GPS Positioning Services
The NERC GEF GPS equipment are being loaned to researchers for a wide variety of use from simple
coarse positioning of features on a map through to high-precision crustal deformation and glacial
dynamics studies. There are many different data collection/survey methods and the choice depends
on several factors, including objectives, desired accuracy, available equipment, timing and field
logistics (a good description of this can be found at
http://facility.unavco.org/kb/questions/70/GPS+Data+Collection+Methods). A summary of the
different methods and their approximate accuracies as a function of measurement length is shown
in the figure below.

The choice of data collection strategy also ultimately determines whether the data needs to be postprocessed after the survey. For sub-centimetre accuracy, as in static and continuous campaigns, the
data is usually processed with dedicated scientific software packages such as GIPSY, GAMIT/GLOBK
or Bernese. For many rapid-static, kinematic and relative static GPS surveys no post-processing is

required, or the manufacturers’ software, e.g. Leica GeoOffice, is adequate. These methods
generally give good relative precision of coordinates. However we are increasingly finding, from the
field reports, a demand for high accuracy absolute post-processing of the data without the time and
commitment involved in learning how to use the scientific packages. Many researchers have
resorted to using online positioning services provided by some of the top GPS groups around the
world. In this document we provide an overview of the positioning services available, an idea of
their likely accuracies (and references to papers) and some comments on likely downsides etc.

Online Positioning Services
There are currently seven free online GPS processing services to choose from, namely CSRS-PPP,
APPS (replacement to Auto-Gipsy), GAPS, MagicGNSS, AUSPOS, SCOUT and OPUS (together with
OPUS-RS). The table below outlines the different services available, the basic method used to
process the data, and indicates which studies have assessed the service in terms of accuracy,
repeatability, required solution length and the time taken to receive the results (Ghoddousi-Fard and
Dare [2006] and El-Mowafy [2011] only) .
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The two analysis methods are described below:
•

•

PPP. Precise Point Positioning requires a single dual frequency receiver and the observations
are processed using precise satellite orbits and clock parameters, often from the
International GNSS Service, IGS (http://www.igs.org ) to give absolute positions in a global
reference frame.
Relative (sometimes known as “Differential”) or Baseline GPS. Uses data from nearby
reference stations (for example, a national network, or IGS sites) to form double-difference
phase measurements to compute positions relative to these reference stations. If the
reference stations (base stations) are themselves coordinated in a global reference frame,
then the resulting coordinates will also be in that reference frame.

The different services are described briefly overleaf.

CSRS-PPP
http://www.geod.nrcan.gc.ca/products-produits/ppp_e.php
The Canadian Spatial Reference System (CSRS) Precise Point Positioning service is provided by the
Geodetic Survey Division of Natural Resources Canada. It can process data in both static and
kinematic mode. The Leica AX1202, AT502 and AT504 antennas are known to the software
(assuming you follow the NGS GPS antenna calibration naming convention).

APPS
http://apps.gdgps.net/
APPS is the Automatic Precise Positioning Service developed by NASA’s Jet Propulsion Laboratory. It
replaces the AutoGIPSY (AG) service. It uses the GIPSY/OASIS software and will estimate positions in
both static and kinematic mode. Depending on the latency of the data collected, APPS will either
use real-time, rapid or final orbit and clock products. Data is either uploaded manually, via secure
FTP or via e-mail. APPS requires RINEX 2, or RINEX 2.11 input files. The service recognises both the
GX1230 and the SR530 receivers.

GAPS
http://gaps.gge.unb.ca/
GAPS is an online version of the PPP application developed at University of New Brunswick (UNB). It
provides state-of-the-art conventional PPP results in either static or kinematic mode.

AUSPOS
http://www.ga.gov.au/geodesy/sgc/wwwgps/
AUSPOS is provided by Geoscience Australia using the MicroCosm software. It allows either direct
upload from a web browser or ftp access. It recognises the Leica AX1202, AT502 and AT504
antennas. The analysis is performed by means of a simultaneous network adjustment with the
nearest IGS reference sites.

SCOUT
http://sopac.ucsd.edu/cgi-bin/SCOUT.cgi
The Scripps Coordinate Update Tool (SCOUT) uses the GAMIT software and supports the two Leica
receivers. Data is either via a URL of anonymous FTP RINEX files or by uploading the RINEX file to
SOPAC’s upload directory. The analysis is performed by means of a simultaneous network
adjustment with 3 nearest reference sites (by default although 4 different reference stations can be
chosen by the user). SCOUT only uses ultra-rapid orbits to allow near-real-time data processing.

OPUS and OPUS-RS
http://www.ngs.noaa.gov/OPUS/
OPUS is the Online Positioning User Service provided by the United States’ National Geodetic Survey.
It uses the PAGES software for static solutions and, for shorter data files under 4 hours, the data may
be processed using the RSGPS rapid-static software (OPUS-RS). The Leica receivers are recognized by
the software. However OPUS is restricted to use within the United States. It works in differential
mode and uses data from 3 CORS (Continuous Operating Reference Stations, the NGS network of
sites) sites.

Magic GNSS
http://magicgnss.gmv.com/ppp/
The MagicGNSS service is from GMV Aerospace and Defence and based on software developed for
GALILEO. This is mainly a paid-for service although data can be e-mailed to the service for free. It
can process both static and kinematic data and requires RINEX data in 2.10 or 2.11 format.
Depending on latency the software uses real-time (generated internally), rapid and final (IGS) orbits
and clocks.

PPP Software Centre
http://gge.unb.ca/Resources/PPP/
The Precise Point Positioning Software Centre has created a website with support from the
Geomatics for Informed Decisions (GEOIDE) Network of Centres of Excellence of Canada. This
website provides access to (currently) four of the above PPP applications (CSRS-PPP, APPS, GAPS and
MagicGNSS) and allows for an easy comparison of the different PPP solutions. Data e-mailed to the
service (in RINEX 2.10 or 2.11 format) are sent to the four services (in either static or kinematic
mode) and a report is produced for the user to retrieve from anonymous ftp.

Assessment and Recommendations
The papers in the table above and in the references below provide comprehensive studies of the
different online positioning services. They typically test the accuracy and precision of a dataset from
a site or set of sites by comparison with results from processing the same data in one of the major
scientific software packages (GAMIT, GIPSY, BERNESE). The main conclusions are that, while users
can expect some variability in the results from different services when processing identical data,
there is no service that is obviously better or worse than another (although Martin et al,. [2011]
noted a disagreement in the vertical component in GAPS with respect to the other services). Static
positions appear to converge at the centimetre level or below after around 10-12 hours (perhaps
24 hours for the vertical component). After around a week of data, Ebner and Featherstone [2008]
found an agreement between CSRS-PPP and Bernese at the 3, 4 and 12 mm (NEU) level. In terms of
kinematic/rapid static data, Schwarz et al., [2009] found a 2-6 cm vertical standard error after
around 15 minutes of GPS data (horizontal standard error would be smaller).

We therefore do not recommend any service over the other. The choice of which online service to
use depends on other factors that the user needs to be aware of such as:
• Recognition of the Leica receiver/antennas in the software. We have been able to check
that several of the services do indeed support the Leica equipment. These are noted in the
descriptions above. If we have not mentioned compatibility it is because we haven’t been
able to determine this. If the wrong antenna model is used, height coordinates will be in
error by several centimetres at the least, and plan coordinates may also be affected.
• Computation speed. Some on-line services are faster than others although most seem to
return a solution within an hour.
• Latency. Whilst the Scripps SCOUT service only uses ultra-rapid orbits, other services alter
the orbit and clock products used depending how long after the data is submitted to the
service after collection. For best results, the data should be submitted to the service once it
is using the “final” products (typically 12-18 days after data collection).
• Observation span. Most services (for static processing at least) appear to require a minimum
of 1 hour of data (often longer for PPP-based services) and some have a maximum (6 days
for CSRS-PPP for example).
• Amount of data. Some services may have restrictions on the amount of data that can be
submitted to the service at any one time.
• Unexpected results. Occasionally unexpected results may occur, most probably that no
result is returned. That doesn’t necessarily imply that you won’t get a result from another
service so it may be wise to try more than one service.
• Data interval. The IGS produces precise satellite orbit and clock estimates at 15-minute
intervals, and some PPP-based services are limited to producing kinematic positions at these
epochs, rather than the higher rate (e.g. 30 s or 1 s) that you may have recorded in your
survey.

Glossary
EGNOS :
European Geostationary Navigation Overlay Service
SBAS :
Satellite-Based Augmentation System
WAAS :
Wide Area Augmentation System
For explanations of the above see http://en.wikipedia.org/wiki/GNSS_augmentation .
GIPSY : GIPSY-OASIS, or GIPSY, is the GNSS-Inferred Positioning System and Orbit Analysis
Simulation Software package. GIPSY is developed by the NASA Jet Propulsion Laboratory (JPL), and
maintained by the Near Earth Tracking Applications and Systems groups.
GAMIT/GLOBK : GPS At MIT. GAMIT, GLOBK and TRACK are a comprehensive suite of programs for
analysing GPS measurements. The software has been developed by MIT, Scripps Institution of
Oceanography, and Harvard University with support from the National Science Foundation.
Bernese : The Bernese GPS Software is a high performance, high accuracy, and highly flexible
reference GPS/GLONASS post processing package developed at the Astronomical Institute of the
University of Berne.
Other acronyms :
APPS :
AUSPOS :
CSRS :
GAPS :
GNSS :

Automatic Precise Positioning Service
AUStralian POSitioning service
Canadian Spatial Reference System
GPS Analysis and Positioning Service
Global Navigation Satellite System

IGS :
OPUS :
OPUS-RS :
PPP :
RINEX :
SCOUT :

International GNSS Service (formerly, International GPS Service)
Online Positioning User Service
Online Positioning User Service – Rapid Static
Precise Point Positioning
Receiver INdependent EXchange format
Scripps COordinate Update Tool
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Appendix: accurate UK National Grid coordinates
The above services generally provide positions in the latest realisation of the ITRF (International
Terrestrial Reference Frame), or an IGS implementation of this. These will differ from positions
obtained by relative GNSS processing using Ordnance Survey Active Network reference sites,
because the coordinates of the latter are defined in the ETRF89 (European Terrestrial Reference
Frame). ETRF89 differs from the ITRF in that ETRF89 locations are “frozen” at their ITRF positions at
epoch 1989.00 (1st January 1989), whereas ITRF positions evolve steadily with time because of the
lateral motion of the Eurasian tectonic plate. As of 2012, ITRF positions in the British Isles are
approximately 0.5 m north-east of ETRF89 ones.
If you require exact easting and northing coordinates in the OSGB36 system (“National Grid”) used
in Ordnance Survey mapping, the GNSS coordinates (whether in ITRF or ETRF89) should first be
converted using the online utility at http://gps.ordnancesurvey.co.uk/convert.asp (or the
GridInquest software which can be downloaded from the same location). This utility maintains the
relative accuracy of your survey and performs, in one step, the functions of: (i) map projection to
eastings and northings; (ii) horizontal datum transformation to OSGB36, with ~20 cm absolute
accuracy which is sufficient for compatibility with OS mapping; and (iii) vertical datum
transformation from ellipsoidal heights to orthometric heights above Ordnance Datum Newlyn
(ODN, i.e. official mean sea level in Great Britain) or the appropriate island vertical datum, with
~2 cm absolute accuracy. Second, if the input coordinates were in ITRF (e.g. because they came
from one of the above online processing tools), then the eastings and northings should be corrected
for Eurasian plate motion by subtracting the location-dependent offsets shown in the figures below,
multiplied by the elapsed time in decimal years from 1989.00 to the date of survey.

