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Starting point

* Need for homogeneous national reference frame
(Eurogeographics, INSPIRE): ETRF

 ETRF is widely acknowledged and used as the reference
frame for Europe

* National ETRF coordinates were in the past mainly
computed from campaigns — today permanent networks
define national reference frames

 Umbrella EUREF: EPN web portal gives detailed
Information on coordinates. Coordinates are mainly
“scientific” oriented:

= weekly
= |[TRF / ITRF-densification ETRF coordinates
= EPN cummulative coordinate set
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@ Projectidea

 Collection of all EPN sites which are used in the countries
for reference frame realization and which therefore have
official national ETRF coordinates.

« Demonstration of the “homogeneity” of the ETRF realization

« Usefull additional info on the EPN web (no control of the
countries; publication only if agreed by countries)

* In future extendable to a “monitor system” for the countries.

* Project started at LAC Meeting Frankfurt / TWG Meeting
Munich (Oct./Nov. 2008): 15 countries asked to deliver
coordinates — all other countries were asked to report on it
In the national reports
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@ Proposal: official national ETRF
coordinates on EPN web site

EPN

http://www.epncb.oma.be/_trackingnetwork/coordinates/stationcoordinates4onestation.php?station=2IMM
2. B) Positions computed by the EPN Combination Centre
X peckly Z yeekly

4331297.0061 + 0.0012 4633133.9850 + 0.0012

epoch ty ey
2009.24

HEsik (Wi No 1525)

567555.9578 + 0.0004

2. A) Positions/velocities computed from the EPN time series analysis (release 14/04/2009)

T Position (m) Velocity (m/y)
ETRF2000 epoch ty

Xepn Yeen Zepn VXepn V¥epy VZepn
182/96 - 310/98 | 2000.0 4331257.344 + 0.000 567555.634 = 0.000 4633133.722 £ 0.000 -0.0005 £ 0.0001 |-0.0005 £ 0.0000 | 0.0001 + 0.0001
310/98 - 309/06 | 2000.0 4331297.333 + 0.000 567555.637 + 0.000 4633133.710 £ 0.000 -0.0005 £ 0.0001 |-0.0005 £ 0.0000 | 0.0001 + 0.0001
309/06 - 064/09 | 2000.0 4331297.332 = 0.001 567555.639 £ 0.000 4633133.710 £ 0.001 -0.0005 = 0.0001 -0.0005 = 0.0000 | 0.0001 £ 0.0001

1. A) Positions/velocities published by EUREF (release Dec. 2008)

National level (e.g. CH)
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Transton of refectncs frames Zimmerwald

o e —1

oemism AGHES station ZIM
ks i 3 GHES recetrer: TRIUDLE NETRS
S5 permanent netwarks GPS anenna: TRUZEE52.00

Antenna hesght: 0000 m

Ansiyss center

Phase center L1: 0.110m

ETRF2000* epoch ¢, Busilion{in Velaity (m/y) Pherse center L2 0128
Xepn Yepn Zgpn VXepn V¥epn VZgpy —_ =
182/96 - 310/98 | 2000.0 | 4331297.342 + 0.000 567555.634 £ 0.000 4633133720 + 0.000 | 0.0012 * 0.0001 | 0.0004 + 0.0000 | 0.0020 £ 0.0001 @® Geodam production PCV antenna modiel
310/98 - 365/05 | 2000.0 | 4331297.331  0.000 567555.637 £ 0.000 4633133.708 + 0.000 | 0.0012 * 0.0001 | 0.0004 + 0.0000 | 0.0020 % 0.0001 S oot
ogy
. Ph L
- — ::::‘:.:.‘.:‘“:“mmm Ruference coordinales: GNES arl?ulma /};i “"i‘rm .
- P - m X = 4331297339 flg = 46° 52 37 540565 /P.u ference poim
1. B) Positions/velocities published by the IERS c v =sarsss om |- 7or s sz of rtore
2 = 43333717 I = 955 338
Paosition (m Velocity (m/ QJ = Antenna height
ETRF2000(R0S) | epoch by {on} - -~ e,
Xiers Yiers Ziers VXigrs V¥iers VZigrs cC € = 2602030.740 =
lerency point
start- 310/98 | 2000.0 | 4331297.341 £ 0.001 567555.635 = 0,000 4633133.719 £ 0.001 | 0.0000 # 0.0001 |-0.0003 # 0.0001 | 0.0004 = 0.0001 | i oo
310/98 - 365/05 | 2000.0 | 4331297.332 + 0.001 567555.636 % 0.000 4633133.709 + 0.001 | 0.0000  0.0001 |-0.0003 + 0.0001 | 0.0004 £ 0.0001 1302.2008
ISR 0N Update
. Pasition {m) Velacity {m/y) 20.00.2008
ETRS89 epoch ty
XIERS Y]ERS ZIERS VXIERS WIERS VZ]ERS
m%ﬁ 1989.0 | 4331297.347 + 0.004 567555.633 % 0.002 4633133.717 £ 0.004 |-0.0007 % 0.0004 | 0.0001 # 0.0002 -0.0001 % 0.0005
EIRF2000 1989.0 | 4331297.342 % 0.004 567555.635 % 0.002 4633133.712 % 0.005 |-0.0007 % 0.0004 | 0.0001 # 0.0002 -0.0001 * 0.0005
313/38 - 365/00 : : : . : : : : : : : : :
ELRFAZ 1989.0 | 4331297.331 + 0.004 567555.636 + 0.003 4633133.701 + 0.004 | 0.0015 + 0.0005 |-0.0004 + 0.0004 | 0.0008 + 0.0005
start - 365/38
EIRESS 1939.0 | 4331297.331 * 0.003 567555.643 % 0.003 4633133.693 £ 0.003 | 0.0020 % 0.0003 |-0.0008 + 0.0004 | 0.0026 * 0.0003
start - 365/37
If station used in national networks basing on ETRS c
B o
I ETRF93 *EpOCh 1993.0 I4331297.339 567555.638 633133.717 | —
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@ File format for information exchange

EJ File name: CHE_200810021. ETRF

St ati on DOVES X Y Z Fr ane

ZI M2 14001MDO8 4331300. 1443 567537.0824  4633133.4977 ETRF93
Zl MM 14001MD0O4 4331297. 3388 567555. 6380 4633133. 7174 ETRF93

Epoch

valid from

to

**yyyy*mrdd* *yyyy* mmt dd**yyyy* mt dd

1993 01 01 2007 11 09
1993 01 01 1988 01 01

Fil e name: SWE_200903013. ETRF

St ati on DOVES X Y Z Fr ame

KI RO 10422MD01 2248123. 5038 865686. 5326  5886425. 5943 ETRF97
MARG6 10405MD02 2998189. 7132 931451. 5886  5533398. 4735 ETRF97
ONSA 10402MD0O4 3370658. 8318 711876. 9387 5349786. 7450 ETRF97
SKEO 10426MD01 2534031. 1978 975174. 4040 5752078. 3436 ETRF97
SPTO 10425MD01 3328984. 8136 761910. 0660  5369033. 4748 ETRF97
SPTO 10425M)01 3328984. 8211 761910. 0677  5369033. 4857 ETRF97
VI LO 10424MD01 2620258. 8912 779137. 9797 5743799. 2762 ETRF97
VI SO 10423MD01 3246470. 5614 1077900. 3132 5365277. 9025 ETRF97

Epoch

1999
1999
1999
1999
1999
1999
1999
1999

07
07
07
07
07
07
07
07

01
01
01
01
01
01
01
01

valid from to
**yyyy* mtdd* *yyyy* mmtr dd* *yyyy* mt dd

1993
1993
1999
1993
1995
2007
1993
1993

08
08
02
08
12
06
08
08

01
01
02
01
01
08
01
01

2007 06 08
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Number of EPN sites with official national
ETRF coordinates

- Not yet asked (EPN sites)

- Ok: (xx CRD delivered / EPN sites)

No EPN sites used: (xx CRD delivered
/ EPN sites)

EPN: 39 countries
223 sites

All 15 countries
sent coordinates

Partly more site
coordinates delivered
(additional national +
outside of the country)

Status: 1.5.2009
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@ Reference solution

 |TRFO05 densification solution of the EPN

published in Dec. 2008
aligned to ITRF2005 with minimum constraints

data from 0860 — 1355 [same as ITRF2005, Dec. 2005;
before Nov. 2006 (week 1400)] EPN | TRF C1355. SNX

based on relative antenna phase center variation model,
which is also true for many national reference frame
realizations

regarded as a “scientific” coordinate solution

presently reference solution with more frequent updates
are provided (Kenyeres, 2009)

Monitoring of official national ETRF coordinates on EPN web
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@ Comparison with EPNO5 densification:
Method used

ITRFO5 Densification solution of the EPN (Nov. 2008): data till week 1355

EPN_| TRF_C1355. SNX EPN_ETRF_C1355. CRD “EPNO05”
ETRF2000(R05)
Transformation, N
ITRF200 Epoch 2000.0 ETRF2000

[ > Comparison
(Difference)

AUT_20090211. ETRE ETRFOO0
BEL 20090127. ETRE ETRF2000 ot
CHE_20081021. ETRF ETRF93 !

DEU 20081104. ETRF  ETRS89
ESP_20090201. ETRF ETRF05

FI N 20090119. ETRE  ETRF96

FRA 20090428. ETRE ETRF93

HUN 20090120. ETRF  ETRFO0

I TA 20090101. ETRE  ETRF2000

NLD 20090325, ETRE  ETRF2000( R05)
POL_20090129. ETRF  ETRFO5( RO5)

PRT 20090402. ETRE ETRF89

SVK_20090421. ETR  ETRF2000

SWE 20081024. ETRF  ETRF97

ITRF ETRF Different Epochs

[|=HHEE=I)

National ETRF coordinates

Monitoring of official national ETRF coordinates on EPN web 8
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@ Comparison with EPNO5 densification:

alternative Method using EPN web

EPN

2. B) Positions computed by the EPN Combination Centre

IGS05

2. A) Positions/velocities computed from the EPN time series analysis (release 14/04/2009)

epoch t,

2009.24
Wk No 1525)

X peckly

4331297.0061 + 0.0012

Y weekly

567555.9578 + 0.0004

Zeekly

4633133.9850 + 0.0012

ETRF2000

182/96 - 310/98
310/98 - 309/06
309/06 - 064/09

1. A) Positions/velocities published by

epoch ty

2000.0
2000.0
2000.0

Xeen

4331257.344 + 0.000
4331297.333 + 0.000
4331297.332 £ 0.001

Position (m)
Yeen

567555.634 = 0.000

567555.637 + 0.000

567555.639 £ 0.000

Zeon

4633133.722 £ 0.000
4633133.710 £ 0.000
4633133.710 £ 0.001

Velocity (m/y)

VX, VY,

EPN EPN
-0.0005 £ 0.0001 |-0.0005 £ 0.0000
-0.0005 £ 0.0001 |-0.0005 £ 0.0000

-0.0005 £ 0.0001 |-0.0005 £ 0.0000

EUREF (release Dec. 2008)

ETRF2000*

epoch o

qoo o

Xepn

FECTE v Ay C e sG55 Ao 0 000

I 310/98 - 365/05

2000.0

4331297.331 + 0.000

VZeon

0.0001 + 0.0001
0.0001 + 0.0001
0.0001 + 0.0001

National level (e.g. CH)

S R swsstopo: Bmmermakd

iganeianiehaft
i Federsl Department of

1
ryer
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Hamepage | Stemap | Contact | Wi i what? |

fr——1

roCad AGNES station ZIMM
i GHSS recerver: TRIUBLE NETRE
GPS andenna: TRUZPSS0.00
Antenna hasght: 030 m

Phase center L1: 0.110m

international

Position (m) Velocity (m/y) Phase center Lz: 0.128m
Yeen Zepn VXepn V¥EpN VZepn =
46331 Bl 000 O o0i2 g oand Lo gona . oonn 0 nnon o ooy Geodets production PCV antenna meckd :
567555.637 + 0.000 4633133.708 + 0.000 | 0.0012 + 0.0001 | 0.0004 + 0.0000 | 0.0020 + 0.0001 I‘_ ::::"‘"“‘
Spatial cata infrastructure

1. B} Positions/wvelocities published by the IERS

ETRF2000(R05

start - 310/98
310/98 - 365/05

ETRS89

ETRF2000
start - 312/98

ETRF2000
312/98 - 365/00
ETRF97
start - 365/98

ETRF36
start - 365/97

epoch t,

2000.0
2000.0

epoch t,

1985.0
1989.0
1989.0

1939.0

Xiers

4331297.341 + 0.001
4331297.332 + 0.001

*1ers
4331297.347 £ 0.004
4331297.342 £ 0.004

4331297.331 + 0.004

4331297.331 + 0.003

Position (m)
Yiers

567555.635 £ 0.000

567555.636 + 0.000

Pasition (m)
Y]ERS

567555.633 + 0.002
567555.635 = 0.002

567555.636 + 0.003

567555.643 + 0.003

Ziers

4633133.719 £ 0.001
4633133.709 & 0.001

Ziers
4633133.717 + 0.004
4633133.712 + 0.005

4633133.701 + 0.004

4633133.693 + 0.003

Velocity (m/y)

VX VY,

1ERS IERS

0.0000 £ 0.0001 |-0.0003 £ 0.0001
0.0000 £ 0.0001 |-0.0003 £ 0.0001
Velocity {m/y)

VX WY

TERS. IERS

-0.0007 % 0.0004 | 0.0001 + 0.0002
-0.0007 £ 0.0004 | 0.0001 £ 0.0002
0.0015 + 0.0005 |-0.0004 + 0.0004

0.0020 + 0.0003 |-0.0009 + 0.0004

VZigrs

0.0004 = 0.0001
0.0004 = 0.0001

VZ]ERS
-0.0001 & 0.0005
-0.0001 £ 0.0005

0.0008 + 0.0005

0.0026 + 0.0003

GNSS aptenna  hase center Ll
/Phasa cortor 12

Grointarmation

Ruference poim
of ananna

LV9S [CH-1903+K Antonna hoight

E = 2502030.740
Ruference point

Ationna vald since:
23.02.2008
Infomasen update:
20.08.2008

Topics | Products | Interactive applications | Documentation | Services | Aboutswisstopo
Dol you kenow that . Hemepape = Tapics » Surveying » AGHES »
Surveying
Rederence
Tranation of relerencs framss Zimmerwald

national

- requested to report in the national report

- on sub-mm identical to method using SNX

SSC file rounded to 1 mm

http://www.epncb.oma.be/_trackingnetwork/coordinates/stationcoordinates4onestation.php?station=ZIMM
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@ Comparison with EPNO5 densification

Differences
CHE HUN POL SVK
” AUT| BEL DEU ESP FIN FRA ITA NDL O east
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-30 U
+2cm
-40
-50
Station

70 sites, 1 sites under investigation due to vertical antenna

reference point (GAIA)
Mean bias in mm (E,N,U): -4, 6, -1 mm
Mean std in mm (E,N,U): 10, 9, 13 mm
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@ Comparison with EPNO5 densification
Differences: horizontally + vertically

S4g- 0 20 9 S4g 0 20 K

e
=




@ Comparison with EPNO5 densification:
remarks

 EPN densification solution only compared for sites with a

long observation period (18 sites excluded because marked
In EPN_ETRF_C1355. SSC)

* Differences of 1-3 cm are expected due to

different ETRFYY definitions and reference epochs
transition from campaign to permanent stations
different analysis models and software used

different station setups (antenna changes) — most recent
EPN station setup was used for the comparisons

mapping agencies cannot change coordinates frequently
location on “non-stable plate” (South Italy)

* Feedback to 15 countries sent. No objections of the
countries to publish the national official ETRF coordinates
on the EPN web page.

Monitoring of official national ETRF coordinates on EPN web 12
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Conclusion

« Countries did a great job computing ETRF coordinates for
permanent EPN stations !!!

« Scientific coordinates released by EUREF are a usefull
reference (collaboration of many countries)

* Proof of the ,compatibility“ within Europe, which is essential
for projects within INSPIRE and EuroGeographics

 Integration of national coordinates into EPN and/or EU-CRS
webpage would prove the collaboration on an European
level

« Advantage also for EUREF in case of datum definition
discussions (future development of ETRS89; Lidberg et al.,
2009), if the used coordinates in the countries are known.

Monitoring of official national ETRF coordinates on EPN web 13
Swiss Federal Office of Topography swisstopo



@ Instructions” for national
representatives

National ETRF coordinates for EPN stations of ALL
countries desirable (if no objection against publication):

- Send country file CCC_YYYYMMDD.ETRF (CCC:
national 3-character ISO 3166 code, YYYYMMDD: year,
month and day of the information update to:
elmar.brockmann@swisstopo.ch

- till September 15, 2009

- Example file:
http://www.swisstopo.admin.ch/swisstopo/geodesy/pnac/
divers/etrf monitor/CCC YYYYMMDD.ETRF

- Thanks to your kind cooperation !

Paper copies of the present status and all necessary information are available

Monitoring of official national ETRF coordinates on EPN web 14
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@ Futureplans

« Start will be coordinated by E. Brockmann -> operational
service will be realized by EPN central bureau (coordinate
publication + display of the differences in a suited graphical
or numerical way) . Feedback to the countries before
publication on web Is guaranteed.

 Installation of an update mechanism of coordinate changes
(e.g. as established with station log)

* “Quick Monitoring” as an option:

- Automated comparisons with scientific coordinates
derived within EPN based on the 5-weekly / 15-weekly
updated accumulated solution (Kenyeres et al., 2009) or
last weekly EPN combination (Habrich, 2008)

- Setup of an EUREF service for the contributing countries
In case of larger differences.

Monitoring of official national ETRF coordinates on EPN web 15
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Options

* Format matters
- Coordinates, reference frame in IGS log file

- or via an xml-File instead of an formatted ASCII file (xml
as data exchange within GIS community)

Monitoring of official national ETRF coordinates on EPN web 18
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@ Comparison with

EPN A ITRF2000 C1525.SNX; 2005.0

Differences [mm]

50

40

30

20
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-10
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Station

« 93 sites, 1 sites under investigation due to vertical antenna
reference point (GAIA)

 Mean bias in mm (E,N,U): -1,4, 0 mm
 Mean std in mm (E,N,U): 8, 8, 39 mm
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@ Comparison with EPN_A_ITRF2000_C1525.SNX
Differences: horizontally + vertically (Ep. 2005.0)




Comparison with EPNO5 densification
Differences: horizontally + vertically Ep. 2000.0




Status of the EPN

39 countries
223 sites

VYo
) T

G
Dar-el-Beida

Morocco
Bur'Sa‘d

Al Qahirah® Suwa',lf)‘ . =
Aigeria Mot
©200% Bazarsoft, LeadDeg Consulting, AND, Geuoelnls)& ing, Telg Atlas, P_PWK Eurol :

Status: 1.5.2009
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@ Example EPN coordinates ITRF/ETRF

ZIMM

To obtain the site positions at an epoch t different from t,. apply the site velocities: X(t) = X(t;) + (bt )¥vi: Y(t) = Yt ) + (t-t)*Vr Z(t) = Z(t) + (t-t,) ¥V,
Periods indicated in red are of reduced quality (e.g. caused by short cbservation history) and should be used with care.

1. EPN POSITIONS/VELOCITIES

1. A) Positions/velocities published by EUREF (release Dec. 2008)

ETRF2000(R05)
Trafo parameters

epoch tg
b - 310/98 | 2000.0
310/98 - 365/05 | 2000.0

1. B) Positions/velocities

Last ETRSB9/ITRS realization (release July 2006):

ETRF2000(R05)
Trafo parameters

epoch tg

A-510/98 | 2000.0
310/98]- 365/05 | 2000.0
ITRF2005 epach ty

0/98 2000.0
310/98 - 365/05

sta

2000.0

epoch t,
#@\- 310/98 | 2000.0
31099 - 365/05 2000.0

XEF‘I‘qI

4331297.342 £+ 0.000
4331297.331 £ 0.000

XEPN

4331297.141 £ 0.000
4331297.130 £+ 0.000

ublished by the IERS

XIERS

4331297.341 £+ 0.001
4331297.332 £ 0.001

XIERS

4331297.140 £+ 0.001
4331297.131 + 0.001

Position (m)

YEPN

567555.634 + 0.000
567555.637 + 0.000

*ETRF200 is the conventional reference frame used to realise the ETRS839

Position {m])

YEF“N

567555.787 + 0.000
567555.789 + 0.000

Position (m)

YIERS

567555.635 + 0.000
567555.636 + 0.000

Position {m])

YIERS

567555.787 + 0.000
567555.789 + 0.000

ZEF‘I‘\ll

4633133.720 + 0.000
4633133.708 £ 0.000

2EF‘N

4633133.883 £ 0.000
4633133.871 £+ 0.000

2IERS

4633133.719 £ 0.001
4633133.709 £ 0.001

ZIEF‘.S

4633133.882 £+ 0.001
4633133.872 £+ 0.001

VXEPN

0.0012 + 0.0001
0.0012 £ 0.0001

VXEPN

-0.0126 + 0.0001
-0.0126 + 0.0001

VXIERE

0.0000 + 0.0001
0.0000 + 0.0001

VXIERE

-0.0126 + 0.0001
-0.0126 + 0.0001

velocity (m/y)

WEPN

0.0004 + 0.0000
0.0004 £ 0.0000

Velocity (m/y)

WEPN

0.0180  0.0000
0.0180 + 0.0000

velocity (m/y)

WIERS

-0.0003 + 0.0001
-0.0003 £+ 0.0001

Velocity (m/y)

WIERS

0.0181 + 0.0001
0.0181 + 0.0001

vz ERN

0.0020 + 0.0001
0.0020 £ 0.0001

iz EPN

0.0127 + 0.0001
0.0127 + 0.0001

VZIERS

0.0004 £+ 0.0001
0.0004 £ 0.0001

VZIERS

0.0127 + 0.0001
0.0127 + 0.0001

Monitoring of official national ETRF coordinates on EPN web
Swiss Federal Office of Topography swisstopo
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-> |ITRF2005 EPNO5 densification ZIMM: +2.3 mm /year
WTZR: +0.8 mm /year

@ TI m eserl es AG N ES ZIMM-WTZR: +1.5 mm Jyear * 2.5 mm/year

10 years weekly solutions, velocities estimated,;
Datum definition: ZIMM (ITRF2005 vertical velocity)

Coordinate repeatability of ZIMM
Coordinate repeatability of ZIMM-WTZR

std+1.15 mm North +—e—

North [mm]
l t

rate 0.8 mm/yr rate -0.1 mm/yr

East [mm]

40 : . : , : rate -0.0 mm/yr
30 | std+3.67 mm Up —e— |
'g‘ : 3 I
E il Up —e—1 ]
o K
) 1 et smg el
:ig B ; ; i ; rate 2.5 mma'yrl T -
2000 2002 2004 2006 2008 S
15/01/09 16:01 YERR i
' _\4*5 | | | . ; rate 2.3 mm:’yrI 7]
2000 2002 2004 2006 2008
YEAR ; .
14/01/09 15:30 -> ITRF2005 velocity ZIMM: +2.3 mm /year
Monitoring of official national ETRF coordinates on EPN web -> ITRF2005 velocity WTZR: +1.5 mm /year 24

Swiss Federal Office of Topography swisstopo ZIMM-WTZR: 0.8 mm / year # 25 mm/year



@ \Velocities AGNES: vertical relative to
ITRF2005 ZIMM

10 157 20°

o

-> reasonable ITRF2005
velocities ZIMM: +2.3 mm
/year

50

-> comparison with results
from levelling basing on
100 years of observations
will be done

s PN

Relative velocity-"constraints”. 0.001 mm/year

Monitoring of official national ETRF coordinates on EPN web 25
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