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Abstract 

 

Fugro provides GNSS (Global Navigation Satellite System) augmentation services using geostationary 

satellites for distribution of corrections. The high end service is a GPS and GLONASS Precise Point 

Positioning (PPP) service with decimetre accuracy named G2. This service uses Fugro’s network of 

reference stations distributed around the world to generate accurate corrections to the GNSS satellites 

orbits and clock valid all over the globe. It is Fugro’s policy to include additional GNSS as they become 

available. 

 

EU is developing the Galileo GNSS system which will have an Initial Operational Capability (IOC) in 

2014-2015. The launching of these satellites has started and 4 In Orbit Validation (IOV) satellites are in 

orbit now. 

 

Fugro has implemented the capability to track and generate high accuracy orbit/clocks for the Galileo 

system for use in Fugro’s high performance PPP service. In March 2013 the first Galileo only PPP 

positioning using the 4 Galileo IOV satellites was demonstrated with similar or better performance as 

GPS and GLONASS. Performance plots using Galileo in PPP will be presented. It should be noted that 

these satellites are not set healthy yet, and cannot be used in operational services. 

 

With the introduction of additional GNSS systems like Galileo and the Chinese BeiDou, the redundancy 

is not only increased with respect to satellites visible, but there will be better redundancy at GNSS system 

level too. For DP operations it could be considered to configure two independent setups instead of mixing 

systems into one solution. As more Galileo satellites become available, one setup could for instance 

include GPS only and a second setup a combination of GLONASS and Galileo. Examples of different 

ways to mix GNSS system are provided. 

 

 

Introduction 

 

The International Telecommunications Union (ITU, a United Nations agency) is responsible for 

allocation of frequencies for different applications. It has allocated the lower and upper L-band for 

satellite navigation purposes. 

 

Figure 1 shows the frequency bands for the Radio Navigation Satellite System (RNSS). There are two 

bands in the region allocated to the Aeronautical Radio Navigation Service (ARNS) on a primary basis 

worldwide. These bands are especially suitable for Safety-of-Life applications because no other users are 

allowed to interfere with their signals. They correspond to the upper L band (1 559 - 1 610 MHz), having 

the GPS L1, Galileo E1 and GLONASS G1, and to the bottom of the Lower Band-L (1 151 - 1 214 MHz) 

where GPS L5 and Galileo E5 are located. The remaining GPS L2, GLONASS G2 and Galileo E6 signals 

are in the bands 1 215.6 - 1 350 MHz. These bands were allocated to Radio-location Services (ground 

radars) and RNSS on a primary basis, thence the signals in these bands are more vulnerable to 

interference than the previous ones. 

 

Also the Chinese BeiDou system has frequency allocations in these bands. 
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Fig. 1: Frequency band allocated to Satellite navigation  (SAR is Search and Rescue) 

(http://www.navipedia.net/index.php/GNSS_signal) 

 

 

 

The Fugro G2 service 

 

Fugro has been operating Differential GNSS systems since its infancy, and in 2009 Fugro introduced the 

first real-time dual frequency GPS and GLONASS decimetre orbit and clock PPP service, providing 

improved coverage in situations when parts of the sky are obscured (Fig. 2). 

 

Figure 3 shows the G2 system components. The service utilises Fugro’s own network of GNSS reference 

stations to calculate precise orbits and clocks on a per-satellite basis. The system comprises about 40 

dual-frequency GPS and GLONASS reference stations well-distributed around the world. 

 

In G2 the raw GNSS measurement data for all satellites are transmitted to processing centres for 

calculation of the precise orbit and clock values for each GPS and GLONASS satellite. The generated 

precise data is then broadcast to the user via geostationary communications satellites.  

 

Inside the end-user equipment a dual-frequency carrier-phase based PPP solution gives horizontal 

positioning accuracy at the decimetre level. The PPP calculation module is provided by Fugro and is 

embedded in multiple GNSS receiver manufacturer’s products as well as Fugro’s own product line. 
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Fig. 2: Fugro G2 provides additional coverage 

when parts of the sky are obstructed 
Fig. 3: Fugro G2 system. 

 

 

 

The Galileo System 

 

Figure 4 and 5 shows the development of the European Galileo system and different services. The Initial 

Operational Capability (IOC) with about 18 satellites is planned for 2015. The Full Operational 

Capability (FOC) with about 24 satellites is planned for 2018. 

 

Towards the end of 2014 it is envisaged that early services will start. At this time the Galileo satellites 

will be set healthy and can be used for operational purposes. 

 

 

 

 

 

 

 

 

 

Fig. 4: Galileo Project (full constellation 2020) Fig. 5: Galileo early services provision timeline 
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The BeiDou System 

 

The Chinese BeiDou system has today 14 satellites in orbit, and has 24 hour coverage in the Asia region 

(see figure 6 and 7). So far the system consists of: 

 

 4 MEO  (Medium Earth Orbit) 

 5 GEO  (Geostationary Orbit) 

 5 IGSO (Inclined Geostationary Orbit) 

 

By 2020 the system will have worldwide coverage with: 

 

 

 30 MEO: 21500 km, 55 deg inclination 

 6 GEO/IGSO: 35786 km orbit altitude. 

 

 

The GPS System 

 

The US GPS system was declared fully operational 1995, and has shown outstanding performance. The 

characteristics and plans for GPS include: 

 

 32 operational satellites 

 Launching GPS IIF satellites (with L5) 

 GPS III with new L1C from 2015 

 36 satellites planned 

 

 

 

 

 

 

 

 

Fig. 6: BeiDou full Constellation (year 2020) Fig. 7: BeiDou regional service satellites ground 

tracks. 
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The GLONASS System 

 

The Russian GLONASS system was initially operational in 1996, but then the service declined as new 

satellites were not launched when old one went out of service. In 2011 the GLONASS system was up to 

full service again. The characteristics and plans for GLONASS include: 

 

 24 Operational satellites 

 GLONASS-K next generation with CDMA (Code Division Multiple Access) 

 30 satellites planned 

 

 

GNSS Signals 

 

With four GNSS systems with global coverage becoming operational during the next several years, it will 

be a lot of signals available to the user, see figure 8. A total of about 130 satellites will be available, and 

they will transmit two or three open signals (i.e. not military or protected signals). This will improve 

performance of GNSS concerning availability, robustness, independence etc. It will also improve 

convergence time of phase based Precise Point Positioning (PPP) systems. 

 

In order to improve interoperability between systems and make it simpler to build receivers, all four 

global systems proposes to use Code Division Multiple Access (CDMA), this allows several systems to 

use the same carrier frequency. GPS; Galileo and BeiDou will all use the GPS L1 frequency, while 

GLONASS will use a slightly higher frequency in the GLONASS frequency allocation range. 

 

 

 

 

Fig. 8: GNSS signals becoming available (Ref.2). 
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Fig. 9: ESA Galileo only position at 5 m level 12 

March 2013 (Ref 3) 
Fig. 10: Fugro Galileo only positioning at 10 cm 

level 18 March 2013  

 

Early positioning using Galileo only 

 

In March 2013 there were 4 Galileo IOV satellites in orbit transmitting navigation messages. The 

navigation message is required to do Galileo stand-alone positioning, as this tells the user the position of 

the satellites in space. On 12 March ESA demonstrated Galileo only positioning to the 5 m level, see 

figure 9, marking an important milestone for the Galileo project. 

 

Fugro has been preparing for use of Galileo in the decimetre level PPP service, and a PPP solution with 

only 4 Galileo satellites with decimetre accuracy was computed on 18 March, see news release in Figure 

10 (also at the end of the paper). Fugro used a subset of the G2 reference stations that had been upgraded 

to track Galileo in order to compute accurate orbits and clock drifts for the Galileo satellites. 

 

 

Possible future GNSS setups for DP systems 

 

Figure 11 shows the advantages of using multiple GNSS today. The All systems are typically used in one 

position solution in order to get additional satellites providing increased availability in operations were 

only part of the sky is visible. Also the statistical testing will improve making it more reliable to remove 

bad measurements from the solution (RAIM, Receiver Autonomous Integrity Monitoring). 

 

Figure 12 shows a possible future GNSS setup for DP as more Galileo satellites become available. Today 

GPS has 32 operational satellites, while GLONASS has 24. By using GLONASS and Galileo in one 

combined solution, the total number of satellites in this solution will be comparable to GPS in the next 

few years.  

 

As global BeiDou MEO satellites become available in the future, these could be used combined with 

GPS. Then, when all four GNSS are operational in about 2020, two independent solution can be 

calculated each having access to more than 60 satellites. This will have the following advantages: 
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 Each setup has enough satellites to provide reliable position with high availability 

 Errors in one GNSS does not affect both setups 

 Errors in corrections for one GNSS does not affect both setups 

 Will provide increasingly better performance as Galileo and BeiDou become fully operational 

 

Figure 13 shows the number of Galileo/ GPS/GLONASS satellites in Oslo 30 Aug 2013, including a 

skyplot at 14:30 UTC, The number of available satellite in such a solution today can be anywhere 

between about 15 and 25. Figure 14 shows Galileo/GLONASS satellites for the same day.  

 

Figure 15 shows a Galileo/GPS/GLONASS combined solution in Oslo from 14:00 to 15:00 UTC 30 

August 2013. Figure 16 shows a combined solution with Galileo/GLONASS for the same period, this plot 

also includes a period where only 4 Galileo satellites were used. Even if it possible to do this today, it 

should be noted that this cannot be used operationally in Fugro services until the Galileo satellites are set 

healthy. 

 

 

 

 

 

 

 

Fig. 11: Advantage of additional GNSS satellites 

today 
Fig. 12: Possible future setup to get independent 

GNSS solutions. 

 

 

 

 

 

 

Fig. 13: Galileo/GPS/GLONASS satellites in Oslo 

30 Aug 2013 (Ref 5). 
Fig. 14: Galileo/GLONASS satellites in Oslo 30 Aug 

2013(Ref 5). 
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Fig. 15: Galileo/GPS/GLONASS solution, 30 Aug. 

in Oslo 
Fig. 16: Galieo/GLONASS solution, including a 

period with Galileo only, 30 Aug in Oslo. 

 

 

 

 

Fig. 17: GNSS position using 2 Galileo and 2 GPS satellites (from Ref 4). 

 

 

 

Figure 17 shows an example of interchangeability between different GNSS system. If the intersystem bias 

between GNSS systems are known (essentially an offset in the reference times of the systems), then a 

combination of any four satellites can be used in the solution. The example shows a period when two GPS 

and two Galileo satellites was used between hours 2 and 3. 
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Conclusion 

 

 Europe’s Galileo GNSS System has 4 satellites in orbit 

o First Galileo meter  level standalone positioning in March 2013 

o Galileo satellites to be set healthy 2014 

 

 Fugro G2 GPS/GLONASS orbit/clock decimetre level system being extended to other GNSS’s 

o First Fugro Galileo only Decimetre level positioning March 2013 

(only used for testing so far) 

 

 Additional GNSS satellites provides opportunity for improved performance 

o Independent services 

 E.g. GPS+BeiDou and GLONASS+Galileo 

o Improved availability, reliability and accuracy in combined systems 
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