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Some experiences of Network-RTK in the SWEPOS™ networ k

B. JONSSON, G. HEDLING, P. WIKLUND*

Abstract

SWEPOS™, the Swedish network of permanent reference
stations, isin operation since 1998 and provides data both for
real-time and post-processing applications. After pre-studies
during the autumn 2000 and the winter 2001, three regional
prototype positioning services based on the Network-RTK
concept, areat present (September 2002) in operation. Thefirst
Positioning Service covering the Stockholm areawasin operation
on 7th February 2002, the second servi ce covering the southern
part of Sweden in June 2002 and the third one covering the
western part of Sweden in September 2002.

Experiencesfromthe Network-RTK concept and design of the
prototype serviceswill be shown in the paper. Possibilitiesfor
integration in the Nordic Positioning Service will also be
discussed.

Introduction

The SWEPOS™ network of GPSreference stationsbegan
as a co-operation between the National Land Survey of
Sweden and Onsala Space Observatory. The early design
phases of SWEPOS were madein 1992. It wasthen stated
that the purposes of the network were to be both scientific
and of practical benefit to the public:

— Providing L1 and L2 raw datato post-processing users.
— Providing DGPS corrections to real-time users.

— Actingashigh-precision control pointsfor Swedish GPS
users.

— Providing data for scientific studies of crustal motion.
— Monitoring the integrity of the GPS system.

Today SWEPOSisused asthe basisfor the Swedish national
referencesystemn, SWEREF 99 and beside many surveying
and navigation applications is also used for meteorology
and timing applications.

At the start in 1992, SWEPOS consisted of 20 stations
covering the whole of Sweden with on average 200 km
separation betweenthegtations. All the stationsweresituated
on bedrock

The control centre for the network has been located to the
National Land Survey of Sweden headquartersin Gavlefrom
thestart. In 1996 one more station at the Swedish National
Testing and Research Ingtitute in Boras was added. Later
severa stationsaimingto densify SWEPOSmostly for RTK
applications have also been set up. These differ from the
origina 21 stationsinthefollowingways: Theantennasare
usually mounted on buildings instead of on pillars on
bedrock. The stations only have one GPSreceiver instead
of two receivers.

In 1997 the SWEPOS network wasupdated with 64 kb leased
linesto makeit possibleto collect al GPSdatainreal-time.
In 1998 the SWEPOS network wasdecl ared operational for
post-processing applications and support for navigation.

Network-RTK

Duringtheyears 1999-2001 three pre-study Network-RTK
projects were carried out in the region of Gothenburg in
1999-2000, Southern Sweden in 2000 and around Stockholm
in early spring 2001, see fig. 1.

Thereasonsfor thebiginterestintheNetwork-RTK arethe
possible advantagesthat can be gained fromthetechnique:

— Reduced initia costs for RTK surveying since only a
single rover receiver is necessary.

— Increased productivity since no temporary RTK base
station is needed.

— Minimizingthedistance-dependant errors, meaning fagter
surveying and more homogenous accuracy.

— Improved integrity and continuity of RTK surveying
because multiple reference stations are used.

— Reduced establishment and mai ntenance costsfor agencies
responsible for the geodetic reference networks.

Network-RTK canbeused for many typesof surveying, for
example cadastral surveying, collecting datafor GIS data-
bases, precision navigation and machine-steering applica-
tions.

The ProjectsNeW-RTK and SKAN-RTK

The purpose of these projectswasto obtai n experiences of
the operation and performance using currently available
Network-RTK softwares.

A test network around Gothenburg was used in the NeW-
RTK project, acollaboration project between the National
Land Survey, Onsala Space Observatory, the Swedish
National Testing and Research Institute and Teracom.
Teracomisagovernment-owned company responsiblefor
radio and TV broadcasting in Sweden. During these tests
Network-RTK software from Geo++ (WUBBENA, 1996),
University of Calgary (RAQUET, 1998) and Onsala Space
Observatory was used. For broadcasting of the network
correctionsthe FM-subcarrier DARC datachannel wasused.
Someresultsfromthesetestscan befoundin (Samsioe and
OHMAN, 2000) and (LILJE, 2000).
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Fig. 1. Thethreetest platformsfor Network-RTK used for the
projects NeW-RTK, SKAN-RTK and Position Sockholm
Mélaren.

In the summer 2000 a new project — SKAN — RTK - was
started with the same partners as above except Teracom,
also participatinginthisproject weretheUniversity of Lund,
theNational Road Administration, National Rail Administra-
tionand anumber of local authoritiesin Southern Sweden.

The set up for these projects was that real-time data was
collected from a number of SWEPOS stations and some
temporary reference stationsto the SWEPOS control centre
and entered into the Network-RTK software GPSNet
(VOLLATH, 2000) from SpectraPrecision Terrasat. (today
a part of Trimble Navigation).) This program uses the
concept of aVirtual Reference Station (VRS) by which it
can get around the problemthat there are no Network RTK
message. | nstead the user sendshispositionviaGSM tothe
GPSNet software installed at the control centre. GPSNet
then computescorrected RTCM-RTK datavalid for theuser
position (Virtual Reference Station, VRS) that issenttothe
user viaGSM.

Duringthefirst part of the SKAN-RTK project alot of work
wasneeded to adapt somebrandsof GPSreceiversfor VRS
surveyingwith GSM modem. Theuse of satellitealmanacs
and predicted ephemeris in the GPSNet software also
required some tweaking. The surveying teamsin the field
have had both good and not so good experiences, but all
thesurveyorswho have beeninvolvedintheseprojects, are
convinced that theNetwork-RTK conceptisavery efficient
concept for surveying of details.

Project Position Stockholm Malaren

A major obstacle in the earlier Network RTK project had
been the difficulty to support projects in the western and

southern part of Sweden from GévlewheretheNational Land
Survey issituated, inthemiddleof Sweden. Thereforeduring
autumn 2000 a new project was started together with a
number of municipalitiesinthe Stockholm- Méaarenregion
asparticipants, TheNational Railway Administration, The
National Road Administration, Onsala Space Observatory
and The National Land Survey of Sweden. The objective
of this project was similar to the earlier projects. to
investigatetheaccuracy and functionality of Network-RTK
inthe Stockholm- M@ arenregion. Furthermorewewanted
to involve the usersin the evaluation of the technique.

A test network wasestablished compromising two permanent
SWEPOS-stations, Lovo and Vasteras, and six new project
reference stations. The new stations were established in
Uppsal a, Stavsnas, Nynashamn, Halleforsnas, Orebro and
Skinnskatteberg.

Test measurements were carried out during February and
March 2001 onabout 30, very accuratel y determined stations.
All test resultswere made using SWEREF93?, the Swedish
realization of the EUREF reference system, to avoid any
discrepancies caused by transformations between
SWEREF93 and local coordinate systems.

The test points were selected to make it possible to study
the accuracy as a function of the distance to the closest
reference station. The tests were also carried out to see if
there existed any technical problems with Network RTK.
Theinitialisationtimefor RTK surveyingwas measured to
investigatethefunctionality of thetechnique. By initialisation
time for RTK we mean the time needed to fix the integer
ambiguities. Fivedifferent brandsof GPS-equipment were
usedinthetests: Ashtech Z-surveyor, Geotracer 3200, Leica
530, Topcon Legacy and Trimble 4700/5700.

Practical experiences and results from the
project.

The RTK test measurements were formed by averaging
positionsfor 30 secondsafter all ambiguitieshad beenfixed.
Almost 1000 such measurements were carried out on 28
different points. For every measurement the difference
between the test result and the true value was cal cul ated.
Figure 3 to 6 below summarize the measurements in the
horizontal and vertical components. The plotsof deviations
against distanceto nearest reference station—figure4 - show
that GPSNet almost completely reduces the distance
dependant degradation of the horizontal coordinates. For
thevertical component —figure 6—arather strong degrada-
tion with distance still exists. Thismay be explained by an
unquiet ionosphere and the very high electron content in
theionosphere during the measurement period. Figure7is
asortedlist—re-scaledinper cent - of theinitialisationtimes
from the start of the observations until all satellite ambi-
guitiesareresolved andfixedintherover receiver. Thisgives
agood measure of thefunctionality of thetechnique. Table
1, give acompact summary of the measurements.

2 The SWEREF93 reference system was replaced by SWEREF99 in
May 2001.
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Fig. 2 Map of the Project Position Stockholm Mélaren. Test stations are marked with dots.

Tab. 1
_ X=95
X=67 % %
Largest horizontal deviationin 16 37
mm of x % of al measurements
Largest vertical deviation in mm of 32 91
X % of all measurements
Longest initialisation timein 00:20 | 03:30
min:sec of X % of all measure-
ments

Network-RTK performed very well during thetest measure-
mentswith good functionality and initialisationtimesbel ow
20 seconds for 67 % of all measurements. The test period
in February and March coincided with the strongest maxi-
mum of the last 11-year ionospheric activity cycle (www.
aiub.unibe.ch/ionosphere/meantec.gif). During several days
of theteststherewere strongindicationsof anunquiet iono-
sphere.

We can summarize the findings of the Network RTK
projects:
— Theresults are very promising.

— GSM worksvery well asadistribution channel for RTK
corrections.

— Moreinvestigationson Network-RTK softwareand GPS
receiver firmware are required.

— The distance between the reference stations must be
shorter than 70 km.

Prototype production networks should be established.

Fig. 3. Horizontal deviations(mm), sortedinorder of size, 970
measurements, 20 outliers
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Fig. 4. Horizontal deviations (mm) asfunction of distance (km)
to nearest reference station (970 meas., 20 out)
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Fig. 5. Vertical deviations (mm), sorted in order of size (893
meas., 15 out.).

Fig. 6. Vertical deviations (mm) as function of distance (km)
to nearest reference station (893 meas. 15 out.)

Fig. 7. Initialisation times (sec) sorted in order of speed (970
meas 20 out.)

Project Position Stockholm-Malaren

Following the positive results of the Position Stockhol m-
Mélaren project acontinuation of theproj ect wasinitiated.
In the new project the number of stations were increased

from 8 stationsto 21 stationsand amuch larger areawould
therefore be covered by the Network RTK service (seefig.
8). Some stationswere moved in order to better satisfy the
conditions on the distance between stations (< 70 km).
GPSNet from Terrasat/Trimblewaskept asNetwork RTK
software and GSM as distribution channel.

Asintheearlier projects, the new project wasaco-operation
proj ect werethe participantsget free accessto the Network
RTK service. The participants haveto pay afee according
toorganisationsize: small organi sations 10000 sek, mid-size
organi sations 25000 sek and big organi sations 50000 sek.

The project time for Position Stockholm-Méalaren is one
year, starting on February 7, 2002 when the RTK network
was declared operational. The number of partnersin this
project isabout 50. Most of these arelocal authorities but
private surveying companies, government agenciesand GPS
receiver manufacturers are also participating.

Short summariesof test resultsmeasured by theusersinthe
project are givenin tables 2 and 3. Table 2 give the result
for measurementsuntil August 1, 2002 when GPSNet verson
1.56 was used. Table 3 give the results for measurements
after August 1 2002 when GPSNet version 1.61 was used.
Only results from Leica 500 users are used for these
summaries. Fromtheseresultsit can be seenthat the height
component and initiali zationtimeshaveimproved compared
to the measurements in February and March 2001.

Thiscan maybebeaccounted toimproved adaptionto Net-
work RTK andthevirtual referencestationtechniqueinthe
receiver firmware.

Tab. 2
X=95
X=67 % %
Largest horizontal deviationin 17 38
mm of X % of all measurements
Largest vertical deviation in mm of 27 72
X % of all measurements
Longest initialisation timein 00:17 | 01.05
min:sec of X % of all measure-
ments
Tab. 3
_ X=95
X=67 % %
Largest horizontal deviationin 20 39
mm of X % of all measurements
Largest vertical deviation in mm of 27 63
X % of al measurements
Longest initialisation time in 00:17 01:00
min:sec of X % of all
measurements
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Fig. 8 Older SWEPOS stations (squares) and new RTK stations(rings) in the Southern half of Sweden (spring 2002).

Projects SKAN-RTK 2 and Vast-RTK

Alsoin Southern Sweden and ontheWest Coast of Sweden
RTK networks have been started (see Fig. 8). In both net-
works the same kind of project and financing model asin
the project Position Stockholm-Méalaren is used.

In the project SKAN-RTK in Southern Sweden there are
10 stations and 35 members in the project. This network
became operational 30 June2002. Intheproject Vast-RTK
in Western Sweden there are 13 stations and about 35
participantsintheproject. TheRTK network becameopera-
tional 22 September.

Conclusions

Projects aiming to develop the RTK methods have been
goingonin Sweden since 1995. Intheearly projectssingle
station RTK, radiolinksand the FM-subcarrier DARC was
much used. Inthelater projectsthat are summarized inthis
paper, Network RTK and GSM modems are increasingly
used. GSM though, has aweaknessin lacking coveragein
someregions. Anoptimal solutionwould maybebeto broad-
cast RTK corrections with some alternative data link,
possibly DARC. Alsotestsof other Network RTK programs

that support aNetwork RTK messageasGNSMART from
Geo++.are necessary. The good results acquired in the
Position StockholmMalaren project leadsusto believethat
aposition servicecoveringthemoredensely popul ated areas
of Sweden seems possible in the near future.
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