport by 
application (source: GNSS Market Report 2019) 

 

  

                                                      
9  https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-
market-report 

https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-market-report
https://www.euspa.europa.eu/european-space/euspace-market/gnss-market/gnss-market-report
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In addition to the accuracy of location data, key parameters of services provided by 
GNSSs include: 

• correctness and reliability of location data; 
• temporal and spatial variation in location data accuracy; 
• availability of location data; 
• cybersecurity: risk and identification of jamming and spoofing. 

Several research projects have been completed or are underway concerning the 
achieved GNSS service level and coverage (such as the NordicWay projects, Arctic 
Challenge). These study the potential provided by Finland’s current road network for 
road transport automation and explore the key issues in which the authorities as well 
as road services and traffic management actors should invest in the next few years in 
research and development as well as in international cooperation. 

4.6.2 Aviation 

The International Civil Aviation Organization (ICAO) is an umbrella organisation for 
international aviation. Its Global Air Navigation Plan (GANP) provides a global 
framework for the adoption of new air traffic management methods and technologies. 
The GANP aims to increase capacity, security and efficiency in air navigation and 
reduce harmful environmental effects. 

As part of the GANP, the ICAO has introduced the concept of performance-based 
navigation (PBN), which aims for globally harmonised navigation methods. GNSSs 
play a key role in PBN. Another component of the GANP is Automatic Dependence 
Surveillance-Broadcast (ADS-B) technology. Its functioning is based on ground 
stations receiving the location and identification data determined and transmitted by 
the aircraft itself. The data is transmitted using radio signals, and the location data can 
be based on conventional positioning or location information produced with satellite 
technology. 

Aerodrome operators and providers of air traffic management/air navigation services 
(ATM/ANS) must, however, take the necessary measures to ensure that they remain 
capable of providing their services through other means in case of disruptions of 
satellite navigation (GNSS) as well as in cases where PBN methods are no longer 
available. 

Commission Implementing Regulation (EU) 2018/1048 requires the establishment of 
localiser performance with vertical guidance (LPV) approaches by the end of 2024. 
ATM/ANS, flight routes and flight procedures must be fully based on satellite 
navigation from 1 June 2030. To facilitate implementation, the European Union 
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Aviation Safety Agency (EASA) and the EU Agency for the Space Programme 
(EUSPA) are preparing safety and security systems and guidelines supporting 
the activity. 

Finland has been one of the leading European countries in the introduction of PBN 
approaches based on satellite navigation. All Finnish airports use PBN in compliance 
with Commission Implementing Regulation (EU) 2018/1048. 

Finland also already uses the standard departure and arrival routes under air traffic 
control service based on PBN requirements. Helsinki-Vantaa Airport uses the Arrival 
Manager system to optimise traffic flows to available runways. Traffic at Helsinki-
Vantaa can be arranged in the optimal arrival sequence in the airspace, which makes 
traffic smoother and reduces aviation emissions. Navigation information concerning 
flight routes and free route airspace in Finland’s Flight Information Region (FIR) is 
provided using satellites, and the backup system in case of satellite navigation 
disruptions is the DME/DME network. Coverage of the national DME/DME network is 
not, however, sufficient outside the southernmost parts of Finland. 

The GNSS service level is not yet at the level required for aviation in northern Finland, 
where the EGNOS system has service coverage issues (see section 2.3.2). A solution 
to this will be available in 2023 when the Kuusamo Ranging Integrity Monitoring 
Station (RIMS) monitoring station is included in EGNOS service provision.  

The Finnish strategy for air navigation and surveillance 2020–2030 (NAV-SUR 
Strategy)10 determines the principles for airspace design and utilisation at a general 
level. The purpose of the strategy is to describe the development and objectives of 
Finland’s NAV-SUR systems and their implementation schedules. Detailed plans for 
the transition to satellite navigation will be described in a special transition plan 
prepared by ATM/ANS providers and aerodrome operators responsible for planning 
instrument approach procedures and air traffic service (ATS) routes. Traficom will 
ensure that the draft transition plan or any draft significant updates of the plan comply 
with the requirements of the Commission Regulation. The Finnish Aviation Safety 
Programme (FASP)11 describes the aviation safety management system at the 
national level. 

Options for the implementation of a low flight network (LFN) are also being studied in 
Finland under the leadership of the Ministry of Transport and Communications. An 
LFN refers to a route network based on satellite positioning and to instrument 

                                                      
10 https://www.traficom.fi/sites/default/files/media/publication/NAVSUR%202020-
2030.pdf 
11 https://www.traficom.fi/sites/default/files/media/publication/Finnish%20Avia-
tion%20Safety%20Programme-version%207-0.pdf 

https://www.traficom.fi/sites/default/files/media/publication/NAVSUR%202020-2030.pdf
https://www.traficom.fi/sites/default/files/media/publication/NAVSUR%202020-2030.pdf
https://www.traficom.fi/sites/default/files/media/publication/Finnish%20Aviation%20Safety%20Programme-version%207-0.pdf
https://www.traficom.fi/sites/default/files/media/publication/Finnish%20Aviation%20Safety%20Programme-version%207-0.pdf
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approach procedures that would allow efficient operations in weather conditions that 
are poorer than in visual meteorological conditions (VMC). The need to establish an 
LFN in Finland has been expressed by the authorities, which perceive a strong 
societal need for it. The study aims to provide the necessary information about the 
implementation options and funding models available for an LFN. The aim is to use 
the information provided by the study in the preparation and decision-making 
concerning a potential national implementation solution. 

4.6.3 Unmanned aviation 

Unmanned aviation is undergoing strong growth, and the market is expected to 
generate major commercial benefits for many sectors of the economy. Drone 
applications can be divided roughly into recreational uses aimed at consumers and 
into professional applications. Typical uses include various photography, mapping and 
surveillance tasks as well as transport of small items. User groups include private 
citizens, enterprises and authorities. 

According to the GNSS Market Report, global revenue in the drone market totalled 
around EUR 1.1 billion, while the EU figure was around EUR 400 million. In 2025, the 
global market is projected to amount to EUR 50 billion, with the EU accounting for 
EUR 550 million of the total.  

Availability of accurate location and altitude data is vital in drone operations. To 
provide this data, GNSSs can be augmented with RTK methods and sensor-based 
inertial navigation. When operating at low flight altitudes in urban environments, the 
interference immunity of the positioning system is important. In addition, structures 
that limit the availability of satellites and cause signal reflections pose challenges 
in positioning. 

Various flight area restrictions are implemented in drone usage with GNSS 
geofencing applications: equipment manufacturers can set up in the drone settings 
a block that will prevent the drone from entering airspaces where unmanned aviation 
or all aviation is restricted or prohibited. 

The EU Aviation Safety Agency (EASA) has drafted pan-European legislation on 
drones. Drafting of requirements for high-risk operations is yet to be completed, but 
the requirements will be very close to the level of requirements set for manned 
aviation. 

The Single European Sky ATM Research Joint Undertaking (SESAR JU) is 
developing the U-space concept, that is, a traffic management system for unmanned 
aviation creating operating conditions based on a high level of digitalisation and 
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automation of functions in all types of environment. Alongside developing the concept, 
EASA has prepared the U-space Regulation that aims to provide a high-level 
regulatory framework for the safe management of multiple simultaneous drone 
operations and for the gradual integration of unmanned aviation alongside traditional 
aviation. Finland was involved in influencing the U-space Regulation and the aim is to 
promote the introduction of the U-space concept. Before introducing U-space airspace 
and services, there is also a need in the rapidly developing operating environment to 
also explore other solutions for the coordination of unmanned and traditional aviation 
and to increase safety in lower airspace. 

4.6.4 Rail transport 

A process of digitalisation launched by the EU is taking place in European rail 
transport, involving the modernisation of national train control systems used for safety 
and traffic management. The aim is to promote rail transport as a whole but cross-
border operations in particular. To reach this aim, European rail infrastructure 
managers and rolling stock owners are obliged to implement system interoperability. 
To enable the single European railway area, a harmonised train control system that 
concerns both railway infrastructure and rolling stock is needed. 

The key components of this transition are the European Train Control System (ETCS) 
and the Future Railway Mobile Communication System (FRMCS). Together, these 
form the European Rail Traffic Management System (ERTMS). Three functional levels 
have been determined for ETCSs: The most advanced is Level 3, which aims to use 
GNSS in the provision of location data. At the lower Levels 2 and 1, location data is 
obtained with rail infrastructure actuators that are used to divide railways into 
segments. Levels 1 and 2 feature technologies that are already deployed, but there is 
currently no authorised commercial application for Level 3. In addition to the train 
control system, Automatic Train Operation (ATO) can be used as an enhancement 
module. 

ETCS Level 3 features and ATO technology can provide the greatest benefits in 
densely built areas where it is not possible to expand other rail infrastructure but 
where added capacity is required. ETCS Level 3 together with satellite positioning and 
satellite telecommunications would bring considerable benefits for Finland’s remote 
railway sections where traffic volumes make it otherwise unviable to make 
infrastructure investments in train control equipment or the above-mentioned 
actuators providing location data. 

ETCS Level 3 would also bring new opportunities for safety improvements through 
various positioning-related systems and services. The most significant safety-
enhancing measures would be to connect warning devices of active level crossings 
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with train speed, which would standardise road user waiting times, provide added 
safety for persons and machinery working on tracks, and enhance the capability of 
continuous information exchange between infrastructure and trains to respond to 
sudden changes.  

A key challenge in the deployment of GNSS in safety and security critical applications 
is ensuring a sufficient level of accuracy in all circumstances, particularly in multiple-
track railway yards and in multiple-track railway sections where train speeds are high. 
Several projects supported by the EU Agency for Railways (ERA) and the EU Agency 
for the Space Programme (EUSPA) underway in Europe are studying and piloting the 
application of GNSS in rail transport. A significant new layer in verifying GNSS safety 
and security will be created by the Galileo signal authentication services OS-NMA and 
CAS, the PRS intended for the authorities and the updates to the EGNOS system 
available in 2022–2024. 

The Finnish National Train Control System (JVK) will also be upgraded to the pan-
European ERTMS/ETCS system by 2040. In 2019, the Digirail project was 
established to execute the transition. Its analysis and preparatory phase ended in 
April 2021, and the development and verification phase began in August 2021. A test 
track section is already being constructed on the Kotka–Kouvola–Hamina stretch in 
conjunction with the project. The aim is also to carry out system tests and 
experiments to adopt GNSS technology in the test track section. The intention is to 
deploy the ERTMS/ETCS pilot track section in commercial operation of trains during 
2026. The plan is also to test GNSS technology in the pilot track section, but 
commercial operation systems must be built in compliance with existing regulation, 
which is why the extent this might be possible in the pilot track section still remains 
uncertain. 

Satellite positioning is currently used in Finland to provide train running information, 
mainly to serve passenger information needs. The majority of trains are currently 
equipped with GPS trackers that transmit location data with General Packet Radio 
Service (GPRS) technology to the timetable system. Track inspection services and 
railway maintenance feature data also make use of GNSS positioning. 

The analysis phase of the Digirail project12 examined a variety of options for using 
satellite-based systems.  

                                                      
12 Final report of the Digi Rail study (in Finnish): http://urn.fi/URN:ISBN:978-952-243-
589-7. 

http://urn.fi/URN:ISBN:978-952-243-589-7
http://urn.fi/URN:ISBN:978-952-243-589-7
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4.6.5 Maritime transport 

Vessel positioning is based on GNSSs, particularly on the high seas. In coastal and 
inland navigation, parallel methods such as radar systems are also employed to 
provide location data. Location data is used in maritime transport not only for vessels’ 
own route navigation but also for monitoring the situational picture of maritime 
transport and for maritime traffic control, with examples of this including the joint Gulf 
of Finland Reporting (GOFREP) system of Finland, Estonia and Russia. 

The International Maritime Organisation (IMO) coordinates international cooperation 
concerning safety and security critical systems used onboard vessels. All navigation 
equipment used in non-recreational vessels must be approved by the IMO. The 
adoption of new technologies in international waters calls for sustained cooperation.  

GNSS accuracy is good in relation to maritime transport needs and very good when 
differential correction is employed. The US GPS is the dominant system, but the 
Russian GLONASS and the Chinese BeiDou are also used in the eastern 
hemisphere.  

The EU Agency for the Space Programme (EUSPA) seeks to promote GNSS 
positioning accuracy, and the standardisation of Space Based Augmentation Systems 
(SBAS) improving safety and security, such as the European Geostationary Overlay 
Service (EGNOS) for maritime navigation, is starting at the International 
Electrotechnical Commission (IEC). A specific Maritime service is being developed for 
EGNOS. In this context, the EGNOS European Satellite Services Provider (ESSP) is 
conducting an EGNOS service level measurement campaign that also covers 
Finland’s territorial waters. 

  



PUBLICATIONS OF THE MINISTRY OF TRANSPORT AND COMMUNICATIONS 2021:30 

47 

4.7 Rescue services 
In rescue services, the key context for location data needs is locating accident scenes 
and guiding rescue equipment to the scenes. 

The location of the scene of an accident is traditionally communicated to the rescue 
coordination centre (RCC) during the emergency call. The information not being 
precise or being incorrect is often a problem. Emergency call applications that 
automatically transmit location data are becoming more common, with examples 
including the 112 application. There are two major EU legislation projects underway to 
support the increased use of such services: 

• In 2018, the eCall system became mandatory in new vehicles within the 
EU. The system provides the location and movement data of vehicles 
involved in accidents to the rescue authorities.  

• From March 2022 onwards, EU legislation will require mobile phones 
sold to the EU to support the E112 emergency calls service, where 
caller information from GNSS is transferred automatically to the rescue 
authority. 

Galileo satellites are able to provide support to the international COSPAS-SARSAT 
emergency signal system (see section 2.2.1.5). In Finland, the Border Guard is the 
authority responsible for COSPAS-SARSAT cooperation. The emergency message 
transmission system is deployed in Finland, but the Galileo Return Link Service (RLS) 
operational since 2020 has not been deployed nationally in Finland. 

4.8 Use by the authorities 
Authorities make use of GNSS location data in leadership and command systems for 
the formation of a situational picture and situational awareness and for the 
coordination of mobile units. Satellite navigation is also exploited in the same way as 
in the private sector for route navigation of various modes of mobility and for time 
synchronisation of measurement and control systems. Finnish authorities using these 
systems include the rescue services, social services, police, Border Guard, Customs, 
national defence as well as transport system actors, government environmental and 
natural resources actors, the Finnish Meteorological Institute (FMI), Flood Centre, 
Finnish Broadcasting Company (Yle) and municipalities.  

The most significant difference between the use of GNSS by the authorities and by 
private sector applications is the requirement of operational continuity in exceptional 
circumstances, too. In functions that are critical for security of supply, the aim is to rely 
on systems the development and operation of which can be participated in nationally. 
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This is why the Government’s Ministerial Committee on Economic Policy decided at 
its meeting of 24 November 202013, that Finland will start using the Public Regulated 
Service (PRS) of the Galileo system nationally during 2024 (see section 2.2.1.4).  

The Ministry of Transport and Communications has prepared for the national 
implementation of the PRS in cooperation with seven other ministries: Ministry of 
Agriculture and Forestry, Ministry of Justice, Ministry of Defence, Ministry of the 
Interior, Ministry of Social Affairs and Health, Ministry of Economic Affairs and 
Employment and Ministry of Finance. The Finnish Transport and Communications 
Agency (Traficom) operating under the Ministry of Transport and Communications has 
been designated as the Competent PRS Authority (CPA) in Finland.  

A total of EUR 18.5 million in appropriations will be allocated in 2021–2024 for 
building the national infrastructure for the service. The PRS will be introduced in 
Finland during 2024, and the aim is to have around 63,000 users in 2028. When the 
number of PRS users has reached the target in 2028, the annual costs of the service 
in Finland to be covered by appropriations are estimated to be EUR 2.7 million. 

4.9 Time synchronisation 
Metrology institutes and chronology laboratories provide society with access to local 
physical realisations of Coordinated Universal Time (UTC(k)). The official time 
observed in states is usually based on UTC provided by the national metrology 
institute, which in Finland is the VTT Centre of Metrology MIKES. 

Many functions that are critical for security of supply, such as telecommunications 
networks, energy transmission systems and banking and payment systems also 
require accurate time synchronisation between functional units.  

The accuracy, availability and reliability needs in time synchronisation depend on the 
use. The simplest need is for non-critical synchronisation of clocks, where the 
Network Time Protocol (NTP) is sufficient as a method. Considerably more accurate 
time synchronisation is required for the synchronisation of telecommunications and 
power network measurement and control, time stamp services, e-commerce, digital 
TV and radio broadcasts and passive radar systems. These applications require not 
only microsecond-level accuracy but often also traceability and verifiability. To 
achieve a sufficient reliability level, critical applications require multisystem and dual-
frequency reception, Time Receiver Autonomous Integrity Monitoring (T-RAIM), 

                                                      
13 https://vnk.fi/-/galileo-paikannusjarjestelman-viranomaispalvelu-prs-kayttoon-su-
omessa-2024?languageId=en_US 

https://vnk.fi/-/galileo-paikannusjarjestelman-viranomaispalvelu-prs-kayttoon-suomessa-2024?languageId=en_US
https://vnk.fi/-/galileo-paikannusjarjestelman-viranomaispalvelu-prs-kayttoon-suomessa-2024?languageId=en_US
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integrity monitoring and possibly also parallel time synchronisation. The highest level 
of accuracy is required in research applications aiming to achieve nanosecond-level 
accuracy. 

Accurate time synchronisation can be implemented using time data provided by 
various signalling systems, such as fibre-optic networks, atomic clocks or GNSSs. 
The benefits of GNSS time data are highlighted particularly in telecommunications 
network applications where continuously increasing data transmission speeds require 
a higher level of time synchronisation between network components. 
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5 Actions 
This chapter lists concrete actions intended to develop and activate the Finnish 
operating environment relating to satellite navigation systems. The lead 
organisation(s) has been determined for each action, coordinating its implementation 
together with other stakeholders. Progress made in all actions will be monitored as 
part of the activities of the Navigation Working Group of the Finnish Space 
Committee. 

It is essential for the successful implementation of the actions to ensure the funding 
and resourcing required as part of the budgeting of the own activities of the lead 
organisations and stakeholders. This Action Plan is a plan coordinating actions and 
does not take a stand on resourcing. 

5.1 International influencing 

5.1.1 Satellite navigation as part of the National 
Strategy for Finland’s Space Activities in EU 
space programmes 

Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications, Finnish Transport and 
Communications Agency (Traficom), National Land Survey (NLS) 

Action The new EU Regulation on the Union Space Programme entered into force 
in summer 2021 and changes the organisations responsible for the 
Programme and their areas of responsibility. 
Coordinate and, if necessary, adapt Finnish representation in the 
administrative bodies of the Union Space Programme to efficiently advance 
the objectives of the National Strategy for Finland’s Space Activities. Aim 
for Finland to have a greater impact than its size would suggest through: 

• setting an impact objective and planning resourcing; 
• participating actively in committees and working groups; 
• cooperating with other Member States; 
• promoting access for Finns to key positions of trust;  
• promoting employment of Finns in space-sector organisations 

(particularly the European Commission and the European Union 
Agency for the Space Programme (EUSPA)) either directly or in 
nationally supported roles. 
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5.1.2 Galileo Working Groups 
Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications, Finnish Transport and 
Communications Agency (Traficom), National Land Survey (NLS) 

Action Participate actively in Galileo Working Group activities. Support the 
national introduction and efficient deployment of Galileo services. In the 
development and operation of the Galileo programme, promote the 
achievement of national objectives in the following priorities: 

• ensuring the quality and availability of Galileo service provision in 
northern areas; 

• further developing the robustness and security of the Galileo 
system and its operation; 

• appropriately developing Galileo services to improve performance 
(accuracy, availability, continuity) in the built environment; 

• further developing the system’s features supporting cybersecurity. 

5.1.3 EGNOS Working Groups 
Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications, Finnish Transport and 
Communications Agency (Traficom), National Land Survey (NLS) 

Action Participate actively in EGNOS Working Group activities. Support the 
national introduction and efficient deployment of EGNOS services. In the 
development of the EGNOS Programme, promote the achievement of the 
national objectives in the following priorities: 

• ensuring the functioning of all EGNOS services and service 
coverage in northern areas; 

• improving the robustness and reliability of EGNOS in normal 
operations and during incidents; 

• improving the availability of EGNOS in northern areas and urban 
environments by offering alternative transmission routes 
independent of GEO satellites; 

• expanding EGNOS SoL services to support not only aviation but 
also the needs of other modes of transport. 
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5.2 Promoting societal preparedness 

5.2.1 Deploying the PRS nationally 
Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications  Finnish Transport and 
Communications Agency (Traficom), National Land Survey (NLS), end 
users in administrative branches 

Action In line with the decision of the Government’s Ministerial Committee on 
Economic Policy, implement the national deployment of the Galileo PRS: 

• Prepare legislation guiding PRS activity and ensure resourcing. 
• Create a cooperation network between the Competent PRS Authority 

(CPA), service operator, equipment and system suppliers, end users 
and other actors. 

• Build the national infrastructure required for PRS administration and 
use and the connections required for international cooperation. 

• Support end users in PRS adoption. 

5.2.2 Ensuring the sufficiency and functioning of radio 
frequency resources  

Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications, Finnish Transport and 
Communications Agency (Traficom), National Land Survey (NLS) 

Action Promote GNSS satellite and EGNOS/RIMS station capabilities by ensuring 
interference-free availability of the necessary radio frequency bands:  

• In international frequency cooperation, promote measures to 
safeguard interference-free Galileo services and ensure 
nationally the availability of Galileo E6 (PRS) and EGNOS/RIMS 
frequencies in particular. 

• In international cooperation, promote the preparation of the anti-
jamming device guidelines.  

• Develop national competence that builds and maintains 
capability for GNSS signal interference and jamming detection 
and immunity. 

• Monitor and anticipate LEO GNSS system development and 
activation. 
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5.2.3 National deployment of Galileo services aimed 
at rescue services 

Lead 
organisation(s) 
and stakeholders 

Ministry of the Interior, Finnish Border Guard, rescue departments 

Action Promote the national introduction and efficient deployment of Galileo special 
services and related applications aimed at the rescue services: 

• The SAR/Galileo Return Link Service (RLS) that rescue authorities 
can use to send people in distress messages in response to SAR 
distress messages. 

• The automated eCall emergency call system for vehicles that includes 
the provision the location and movement data of vehicles involved in 
accidents to the rescue authorities. 

• The E112 emergency calls service where normal 112 emergency call 
caller location data is transferred automatically to the rescue 
authority.  

• The Galileo Emergency Warning Service (EWS) that rescue 
authorities can use to broadcast regional alert messages to devices 
that have a GNSS receiver. 

5.2.4 Using GNSS time data in time synchronisation 
Lead 
organisation(s) 
and stakeholders 

VTT Centre for Metrology (MIKES) 

Action Develop new solutions for the deployment of GNSS-based time in the time 
synchronisation of systems of security of supply actors. Take particular 
account of: 

• GNSS time source compatibility with other parallel time sources; 
• traceability of GNSS time to Finnish UTC(MIKE) time; 
• interlinkage of atomic clocks in different uses to analyse functioning 

and detect defects; 
• potential implementation of a national, decentralised clock network 

for the distribution of accurate time data to various actors. 
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5.2.5 National monitoring of GNSS service 
provision quality 

Lead 
organisation(s) 
and stakeholders 

Finnish Transport and Communications Agency (Traficom), National 
Land Survey of Finland (NLS), Finnish Geospatial Research Institute 
(FGI), Finnish Meteorological Institute (FMI) 

Action Develop the national monitoring of GNSS service provision quality: 
• Compile information on the actual accuracy and reliability of GNSS 

location data in our operating environment.  
• Monitor temporal and spatial variation in GNSS service level in 

different parts of the country. 
• Monitor the effects of space weather and ionospheric activity in 

particular on GNSS services. In this context, seek to integrate 
Finnish observations and services into the Galileo Ionosphere 
Prediction Service. 

• Assess the types of service needs that the various user groups have 
concerning GNSS service performance and quality data. 

5.3 Strengthening competence in Finland 

5.3.1 Increasing the attractiveness of the space and 
GNSS sectors 

Lead 
organisation(s) 
and stakeholders 

Science and Research Working Group of Finnish Space Committee, 
universities, enterprises 

Action Increase interest in the space sector and the GNSS sector in particular 
among science, technology, engineering and mathematics (STEM) talent. 
Motivate talent to make study and career choices involving the space sector 
and GNSS applications. 

• Compile the study modules of universities offering education relating 
to the space sector and especially GNSS technology and 
applications into a set of modules and make it available to all 
students. 

• Together with enterprises operating in the space and GNSS sectors, 
compile a list of internship, final project and employment 
opportunities for those who have completed the set of modules. 

• Market the study modules and enterprise cooperation as a package 
to STEM students. 
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5.3.2 Monitoring evolving technologies 
Lead 
organisation(s) 
and stakeholders 

Science and Research Working Group of Finnish Space Committee, 
Finnish Geospatial Research Institute (FGI), VTT Technical Research Centre 
of Finland, universities 

Action Monitor and coordinate research in evolving technologies and their 
application in the space sector and especially in GNSS.  
Examples of evolving technologies: exploiting quantum technology, artificial 
intelligence and machine learning in GNSS applications, satellite navigation 
based on LEO satellites, Galileo’s advanced signals such as E5 AltBOC, non-
GNSS applications. 

5.3.3 Deployment of GNSS technology in hydrology 
applications 

Lead 
organisation(s) 
and stakeholders 

Finnish Environment Institute (SYKE), research institutes and enterprises 

Action Compose a hydrology-sector partnership network consisting of national 
research organisations and enterprises and promote hydrology-related 
research, development and innovation activity.  
Develop competence and explore opportunities to utilise the latest scientific 
tools, approaches and technology development in close cooperation with the 
private sector. 
Study the deployment of GNSS technology in automated, autonomous and 
low-maintenance measuring stations: 

• in positioning of autonomous measuring instruments (GNSS-IMU 
positioning, VRS-GNSS measuring); 

• in measuring variables such as soil moisture (GNSS-R and GNSS-
IR), snow water equivalent (GNSS) and vegetation moisture content. 

Implement an environmental-sector pilot project aiming to: 
• verify the suitability of technologies; 
• provide participating enterprises with technology competence and 

references for business development. 
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5.4 Satellite navigation applications  

5.4.1 Supporting the development of transport 
automation 

Lead 
organisation(s) 
and stakeholders 

Finnish Transport and Communications Agency (Traficom), Finnish 
Transport Infrastructure Agency (FTIA), Finnish Geospatial Research 
Institute (FGI), research institutes 

Action Support the implementation of the upcoming government resolution on the 
promotion of transport automation and of the measures described in the 
action plan of legislation and key measures on transport automation of the 
Ministry of Transport and Communications14. (Both scheduled for publication 
in autumn 2021.) 
In particular, take account of the opportunities, requirements and risk factors 
relating to GNSS deployment from the perspective of transport automation 
projects. Formulate a view on potential location data provision technologies 
supplementing GNSS location data in various applications. 
Study the cybersecurity risks relating to the provision of location and time 
data as part of overall traffic safety. 

5.4.2 Maritime transport 
Lead 
organisation(s) 
and stakeholders 

Finnish Transport Infrastructure Agency (FTIA), Finnish Transport and 
Communications Agency (Traficom) 

Action Promote the development as well as the reliable, safe and secure introduction 
of maritime GNSS and EGNOS services through international cooperation in 
contexts including the IMO and together with the European Commission, 
EUSPA and ESSP: 

• Participate actively in maritime EGNOS working groups. 
• Support regional GNSS and EGNOS service level measurements 

carried out in Finland. 
• Support the standardisation of maritime SBAS receivers in 

international bodies (such as IMO, IEC). 

                                                      
14 https://www.lausuntopalvelu.fi/FI/Proposal/DownloadProposalAttachment?attach-
mentId=14880 

https://www.lausuntopalvelu.fi/FI/Proposal/DownloadProposalAttachment?attachmentId=14880
https://www.lausuntopalvelu.fi/FI/Proposal/DownloadProposalAttachment?attachmentId=14880
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5.4.3 Deployment of evolving GNSS services 
in national air navigation services (ANS) 

Lead 
organisation(s) 
and stakeholders 

Finnish Transport and Communications Agency (Traficom), Fintraffic, 
Finnish Meteorological Institute 

Action Promote the safe and secure use of GNSSs in ANS systems in accordance 
with the national NAV-SUR Strategy. In particular: 

• Take account of the opportunities provided by the Galileo signal 
authentication services (OS-NMA, CAS and PRS) in the identification 
of interference and spoofing. 

• Make use of the improved level of EGNOS service provision once the 
Kuusamo RIMS is operational in northern Finland. 

• Continue the provision of space weather services monitoring GNSS 
application performance for the ICAO in the international PECASUS 
project led by the Finnish Meteorological Institute (FMI). 

5.4.4 Preparing a national low flight network (LFN) 
Lead 
organisation(s) 
and stakeholders 

Ministry of Transport and Communications, Finnish Transport and 
Communications Agency (Traficom), Fintraffic 

Action Promote and support the study and preparatory work as well as decision-
making relating to the national low flight network (LFN) from the satellite 
positioning perspective:  

• Take account of the opportunities and limitations involved in GNSS 
deployment in providing location data for LFN actors. 

• Map out the operating and cybersecurity risks involved in location 
data provision as part of overall LFN safety and security.  

  



PUBLICATIONS OF THE MINISTRY OF TRANSPORT AND COMMUNICATIONS 2021:30 

58 

5.4.5 Piloting GNSS technology in the Digirail project 
Lead 
organisation(s) 
and stakeholders 

Digirail project, Finnish Transport and Communications Agency (Traficom), 
Finnish Transport Infrastructure Agency (FTIA) 

Action Start the construction of the ERTMS pilot track of the Digiral project in 2025 
as planned. In the development and verification phase preceding the pilot 
track, construct the Kotka–Kouvola–Hamina test track for system testing and 
experiments aiming for the adoption of GNSS technology, as part of the 
development and verification phase of the Digirail project: 

• Map out and analyse the cybersecurity risks involved in location and 
time data provision as part of overall rail transport safety and 
security. 

• Compile the safety and security requirements for location data 
provision in rail transport, following developments in the EU Agency 
for Railways (ERA). 

• Map out the available GNSS/EGNOS service level in the area of the 
Finnish railway network. 

• Explore and plan alternative solutions for location data provision and, 
where possible, test them on the constructed Kotka–Kouvola–
Hamina test track. 

• Define model solutions for the different uses for location data 
provision for the implementation phase of the Digirail project. 

5.5 Activating Finnish businesses 

5.5.1 Increasing GNSS awareness 
Lead 
organisation(s) 
and stakeholders 

Finnish Transport and Communications Agency (Traficom), National 
Land Survey of Finland (NLS) 

Action Through active interaction and communication, improve understanding among 
the authorities, enterprises and private consumers of GNSS services and 
opportunities for utilising them in various uses and applications.  
Communicate from the cybersecurity perspective about the criticality of 
location and time data in applications and convey up-to-date information 
about GNSS development and funding opportunities for GNSS-related 
development projects. 
Participate in debate at events organised by stakeholders and in social 
media. 
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5.5.2 Activating cooperation between space actors 
Lead 
organisation(s) 
and stakeholders 

Business Finland, enterprises and research organisations 

Action The Space Business Forum is an information exchange forum serving the 
space actor ecosystem that is organised regularly five times a year. The aim 
is to promote the cooperation and international influencing of Finnish 
enterprises and public actors through timely exchange of information.  
Coordinated by Business Finland, these networking and cooperation events 
implement: 

• two-way and topical communication between the private sector and 
administration;  

• cooperation with international public and private sector actors; 
• monitoring and anticipation of international space activity and market; 
• promotion of actors’ partnerships and joint offerings; 
• provision of information about funding opportunities and sparring the 

participants. 

5.5.3 Developing the space-sector 
business ecosystem 

Lead 
organisation(s) 
and stakeholders 

Business Finland, enterprises and research organisations 

Action Make Finland a conducive operating environment for space-sector companies 
that: 

• promotes the ecosystem development of the sector’s enterprises and 
research organisations; 

• organises events boosting innovation activity and supports 
participation in international events; 

• strengthens networking with domestic and international actors; 
• offers innovation funding and internationalisation services and 

supports start-up participation in incubator/accelerator activity; 
• provides information about funding opportunities and sparring in the 

application process. 
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Appendices 
List of abbreviations and acronyms used 

ADS-B Automatic Dependence Surveillance-Broadcast 
APV Approach with Vertical Guidance 
ATO Automatic Train Operation 
CAS Commercial Authentication Service 
CEPT European Conference of Postal and Telecommunications Administrations 
C-ITS Cooperative Intelligent Transport Systems and Services 
DGNSS Differential GNSS 
EASA European Union Aviation Safety Agency 
EDAS EGNOS Data Access Service 
EGNOS European Geostationary Navigation Overlay Service 
ERA European Union Agency for Railways 
ERTMS European Rail Traffic Management System 
ESA European Space Agency 
ESSP European Satellite Services Provider 
ETCS European Train Control System 
EU European Union 
EUSPA European Union Agency for the Space Programme 
FOC Full Operational Capability 
GANP Global Air Navigation Plan 
GCC Galileo Control Centre 
GCS Ground Control Segment 
GLONASS Global Navigation Satellite System 
GMS Ground Mission Segment 
GNSS Global Navigation Satellite System 
GOFREP Gulf of Finland Reporting 
GOVSATCOM European Union Governmental Satellite Communications 
GPS Global Positioning System 
GRC Galileo Reference Centre 
GRSP Geodetic Reference Service Provider 
GSA European GNSS agency 
GSC European GNSS Service Centre 
GSMC Galileo Security Monitoring Centre 
GSS Galileo Sensor Stations 
HAS High Accuracy Service 

IALA 
International Association of Marine Aids to Navigation and Lighthouse Authori-
ties 

ICAO International Civil Aviation Organization 
IEC International Electrotechnical Commission 
ILS Integrated Logistics Centre 
IMO International Maritime Organisation 
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IOC Initial Operational Capability 
IoT Internet of things 
IRNSS Indian Regional Navigational Satellite System 
ITS Intelligent Transport Systems and Services 
ITU International Telecommunication Union 
LEO low Earth orbit 
LPV Localiser Performance with Vertical Guidance 
NLS National Land Survey of Finland 
NRTK Network Real Time Kinematic 
NTP Network Time Protocol 
OS Open Service 
OS-NMA Open Service Navigation Message Authentication 
PBN Performance Based Navigation 
PPP Precise Point Positioning 
PRS Public Regulated Service 
QZSS Quasi-Zenith Satellite System 
RIMS Ranging Integrity Monitoring Station 
RLS Return Link Service 
RTK Real Time Kinematic 
SAR Search and Rescue 
SBAS Satellite Based Augmentation System 
SESAR JU Single European Sky ATM Research Joint Undertaking 
SoL Safety of Life 
T-RAIM Time Receiver Autonomous Integrity Monitoring 
TTC Telemetry, Tracking & Control 
ULS Galileo Uplink Station 
UTC Coordinated Universal Time 
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