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Abstract 
 
 
Accurate positioning is very important in many various applications. Today one of the most 
used methods for this is DGPS, i.e. relative positioning. DGPS can be extended to a 
WADGPS (Wide Area DGPS) which consists of a network of reference stations which cover 
a whole region, country or continent. This implies that you are dependent on other factors out 
of control of the user, and that a connection to the reference stations is needed.  
 
Precise point positioning, PPP, is an absolute positioning method where no reference stations 
are involved. Ordinary single point positioning is based on broadcast ephemeris, and the 
accuracy is on the 15m level. Per definition PPP is based on precise ephemeris, with much 
higher accuracy in the orbital parameters and in the satellite clock information. The result 
should therefore be more accurate. Precise ephemeris are available in different levels of 
accuracies (final, rapid and ultra-rapid) and can be downloaded from the internet for free. 
Precise clock files are not available as ultra-rapid and therefore it is not possible to get 
accurate PPP-solutions in real-time.  
 
In Sweden there are several networks for relative positioning, e.g. through SWEPOS or 
EPOS. This might not be the case in other areas. As accurate PPP-solutions are not available 
in real-time, PPP could be used to establish a reference station for DGPS/RTK for real-time 
measurements in those areas 
 
The objective of this research is to evaluate precise point positioning regarding accuracy. 
Observation files from both IGS and SWEPOS-stations have been used in order to find out if 
you can expect the same accuracy wherever you are on earth. A couple of points have also 
been measured only for this investigation in order to find out if the result will be the same 
under ordinary conditions. Coordinates of each point are determined with different duration of 
observation times and different level of accuracy of the ephemeris (final, rapid and ultra-
rapid). Bernese 5.0 and Auto-Gipsy have been used to compute the PPP-solutions and then 
the result is compared with the true position. The self-measured points are also determined 
with a WADGPS (Omnistar) in order to easily be able to compare PPP with a traditional 
method.  
 
As expected the result becomes better for longer observation times and with higher accuracy 
of the ephemeris. The difference in accuracy between using rapid and final ephemeris is so 
small that it can be neglected in most applications. In almost all cases the accuracy is better 
than 10cm after only one hour of observations with rapid ephemeris. The investigation does 
not indicate significantly differences in accuracy depending on latitude and differences 
between the self-measured points and IGS- and SWEPOS-stations can also be neglected. 
Using rapid or final ephemeris, the PPP-derived coordinates are much more accurate than the 
ones obtained with Omnistar.  
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Sammanfattning 
 
 
Noggrann positionsbestämning med hjälp av GPS har flera olika tillämpningar. En utav de 
populäraste metoderna idag är DGPS, dvs. relativ positionering. WADGPS (Wide Area 
DGPS) är ett nätverk av referensstationer som täcker ett större område så som ett land eller en 
kontinent. Detta innebär att en användare är beroende av faktorer som ligger utanför hans 
kontroll och av att det finns en kommunikationslänk till referensstationerna. 
 
Precise point positioning, PPP, är en absolut positioneringsmetod där inga referensstationer 
deltar i beräkningarna. Vanlig enkelpunktsbestämning bygger på de bandata som kommer 
med satellitmeddelandet och noggrannheten ligger i allmänhet omkring 15m. PPP baseras per 
definition på precis efemerider med mycket bättre noggrannhet i bandata och satelliternas 
klockinformation. Resultatet bör därför bli avsevärt mycket bättre. Precisa efemerider finns i 
olika noggrannhetsnivåer (final, rapid och ultra-rapid) och kan laddas ner gratis från internet. 
Precis information om satelliternas klockor kommer inte med ultra-rapid efemerider varför det 
inte går att få noggranna lösningar med PPP i realtid. 
 
I Sverige finns väl utvecklade nät för relativpositionering, tex. SWEPOS eller EPOS. Så är 
kanske inte fallet i andra delar av världen. Med PPP skulle man kunna etablera egna 
referenspunkter och på så sätt kunna mäta i realtid med DGPS. 
 
Målet med detta examensarbete är att undersöka vilken noggrannhet som kan uppnås med 
PPP. Observationsfiler från både SWEPOS- och IGS-stationer har använts för att se om man 
kan förvänta sig samma resultat oberoende av var på jorden man befinner sig. Även några 
punkter har mätts enbart för denna undersökning för att se om resultatet blir detsamma under 
vanliga förhållanden. Koordinaterna för varje punkt har beräknats med olika observationstider 
och olika typer av efemerider (final, rapid och ultra-rapid). Bernese 5.0 och Auto-Gipsy har 
använts för att beräkna PPP-koordinaterna, som sedan har jämförts med de sanna värdena. 
Egna mätta punkter har även bestämts med WADGPS (Omnistar) för att enkelt kunna jämföra 
PPP med en traditionell metod. 
 
Som väntat blev resultatet bättre för längre observationstider och för noggrannare efemerider. 
Skillnaderna i noggrannhet mellan final och rapid efemerider är så liten att den kan bortses 
ifrån i de flesta fall. Bortsett från något undantag är noggrannheten bättre än 10cm efter bara 
en timmes mätning med rapid efemerider. Undersökningen visar inte någon signifikant 
skillnad i noggrannhet beroende på latitud, och skillnaden mellan de egna mätta punkterna 
och IGS- och SWEPOS-stationer kan också försummas. Koordinater beräknade med PPP, 
beräknade med rapid och final efemerider är mycket mer noggranna än de som beräknats med 
Omnistar.  
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1. General Theory 
 
 
In this section gives a short background of some basic concepts in geodesy and GPS that are 
important for this work. As this investigation is much about comparing coordinates, an 
introduction to the concerned reference systems will be given first. Then follows a description 
of ephemeris, which play an important role in PPP. In order to understand the difference 
between relative and absolute positioning some basic principles on DGPS and WADGPS will 
be treated and finally gives the concept of PPP. 
 
 

1.1 Reference systems and reference frames 
 
Coordinates are useless if they do not refer to a well defined coordinate system. A reference 
system is the definition of the axis and the origin. A reference frame is the realization of the 
reference system, i.e. points determined in the system. In the following subsections the 
reference frames interesting for this work are presented.  
 

1.1.1 International Terrestrial Reference Frame (ITRF) 
 
International Earth Rotation Service (IERS) has defined a global reference system called 
International Terrestrial Reference System (ITRS) and it is defined as 
 

- Origin at the mass centre of the earth (including oceans and the atmosphere 
- Z-axis from geocentre toward IERS Reference Pole (IRP) 
- X-axis is the intersection of Greenwich meridian plane and the equatorial 

plane 
- Y-axis within the equatorial plane so that the system forms a right-handed 

coordinate system 
 
The realization of ITRS is called International Terrestrial Reference Frame (ITRF). ITRF 
consists of about 900 stations (with coordinates) distributed all around the world. Because of 
plate motions, post-glacial rebound etc, the stations are moving. Therefore the ITRF has to be 
updated. The notation ITRFyy has been introduced in order to be able to separate different 
solutions from each other (yy stands for a year). The latest version of ITRF is ITRF2000 and 
agrees with WGS84 at 10cm level (Fan, 2005). The seven parameter Helmert transformation 
between two systems is given in formula (1): 
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where 
 
 n  = number of common points in the two systems 
 )1()1()1( ,, iii ZYX  = coordinates of point i the first coordinate system 

 )2()2()2( ,, iii ZYX  = coordinates of point i in the second coordinate system 

 ZYX TTT ,,  = three translation parameters 

 ZYX ααα ,,  = rotation angles around the x-, y- and z-axis respectively 
 s = scale factor 

 

Transformation parameters ( ZYX TTT ,, , ZYX ααα ,,  and s) from ITRF2000 to previous ITRF-
solutions are presented in Table 1 (ftp://lareg.ensg.ign.fr/pub/itrf/ITRF.TP, June 2006). 
 
 
Table 1 Transformation parameters between ITRF2000 and previous solutions. 

 
 

1.1.2 World Geodetic System 1984 (WGS84) 
 
WGS84 is the reference system to which the GPS refer. It has the same definition as ITRS but 
the realization is not exactly the same. The latest realization is WGS84 (G873) and is 
computed for GPS week 873. Except for the GPS tracking stations, it consists of 13 NIMA 
stations (NIMA = National Imagery and Mapping Agency) and 18 IGS-stations (defined in 
ITRF94). Therefore WGS84 (G873) is directly tied to ITRF94 and is consistent with ITRF 
within 10cm precision.  
 
 
 

Frames XT  YT  ZT  s Xα  Yα  Zα  Epoch t0 
  cm cm cm ppb 0.001″ 0.001″ 0.001″   

ITRF97 0.67 0.61 -1.85 1.55 0.0 0.0 0.0 1997.0 

ITRF96 0.67 0.67 -1.85 1.55 0.0 0.0 0.0 1997.0 

ITRF94 0.67 0.67 -1.85 1.55 0.0 0.0 0.0 1997.0 

ITRF93 1.27 0.65 -2.09 1.95 -0.39 0.80 -1.14 1988.0 

ITRF92 1.47 1.35 -1.39 0.75 0.0 0.0 -0.18 1988.0 

ITRF91 2.67 2.75 -1.99 2.15 0.0 0.0 -0.18 1988.0 

ITRF90 2.47 2.35 -3.59 2.45 0.0 0.0 -0.18 1988.0 

ITRF89 2.97 4.75 -7.39 5.85 0.0 0.0 -0.18 1988.0 

ITRF88 2.47 1.15 -9.79 8.95 0.10 0.0 -0.18 1988.0 
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1.1.3 SWEREF99 
 
SWEREF99 is the Swedish realization of ETRS89 (European Terrestrial Reference System) 
which in turn is the European part of ITRF89. SWEREF99 was realized through a Nordic 
GPS campaign in 1999 and the Swedish stations that participated in this campaign were 21 
SWEPOS-stations. The reference epoch for SWEREF99 is 1999.5 (1999-06-01). 
 
 

1.1.4 Epochs 
 
As the earth is dynamic and changes all the time with plate motions etc, coordinates have to 
refer to a time epoch. The reference epoch of a reference frame is the epoch for which the 
frame is computed. For example, the reference epoch for ITRF94 is 1997. The coordinates of 
a point today, in ITRF94, are not the same as for the same absolute point at the time of the 
reference epoch. Therefore, in accurate positioning it is necessary to know to which epoch a 
set of coordinates belongs. In order to relate or compare coordinates, given in the same 
reference frame, they have to refer to the same epoch. Transformation parameters between 
different reference frames are computed for the reference epoch, and are in a strict meaning 
not valid for other epochs. In relative positioning a measured point belongs to the same epoch 
as the reference station. This is not the case for absolute positioning. The epoch of the 
coordinates is the time of measurements. However, these coordinates can be transformed into 
another epoch with a plate motion model. There exist different models for this and the used 
one in this investigation is the NUVEL-1A NNR plate motion model. In some regions the 
same type of problem occurs due to postglacial rebound. In this case the motion is in the 
vertical direction. This effect has not been taken into account in these analyses. 
 
 

1.2 Broadcast ephemeris 
 
From ephemeris, the position of a satellite and its clock bias from GPS time can be computed. 
The broadcast ephemeris are based on the Keplerian orbital parameters and their changing 
rates (time derivatives). They are derived from observations at the five monitor stations that 
belong to the GPS. The monitor stations are situated close to the equator and they are defined 
in WGS84. This implies that broadcast ephemeris provides satellite coordinates in the same 
system and therefore the computed coordinates of the receiver will also refer to this system. 
 
 

1.3 IGS precise ephemeris 
 
Precise ephemeris are provided by the International GNSS Service (IGS) in the sp3-format. 
This is a standard format for positions of GPS satellites where the satellites coordinates and 
clock records are tabulated each 15 minute. A detailed description of this format and other 
formats like precise clock files and earth rotation parameters can be found at the IGS website  
 

http://igscb.jpl.nasa.gov/components/formats.html (June 2006). 
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IGS consists of more than 200 permanent GPS tracking stations distributed all around the 
world. From observations at these stations the satellites orbital parameters and clock 
corrections are computed. This means, that instead of using only five but more than 200 
tracking stations, the precise ephemeris will be much more accurate than the broadcast 
ephemeris.  
 
At present the most recent realization of ITRS is ITRF2000 and the IGS-stations are defined 
in this system. IGS provides products such as precise ephemeris, precise clock data and earth 
rotation parameters over the internet for free. They are available in different levels of 
accuracy depending on how long after the measurements you can wait. The different levels 
are final, rapid and ultra-rapid (one measured and one predicted part, up to 24h). The ultra-
rapid ephemeris do not come with precise clock files which, of course, affect the result in a 
negative way. As the IGS-stations are defined in ITRF2000, GPS-measured coordinates on 
earth based on precise ephemeris, refer to this system as well.  
 
Table 2 gives the accuracy of products provided by IGS. 
(http://igscb.jpl.nasa.gov/components/prods.html, June 2006). 
 
 

Table 2 Accuracy of IGS products. 
 

GPS Ephemeris 
and satellite clocks   Accuracy Latency 

Broadcast Orbits ~160cm 
Real 
time 

  Sat. Clocks ~7ns   

Ultra-rapid Orbits ~10cm 
Real 
time 

(predicted half) Sat. Clocks ~5ns   

Ultra-rapid Orbits <5cm 3 hours 

(observed half) Sat. Clocks ~0.2ns   

Rapid Orbits <5cm 17 hours 

  Sat. Clocks 0.1   

Final Orbits <5cm 13 days 

  Sat. Clocks <0.1ns   
 
 
 

1.4 Differential GPS 
 
There are several different services today for differential GPS, DGPS, like Fugro’s Omnistar, 
EPOS, EGNOS etc. At known reference stations computed distances between satellites and 
receivers are compared with the measured pseudo-ranges, and the corresponding corrections 
can be derived. These corrections are sent (with radio etc.) to the receiver that is to be 
determined in position. Here one uses the assumption that the conditions at the two places are 
similar. Therefore the accuracy of the position (typically on the sub-meter level) is dependent 
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on where, in relation to the reference station, the roving receiver is located. The computation 
of the position of the roving station and the corrections are based on the broadcast ephemeris.  
 
Wide Area DGPS (WADGPS) is a network of reference stations covering a larger territory. 
The network consists of several monitor stations and one master station. In DGPS with one 
reference, the accuracy of the rover decreases with the distance to the reference with about 
1cm per km (Hoffmann-Wellenhof, 2000). This is not the case with WADGPS, the accuracy 
is consistent over the concerned area. At the master station corrections based on observations 
at the monitor stations are computed and adjusted to fit the whole area. One example of 
WADGPS is Omnistar, which is a global service. The corrections are transmitted to 
geostationary satellites and then back to earth and the roving receivers. The receiving antenna 
registers both the GPS signals and the corrections.  
 
 

1.5 Introduction to Precise Point Positioning 
 
Today the most used method in surveying and accurate positioning with GPS is the double 
difference approach, which is a relative positioning method. Precise Point Positioning, PPP, is 
a zero-difference approach. This means that only one receiver is used and no reference 
stations are involved in the processing. Thus PPP is an absolute positioning method and the 
main difference to ordinary single point positioning is that precise ephemeris are used instead 
of the broadcast ephemeris. To get these precise ephemeris it is necessary to have access to 
the internet. As no errors cancels, as in the case of taking differences, all errors will directly 
propagate in the result. Therefore, in order to obtain good results with high accuracy all errors 
have to be corrected for. Dual-frequency receiver should be used so that the ionosphere-free 
linear combination can be formed. Ambiguity resolution is not possible in PPP, which of 
course is a disadvantage of the method. Another difference from ordinary single point 
positioning is that satellite clock corrections are not treated as unknowns but as knowns. This 
is motivated by using precise clock files and not broadcast clock data. Precise clock files are 
only available with rapid and final ephemeris and therefore you can expect worse accuracy 
with ultra-rapid ephemeris.  
 
Previous relevant works treating PPP has been carried out by: 
 

- Deo et al. (2003) 
- Witchayangkoon (2000) 
- Zumberge et al. (1997a, b) 

 
 
 

1.6 Components that have to be corrected for in PPP 
 
Precise Point Positioning is a zero-difference approach. This means that several components 
that cancel in the double-difference approach (more or less, depending on the distance to the 
reference stations) have to be taken into account. These components are presented in the 
following. 
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1.6.1 Atmosphere 
 
The atmosphere can be divided into the ionosphere and the troposphere. The undifferenced 
observation equations for the measured phase and code are given in formulas (2) and (3). 
Observe that both L1 and L2 results in two equations respectively. 
 
 εδρ +∆+∆+∆∗++=Φ Φ

tropoionop
k

pp
k

p
k

p
k tfNt )()(   (2) 

  
 εδρ +∆+∆+∆∗+= tropotropo

R
p

k
p
k

p
k tcttR )()()(   (3) 

 
where  
 
 p

kΦ  = measured phase scaled to distance (m) 

 p
kR  = measured pseudorange 

 p
kρ  = geometric topocentric distance 

 p
kN  = integer ambiguity 

 f  = frequency 
 c  = speed of light 

p
kδ∆  = satellite clock error minus receiver clock error 

 iono
Φ∆ , tropo

R∆  = ionospheric delay of the phase and code respectively 

 tropo∆  = tropospheric delay 
ε  = noise     

 
As seen, both the measured phase and code are affected by the signals propagation through 
the troposphere and the ionosphere. As the name indicates, the ionosphere contains ions. 
These ions affect the propagating signal and can cause a delay of the GPS signal up to 30m. 
However, the propagation is frequency dependent in this part of the atmosphere which means 
that iono

Φ∆  can be eliminated by forming the ionosphere-free linear combination of L1 and L2.  
 
In the troposphere the delay can be divided into one wet and one dry part,  
 
 tropo

dry
tropo
wet

tropo ∆+∆=∆  
 
About 90% of tropospheric delay comes from the dry part (Leick, 1995). In the ionosphere the 
propagation is frequency dependent, this is not the case in the troposphere. Therefore, ∆

tropo 
has to be reduced for according to some model. Today there are several tropospheric models 
describing the signal delay, such as Hopfield, Saastamoinen etc. A mapping function 
describes the tropospheric delay as a function of elevation angle of the incoming satellite 
signal. The zenith delay and the mapping function are used to model the line of sight delay. In 
this work the mapping function by Neill is used. In this function the coefficients for the dry 
part depend on the latitude, the height at the observing site and day of year. The coefficients 
for the wet part depend only on the latitude. Further reading can be found in Neill, 1996. 
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1.6.2 Deformation of the earth 
 
Due to tidal effects, plate motions etc. the solid earth, the oceans and the atmosphere are 
changing. The deformations can be divided into three different categories,  
 

- Secular – linear, slow, creeping 
- Periodic – from seconds to tens of years 
- Episodic – sudden changes 

 
The forces that cause the tidal effects stem from attractions of extra-terrestrial masses and the 
earth rotation. The effects of solid earth tides have to be taken into account because they are at 
least one order of magnitude larger than the reachable accuracies with GPS-derived 
coordinates. The actual displacement of a point on earth due to solid earth tides can be 
accurately computed through the so-called Love numbers. These numbers are empirically 
determined and describe the relation between the theoretical equilibrium tides and the actual 
tidal effect. Equilibrium tides are the tidal effects of the sun and moon when the solid earth 
does not deform. The magnitude of the equilibrium tides can be computed from the tidal 
potential (Fan, 2005). 
 
Due to activity inside the earth, tectonic plates are moving relatively to each other on the 
surface. These motions cause earthquakes and volcanic activity in the boundaries of the plates 
and the geometry is not stable. On the plates, far from the boundaries, they can be regarded as 
rigid bodies. 
 
Ocean loading tides deform the seafloor and the surrounding coastal regions. The deformation 
occurs when the mass distribution of the oceans is changing because of ocean tides. This 
effect has not been taken into account in this work. Other deformations that have not been 
taken into account are post-glacial rebound, atmospheric loading and variations in the ground 
water level. 
 
 

1.6.3 Phase wind-up error 
 
The measured phase is dependent on the orientation of the incoming signal. This is because of 
the right circular polarized nature of the satellite signal. As the satellites (and their antennas) 
are moving over the sky (with the solar panels facing the sun) the orientation of the 
transmitted signal is changing. This means that the orientation of the incoming signal is 
changing as well and therefore the measured phase. Phase wind-up error has been studied by 
Wu et al. (1993).  
 
 
 

1.6.4 Receiver antenna phase centre offset 
 
The antenna’s phase centre is the point from which the measured distance to a satellite is 
referred. However, this spot is not stable, it rather varies with the direction of the incoming 
signal and is not equal for L1 and L2. This becomes quite complicated as the GPS signals 
come from different directions (from different satellites). The directional dependence is 
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known as “phase centre variation” (PCV) and is due to the antenna’s phase pattern. In relative 
positioning this error cancels only for short baselines and if the same type of antenna is used 
(Mader, 1999).  
 
 

1.6.5 Satellite antenna phase centre offset 
 
The IGS orbital information always refers to the satellite’s centre of mass and not to the 
antenna’s phase centre. In order to correct for this offset one has to know the offset 
coordinates given in a certain system defined as 
 
 - Origin at the satellite’s centre of mass 
 - K-axis pointing toward earth 
 - J-axis pointing along solar panel axis 
 - I-axis completes the right-handed system and is in the sun-satellite-earth plane 
 
When the earth, the satellite and the sun are aligned or when the satellite is in the shadow of 
earth it becomes complicated to model the corrections. This offset cancels in relative 
positioning but not in PPP, therefore it has to be corrected for accordingly.  
 
 

Table 3 Offsets of GPS satellites antenna phase centre 
  incorporated in IGS products. 
 
 
 
 
 

1.6.6 Satellite clocks 
 
The biases of the satellite clocks can be eliminated by taking single or double differences. In 
PPP this is impossible and therefore it is very important to have accurate clock information. 
For example, an error of 1µs causes an error in the computed topocentric distance of about 
300m. Precise clock files can be downloaded from e.g. the IGS website. 
 
 

1.6.7 Others 
 
Group delay differential is the L1-L2 instrumental bias that differs from satellite to satellite. It 
is pre-calculated by the Control Centres. By measuring on both L1 and L2 this error source 
can be eliminated by taking the ionosphere-free linear combination. 
Another error source that cancels by taking differences and not in PPP, comes from the small 
relativistic effect of the satellite clocks. The corrections changes from satellite to satellite and 
from epoch to epoch. 
 
 
 

Block II/IIA (i, j, k) = (0.279m, 0.000m, 1.023m) 

Block IIR (i, j, k) = (0.000m, 0.000m, 0.000m) 
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2. Used equipment 
 
 

2.1 Software 
 
In this work two different softwares have been used to get the PPP-solutions, Auto-Gipsy and 
Bernese 5.0. To get the true coordinates of the self-measured points, an online service for 
relative post-processing provided by the National Land Survey of Sweden have been used. A 
description of each software is given in the following subsections. 
  
 

2.2 Auto-Gipsy 
 
Auto-Gipsy is a free online service provided by the Jet Propulsion Laboratory, JPL at NASA. 
This is a very easy and user-friendly way to get the position of a measured point. The only 
thing the user has to do is to put the RINEX observation file on an FTP-server and send the 
URL of the file to JPL. The processing takes a couple of minutes and then the result is 
available on an FTP-server at JPL. Auto-Gipsy can only compute the position with final 
ephemeris which implies that you can not get the position until 13 days after the day of 
measurements. It is important to know that Auto-Gipsy provides coordinates in ITRF94 which 
is directly tied to WGS84 (Fan, 2005).  
 
A detailed description on how to use Auto-Gipsy can be found at  
 

http://milhouse.jpl.nasa.gov/ag/ (June 2006). 
 
 
Some remarks 
 
1: The user doesn’t have any control on the access to the service, it could e.g. be down at the 
time when the position is needed or it can be too busy. This has happened several times in this 
investigation. 
 
2: In military applications the position might be classified. By using Auto-Gipsy everybody 
has access to the result on the FTP-server at JPL. 
 
3: The user only gets the result, it is not possible to observe or manipulate the on-going 
process. 
 
4: Auto-Gipsy does not take antenna height into account, i.e. it is not the point on the ground 
but the antennas actual position that is determined. 
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2.3 Bernese 5.0 
 
This software has been developed at the University of Bern. It is a little bit scientific and 
consists of different programs and the user chooses which ones take part in the processing. 
The user can follow every step and control all settings (linear combination, troposphere 
model, sampling interval etc etc). The observation file has to be in the RINEX-format and 
follow the naming convention. Except from the observation file, input files are precise 
ephemeris (sp3-format), precise satellite clock files (clk-files) and earth rotation parameters 
(erp-files). They can be downloaded from the internet, e.g. from the IGS website. 
Descriptions of the above mentioned formats can be found at  
 

http://igscb.jpl.nasa.gov/components/formats.html, (June 2006) 
 
The sp3-format may also have the extensions .pre and .eph. Earth rotation parameters may be 
in another format with the extension .iep. Bernese can read both formats. The resulting 
coordinates refer to ITRF2000, epoch equal to the time of measurements. The software 
includes tools for coordinate transformations and plate motion models (changing of epoch).  
 
Ephemeris in the sp3-format covers one whole day, from 0 – 24h. Bernese processes the 
observation files session wise and a session can not pass midnight. This means that Bernese 
can not process observation files that have been carried out over midnight.  
 
A pre-defined protocol can be set up. This protocol runs programs and applies settings that 
have been chosen in advance. In this way the processing becomes faster and easier. The user 
only has to copy input files to the appropriate folders and start the protocol. The process takes 
about five minutes.  
 

2.3.1 Demands on the user 
 
This software is quite complicated for a person without any knowledge in post-processing 
GPS data or without computer experience. However, it should not be too hard if a pre-defined 
protocol is set up and if the result is wanted in ITRF2000. But sometimes the result is wanted 
in another reference system at the defined reference epoch, e.g. WGS84 or SWEREF99. This 
is of course a question of requirements on the accuracy of the result, WGS84 coincides with 
ITRF94 and SWEREF99 is the Swedish realization of ETRS89 which in turn is the European 
realization of ITRF89.  
 
As the objective for this research is to investigate the highest reachable accuracy with PPP, 
both computed coordinates (in ITRF2000, epoch equal to date of measurements) and true 
coordinates (in SWEREF99, epoch 1999.5) have to refer to the same system. The 
transformation from ITRF2000 is carried out in the following way: first the epoch is changed 
to 1999.5 with NUVEL-1A NNR plate motion model. Then the coordinates are transformed 
into ETRS89 with a seven parameter Helmert transformation. 
 
In practice the user has to enter the tectonic plate on which the point is located. Then the 
software has a module for direct transformation into ETRS89. 
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2.4 Relative post-processing 
 
Relative post-processing technique has been used in order to get the “true” position of the 
self-measured points. An online service provided by the National Land Survey of Sweden has 
been used. The accuracy after six hours of observations is on the mm level. Computed 
coordinates refer to SWEREF99, epoch 1999.5. Thus, coordinates of PPP-determined self-
measured points, which are compared with these “true” coordinates, have to be transformed 
into this system. 
 
The website for this service is  
 

www.swepos.com (June 2006). 
 
 

2.5 Field equipment 
 
Used receiver and antennas are presented in Table 4. For self-measured points the same 
receiver and antenna have been used to get observation files for PPP-solutions and the 
corresponding true position. 
 
 
Table 4 Antennas and receivers for all stations. 

 
 
 
 

Station Receiver Antenna 
Self-measured 

points     

PPP Trimble 4700 TRM33429.00+GP 

Omnistar Pro XRS 
Trimble Integrated L1 GPS/Omnistar /IALA Beacon 

antenna 

SWEPOS     

Kiruna JPS E_GGD AOAD/M_T 

Lovö JPS E_GGD ASH700936D_M 

Onsala JPS E_GGD AOAD/M_B 

IGS     

Bahr ASHTECH Z-XII3 ASH700936B_M 

Lpgs 
AOA BENCHMARK 

ACT AOAD/M_T 

Nklg TRIMBLE 4000SSI TRM29659.00 

nya1 
AOA BENCHMARK 

ACT ASH701073.1 
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3. Method 
 
Observation files from three different sources have been used in this investigation, three 
SWEPOS-stations at two different days, four IGS-stations and four self-measured points. The 
self-measured points are situated in different types of environment.  
 
The coordinates of each point have been computed with 1, 2, 6 and 24 hours observation files, 
except for the self-measured which have been computed for 1, 2 and 6 hours. In fact, it is the 
same 24h observation files (6h for self-measured points) that have been cut in order to get 
shorter observation times. The reason of using different times is to show the differences in 
accuracy as a function of time.  
 
In Bernese products from IGS have been used. Each observation file have been processed 
with final, rapid, ultra-rapid observed half, ultra-rapid predicted 12h and ultra-rapid predicted 
24h ephemeris. For self-measured points the predicted times are 8 and 13 hours respectively. 
This is due to the fact that precise ephemeris only are available for whole days (midnight to 
midnight) and that the measurements have been carried out during daytime (about 7 – 13 GPS 
time). All observation files are also processed with Auto-Gipsy. The computed coordinates 
have then been compared with the true position. The RMS (Root Mean Square) of the 
deviation between measured and true position has been computed. RMS is defined as 
 

 ∑
=

=
N

i
iN

RMS
1

21 δ .    (4) 

 
The definition of true coordinates for each type of station is given under the corresponding 
subsection that follows. 
 
The output coordinates from Auto-Gipsy refers to ITRF94. In order to compare these 
coordinates with the true ones, both should refer to the same system. For IGS-stations the 
coordinates have not been transformed. Thus, the PPP-coordinates in ITRF94 have been 
compared with true coordinates in ITRF2000. In the case of SWEPOS-stations and self-
measured points, the output coordinates from Auto-Gipsy have to be transformed into 
SWEREF99.  
 

3.1 SWEPOS-stations 
 
The three SWEPOS stations participating in this investigation are situated at: 
 

- Kiruna (latitude N 68º) 
- Lovö (latitude N 59º) 
- Onsala (latitude N 57º) 

 
Coordinates are computed from observations of two different days. These stations are chosen 
because they cover Sweden from north to south. Differences in the accuracy due to the 
differences in latitude are investigated.  
 
Coordinates in the RINEX header are treated as true coordinates. These coordinates are given 
in SWEREF99, thus the computed coordinates have to be transformed into this system.  
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3.2 IGS-stations 
 
The IGS stations are, from north to south: 
 

- nya1 (Ny-Ålesund, Norway, latitude N 79º) 
- bahr (Juffar, Bahrein, latitude N 26º)  
- nklg (Libreville, Gabon, latitude N 0º)  
- lpgs (La Plata, Argentina, latitude S 35º) 

 
They are chosen to see if the accuracy differs depending on latitude, or if you can expect the 
same result wherever you are on earth. True coordinates of the IGS stations can be found on 
the internet and of course these stations are defined in ITRF2000. The URL is: 
 
 itrf.ensg.fr, June 2006 
 

3.3 Self-measured points 
 
SWEPOS and IGS-stations are measured under perfect conditions. To see if it is possible to 
get the same accuracy with “ordinary” equipment under “ordinary” circumstances, four points 
have been measured only for this investigation. The points were located in different types of 
environment in order to find out how the result behaves depending on the surroundings. These 
points have also been determined with WADGPS (Omnistar). This is done in order to easily 
be able to compare PPP with a traditional method. The points are: 
 
 

- Open. Open area with very good conditions, far from disturbing objects like buildings 
and trees.  

 

 
 Figur 1 Open, very good conditions. 
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- Park. Buildings in all directions 75 – 100m from the point. Multipath may be a 
problem. 

 

 
Figur 2 View of the park. 

 
 

- Field. Surrounded by forest, highest disturbing object reaches an angle of about 30º. 
 

 
Figur 3 The station on the field. 

 
 

- Road. The point is situated beside a small gravel road on the countryside. Some trees 
in different directions and a couple of cars passing by. 

 

 
Figur 4 The Station beside the small road. 

 
 
To get the so called true position, the same 6h L1-L2 observation file, as used to get the PPP-
solution, has been processed with the online service provided by the National Land Survey of 
Sweden for relative post-processing.  
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4. Results 
 
The objective of this investigation is to find out the reachable accuracy with PPP. Therefore 
the actual computed coordinates are not of interest but rather the differences to the true ones.  
In this section the RMS of the deviation from true values in plane and height for all stations as 
a function of types of ephemeris, and as a function of time are presented. 
  
The self-measured points are also determined with Omnistar in order to easily be able to make 
a comparison with a traditional method. A deeper investigation of this service has been 
carried out by e.g. Andersson, 2002. 
 

4.1 Bernese 
 
As mentioned earlier all observation files (24h, 6h, 2h and 1h) are processed with five 
different sets of ephemeris (final, rapid, ultra-rapid measured, ultra-rapid predicted 12h and 
24h (predicted 8h and 13h for self-measured)). Thus, PPP-coordinates of each SWEPOS and 
IGS station are computed 20 times and the self-measured points are computed 15 times.  
 
Only the Cartesian coordinates can be computed with the Bernese software. If you would like 
to have the coordinates in latitude, longitude and height you have to use another software. In 
this investigation Position Handler 4.0 has been used. 
 
 

Table 5 RMS for all stations. 

RMS all stations. (m)

0

2

4

6

8

10

U-R pred 24h 7,642 1,545 2,291 2,698 0,964 0,628 0,190 0,183

U-R pred 12h 1,034 1,403 0,922 1,639 0,432 0,598 0,190 0,183

U-R measured 0,921 2,122 1,002 1,322 0,411 0,252 0,122 0,060

Rapid 0,177 0,120 0,055 0,047 0,025 0,012 0,016 0,025

Final 0,059 0,086 0,044 0,023 0,022 0,023 0,012 0,033

Plane Height Plane Height Plane Height Plane Height

1h 2h 6h 24h
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Table 5 show the RMS for all stations (IGS, SWEPOS and self-measured) obtained with the 
different sets of ephemeris. The 13 hours predicted mean solution for self-measured points is 
included in the column “Ultra-rapid predicted 12h”. The 8h predicted solution is not taken 
into account in Table 5. 
 
In the following sections the RMS in the plane and height are presented for the different kinds 
of stations. The result for each individual station can be found in appendix A.  
 

4.1.1 Final solutions 
 

Table 6 RMS IGS-stations, final solution. 

RMS IGS-stations. Final solution. (m)

0,000

0,050

0,100

0,150

0,200

Plane 0,085 0,063 0,017 0,010

Height 0,175 0,046 0,034 0,032

1h 2h 6h 24h

 
 

Table 7 RMS SWEPOS-stations, final solution 

RMS SWEPOS-stations. Final solution. (m)

0,000

0,010

0,020

0,030

0,040

0,050

0,060

Plane 0,043 0,025 0,028 0,014

Height 0,039 0,049 0,033 0,041

1h 2h 6h 24h
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Table 8 RMS self-measured points, final solution. 

RMS self-measured points. Final-solution. (m)

0,00

0,02

0,04

0,06

0,08

0,10

Plane 0,091 0,073 0,023

Height 0,080 0,063 0,007

1h 2h 6h

 

4.1.2 Rapid solutions 
Table 9 RMS IGS-stations, rapid solution. 

RMS IGS-stations. Rapid solution. (m)

0,000

0,050

0,100

0,150

Plane 0,084 0,058 0,017 0,027

Height 0,138 0,049 0,036 0,015

1h 2h 6h 24h

 
 

Table 10 RMS SWEPOS-stations, rapid solution. 

RMS SWEPOS-stations. Rapid solution. (m)

0,000

0,200

0,400

0,600

0,800

Plane 0,442 0,033 0,031 0,013

Height 0,673 0,049 0,021 0,037

1h 2h 6h 24h
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Table 11 RMS self-measured points, rapid solution. 

RMS self-measured points. Rapid solution. (m)

0,000

0,020

0,040

0,060

0,080

0,100

Plane 0,090 0,076 0,027

Height 0,092 0,072 0,011

1h 2h 6h

 

4.1.3 Ultra-rapid measured solutions 
Table 12 RMS IGS-stations, ultra-rapid measured solution. 

RMS IGS-stations. Ultra-rapid measured solution. (m)

0,000

1,000

2,000

3,000

4,000

5,000

Plane 0,442 0,247 0,105 0,188

Height 4,338 1,220 0,510 0,454

1h 2h 6h 24

 
 

Table 13 RMS SWEPOS-stations, utlra-rapid measured solution. 

RMS SWEPOS-stations. Ultra-rapid measured solution. (m)

0,000

0,200

0,400

0,600

0,800

1,000

1,200

Plane 0,655 0,471 0,195 0,088

Height 0,979 0,605 0,199 0,095

1h 2h 6h 24h
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Table 14 RMS self-measured points, ultra-rapid measured solution. 

RMS self-measured points. Ultra-rapid measured solution. (m)

0,000

1,000

2,000

3,000

4,000

5,000

Plane 1,477 1,678 0,699

Height 3,949 2,545 0,490

1h 2h 6h

 

4.1.4 Ultra-rapid predicted 12h solutions 
Table 15 RMS IGS-stations, ultra-rapid predicted 12h solution. 

RMS IGS-stations. Ultra-.rapid predicted 12h solution. (m)

0,000

2,000

4,000

6,000

8,000

Plane 1,912 1,141 0,442 0,236

Height 7,004 5,141 0,331 0,327

1h 2h 6h 24

 
 

Table 16 RMS SWEPOS-stations, ultra-rapid predicted 12h solution. 

RMS SWEPOS-stations. Ultra-rapid predicted 12h solution. (m)

0,000

1,000

2,000

3,000

4,000

Plane 0,763 0,566 0,460 0,188

Height 3,508 1,891 1,281 0,176

1h 2h 6h 24h
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Table 17 RMS self-measured points, ultra-rapid predicted 8h solution. 

RMS self-measured points. Ultra-rapid predicted 8h solution. (m)

0,000

2,000

4,000

6,000

8,000

Plane 3,255 1,238 0,565

Height 5,995 1,010 1,026

1h 2h 6h

 

4.1.5 Ultra-rapid predicted 24h solutions 
Table 18 RMS IGS-stations, ultra-rapid predicted 24h solution. 

RMS IGS-stations. Ultra-rapid predicted 24h solution. (m)

0,000

5,000

10,000

15,000

Plane 13,140 3,320 1,000 0,236

Height 10,049 3,268 3,672 0,327

1 2 3 4

 
 

Table 19 RMS SWEPOS-stations, ultra-rapid predicted 24h solution. 

RMS SWEPOS-stations. Ultra-rapid predicted 24h solution. (m)

0,000

2,000

4,000

6,000

8,000

Plane 1,470 2,592 1,253 0,188

Height 2,462 5,779 1,043 0,176

1h 2h 6h 24h
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Table 20 RMS self-measured points, ultra-rapid predicted 13h solution. 

RMS self-measured points. Ultra-rapid predicted 13h solution. (m)

0,000

0,500

1,000

1,500

2,000

2,500

Plane 1,040 1,286 0,565

Height 2,184 1,457 1,026

1h 2h 6h

 
 
 
 

4.2 Auto-Gipsy 
 
Auto-Gipsy did not come up with a solution for all observation files. In fact no one of the self-
measured points was determined with this service. Table 21 shows for which ones the 
coordinates were computed.  
 
 

   Table 21 Observation files for which Auto-Gipsy  
     came up with a solution. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PPP-solutions with Auto- Gipsy   
  1h 2h 6h 24h 

bahr no yes yes yes 
lpgs no no no yes 
nklg no yes yes yes 
nya1 no no no yes 

Kiruna a no no yes yes 
Kiruna b no no yes yes 
Lovö a no no no yes 
Lovö b no no no yes 

Onsala a no yes yes yes 
Onsala b no no yes yes 

Open no no no x 
Park no no no x 
Field no no no x 
Road no no no x 
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RMS in plane and height for the different kinds of stations are presented in the following 
tables. As Auto-Gipsy did not compute the coordinates for the self-measured points there is 
no table for these points.  
 
 
 

Table 22 RMS IGS-stations, Auto-Gipsy. 

RMS IGS-stations. Auto-Gipsy. (m)

0,000

0,050

0,100

0,150

Plane 0,082 0,036 0,017

Height 0,100 0,090 0,100

2h 6h 24h

 
 
 

Table 23 RMS SWEPOS-stations, Auto-Gipsy. 

RMS SWEPOS-stations. Auto-Gipsy. (m)

0,000

0,500

1,000

1,500

Plane 0,007 0,010 0,548

Height 0,107 0,146 1,153

2h 6h 24h
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4.3 Experiments 
 

4.3.1 Impact of precise clocks 
 
Ultra-rapid ephemeris do not include precise clock files. In order to show the impact of the 
satellite clocks on the result, the 1h observation files for three SWEPOS-stations and for all 
IGS-stations have been processed with ultra-rapid predicted 24h ephemeris and the 
corresponding precise clock file in Bernese. The result is presented in Table 24. 
 
 

Table 24 RMS Ultra-rapid pred 24h ephemeris with and without final precise clocks. 

RMS U-R pred 24h ephemeris with and without final precise clocks. 
(m)

0,000

2,000

4,000

6,000

8,000

10,000

12,000

Mean plane 9,986 2,880

Mean height 7,789 3,078

without clocks with clocks

 
 
 
As seen in Table 24 the RMS is more than three times higher in plane without precise clocks 
than with them. The need of accurate clock information is obvious. 
 
 

4.3.2 Forest 
 
Just to see if it was possible to get a position in the middle of a forest, a point has been 
measured in this environment. Bernese didn’t manage to compute the position. However, the 
Pro XRS came up with a solution but as it is impossible to verify the accuracy, it is not 
possible to make any conclusions. 
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5. Conclusions and recommendations 
 
 
The results of this investigation have shown that precise point positioning is a very accurate 
positioning method. In almost all cases the accuracy is better than 10cm after only one hour of 
observations with rapid ephemeris. When the accuracy becomes that good, the errors in the 
transformations become significant.  
 
 

5.1 Bernese 
 
As expected, the position becomes less and less accurate for shorter observation times and for 
lower levels of accuracy of the ephemeris. The changing rate of the accuracy is higher for 
shorter observation times and for less accurate ephemeris. For example, the differences 
between final and rapid solutions are only a few centimeters, with exception for two 
SWEPOS-stations where the accuracy in plane differs a lot for one hour of observations. On 
the other hand the differences between ultra-rapid predicted 24h and 12h are significantly 
larger. The step from rapid to ultra-rapid ephemeris is obvious. The test with predicted orbits 
and with final precise clock information indicates that this is mainly due to the lack of precise 
clock information of the satellites. 
 
There is no significant difference in accuracy due to the latitude. The IGS-station at nya1, 
latitude 79º N, show the best accuracy for all IGS stations while bahr (26º N) is the less 
accurate. The accuracy for the SWEPOS-station at Kiruna is very low one day but very high 
another and the case is the same at Lovö and Onsala. Therefore we can conclude that the 
differences in accuracy depend on site specific and time dependent factors rather than latitude. 
 
I can not say that there is a big difference between self-measured points and SWEPOS or 
IGS-stations. For rapid and final ephemeris the differences are so small (cm level) that it can 
be ignored. The environment may affect the accuracy a little bit. It should be observed that the 
locations of the points were not extreme in the different types of environment; it was quite 
open in the park and the road was not a highway but a small road on the country side. The 
points in the park and the road are a little bit less accurate than the others, both in plane and 
height. Since only one point in each type of environment have been measured you can not say 
anything for sure, the differences may depend on other factors. The only thing you can say for 
sure is that the differences are not very exaggerated. With rapid and final ephemeris the result 
is so good that the differences are negligible. After only one hour of observations the accuracy 
is less than 8cm both in plane and height and the RMS indicates that the estimations are very 
good. After six hours of observations the accuracy is better than 3cm, both in plane and 
height. Here the accuracy of the true position starts to be interesting.  
 
Comparing PPP with Omnistar you see that PPP reaches much higher accuracy with rapid and 
final ephemeris with the same observation time. Omnistar is better than the ultra-rapid 
solutions. This means that for applications in real time Omnistar provides a more accurate 
position and if you can wait about one day, PPP is much better. 
 
 
 



 25

5.2 Auto-Gipsy 
 
This service provides PPP-derived coordinates very easily. You have to wait at least thirteen 
days after the observation time to get the coordinates because Auto-Gipsy only processes the 
measurements with final ephemeris. Auto-Gipsy did not come up with a result in all cases. I 
can not see why because all shorter observation files have been cut in exactly the same way. 
As NO self-measured points were determined with Auto-Gipsy I do not recommend using this 
service. 
 
The result for the SWEPOS-stations is presented in Table 25.  
 
 

      Table 25 RMS for SWEPOS-stations (m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For IGS-stations the Auto-Gipsy derived coordinates in WGS84 have been directly compared 
with the true coordinates in ITRF2000. The result is very good.  
 
In the case of true coordinates referring to SWEREF99 the Auto-Gipsy coordinates have to be 
transformed into this system. The instructions of Auto-Gipsy does not say anything about for 
which epoch the coordinates are computed. I have assumed that they refer to the day of 
measurements. Therefore I have changed the epoch to 1999.5 with NUVEL-1A NNR plate 
motion model. Then they have been transformed into ETRS89. All computations are made in 
Bernese. The actual comparison between measured and true position is made with Position 
Handler. The result is very good except for two observation files, Kiruna a 24h and Onsala a 
24h. I do not have a good explanation for this. As the result is very good for the other 24h 
observation files (even Kiruna b and Onsala b) I do not think that the differences depend on 
the transformations. The result is also very good for the 6h observation files, which stem from 
the same 24h files. And I assume that the same ephemeris have been used in the processing of 
the 6h and 24h observation files since they actually come from the same observations. The 
corresponding results with Bernese show very good accuracy.  
 
 

PPP, Auto Gipsy         
    1h 2h 6h 24h 
Kiruna a Plane x x 0,013 0,213 

  Height x x -0,147 0,951 
Kiruna b Plane x x 0,010 0,010 

  Height x x -0,213 -0,223 
Lovö a Plane x x x 0,006 

  Height x x x -0,124 
Lovöb Plane x x x 0,006 

  Height x x x -0,195 
Onsala a Plane x 0,007 0,009 1,076 

  Height x -0,107 -0,096 -2,087 
Onsala b Plane x x 0,009 0,011 

  Height x x -0,098 -0,086 
RMS Plane x 0,007 0,010 0,448 

  height x 0,107 0,146 0,946 
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5.3 Recommendations 
 
PPP is a relatively new technique and not all commercial software includes modules for it. 
Bernese is a very powerful software with a lot of possibilities for the user to participate in the 
processing and control the settings. However, maybe it can be a little bit too complicate and 
flexible for “ordinary” users. It would be good to make an inventory of the market and 
evaluate the performance of the different alternatives.  
 
In this investigation I have only studied static observations. Ultra-rapid ephemeris do not 
include precise clock information and therefore it is not possible to get accurate PPP-solutions 
in real-time. However, kinematic post-processed PPP-solutions could be interesting in post-
analysis of trajectories, for example in minesweeping. Therefore I recommend an 
investigation in this field. 
 
In order to get accurate positions in a certain system, coordinates have to be transformed. It is 
not obvious how to perform all these transformations. I suggest that an investigation in this 
area should be made to clarify the relations between different systems.  
 
The results in this investigation have been remarkably good. But too few measurements have 
been made to say anything about the reliability, i.e. with which probability you can say you 
get a given accuracy. This is a field that should be studied. 
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Appendix A: Accuracy in plane and height for each individual 
station 
 
Final ephemeris 

Final solution. Accuracy in plane (m), IGS

0,00

0,05

0,10

0,15

bahr 0,049 0,054 0,023 0,012

lpgs 0,140 0,034 0,005 0,009

nklg 0,081 0,096 0,020 0,012

nya1 0,024 0,049 0,015 0,003

1h 2h 6h 24h

Final solution. Accuracy in height (m), IGS

-0,2

0,0

0,2

0,4

bahr 0,339 0,061 0,064 0,024

lpgs 0,077 0,058 -0,015 0,000

nklg 0,030 -0,009 -0,001 0,057

nya1 0,033 -0,037 0,014 0,019

1h 2h 6h 24h
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Final solution. Accuracy in plane (m), SWEPOS

0,00

0,01

0,02

0,03

0,04

0,05

0,06

0,07

Kiruna a 0,025 0,024 0,028 0,015

Kiruna b 0,058 0,033 0,034 0,012

Lovö a 0,046 0,030 0,024 0,022

Lovö b 0,060 0,028 0,028 0,008

Onsala a 0,032 0,006 0,024 0,015

Onsala b 0,014 0,018 0,027 0,010

1h 2h 6h 24h

Final solution. Accuracy in height (m), SWEPOS

-0,10

-0,05

0,00

0,05

0,10

Kiruna a -0,044 -0,085 -0,054 -0,055

Kiruna b -0,001 -0,042 -0,040 -0,057

Lovö a -0,064 -0,032 -0,029 -0,031

Lovö b 0,051 0,015 -0,020 -0,043

Onsala a -0,017 -0,053 -0,028 -0,024

Onsala b -0,022 0,032 0,002 -0,021

1h 2h 6h 24h
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Rapid ephemeris 

Rapid solution. Accuracy in plane (m), IGS

0,00

0,05

0,10

0,15

bahr 0,064 0,051 0,019 0,016

lpgs 0,139 0,045 0,013 0,008

nklg 0,057 0,072 0,020 0,052

nya1 0,038 0,058 0,016 0,000

1h 2h 6h 24h

Rapid solution. Accuracy in height (m), IGS

-0,1

0,0

0,1

0,2

0,3

bahr 0,262 0,047 0,062 0,016

lpgs 0,036 0,020 -0,033 -0,006

nklg 0,069 0,077 0,004 0,010

nya1 0,042 -0,033 0,015 0,023

1h 2h 6h 24h

Rapid solution. Accuracy in plane (m), SWEPOS

0,0

0,2

0,4

0,6

0,8

1,0

Kiruna a 0,908 0,026 0,001 0,013

Kiruna b 0,052 0,039 0,039 0,012

Lovö a 0,101 0,025 0,024 0,022

Lovö b 0,071 0,048 0,034 0,003

Onsala a 0,576 0,013 0,040 0,012

Onsala b 0,019 0,033 0,033 0,005

1h 2h 6h 24h
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Rapid solution. Accuracy in height (m), SWEPOS

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

Kiruna a 1,506 -0,051 -0,028 -0,057

Kiruna b 0,009 -0,061 -0,032 -0,047

Lovö a 0,082 -0,061 -0,020 -0,031

Lovö b 0,051 0,024 -0,012 -0,035

Onsala a -0,661 -0,042 -0,014 -0,027

Onsala b -0,012 0,043 0,012 -0,010

1h 2h 6h 24h

Rapid solution. Accuracy in plane (m), self-measured

0,00

0,05

0,10

0,15

Open 0,026 0,048 0,026

Park 0,095 0,064 0,027

Field 0,047 0,051 0,028

Road 0,142 0,119 0,027

1h 2h 6h

Rapid solution. Accuracy in height (m), self-measured

-0,15

-0,10

-0,05

0,00

0,05

Open -0,046 -0,077 -0,005

Park -0,130 -0,075 0,001

Field -0,031 -0,079 -0,020

Road -0,116 -0,055 -0,007

1h 2h 6h
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Ultra-rapid measured ephemeris 

Ultra-rapid measured solution. Accuracy in plane (m), IGS

0,0

0,5

1,0

bahr 0,801 0,264 0,075 0,150

lpgs 0,161 0,182 0,177 0,111

nklg 0,230 0,235 0,043 0,325

nya1 0,250 0,291 0,073 0,014

1h 2h 6h 24h

Ultra-rapid measured solution. Accuracy in height (m), IGS

-10

-5

0

5

bahr 3,363 0,523 0,117 0,262

lpgs 1,673 1,094 0,716 0,280

nklg -7,793 -2,114 -0,424 -0,673

nya1 -0,667 0,103 -0,577 0,472

1h 2h 6h 24h

Ultra-rapid measured solution. Accuracy in plane (m), SWEPOS

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

Kiruna a 0,451 0,576 0,050 0,084

Kiruna b 0,731 0,490 0,349 0,050

Lovö a 0,196 0,549 0,072 0,098

Lovö b 1,230 0,315 0,136 0,094

Onsala a 0,434 0,322 0,089 0,088

Onsala b 0,310 0,504 0,268 0,102

1h 2h 6h 24h
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Ultra-rapid measured solution. Accuracy in height (m), SWEPOS

-2

-1

0

1

2

Kiruna a 0,490 -0,950 0,163 0,084

Kiruna b -1,396 -0,098 -0,333 -0,162

Lovö a -0,024 -0,205 -0,129 -0,082

Lovö b -0,468 0,403 0,016 0,002

Onsala a 1,794 -0,405 0,200 0,113

Onsala b 0,352 0,958 -0,209 0,034

1h 2h 6h 24h

Ultra-rapid measured solution. Accuracy in plane (m), self-measured 
points

0

1

2

3

Open 1,091 2,090 0,529

Park 1,338 1,667 0,815

Field 1,528 1,489 0,814

Road 1,846 1,376 0,590

1h 2h 6h

Ultra-rapid measured solution. Accuracy in height (m), self-
measured points.

-8
-6
-4

-2
0
2

Open -3,488 -4,146 0,405

Park -6,319 -1,449 0,438

Field -2,590 -1,390 0,769

Road -1,891 -2,164 0,117

1h 2h 6h
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Ultra-rapid predicted 12h ephemeris 

Ultra-rapid predicted 12h solution. Accuracy in plane (m), IGS

0

1

2

3

4

bahr 0,591 1,343 0,504 0,228

lpgs 3,703 1,226 0,092 0,308

nklg 0,555 1,355 0,710 0,266

nya1 0,503 0,249 0,124 0,075

1h 2h 6h 24h

Ultra-rapid predicted 12h solution. Accuracy in height (m), IGS

-20

-10

0

10

20

bahr 11,403 1,324 0,256 0,461

lpgs -8,099 -9,733 0,160 0,308

nklg 0,402 -2,808 -0,279 -0,105

nya1 0,684 1,171 -0,520 0,333

1h 2h 6h 24h

Ultra-rapid predicted 12h solution. Accuracy in plane (m), SWEPOS.

0,0

0,5

1,0

1,5

Kiruna a 0,496 0,448 0,163 0,084

Kiruna b 0,807 0,647 0,765 0,059

Lovö a 0,187 0,610 0,453 0,169

Lovö b 1,412 0,510 0,372 0,167

Onsala a 0,129 0,130 0,297 0,076

Onsala b 0,743 0,810 0,477 0,373

1h 2h 6h 24h
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Ultra-rapid predicted 12h solution. Accuracy in height (m), SWEPOS

-4

-2

0

2

4

6

8

Kiruna a 0,717 3,313 0,288 -0,067

Kiruna b -0,764 -0,034 0,592 0,019

Lovö a 5,333 0,099 0,097 -0,103

Lovö b -2,373 1,298 2,040 0,253

Onsala a 6,124 2,949 0,870 0,003

Onsala b 1,083 0,309 2,117 0,326

1h 2h 6h 24h

Ultra-rapid predicted 8h solution. Accuracy in plane (m), self-
measured points.

0

2

4

6

Open 0,891 1,110 0,327

Park 4,899 0,429 0,899

Field 2,323 1,102 0,551

Road 3,492 1,871 0,240

1h 2h 6h

Ultra-rapid predicted 8h solution. Accuracy in height (m), self-
measured points.

-15

-10

-5

0

5

Open -2,383 0,281 0,041

Park -10,863 -0,991 1,884

Field -2,498 -1,739 -0,798

Road -3,719 -0,025 -0,135

1h 2h 6h
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Ultra-rapid predicted 24h ephemeris 

Ultra-rapid predicted 24h solution. Accuracy in plane (m), IGS

0

10

20

30

bahr 15,279 1,710 0,996 0,228

lpgs 20,614 6,359 1,494 0,308

nklg 5,488 0,338 0,838 0,266

nya1 1,477 0,781 0,270 0,075

1h 2h 6h 24h

Ultra-rapid predicted 24h solution. Accuracy in height (m), IGS

-10

0

10

20

bahr 17,693 -1,277 0,676 0,461

lpgs -7,965 -1,155 -6,905 0,308

nklg -1,044 6,301 0,296 -0,105

nya1 -5,131 0,250 2,391 0,333

1h 2h 6h 24h

Ultra-rapid predicted 24h solution. Accuracy in plane (m), SWEPOS

0,0

1,0

2,0

3,0

4,0

5,0

Kiruna a 1,213 1,395 0,229 0,084

Kiruna b 0,771 0,647 1,052 0,059

Lovö a 1,702 1,738 0,556 0,169

Lovö b 1,736 3,673 2,483 0,167

Onsala a 1,126 4,087 0,659 0,076

Onsala b 1,928 2,175 1,164 0,373

1h 2h 6h 24h
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Ultra-rapid predicted 24h solution. Accuracy in height (m), SWEPOS

-4

-2

0

2

4

6

8

10

12

Kiruna a 2,817 10,038 0,567 -0,067

Kiruna b 1,778 -0,034 -2,010 0,019

Lovö a -0,689 -0,498 -0,087 -0,103

Lovö b 1,445 1,136 -0,227 0,253

Onsala a 2,687 9,770 1,443 0,003

Onsala b 3,937 1,629 -0,142 0,326

1h 2h 6h 24h

Ultra-rapid predicted 13h solution. Accuracy in plane (m), self-
measured points.

0,0

0,5

1,0

1,5

2,0

Open 1,083 0,718 0,327

Park 1,376 1,804 0,899

Field 0,785 1,681 0,551

Road 0,804 0,157 0,240

1h 2h 6h

Ultra-rapid predicted 13h solution. Accuracy in height (m), self-
measured points.

-4
-2
0

2
4
6

Open 1,664 -0,247 0,041

Park -0,203 1,948 1,884

Field -0,045 0,259 -0,798

Road 4,034 -2,136 -0,135

1h 2h 6h
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