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The British EUREF GB 2001 GPS Campaign

M. GREAVES, C. FANE*

1. Introduction

Thisreport detail sthe processing and analysisof the EUREF
GB 2001 GPS campaign carried out by Ordnance Survey,
the National Mapping Agency of Great Britain.

Great Britain hasan existing network of EUREF (European
Reference Frame) stations— EUREF GB 92 [DeENYS et &
1995]. Thisnetwork consistsof 26 ground marked stations
andincludestwofiducia stationsfromtheorigind EUREF89
network —Solar Pillar, Herstmonceaux (an eccentric station
to the current International GPS Service station HERS on
the same site) and Buddon, atemporary VLBI site.

Over the past 2 years Ordnance Survey have developed a
nation-wide network of 30 continuously operating GPS
receivers(COGRs), known asthe Ordnance Survey Active
GPSNetwork. Dataand coordinatesfrom thisnetwork are
now the primary source of GPS control for the whole of
Great Britain and are freely available to the public on the
Ordnance Survey GPS web site (http://www.gps.gov.uk).

Thecoordinates of the stationsinthe Active GPS Network
arecomputedinthe European Terrestrial Reference System
1989 (ETRS89) and are therefore compatible with other
EUREF stations.. However, at present the” official” EUREF
network for Great Britain is still EUREF GB 92.

The purpose of the EUREF GB 2001 campaign was to
compute new ETRS89 coordinatesfor all of thestationsin
the Active GPSNetwork. Thecoordinatesare of the highest
possiblequality and have been computed following thelatest
recommended methods of the EUREF Technical Working
Group (TWG). It is hoped that the TWG will accept these
resultsand ratify asub set of Active GPS Network stations
asthenew official extensontothe EUREFfor Great Britain.

Ordnance Survey wishesto acknowledgethekind assistance

of the following:

— Thelnstitute of Engineering Surveying & Space Geodesy
(IESSG) at NottinghamUniversity, for theloan of 2 choke
ring antennas. Also Dr. Richard Bingley of IESSG for
information on the coordinate time series of the IESSG
COGR and for supplying the UK Gauge96 coordinates;

— STEFAN SCHAER& MICHEAL MEINDL of the Astronomical
Ingtitute of the University of Berne(AIUB) for thecompu-
tation of ocean tide loading coefficients. Also Pierre
Fridez of AIUB for advice onimplementing the DE200
planetary ephemerides.

— HANSVANDERMAREL of Delft University of Technology,
LotTi JvALL of National Land Survey of Sweden and
AMBRUSKENYERES of FOM| Satellite Geodetic Obser-

vatory for information and guidanceregarding the height
change at ONSA.

2. Planning and Observations

2.1 Network Design

The EUREF GB 2001 GPS Campaignisbased on observa-
tionsat the 30 permanent GPS stationswhich comprisethe
Ordnance Survey Active Network, four additional stations
and six |GSstationsin Europe. Inall, datafrom 40 stations
wereprocessed, of which 20 are proposed to becomeofficia
EUREF stations. Fig. 1 showstheir distribution.
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Figurel. The EUREF GB 2001 Campaign Map of GB Sations

Thestationsat Buddon (OS01), | ESSG Nottingham (IESG),
Kirkby Stephen (OS08) and Solar Pillar at Herstmonceux
(0S12) were included to provide a measure of external
quality control, through comparisonswith previously deter-
mined co-ordinates. Buddon, Kirkby Stephenand IESG were
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observed in the 1999 Ordnance Survey FBM Project
campaign. All four stationswere observed duringthe EUVN
97 GPScampaign. Combinationsof Buddon, Kirkby Stephen
and Solar were also observed during the UKGauge
campaigns and during two previous EUREF campaignsin
Great Britain — EUREF EIR/GB 95 and EUREF GB 92.

The six 1GS stations were included as potentia fiducial
stationswith known, highaccuracy coordinatesinthel nter-
national Terrestrial ReferenceFrame1997 (ITRF97). These
6 stations were al so chosen because they are the closest 6
| GSstationsthat areused to definethe TRF97 intheweekly
EUREF analysis. Furthermore al 6 are part of the global

network used by | GSto computethe precise satelliteorbits
that were used in the processing. It was not possible to
includethe IGS station at Herstmonceux because datawas
not availableduetoreceiver / antennaproblems. The Euro-
pean Permanent Network station at the National Physical
Laboratory, London was not included becauseit isnot yet
part of an IGS solution and could therefore not act as a
fiducial station of the same order asthe other IGS stations.

A list of proposed and existing EUREF stations included
in the computationisgivenin Table 1.

Table 1. List of Proposed and Existing EUREF Stations.

Sin. ID Station OS Ref No. DOMES No. Station Description
CARL Carlide A1NY 3956 132055001 Proposed EUREF Station
CARM Carmarthen A1SN4120 13206S001 Proposed EUREF Station
CcoLC Colchester A1TL9925 13207001 Proposed EUREF Station
DARE Daresbury A1SJ5783 13208s001 Proposed EUREF Station
DROI Droitwich A1S08961 132095001 Proposed EUREF Station
EDIN Edinburgh AINT1970 132175001 Proposed EUREF Station
GLAS Glasgow A1INS5664 132195001 Proposed EUREF Station
IESG IESSG Nottingham N/A 132205001 Existing EUREF Station
INVE Inverness A1INH6746 132215001 Proposed EUREF Station
IOMN Isle of Man North A1SC4495 132225001 Proposed EUREF Station
IOMS Isle of Man South A1SC2768 132245001 Proposed EUREF Station
KING Kings Lynn A1TF6219 132255001 Proposed EUREF Station
LEED Leeds A1SE2233 132155001 Proposed EUREF Station
MALG Mallaig AINMG6797 13226S001 Proposed EUREF Station
NEWC Newcastle A1INZ2465 132275001 Proposed EUREF Station
NORT Northampton A1SP7462 132285001 Proposed EUREF Station
NOTT Nottingham A1SK5440 132205002 Proposed EUREF Station
OSHQ Ordnance Survey HQ A1SU3814 132745002 Proposed EUREF Station
PLYM Plymouth A1SX5062 132295001 Proposed EUREF Station
THUR Thurso AINC9967 13230S001 Proposed EUREF Station
0s01 Buddon HINO5132 13296M002 Existing EUREF Station
0OS08 Kirkby Stephen HINY 7505 N/A Existing EUREF Station
0OS12 Solar Pillar Herstmonceux B1TQ6410 N/A Existing EUREF Station
GRAS Observatoire de Calern N/A 10002M 006 IGS Reference Station
KOSG Kootwijk Observatory N/A 13504M003 IGS Reference Station
ONSA Onsala N/A 10402M 004 IGS Reference Station
REYK Reykjavik N/A 10202M001 IGS Reference Station
VILL Villafranca N/A 13406M 001 IGS Reference Station
WTZR Wettzell N/A 14201M010 IGS Reference Station
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2.2 GPS Observations

A two week period of datawas collected at the permanent
GPSdtationsand at Solar Pillar, Herstmonceux, from 00:00
hrsGMT Sunday 15" July to 23:59:30 GM T Saturday 28"
July 2001. Thistime span correspondsto GPSweeks1123
and 1124.

I naddition to the permanent GPS dtations, observationswere
aso taken from Buddon and Kirkby Stephen. These
observationswere carried out from Friday 20" to Friday 271"
July 2001 inseven 24 hour sessionsstartingat 12:00GMT.
In order to minimise heighting errors at these stations, the
slope antenna hei ght was measured threetimesper session
at three positionsaroundthe circumference of thechokering.
Thiswasmeasured in both millimetresandinchesfor agross

error check and themean wastaken. Thetribrachwasrotated
between each session to minimise any centring errors. A
comprehensive Station Occupation Report was designed
in order to ensure these field procedures were adhered to.

The period between 12:00 GMT and no later than 12:30
GMT was used for the simultaneous downloading of data,
re-centring and the re-measurement of antenna heights.
Because of thisbreak in the dataand the subsequent small
changein antennaheights at Buddon and Kirkby Stephen,
theobservationsat all of the stationsfrom Julian Days 202
to 207 weresplit to createtwo sessionsper day. Sessionone
running 00:00:00 to 12:00:00 GMT and session two from
12:05:00t023:59:30 GMT. A summary of theseobservation
sessionsisgivenin Table 2.

Table 2. Summary of Observation Sessions

Date GPS Week and Day No. Session Number Start Time (GMT) Stop Time (GMT)
15-July-2001 11230 1960 00:00:00 23:59:30
16-July-2001 11231 1970 00:00:00 23:59:30
17-July-2001 11232 1980 00:00:00 23:59:30
18-July-2001 11233 1990 00:00:00 23:59:30
19-July-2001 11234 2000 00:00:00 23:59:30
20-July-2001 11235 2010 00:00:00 23:59:30
21-July-2001 11236 2021 00:00:00 12:00:00

2022 12:05:00 23:59:30
22-July-2001 11240 2031 00:00:00 12:00:00
2032 12:05:00 23:59:30
23-July-2001 11241 2041 00:00:00 12:00:00
2042 12:05:00 23:59:30
24-July-2001 11242 2051 00:00:00 12:00:00
2052 12:05:00 23:59:30
25-July-2001 11243 2061 00:00:00 12:00:00
2062 12:05:00 23:59:30
26-July-2001 11244 2071 00:00:00 12:00:00
2072 12:05:00 23:59:30
27-July-2001 11245 2080 00:00:00 23:59:30
28-July-2001 11246 2090 00:00:00 23:59:30

Thestationsat Buddon and Kirkby Stephen wereoccupied
with LeicaSR500 seriesreceiversusingLeicaAT504 choke
ring antennas. The Active GPS Network stationsand Solar
Pillar are amixture of Ashtech ZFX receiverswith Dorne
Margolin type choke ring antennas and Leica CRS1000
receiverswith LeicaAT504 chokering antennas. A full list

of the GPSreceiversand antennasused at any specific station
isgivenin Table 3.

Full datasetswereobtained at al stations. The observations
wererecorded with an elevationanglecut-off of 10 degrees
and an epoch interval of 30 seconds.
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Table 3. Receiver / Antenna Information.

Stn. ID Station Receiver (IGS Code) Antenna (1GS Code)
CARL | Calide LEICA CRS1000 LEIAT504 LEIS
CARM  Carmarthen LEICA CRS1000 LEIAT504 LEIS
COLC | Colchester LEICA CRS1000 LEIAT504 LEIS
DARE | Daresbury LEICA CRS1000 LEIATS504 LEIS
DROI  Droitwich ASHTECH UZ-12 ASH700936E  SNOW
EDIN  Edinburgh LEICA CRS1000 LEIAT504 LEIS
GLAS | Glasgow LEICA CRS1000 LEIAT504 LEIS
IESG  IESSG Nottingham ASHTECH Z-XI13 ASH700936D_M SNOW
INVE | Inverness ASHTECH Uz-12 ASH700936E SNOW
IOMN |Ideof Man North LEICA CRS1000 LEIAT504 LEIS
IOMS | Iseof Man South LEICA CRS1000 LEIAT504 LEIS
KING | King Lynn ASHTECH Uz-12 ASH700936E  SNOW
LEED |Leeds ASHTECH UZ-12 ASH700936E SNOW
MALG |Mallaig LEICA CRS1000 LEIAT504 LEIS
NEWC |Newcastle ASHTECH UZ-12 ASH700936E SNOW
NORT | Northampton ASHTECH UZ-12 ASH700936E  SNOW
NOTT | Nottingham ASHTECH UZ-12 ASH700936E  SNOW
OSHQ  Ordnance Survey HQ | ASHTECH UZzZ-12 ASH700936E SNOW
PLYM | Plymouth LEICA CRS1000 LEIAT504 LEIS
THUR | Thurso LEICA CRS1000 LEIAT504 LEIS
OS01  Buddon LEICA SR530 LEIAT504

0S08 | Kirkby Stephen LEICA SR520 LEIAT504

0Ss12  Solar Pillar ASHTECH UZ-12 ASH700936E

GRAS | Observatoire de Calern | ROGUE SNR-12RM |AOAD/M_T

KOSG | Kootwijk Observatory |AOA SNR-12 ACT AOAD/M_B DUTD
ONSA Onsda ASHTECH Z-XI13 AOAD/M_B OSOD
REYK  Reykjavik AOA SNR-8000 ACT AOAD/M_T

VILL | Villafranca ASHTECH Z-XI13 AOCAD/M_T

WTZR | Wettzell AOA SNR-8000 ACT AOAD/M_T

3. Data Processing

All processingwascarried out at Ordnance Survey HQusing
theBernese GPS Softwareversion4.2 [BEUTLER et al 2001]
from the AIUB. The processing was automated using the
Bernese Processing Engine (BPE) except for the normal
equation stacking stage.

The processing strategy followed the most recent EUREF
guidelinesgivenintheproceedingsof the3® AnalysisCentre
Workshop heldinWarsaw, Poland, May 31% to June 182001.
The minutes of the workshop are available at http://www.
epnch.oma.be/papers/elacw003/el acw003.html .

3.1 External Data Used in Processing

Observationscovered the period 00:00 Sunday 15" July 2001
(day 196) to 23:59:30 Saturday 28" July 2001 (day 209).
Thistimeperiod correspondsto GPSweeks1123and 1124,
Table 4 gives details of the various external files used in
the processing.

3.2 Reference Frame Coor dinates

The ITRF97, epoch 1997.00 coordinates of the 6 IGS
stationsand their corresponding vel ocitieswereinputtothe
program COOVEL to compute I TRF97 coordinates at the
mid epoch of the two week period —00:00:00, Sunday 22™
July 2001 (Day 203), epoch 2001.55. Theinputsand results
aregivenin Tableb5.
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3.3 Antenna Height and Site Displacement M odelling

All antenna heights given in the input RINEX files were
vertical fromthe station marker to the antennareference point
(ARP) asper RINEX conventions[Gurtner 2001]. All phase
centreoffsetsfromthe ARP and satel lite el evation dependant
correctionswere applied usingtheofficial |GSmodelsfrom
the”igs_0l1.pcv” file.

Toachievethebest possibleresultsin station height, ocean
tide loading corrections were also applied. The effects of
tidal constituents M2, S2, N2, K2, K1, O1, P1, Q1 were

computed at all stationsusing themodel FES95.2 and stored
inthe "EUREF.BLQ" file. This computation was kindly
performed by STEFAN SCHAER and MICHAEL MEINDL at
AIUB using the same procedures as in the recently
announced automated service for computing BLQ tables
[ScHAER 2001].

Bernese GPS Software Version4.2 also appliescorrections
to model solid Earth tides and the polar tide according to
International Earth Rotation Service (IERS) Standards 1996
[BEUTLER et a 2001].

Table 4. External files used.

File Type File Names

IGS Precise Orbits

igs11230.sp3 to igs11246.5p3

Obtained from

ftp://igsch.jpl.nasa.gov/igsch/product/mvwww/
(where wwww = GPS week No.)

IGS Precise Earth rotation para-
meters

CODE ionosphere files

igs11227.erp to igsl1257.erp

COD11230.10N to COD11246.10N

ftp://igsch.jpl .nasa.gov/i gschb/product/ wwww/
(where wwww = GPS week No.)

ftp://ftp.unibe.ch/aiub/CODE/2001/

CODE troposphere files

CODO01196.TRP to COD01209.TRP

ftp://ftp.unibe.ch/aiub/BSWUSER/ATM/2001/

ITRF97 coordinates and velocities

ITRF97.CRD and ITRF97.VEL

ftp://ftp.unibe.ch/aiub/BSWUSER/STA/

Ocean tide loading parameters EUREF.BLQ (an arbitrary name) Provided by STEFAN SCHAER and MICHAEL
MEINDL at AIUB. Coefficientsinterpolated at
apriori coords of all network stations.

Antenna phase centre offsets igs 01.pcv ftp://igsch.jpl.nasa.gov/igsch/station/general/

Table 5. ITRF97 coordinates of | GS stations.

Station DOMESNumber =~ X(m) Y@M Z(m)
IGS Station Coordinates in the ITRF97 at Epoch 1997.00
Observatoire de Calern 10002M 006 4581691.0258 556114.6863 4389360.6849
Kootwijk Observatory 13504M 003 3899225.2583 396731.8151 5015078.3414
Onsaa 10402M 004 3370658.6756 711877.0294 5349786.8684
Reykjavik 10202M 001 2587384.5001 = -1043033.5002 5716563.9689
Villafranca 13406M 001 4849833.7962 -335049.1807 4116014.8247
Wettzell 14201M010 4075580.6968 931853.6663 4801568.0423
IGS Station Vel ocities from the ITRFO7 (Epoch 1997.00) Velocity Field
Observatoire de Calern EURA -0.0118 0.0185 0.0090
Kootwijk Observatory EURA -0.0130 0.0158 0.0092
Onsada EURA -0.0136 0.0147 0.0084
Reykjavik NOAM -0.0201 -0.0035 0.0083
Villafranca EURA -0.0071 0.0187 0.0110
Wettzell EURA -0.0158 0.0171 0.0071
IGS Station Coordinates in the ITRF97 at Epoch 2001.55

Observatoire de Calern 10002M 006 4581690.9721 556114.7705 4389360.7259
Kootwijk Observatory 13504M 003 3899225.1991 396731.8870 5015078.3833
Onsada 10402M 004 3370658.6137 711877.0963 5349786.9066
Reykjavik 10202M 001 2587384.4086 = -1043033.5161 5716564.0067
Villafranca 13406M 001 4849833.7639 -335049.0956 4116014.8748
Wettzell 14201M010 4075580.6249 931853.7442 4801568.0746
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3.4 Orbit Strategy

Thepreciselnternational GPS Service (1GS) Earthrotation
parameter fileswererenamed * .iep (Bernese” foreign” formeat
files). These files were then converted to Bernese format
*.erp pole files and merged (using program POLUPD) to
formasingle precise pol efilecovering thewholecampaign
—actually from 8" July to 4" August (aweek either side of
the campaign). Thispolefilewasthen used inthe program
PRETAB to trandate the daily IGS orbitsin " sp3” format
todaily tabul ar ephemeridesinthe J2000.0 celegtial system.

Program ORBGEN was used to compute daily standard
orbitsfromthe PRETAB tabul ar files. Orbit model "B” was
used which applies (from [BEUTLER et a 2001]):

— the JGM 3 gravity model;

— the DE200 devel opment ephemeridesfrom JPL (accounts
for the gravity of Jupiter and Mars);

— elagticEarthtidal correctionsaccordingto (IERS) 1996
conventions;

— corrections for the change of the gravity potential due
to ocean tides, up to 4 terms larger than 0.05 cm (CSR,
Texas, ocean tide model);

— general relativistic corrections.

Theprecisel GSorbitsareconsidered to bethemost accurate
available so no further orbit improvement was performed.

3.5 Data Pre Processing and Cycle Slip Fixing

Thezero difference code measurements(L ;ionospherefree
linear combination) were used in the program CODSPPto
carry out single point positioning and receiver clock syn-
chronisation. The computed receiver clock offsets were
stored with both the phase and code observations. All sub-
sequent stagesof the processing used only the phase obser-
vations.

The phasesingledifferences(baselines) betweenreceivers
were formed using program SNGDIF, employing the
OBSMAX strategy to maximisethenumber of observations
in each baseline.

Thedatawasthen cleaned and checked for cycleslipsusing
theprogram M AUPRP. Datacleaning consisted of marking
(i.e. flagging as not to be used):

— data below the elevation cut of angle of 10/;
— unpaired observations (e.g. L1 but no L2);
— oObservations with small data periods (< 5 minutes)

Cycledipswereidentified and fixed if possible using the
residuals from atriple difference solution. Where acycle
slip could not be fixed a new ambiguity parameter was
introduced.

3.6 Troposphere and lonosphere M odelling

Thetroposphereandionospheremodelling strategy for the
data processing (see 3.7 and 3.8 below) followed that
recommended for Bernese GPS Software version 4.2
[BEUTLER et al 2001] and a so therecommendationsof the
Analysis Centre Workshop.

Andevationangleof 10/ with el evation dependent weighting
of observationswas used throughout the processing. No a
priori tropospheremodel wasused but instead thefull delay
wasestimated using thedry Neill mapping function. Tropo-
sphere parameters were estimated every 2 hours at each
station with loose constraints (5 m) between consecutive
parameters. The exception to thiswasat the 6 | GS stations
where computed troposphere delays (every 2 hours) were
introduced and treated as fixed. These delays came from
the 1GS solution computed by the Centre for Orbit Deter-
mination in Europe (CODE).

Theeffects of theionosphere were removed by processing
theionospherefreeL ;linear combinationwhenever possible.
Theexceptionto thiswas at the ambiguity resol ution stage
of processing (see 3.7 below) where anionosphere model,
the CODE final ionosphere product, was used.

3.7 Ambiguity FreeProcessngand Ambiguity Resolu-
tion

All processingwascarried out at thedoubledifferencelevel

using the program GPSEST.

Thefirst run of processing was on a baseline by baseline
basisusing theionospherefree L, linear combination with
no ambiguities resolved. The residuals from this stage of
the processing were saved and used to detect outliersinthe
data. In accordance with Bernese GPS Software Version
4.2 guidelines[BEUTLER et a 2001] normalised residuals
weresaved because €l evati on dependent wei ghting of obser-
vationswasbeing used. ProgramsRESRM Sand SATMRK
wereused to detect and mark, asan outlier, any observation
with aresidual larger than 0.0025 m. Thisvalueisaso as
recommended by [BEUTLER et a 2001] when elevation
dependent weighting is used.

Thesecond processing run carried out ambiguity resolution
and was a so run on abaseline by baseline basis. The QIF
(Quasi-1onosphere-Free) algorithmwasused toresol vethe
ambiguities. QIF ambiguity resolution requires that both
frequencies(L1& L2) havetobeprocessedinparale rather
than processing theionospherefreeL ; linear combination,
50, as recommended by [BEUTLER et al 2001], an a priori
ionosphere model was introduced (see 3.6 above).

3.8 Final Network Processing

Thefina GPSEST processing used all thedatafromasession
inasinglerun. Theaimof thisstep wasto produceand save
aset of normal equationsfrom a session that could be sub-
sequently combined to give afina solution based on the
entire 2 week data set.

DoubledifferencesintheionospherefreeL ;linear combi-
nationwere processed and the previously resol ved ambigui-
ties(see 3.7 above) wereintroduced asknowninteger val ues.
Unresolved ambiguities(real val ued parameters) werepre-
eliminated. To maintain flexibility in the normal equation
filesno station was held fixed but for numerical reasonsat
least one station must be constrained. Station KOSG
(Kootwijk Observatory) wastherefore constrained toitsa
priori coordinates (see Table 5) using asigmaof 0.001 m.
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3.9 Normal Equation Stacking

Program ADDNEQ was used to combinethe normal equa-
tionssaved fromthefinal GPSEST run(see 3.8 above) and
produce solutions based on the entire 2 week data set.

First anunconstrained sol utionwasproduced holding station
KOSGfixedtoit’ scoordinatesinl TRF97, epoch 2001.55.
The session-to-session coordinate repeatabilities were
analysed fromthissolution. Possibleoutliersweredetected
usingthebuiltin ADDNEQ criteriathat usestheindividual
formal RM Svalueswithadetectionlevel of 3timesthemean
formal RM S of al the contributing solutions[Beutler et a
2001]. Any outliersidentified inthisway werepreeliminated
from the combination using a station problem file.

Alsofromtheunconstrained solution the coordinatesof the
IGSfiducial stationswere compared to their known coor-
dinatesin the ITRF97 epoch 2001.55 using a 3 parameter
(trand ation) transformation.

Onceoutliershad beenremoved, aconstrained solutionwas
produced by constraining all six IGS fiducial stations to
within0.1mmof their ITRF97 epoch 2001.55 coordinates.
The session-to-session coordinate repeatabilitiesfromthis
solution were analysed and the resulting coordinates were
compared to the ones from the unconstrained solution.

3.10 Transformation to ETRS89

Thecoordinatesfromthefinal accepted constrained solution
were transformed to coordinates in the ETRS89, epoch
2001.55 using the methods and parameters detailed in
[BoucHErRand ALTAMIMI 2001]. Thetransformationisgiven
below.

Tl 0 - R397 F-{297
XE(tc):X|97(tc)+ T2 |+ F'2397 0 _Rlsn xxlw(tc)[ﬂtc _1989-00)

T3 -R2, R, 0

97

XE(89) = XE(t, )+ X ({1989.00-t,)
Where

X &(t,) = coordinatesin ETRS89 at the observation epoch
(2001.55);

XL (t,) = coordinatesin I TRF97 at the observation epoch
(2001.55);

X £(89) = coordinatesin ETRS89 at epoch 1989.00.
X E=0s0 X5(89) = X*(t,)

The parameters used in the transformation are given in
Table6.

Following transformation to ETRS89, the resulting final
coordinateswerecompared with coordinatesinthe ETRS89
from previous campaigns.

Table 6. ITRF97 to ETRS39 Transformation Parameters.

Parameter Value
t., observation epoch 2001.553
T, trandation in X +0.041m
T2, trandationin’Y +0.041m
T3y, trandationin Z -0.049m

R1,,, rotationin X + 0.20 (0.001" /year)

R2,, rotationin’yY +0.50 (0.001" /year)

R3,,, rotationin Z - 0.65 (0.001" /year)

X E, estimation of velocity | O (for stable part of Eurasian
of station in ETRS89 plate)

4. Processing Results

Initial processing showed that the Ordnance Survey Active
GPSNetwork station LOND (not aproposed EUREF station)
suffered from bad dataduring most of the campaign and was
therefore removed from the processing.

Theaverage percentage of resolved ambiguitiesper session
isshowninFigure2. Theaverageoverall ambiguity resolu-
tion was 75% and the slightly lower ambiguity resolution
of the 12 hour sessions (2021 to 2072) can beseen. Theunit
weight errorsof theindividual daily solutionsvaried between
1.3mmand 1.4 mm.
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Figure 2. Graph of mean percentage of ambiguities resolved per session.

4.1 Unconstrained Solution

The unit weight error of the unconstrained solution was
1.4mm. Figure 3 showstherepeatability of all possiblebase-
lines. Thegraph showsdatafor baselinesbetween all stations
not just the EUREF stations. Theincreased height RM S of
some of the shorter baselines could possibly be dueto two
factors:

— The longer baselines are the ones to the IGS fiducial
stations. Thelower height RM S’ sat these stationscould
stem from thefact that thetroposphere parameterswere
fixed from the CODE troposphere product, instead of
being computed from the observed GPS data.

— Many of thelarger height RMS's come from baselines
involving stationsfromthe Ordnance Survey Active GPS
Network that are not proposed EUREF stations. Some
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of thesestationsarel ocated at lighthouseswhoseantennas
are of regular survey ground plane design, rather than
geodetic choke rings.

The RM S repeatahilities of the proposed EUREF stations
andthel GSfiducia stationsareshowninFigure4and Table
7. The North and East repeatabilities range from 1.1 mm
to3.5mmwithoverall RM S sof 2.0 mmand 2.3 mmrespec-
tively. The height repeatabilities range from 3.4 mm to
8.5 mmwith an overall RM S of 6.3 mm. Outlier detection
showed that sessions 2052 and 2062 contained more noise
than the other sessionsand thiswas causing alarge number
of stationsto beflagged asoutlierson thesedays. Sessions
2052 and 2062 werethereforeremoved fromthe combined
solution.
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Figure 3. Unconstrained Solution Baseline Repeatability.
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Figure 4. Graph of Unconstrained Solution RMS Repeatabilities for each station
Table 7. Unconstrained Network Solution. Session-to-Session RMS Coor dinate Repeatabilities.
. Station | North | East Up . Station | North | East Up
Station Name D mm)  (mm)  (mm) Station Name D mm)  (mm)  (mm)
Carlide CARL 16 18 6.3 Ordnance Survey HQ OSHQ | 15 2.2 5.1
Carmarthen CARM 17 19 5.8 Plymouth PLYM 16 19 51
Colchester coLC | 16 18 4.7 Thurso THUR 19 24 85
Daresbury DARE 13 20 4.8 Buddon 0OS01 3.0 35 7.0
Droitwich DROI 16 21 5.6 Kirkby Stephen 0Ss08 2.2 3.0 8.0
Edinburgh EDIN 2.0 2.2 8.3 Solar Pillar 0Ss12 11 19 6.0
Glasgow GLAS | 23 23 6.9 Observatoire de Calern = GRAS 2 21 34
IESSG Nottingham IESG 19 19 49 (DOMES 13504M003)
Inverness INVE = 14 23 78 Kootwijk (DOMES KOSG FIXED FIXED FIXED
10002M006)
Ide of Man North IOMN 2.4 18 7.1
Onsala (DOMES ONSA 2 21 53
Ide of Man South IOMS | 20 19 7.2 10402M004)
Kings Lynn KING | 15 | 19 | 60 Reykjavik (DOMES ~ REYK 23 31 @ 47
Leeds LEED 15 24 5.6 10202M001)
Mallaig MALG 25 26 8.1 Villafranca (DOMES VILL 2.6 3.3 44
Newcastle NEWC 25 25 69 13406M001)
Northampton NORT 1.7 19 5.6 Wettzell (DOM ES WTZR 19 24 4.2
, 14201M010)
Nottingham NOTT | 16 20 6.2
Overall RMS 20 23 6.3
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Table 8. Coordinate Recoveries of IGSFiducial Sations.

. DOMES

Station Number X (m) Y (m) Z (m)

Accepted Coordinatesin the ITRF97 at Epoch 2001.55 Computed from Velocity Field
Observatoire de Calern 10002M 006 4581690.9721 556114.7705 4389360.7259
Kootwijk Observatory 13504M003 3899225.1991 396731.8870 5015078.3833
Onsaa 10402M 004 3370658.6137 711877.0963 5349786.9066
Reykjavik 10202M001 | 2587384.4086 -1043033.5161 | 5716564.0067
Villafranca 13406M 001 4849833.7639 -335049.0956 4116014.8748
Wettzell 14201M010 4075580.6249 931853.7442 4801568.0746

Estimated Coordinates in the ITRF97 at Epoch 2001.55 from Unconstrained Solution

Observatoire de Calern 10002M 006 4581690.9670 556114.7693 4389360.7320
Kootwijk Observatory 13504M 003 3899225.1991 396731.8870 5015078.3833
Onsdla 10402M 004 3370658.6157 711877.0900 5349786.9026
Reykjavik 10202M 001 2587384.4075 | -1043033.5070 5716563.9943
Villafranca 13406M 001 4849833.7484 -335049.0870 4116014.8770
Wettzell 14201M010 4075580.6323 931853.7395 4801568.0864

Residualsfrom 3 Parameter (Trandation) Transformation between Accepted and Estimated Coordinates

Observatoire de Calern 10002M 006 -0.0059 0.0020 -0.0023
Kootwijk Observatory 13504M003 0.0020 0.0010 -0.0008
Onsdla 10402M 004 0.0057 0.0074 0.0013
Reykjavik 10202M 001 0.0092 -0.0081 0.0094
Villafranca 13406M 001 -0.0112 -0.0084 0.0068
Wettzell 14201M010 0.0002 0.0061 -0.0144

The figuresin Table 7 indicate the good precision of the
unconstrained solution. The likely improvement in height
RMS at the IGS stations, due to better troposphere para-
meters, can aso be seenin Table 7.

A further test on the quality of the unconstrained solution
wasto look at the coordinate recoveriesof thel GSfiducial
gations. Thecomparisonwasbetween theaccepted I TRFO7,
epoch 2001.55, coordinates derived from the station
velocities (see Table 5) and the coordinates from the un-
constrained solution. The comparison was done using the
residuals from a 3 parameter (trandation) transformation
between thetwo coordinate sets. Theresultsarein Table8
and show that thel TRF97 isbeing realised to generally better
than 10 mm.

4.2 Onsala (ONSA) Tests

It wasdebated whether or not thel GS station ONSA should
beincluded asaconstrained stationinthefinal solution. This
debate stemmed from the apparent height change of ~ -
20 mmdetected at ONSA duringthe SWEREF-99 analysis
[JVALL,L.& LIDBERG, M. 2000]. Ontheonehand aheight
changewasshown but ontheother the” EUREF Community”
was gtill using the station and it’s original coordinates in
the European Permanent Network (EPN) solutions, for
computing products such as troposphere and ionosphere
models and ONSA was still part of the | GS network used
for computing preciseorbitsand Earth rotation parameters.

Testswere carried out to study the effect of ONSA on the
final solution and to see if a height change was apparent.
Information and advice about the ONSA height change,
supplied by HANS VAN DER MAREL of Delft University of
Technology, LoTTI JvALL of National Land Survey of
Swedenand AMBRUSKEYNERES of FOMI Satellite Geodetic
Observatory, is gratefully acknowledged.

Thecoordinaterecoveriesat ONSA, fromtheresultsof the
unconstrained solution, do not show any obvious height
change. It hasbeen suggested (by Lotti Jivall) that thiscould
bebecausethefixed troposphere parametersused for ONSA
comefromaCODE solutionthat constrained ONSA to pre
height change coordinates. These arethe same coordinates
used in the EUREF GB 2001 solution, in which caseit is
to be expected that ONSA will fit very well.

Twotestswere carried out using the coordinates of ONSA

computed from the accepted ITRF97 coordinates and

velocity field (Table 5) asa”base”:

— Direct comparisonwiththe ONSA coordinatesfrom the
unconstrained solution;

— A constrained sol utionwas computed where ONSA was
not fixed and the I TRF was defined by constraining the
remaining |GS stations.

The results of thesetestsarein Table 9.

It can be seen from T able 9 that when the coordinatesfrom
the unconstrained solution are compared directly with the
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accepted coordinates there is no height change apparent,
this concurs with the results from the comparison using a
3 parameter trandation transformation.

Table 9. ONSA coordinate recovery tests.

Accepted ITRF97 (€2001.55) ONSA Coordinatesfrom I TRF97
coordinates + velocities

station X (m) Y (m) Z (m)
ONSA | 3370658.6137 | 711877.0963 5349786.9066

Direct comparison with unconstrained solution

X (m) Y (m) Z (m)

ONSA | 3370658.6157 | 711877.0900 5349786.9026
North (m) East (m) Up (M)

ONSA -0.0027 -0.0066 -0.0030

Comparisonwith constrained solution (ONSA unconstrained,
other IGS constrained)

X (m) Y (m) Z(m)

ONSA | 3370658.6135| 711877.0884 5349786.8955
North (m) East (m) Up (M)

ONSA -0.0044 -0.0077 -0.0103

The comparison with coordinatesfrom aconstrained solu-
tion, in which ONSA was unconstrained but the other IGS
stations(GRAS, KOSG, REYK, VILL, WTZR) werecon-
strained totheir ITRF97 (€2001.55) coordinates, showsan
apparent height change of just over -10 mm. This height
change does not match the -20 mm suggested by the
SWEREF99 processing but it does match a height change
found by AmbrusKenyeresin processing for the EPN time
series. On the standard EPN time seriesitisnot so easy to
seethisjump because of the noisein the height component
and on the improved time seriesit is already eliminated.

Totest theeffect of ONSA onthecoordinatesof the EUREF
GB 2001 gtationsaconstrai ned sol ution wascomputed where
al 1GSstations(including ONSA) wereconstrained totheir
ITRF97 (€2001.55) coordinates. Thecoordinatesfromthis
solutionwere compared to the coordinatesfromthe previous
constrained solution (where ONSA wasunconstrained). The
comparison showed that the constraining/unconstraining
of ONSA introduced shiftsof just-1.2 mminNorth, -1.5mm
in East and -1.3 mm in height into the EUREF GB 2001
coordinates.

It was decided to constrain the coordinatesof ONSA inthe
final solution for the following reasons:

— Thechangeintroduced by constraining/ unconstraining
ONSA isvery small;

— The size of the height jump at ONSA s still being
debated;

— Despite the suspected height jump the original I TRF97
coordinates of ONSA are still accepted and being used
by the” EUREF Community” ,i.e.—fixed stationin EPN,
computation of CODE products. Ordnance Survey wishes
to follow the EPN solution as closely as possible.

4.3 Constrained Solution
Theunitweight error of the constrained solutionwas 1.4 mm.

The RMS repeatabilities for the constrained solution are
shown in Figure 5 and Table 10. The figuresin Table 10
are afurther indication of the good quality of the solution.

The coordinates of the proposed EUREF stationsfrom the
constrained solution were compared with the coordinates
from the unconstrained solution. The results of this com-
parison are in Table 11. The effect of fixing the 6 IGS
fiducial stations has been to systematically shift the un-
constrained solution coordinatesby 1.7 mminNorth, 0.7 mm
in East and 3.2 mm in height. These small shifts further
indicatethequality of the solutionand their systematic nature
showsthehighlevel of consistency betweenthel GSdtations.

Thecoordinatesfromthe constrai ned sol ution wereaccepted
asthefina coordinates. A full list of final ITRF97, epoch
2001.55, coordinatesis given in Appendix A.
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Figure 5. Graph of Constrained Solution RMS Repeatabilities for each station.
Table 10. Constrained Network Solution. Session-to-Session RMS Coordinate Repeatabilities.
. Comp | North | East Up . Comp | North | East Up
Station Name D mm)  (mm) | (mm) Station Name D mm) | (mm) | (mm)
Calide CARL 11 1.0 6.6 Ordnance Survey HQ OSHQ | 1.2 12 5.6
Carmarthen CARM 15 13 53 Plymouth PLYM 13 13 55
Colchester coLCc | 14 12 49 Thurso THUR 22 15 74
Daresbury DARE 1.2 11 54 Buddon 0s01 31 2.3 5.2
Droitwich DROI 1.0 13 4.0 Kirkby Stephen 0Ss08 1.9 21 6.4
Edinburgh EDIN 16 0.9 8.0 Solar Pillar 0Ss12 12 11 5.0
Glasgow GLAS | 21 11 59 Observatoire de Calern | GRAS | FIXED | FIXED | FIXED
IESSG Nottingham IESG 15 11 38 (DOMES 13504M003)
Inverness INVE = 16 18 62 Kootwijk (DOMES KOSG FIXED FIXED FIXED
10002M006)
Ide of Man North IOMN 2.2 15 6.9
Onsala (DOMES ONSA | FIXED | FIXED | FIXED
Ide of Man South IOMS | 16 13 6.6 10402M004)
Kings Lynn KING | 14 | 14 | 46 Reykjavik (DOMES ~ REYK FIXED FIXED FIXED
Leeds LEED 17 11 4.9 10202M001)
Mallaig MALG 21 20 7.3 Villafranca (DOMES VILL |FIXED FIXED  HXED
Newcastle NEWC 20 15 58 13406M001)
Northampton NORT 17 13 52 Wettzell (DOMES WTZR FIXED FIXED FIXED
, 14201M010)
Nottingham NOTT | 1.2 14 55
Overall RMS 17 15 6.0
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Table 11. Comparison of Coordinates between Constrained & Unconstrained Solutions.

siler Neme Cﬂ? P ?m? (Eqansqt) (nqurl?q) SklEn ke Cﬁ? P ?'nﬁ] (Eqansqt) (nl:rﬁ:)
Carlide CARL 15 0.6 3.2 Leeds LEED 15 0.6 31
Carmarthen CARM | 1.8 0.7 3.0 Mallaig MALG | 15 0.8 3.2
Colchester CoLC 18 0.6 33 Newcastle NEWC 15 0.7 31
Daresbury DARE 1.7 0.7 3.2 Northampton NORT | 1.8 0.8 29
Droitwich DROI 18 0.7 29 Nottingham NOTT 1.7 0.6 27
Edinburgh EDIN 14 0.7 3.3 Ordnance Survey HQ OSHQ 18 0.7 29
Glasgow GLAS | 15 0.6 32 Plymouth PLYM 20 0.8 29
IESSG Nottingham IESG 17 0.7 31 Thurso THUR 12 0.9 34
Inverness INVE 1.2 0.7 34 Buddon 0so1 13 0.6 33
Isle of Man North IOMN 17 0.7 3.2 Kirkby Stephen 0OSs08 15 0.6 35
Isle of Man South IOMS | 16 0.7 32 Solar Pillar 0s12 1.9 0.5 27
Kings Lynn KING 16 0.6 31 Overall RMS 17 0.7 3.2

4.4 Comparison with Previous Campaigns

Thefinal accepted coordinatesfromthe constrained solution
weretransformed to the ETRS89, epoch 2001.55 using the
method from [BOUCHER and ALTAMIMI 2001] see 3.10
above. A full list of final ETRS89, epoch 2001.55 coor-
dinatesis given in Appendix B.

StationsOS01 (Buddon), |ESG (1ESSG Nottingham), OS08
(Kirkby Stephen) and OS12 (Solar Pillar) were included
inthe network because they have been coordinated in pre-
vious geodetic GPS campaigns. These previous ETRS89
coordinates were compared with the coordinates from the
constrained solution asan external measure of accuracy. The
results of these comparisons are shown in Table 12.

TheFBM Project [|ESSG 2000] wasaGPScampaign carried
out in early 1999 to provide accurate GRS80 ellipsoidal
heightsfor al fundamental bench marks (FBMs) in Great
Britain. The coordinates for OS01 and OS08 from this
campaign arebased ontwo 4 hour GPS sessionsonthesame
day (or onconsecutivedays). Station | ESG wasareference
station in the FBM Project and it’s coordinates are based
on 77 days of GPS data. The processing and analysis for
the FBM Project was carried out by IESSG using similar
techniquesand model sasthoseused inthe EUREF GB 2001
campaign.

The EUVN97 campaign [INEICHEN 1999] is well known
and wasaEuropewidefiducial GPS campaign with obser-
vations lasting 7 daysin May 1997. The UKGauge cam-
paigns (91, 92, 93 & 96) wasaseries of fiducial GPS cam-
paignsto determinethe heights of tide gauge bench marks.
Coordinatesfrom UK Gaugewerekindly provided by IESSG.

Two previous EUREF campaigns were also used in com-
parisons. EUREF EIR/GB 95 [Ashkenazi et al 1996] was
a campaign to realise an ETRS89 network in Northern
Ireland and the Republic of Ireland, that al so included some

stationsin Great Britain. EUREF GB 92 [ DENYSet al 1995]
was the first EUREF network in Great Britain.

Comparisonwith the EUV N97 campaign showsgood coor-
dinaterecovery (5 mmor better) at stationsOS01 and OS12.
OS01 d so hasarecovery better than9mminall components
withthe FBM Project and OS12 recoversto better than 2 mm
when compared with the UK Gauge96 campaign.

Coordinaterecovery at station OS08 isnot asconsistent as
at OS01 and OS12. Thereisa 19 mm discrepancy in the
East component when compared to EUVN97 and a25 mm
discrepancy in height when compared to the FBM Project.
However the recoveries compared to UKGauge96 are
improved — less than 8 mm in all components. The plan
North and East recoveries compared to the FBM Project
are good and the 25 mm height difference may be due to
thefact that it isbased onjust two 4 hour session asopposed
toacontinuousweek of datain EUREF GB 2001. However,
there is no readily available reason for the 19 mm East
difference when compared to EUVN97. OS08 is not a
permanent station and requiresatripod set up which could
beafactor inthisdifference, asisthefour year time period
between the two observations.

Thecoordinaterecoveriesat | ESG weremoreof aconcern.
Compared to both EUVN97 and the FBM Project thereis
a 10 mm difference in North and a 20 mm difference in
height, the East component is always <4.6mm. IESG isa
permanent geodetic station operated by | ESSG at Notting-
ham, so the differences are unlikely to be due to set up.
IESSG confirmed that |ESG has not been moved, re-sited
or changed in any significant way since it wasfirst estab-
lished. Thereisobvioudy closeagreement at | ESG between
EUVN97 and the FBM Project, so, asan additional check,
|ESSG kindly provided coordinatesfromtheir most recent
daily analysisof thel ESG data. These coordinatesstemfrom
highly accurate processing similar to that carried out for the
weekly European Permanent Network analysis.
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Table 12. Comparisonwith Previous Campaigns. (NB: thesenseof all differencesisfrom EUREF GB 2001 to the previouscampaign.)

Final Estimated Coordinatesfrom Constrai ned Solution. ETRS89

EUREF EIR/GB 95. Coordinates and differences. ETRS89

0s01
IESG
0Ss08
0s12

X (m)
3526416.4899
3851174.4913
3713868.6649
4033459.2129

Y (m)
-171421.1902
-80151.8545
-154772.6362
23626.3103

Z (m)
5294098.6713
5066646.9942
5166095.4576
4924303.0796

FBM Project (1999) Coordinates and differences. ETRS89

X (m) Y (m) Z(m)
OS01 | 3526416.4740  -171421.1911  5294098.6917
0OS08 | 3713868.6518 | -154772.6386  5166095.4763
North (m) East (m) Up (m)
0S01 0.0248 0.0003 0.0097
0s08 0.0217 -0.0009 0.0102

UK Gauge93 Coordinates and differences. ETRS89

X Y Z
(m) (m) (m) X (m) Y (m) Z(m)
O | WO -IADIE SO | 1 e 7L Sz9ulERGEE
008 3713868.6750  -154772.6392  5166095.4810 0S12 | 4033459.2039 23626.3139 | 4924303.0881
North (m) East (m) Up (m) T ) — Upi)
001 0.0069 -0.0021 0.008g ©OS01 0.0053 -0.0069 0.00%5
IESG 0.0100 0.0037 00194 OSL2 0.0123 0.0063 0.0025
0Ss08 0.0053 -0.0026 0.0250 _ )
UK Gauge92. Coordinates and differences. ETRS89
EUVN97 Coordinates and differences. ETRS89 X (m) Y (m) Z (m)

X (m) Y (m) Z(m) OSOl 35264164521  -171421.1898  5294098.6972
0s01 3526416.4860 -171421.1890 | 5294098.6750 | ©OS12 | 4033459.1908 23626.3137  4924303.1059
IESG = 3851174.4950  -80151.8500  5066647.0170 North (m) East (m) Up (m)
o TG STAT SO om e oo ome

' ’ ’ 0Ss12 0.0337 0.0062 0.0080
North (m) East (m) Up (m)
001 0.0053 0.0010 0.0009 EUREF GB92. Coordinates and differences. ETRS89
IESG 0.0109 0.0046 0.0204 X (m) Y (m) Z (m)
0Ss08 -0.0049 0.0191 -0.0132
0s12 0.0053 0.0057 -0.0012 001 3526416.5090 -171421.1790  5294098.7340
0S08 3713868.6880 -154772.6300  5166095.5030
IESSG Coordinates from daily analysis. ITRF97 (€2001.46) OS12 | 4033459.1960 23626.2880 4924303.0760
transformed to ETRS89 North (m) East (m) Up (m)
0S01 0.0195 0.0140 0.0640

X (m) Y (m) Z (m) 0S08 0.0081 0.0092 0.0527

IESG 3851174.4862 -80151.8603 5066646.9922 0OS12 0.0109 -0.0195 -0.0120
North E

orth (m) ast (m) Up () UK Gauge91. Coordinates and differences. ETRS89

IESG 0.0028 -0.0059 -0.0046
X (m) Y (m) Z (m)
UK Gauge96 Coordinates and differences. ETRS89 0s01 3526416.4482 | -171421.1858 | 5294098.6616

X (m) Y (m) Z (m) 0OS12 | 4033459.2125 23626.3113 | 4924303.0903
OS08  3713868.6580  -154772.6345  5166095.4535 North (m) East (m) Up (m)
0OS12 | 4033459.2130 23626.3120 | 4924303.0819 | OS01 0.0299 0.0043 -0.0298

North () East (m) Up (m) 0s12 0.0070 0.0037 0.0096
0OS08 0.0033 0.0014 -0.0074
0Ss12 0.0014 0.0017 0.0019
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Mean coordinates from the latest 7 days of analysis were
computed and transformed to ETRS89. The coordinate
recovery between the EUREF GB 2001 solution and these
coordinates confirms the EUREF GB 2001 position for
station IESG with recoveries better than 6 mmin all com-
ponents. This result also indicates that there is perhaps a
changeoccurringat |ESG. | ESSG areawarethat the building
onwhich |ESG sitsis settling at arate of about 2 mm per
year whichwould account for gpproximately 5 mmdifference
betweenthe FBM Project and now. IESSG havealso found
periodicheight variationsintheir timeseriesanalysiswhich
have an annual signal and maximise early in the year and
minimise in the middle of the year. The amplitude of this
signal is about 5 mm so from peak (FBM Project obser-
vations) to trough (EUREF GB 2001 observations) could
account for another 10 mm of height difference. A further
small discrepancy may be due to the bias between the two
software packagesused to processthe observations—Bernese
for EUREF GB 2001 and GAS for the FBM Project.

Moving down the comparisonsin Table 12 the campaigns
get older and the coordinate recoveries|ess consistent and
generally of alower precision. From the EUREF EIR/GB
95 campaign OS01 and OS08 exhibit similar differences
of approximately 20 mm and 10 mm in North and Up
respectively and very small differencesin East. From the
older UK Gauge campaignsthedifferencesvary. UK Gauge93
hascoordinaterecoveriesgenerally better than 10 mmwhere
asfor UK Gauge92 the East and Up recoveriesaregood but
theNorthrecoveriesareupto46 mm. Coordinaterecoveries
from the EUREF GB 92 campaign are better than 20 mm
in plan but go up to 64 mm in height.

Itisperhapsto beexpected that coordinate recoveriesfrom
older campaigns will not be as good when the time span
between them and the differencesintheunderlying I TRF's
are taken into account. The general level of agreement is
around 20 to 30 mm.

5. Conclusions

Theresultsin 4.1 above (Table 7) show the high level of
internal quality of the solution to be generally better than
3 mmin North and East and 7 mm in height.

Thecoordinaterecoveriesof thel GSfiducia stations(Table
8) show that the ITRF isbeing realised at the 10 mm level.

The differences between the unconstrained and the con-
strained solutions(Table11) show thehighlevel of internal
consistency between the | GS stations.

Comparison with previous campaigns has shown that the
ETRS89, coordinatesagreewith previous(recent) campaigns
to generally 10 mm or better. This is despite some larger
than expected differences that are explained. Comparison
toolder campaignsupto 1995 (and up to I TRF93) generally
agreeto around 20 to 30 mm.
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A. Final ITRF97 Coordinates

EUREF GB 2001 Final ITRF97, epoch 2001.55, coordinates. GRS80 Ellipsoid. SE's based on coordinate repeatabilities.

Station Name Cﬂ;"p X (M) +se(m) Y (m)+se(m)  Z (m)+se(m) Lfse(?%s) Loir‘si((‘:n’;‘s) Hfsgeh(trgn)
Carlide capL 3071344436 -188441200 5194774079 N 54 53 43532333 W 002 56 17.789806  93.554
0.004 0.001 0.005 0.002 0.002 0.006
Camarthen | Capy | 3996213912 206554215 4993187226 N 51 51 32080552 W 004 18 30.680608 81361
0.004 0.001 0.004 0.002 0.002 0.006
Colchester | CoLe | 3943778286 61764.205 4995618045 N 51 53 39.727115 E 000 53 50.085308  75.278
0.003 0.001 0.004 0.002 0.002 0.005
Dacbuy  DARE 811965414 175799882 5003615648 N 5320 41298279 W 002 33 25766675  88.424
0.003 0.001 0.004 0.001 0.002 0.005
Droitwich DRol | 3909832830 -147006961 5020822.640 N 52 15 19.065933 W 002 09 16501225 101535
0.003 0.001 0.003 0.002 0.002 0.006
Edrbugh  EDIN | 57928281 205860465 5250853308 N 5555 20225633 W 003 17 41242052  119.049
0.005 0.001 0.006 0.002 0.002 0.008
Glasgow GLag 3578263289 268830380 5255304393 N 5551 14406470 W 004 17 47.355896 71633
0.004 0.001 0.004 0.002 0.002 0.007
IESSG \Esg | 3951174299  -B0151682 5066647161 N 52 56 26484343 W 001 11 32219300  98.460
Nottingham 0.003 0.001 0.003 0.002 0.002 0.005
Iverness NvE | 3427172205 252834173  5355255.657 N 5729 10508066 W 004 13 09.341472  66.196
0.004 0.002 0.005 0.001 0.002 0.008
ISeof Man | o\ 3716635519  -285228402 5156273179 N 54 19 45111673 W 004 23 18559512 94526
North 0.005 0.002 0.005 0.002 0.002 0.007
Ideof Man | o\ 3737196914  -302953978 5142476266 N 54 05 11995631 W 004 38 04269410  84.388
South 0.005 0.002 0.004 0.002 0.002 0.007
KingsLym  KING | 3868685.880 27112.820 5053897.107 N 52 45 04.928809 E 000 24 05537124  66.438
0.003 0.001 0.003 0.002 0.002 0.006
L oads ggp | 3773717609 -109614285 5123816250 N 53 48 00782826 W 001 39 49.641047 215622
0.003 0.001 0.004 0.002 0.002 0.006
Maldg VALG 3463462079  -353538122 5326325633 N 57 00 21849207 W 00549 42112354 68508
0.005 0.002 0.005 0.002 0.002 0.008
Newcesle | NEwe 3067109030 -103493273 5200153357 N 54 58 44.849982 W 001 36 59.667461  125.895
0.005 0.002 0.005 0.002 0.002 0.007
Northampton | NORT | 3912445278 62314494 5020095446 N 52 15 05.802416 W 000 54 44953386 131604
0.004 0.001 0.004 0.002 0.002 0.008
Notingham  NoTT 3349254714 80460618 50680852571 N 52 57 43896108 W 001 11 50906514  93:840
0.004 0.002 0.004 0.002 0.002 0.006
Ordnance OsHo 4026741414 -101963606 49288080192 N 50 55 52613955 W Q01 27 01842662 100412
Survey HQ 0.004 0.001 0.004 0.002 0.002 0.005
Aymouth pLyy 4060025024  -291641836 4894189.724 N 50 26 19898000 W 004 06 31115807 215258
0.004 0.001 0.004 0.002 0.002 0.005
Thurso THUR 3325995760 216616082 5419847952 N 58 34 5234659 W 00343 34707818  98.658
0.005 0.002 0.007 0.002 0.002 0.008
Buddon ogpy | 5264162946 -171421.0273 52940988297 N 56 28 42593057 W 002 46 58.758763  57.7976
0.003 0.002 0.004 0.003 0.003 0.007
Kirkby Stephen Ospg | 37138684728 1547724674 51660956215 N 5426 47.75319 W 002 23 10948010 3561431
0.004 0.002 0.005 0.002 0.002 0.008
Solar Pillar oo, 40334590211 236264888 49243032511 N 50 52 02654328 E 00020 08207983  70.8225
Herstmonceux 0.003 0.002 0.005 0.001 0.002 0.006
Observaioire .\ 45816909720 5561147705 43893607260 N 43 45 17.053093 E 006 55 14060349 1319.3093
de Calern 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
K ootwijk Kosg | 38992251991 3967318870 5015078.3832 N 52 10 42333763 E 00548 34715041  96.8546
Observatory 0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
onsda Onga 33706586138 711877.0060 53497869065 N 57 23 43073537 E 01155 31859128 455726
0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
Reykjavik REyk | 25673844087 10430335158 57165640066 N 64 08 19619963 W 021 57 19.745568  93.0461
0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
Villdranca  viLL | BA98337637 -335049.0053 4116014.8749 N 40 26 36932901 W 003 57 07.127950 647.3621
0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
Wettzll Wizr 40755806250 9318537439 4801568.0746 N 49 08 39.111734 E 01252 44071785 6660197
0.0000 0.0000 0.0000 0.0000 0.0000  0.0000
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B. Final ETRS89 Coordinates
EUREF GB 2001 Final ETRS89, epoch 2001.55, coordinates. GRS80 Ellipsoid. SE’s based on coordinate repeatabilities.

sationName  “OTP X (m)xse(m) Y (m)xse(m)  Z (m) se(m) L:‘sé‘fmf) L‘;r‘s%((?nr‘)r‘s) H:S%h(trf];“)
Caride capL  J67I34628 188441376 5194773916 N 54 53 43524012 W 002 56 17798639 93535
0.004 0.001 0.005 0.002 0002  0.006
comertren | capy | 2936214003 206554390 4993187053 N 51 51 32072175 W 004 18 30689042 81345
0.004 0.001 0.004 0.002 0002  0.006
Colcheter | coLc 3943778482 61764029 4995617876 N 51 53 39718849 E 000 53 50075954 75265
0.003 0.001 0.004 0.002 0002 0005
Daweshuy DR | BLIOBS603  -175800054 5093615481 N 53 20 41289946 W O02 38 25775482 88407
0.003 0.001 0.004 0.001 0002 0005
Sroiwich | DRo, | 3909633018 147097136 5020322470 N 52 15 19.057596 W 002 09 16510059 101520
0.003 0.001 0.003 0.002 0002  0.006
cdinbugh oy | S575928474 205860620 5250853.148 N 55 55 20217325 W 003 17 41251769 119030
0.005 0.001 0.006 0.002 0002  0.008
Glasgon  GLAg J578263479 268830505 5255394231 N 55 51 14398136 W 004 17 47.364504  7L613
0.004 0.001 0.004 0.002 0002  0.007
IESSG cee | 3851174491 0151854 5066646994 N 52 56 26476036 W 001 11 32228349  98.445
Nottingham 0.003 0.001 0.003 0.002 0002 0005
amee | INvg | 3427172309 252834332 5355255501 N 57 29 10499757 W 004 13 09350178 66.175
0.004 0.002 0.005 0.001 0002  0.008
iseof Man |\ 3716635705 285228571 5158273014 N 54 19 45103320 W 004 23 18568035 94508
North 0.005 0.002 0.005 0.002 0002 0007
iSeof Man | o 3737197.000 302954147 5142476100 N 54 05 11987274 W 004 38 04277877 84310
South 0.005 0.002 0.004 0.002 0002 0007
KingsLymn | KING | 908086076 27112647 5053896.941 N 52 45 04920631 E 000 24 05527788 66424
0.003 0.001 0.003 0.002 0002  0.006
et lcep | 3773717802 100614456 5123816085 N 53 48 0074519 W 001 39 49.650086 215605
0.003 0.001 0.004 0.002 0002  0.006
vallig AL 3463463168 353533282 5326325474 N 57 00 21840870 W 005 49 42120696 68486
0.005 0.002 0.005 0.002 0002  0.008
Newcagle | NEwe 3667100225 103493440 5200153195 N 54 58 44841685 W 001 36 59676550 125,877
0.005 0.002 0.005 0.002 0002  0.007
Northampton | NORT | 91245460 -62314660 5020095277 N 52 15 05794100 W 000 54 4496247 131569
0.004 0.001 0.004 0.002 0002  0.008
Notingham | NOTT | JBA9254906  -B0460.79L 5068085.090 N 52 57 43887803 W 001 11 50915565  €3.24
0.004 0.002 0.004 0.002 0002  0.006
Ordnance (g, 402674160 -101963784 492807.846 N 50 55 52605623 W 001 27 OLESLSAS 100309
Survey HQ 0.004 0.001 0.004 0.002 0002 0005
oymouh  pLym 000025202 291642015 4894189.548 N 50 26 10.88961L W 004 06 31124219 215243
0.004 0.001 0.004 0.002 0002 0005
e Tup | 3325995957 216616233 5419847.790 N 58 34 52336371 W 003 43 34716688  98.636
0.005 0.002 0.007 0.002 0002  0.008
Buddon ogpy | 26416490 171421190 5294008671 N 56 28 42584761 W 002 46 56767716  57.778
0.003 0.002 0.004 0.003 0003 0.007
Kirkby osop | 713868665 154772636 5166095458 N 54 26 47.744880 W 002 23 10956923 356126
Stephen 0.004 0.002 0.005 0.002 0003 0008
SarPilla | o, 4033450213 23626310 4924303080 N 50 52 02646038 E 000 20 08198800 70810
Herstmonceux 0.003 0.002 0.005 0.001 0002 0006
Obsarvatoire | o, 45816911686 5561145768 4389360.5443 N 43 45 17.044993 E 006 55 14.050699 13193078
deCaern 0.000 0.000 0.000 0.000 0000 0000
Koowijk | oqq 38992254084 3967317127 50150782204 N 52 10 42.325663 E 005 48 34704800 96,8428
Obsarvatory 0.000 0.000 0.000 0.000 0000 0000
oredta ongs 33706588458 7118769385 53497867636 N 57 23 43065754 E 011 55 31847032 455571
0.000 0.000 0.000 0.000 0000  0.000
Reykiavik | REyk | 25873845824 10430336467 57165638662 N 64 08 10611881 W 021 57 10749743 930114
0.000 0.000 0.000 0.000 0000  0.000
Villdronca | y|LL | 43498339167 -335049.2062 41160146742 N 40 26 36924451 W 003 57 07.136005 647.3586
0.000 0.000 0.000 0.000 0000 0.000
Wettaal Wwizn 40755808490 9318535652 4801567.9120 N 49 08 3910340 E 012 52 44060726 6660142
0.000 0.000 0.000 0.000 0000  0.000




