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Statement

m EPN Analysis is a continuous effort...

...of Local Analysis Centres (LACSs) in European
countries

...1o realize an European Reference Frame in the most
accurate manner

...and thus requires to question the applied methods
and strategies all the time.
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Outline

Status of Local Analysis Centres
Status of sub-network combination
Updated options in the EPN analysis
New rapid combination products
New near real-time products

ITRF 2005 Densification
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Status of L.ocal Analysis Centres

M croCosm 2005. 0 Rapi d
Bernese 5.0 Rapi d
Bernese 5.0 Rapi d
Bernese 5.1 AL ONASS
A PSY v2.5/cov2snx

Ber nese 0

Ber nese
Ber nese
Ber nese
Ber nese
Ber nese
Ber nese
Ber nese
Ber nese
Ber nese
Ber nese

Rapi d

GLONASS, Rapi d
Rapi d

Rapi d
Rapi d

Rapi d
Rapi d

5.
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

EUREF Symposium, 6 - 9 June 2007, London, UK




Status of Sub-Network Combination

Indication of Precision
Precision between LACs Day to Day Repeatability
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Status Troposphere Combination

Daily ZTD biases from EUREF combination for EPN station ZARA
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Updated Options at Week 1400

B Antennae absolute phase center variation (APCV)
B ITRF2005 reference frame
N
O

Ocean tidal loading model update to FES2004

Estimation of horizontal troposphere gradient
parameters

Use of low-elevation data (down to 3 degrees) permitted
Inclusion of GLONASS observations permitted
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Extension of 1GS Sites by EPN Sites
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- afew station names are NOT in ASCII format
i - Type3to5missinginresulting STA file

EPN-CB EPN-CB ISTA/ ‘
sitelog EUREF.SNX SNXSSTA | complete | EUREFLSTA
EPN-CB _ . | ISTA/
EUREF.STA > ?tgi'oﬁ QSQnASC” EUREF.STA ﬂ”ﬁ>
....................................................... ISTA/
| Individual SINEX Code | Flback ——> PN\ STA
IGS05_1402 =
EPNO5_1400
: EPNO5_1406 :
— v l ..........................
1gs05.atx
| EPN-CB
—— epn_05.atx
e 5 " 1 EPN_05.PHG
$X/Gen/ move
SATELLIT.I05 v

$X/GEN
EPN_05.PHG |I=)

Enter Model Name
EPNO5 1402 i

¢ inHeader Line .
. (SINEX CODE) undefined
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/SOL/
cccwwww /.NQO
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i CLIB SINSTATI

Datum: |GS05

i -noseria no.
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/SOL/

EURwwww7.SNX
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/OUT/

| EURWwWwWwW7.0UT

$LG/SINSTATI fo0 H
- replace ,,<=99999" W|th ,<99999" at line 177
- Mark ,,antNum=, ----- “atline 185

e

{ CMAIN ADDNEQ2

EPNOS 1402 common model name for all stations
“ for type calibration in antenna and phase block

correct s/n for individual calibration in antenna and phase bIock
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Receiver/Satellite Antennae

B Antenna type calibration of IGS extended by antennae
iIndividual numbers as far as available

— IGS_05.ATX + EPNC_05.ATX = EPN_05.ATX

B Consideration of radome codes (different types of
radome on one particular antenna type)

B Station-specific changes in height component up to 2 -3
cm expected!

— Note: APCV impact will be mixed with more changes
Implemented at week 1400 !
« (pre-study by BKG sub-network for week 1374)
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Relative vs. Absolute PCV
- BKG Sub-Networke Week 1374 -

® Analysis by Peter Franke

Absolute vs. Relative PCV Site Replacemant
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Note

B The BKG sub-network was analysed with relative and
absolute PCV numbers.

B Nearly 50 % of the stations experience height changes
of larger than 5 mm

® |t should be considered that minimum constraints have
been applied to selected reference sites. This will
restrict changes for the reference site coordinates.
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Note

B The height changes evoked by the APCV have been
ordered by antenna/dome types.

B For some types we observe common height changes,
whereas other types shows several changes.

B The minimum constrained condition for the reference
stations may affect this result.
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I'TREF2005 Reference Frame for EPN

B Updated reference coordinates and velocities

— Reference coordinates are based on relative PCVs and could
not by applied in GNSS analysis when using APCVs

— Improved velocity vectors for many stations due to consideration
of longer observation interval

— Note differences between ITRF2000 and ITRF2005 (e.g., 1 cm
shift in Z-direction and scale drift of 0.008*10-8)

m EPN analysis performed in IGS05

— 1GSO05: Correction of station-specific height changes from
parallel analysis with applying relativ resp. absolute PCVs and
subsequent realignment to ITRF2005

B Updated transformation parameters to transform into ETRS89
realization

EUREF Symposium, 6 - 9 June 2007, London, UK




Transformation from I1GS05 to
ITRE2005 ?

B |s this transformation needed?

— We need ITRF2005 to transform into ETRF2005
realization of ETRS89.

— IGS05 has been aligned to ITRF2005 on the global
level, but are there regional differences present?

— Station-specific height differences could not be
considered in a common set of Helmert
transformation parameters. The transformation, as
coordinate operation equally applied to all stations,
becomes meaningless.
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Coordinate Comparison:

[GS05 vs. ITREF2005

B Helmert transformation between IGS05 and IGTO5 coordinates
— IGTO5 = IGS sites of ITRF2005

— 3 Translation parameters: Regional 3D discrepancy of 5.7 mm
for sub-network of EPN
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Note

Global alignment of IGS05 to ITRF2005 confirmed by
results of TX=TY=TZ=0

Introduction of Translation improves RMS of Height
component for 2.7 mm, but North component changes
to the worse by 0.9 mm

Regional discrepancy not significant
Compare to station-specific height changes

There may exist comparable discrepancy between GPS
and other techniques (SLR, VLBI, DORIS,..)

Additional transformation not recommended
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Comparison IGS05 vs. ITRE2005
- EPIN Sites of 1GS0) -

ITRF2005 minus 1GS05

* North
m East
Height
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Note

B Station-specific height changes clearly visible

m Correction of a mean height change, as would be
applied by translation between IGS05 and ITRF2005, is
not meaningful.

B Stations, where the difference exceeds the mean value,
have been checked more detailed. But no systematics
In terms of receiver/antenna type or geographical
location could be detected.
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Station-Specitic Height Changes

m GS:

— Appr. 1 year parallel processing of relative and
absolute PCV

— Estimation of station specific height changes
— Subsequent alignment to ITRF2005
m EPN:
— Parallel processing not performed, but optional

— No set of ,EPNO5" coordinates needed, after datum
definition by IGS05
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I'TRF and ETRF Series

- Procedure -

m 17 weeks 1383 — 1399

— Relative PCVs and ITRF2000
m 17 weeks 1400 — 1416

— Absolute PCVs and IGS05

B |TRF: All coordinates shifted to week 1400 and
compared

B Determination of changes
— Mean over 2nd period minus mean over 1st period
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Note

B \Weekly residuals as derived form the coordinate
comparison have been shown for 2 stations as an
example. We expect to observe significant height
changes for these two stations from study of APCVs.

B The strategy to determine the coordinate changes has
been shown.

® The following plots show such mean coordinate
changes, in order to summarize the comparison.
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I'TRF Series cont.
- BPIN Sites of 1GS0) -

Changes from 17 + 17 Weeks
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Note

EPN of IGS05 is same order as used for IGS05 vs. ITRF2005
comparison,

— The sign of residuals in this plot has been switch to be
comparable to the IGS05 vs. ITRF2005 plot

Station-specific height changes from IGS05 could not be confirmed

— Expected height stations don‘t show up, e.g. we expect 19 mm
for NYAl1 and 14 mm for JOZE

— All Height changes are shifted by approx. —15 mm
Common shift in North direction

— Mean of - 12.2 mm
Caused by Z-shift of ITRF2005

Remark: Station ISTA excluded in all HELMR Jobs!
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I'TRF Series cont.
- A/ EPN Sites -

Changes from 17 + 17 Weeks




Note

B \We observe a systematic change in North and Height
component.

B The Heihgt components are superposed by station-
specific changes.
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I'TRF Series cont.
- L-Shift of 16.2 +- 0.4 mm -

Changes from 17 + 17 Weeks, Z-Translation Applied
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Note

m A Helmert Transformation with 1 parameter for Z-
Translation was estimated. Shown are the residuals.

B Systematic changes in North and Height component are
removed by the Z-Translation

— The 1 cm Z-Translation between ITRF2000 and
ITRF2005 was ,re-covered” by this approach.

— The discrepancy between the nominal value of 1 cm
and the estimated 1.6 cm may be a regional effect.

B Station-specific Height changes remain visible
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I'TRF Series cont.
- £-Shift for EPN -

Mean latitude station High latitude station

Changes by Z-Translation from 17 + 17 Weeks
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Note

B Differences between a comparison with and without a Z-
Shift are shown

B The Z-Shift affects only the North and the Height
component.

B [n mean latitude Z-Shift results into nearly equally
correction for North and Height, but for higher latitude
the correction shows up more in the height component
and less in the north component.
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I'TRF Series cont.
- EPIN Sites of IGS05, Z-Shift -

Changes from 17 + 17 Weeks, Z-Translation applied

——North
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Note

B Station-specific height changes are now in general
agreement to the IGS05 vs. ITRF2005 comparison

B Differences in latitude for the EPN sites have not been
taken into account for this study.
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ETRF Series

Changes from 17 + 17 Weeks
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Note

Two mean coordinates in ETRF have been calculated for the weeks
1383-1399 and 1400-1416 respectively for each station. The
difference is called ,Change from 17 + 17 weeks*

The systematic differences depend directly on the parameters to
transform from ITRF2005 into ETRF2005.

The systematic height difference is superposed with station-specific
height changes, which are probably caused by the introduction of
APCVs.

Although the rotation of the European plate affects the horizontal
position only, we have seen before that a Z-Shift of the ITRF will
change North and Height for EPN stations.

We habe to accept the systematic changes in Height and East.
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Results from Coordinate Series
- Summary -

B Additional alignment of IGS05 to ITRF2005 is not
recommended.

m Z-Shift of 1 cm between ITRF2000 and ITRF2005 leads
to EPN coordinate changes in the north and height
components.

® New parameters for ITRF2005 to ETRF2005
transformation lead to changes in east (8 mm) and
height (20 mm) components in the ETRF series, where
the height changes are superposed by the station-
specific height changes.
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EPN Rapid Solutions

B Scope:
— Monitoring
— High resolution coordinates
B Options:
— Option 1, daily SINEX files from IGS final orbits
— Option 2, daily SINEX files from IGS rapid orbits

— Option 3, daily SINEX files from both, IGS final and
rapid orbits

B Realization of Option 3
— As result of questionnairre among LACs
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Daily Combination from Rapid IGS
Otbits

B Product generation at 22:50 UTC every day
B Product delay of < 1 day

B Product files:
— EURWwwWwWWR. CRD/ SNX/ SUM, d=[0-6]

— EURWWMVR. CRD/ SNX/ SUM, combination of the 7
most recent days
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Daily Combination from Final IGS
Otbits

B Product generation at 04:20 UTC every day
B Product delay of currently 30 days
® Product files:

— EURWwwWd. CRD/ SNX/ SUM, d=[0-6]

— EURWWWM CRD/ SNX/ SUM, combination of the 7
most recent days
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Daily Combination
- References -

B More detalls about the development of the daily
products are available in

— EPN LAC-Mall no. 0755, 0758, 0759 and 0778,
— EUREF-Malil no. 3331
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Near Real-Time Solutions
- Demonstration Phase -

3 LACs involved: BKG, LPT and NKG

Hourly SINEX files:
— acnwwwd_hh. snx

— EURWWWW_hh. snx/ suni cr d , where d = [0-6] day of the
week and hh = 00 - 23 hour of the day

Sub-directories BKG data centre:

— EUREF/products/wwww/nrtd ,where d = [0-6] day of the week
"nrt" is a fixed name and indicates the near real-time meaning of
the sub-directories.

Schedule
— Each hour at minute 55. It results in a latency of < 1 hour
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Full EPN Combination Product Series

==

Processing Coverage

n hours H 7 Day

1Day ||

|

Full Week

Processing Delay

<1 hour

‘Final Hourly

EURWwWwW__hh. SNX
EURWwwWwWO_hh. CRD [«— 3 LACs - IGS Ultra Rapid Orbits
EURWwwwWW_hh. SUM

<1 day

‘Rapid Daily

5 LACs - IGS RapidlOrbits

30 days

7 LACs - IGS FinalOrbits

n weeks
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EURWWWOR. SNX
EURWwWWAR. CRD
EURWWWIR. SUM

‘Final Daily

EURWMWWAVR. SNIX
EURWWWVR., CRD
EURWWWVR. SUM

EURWWWW. SNIX

—» EURWwwwd. CRD

EURWWW. SUM

EURWMWWM SNIX
EURWWWM CRD
EURWWWM SUM

16 LACs - IGS Final Orbits

-

‘ Rapid Weekly

EURWMWWVR. SNIX
EURWWWVR., CRD
EURWWWVR. SUM

, London, UK

N EURwWww/ . .CRD
EU
EU

‘ Rapid Weekly

EURWMWWM SNIX
EURWWWM CRD
EURWWWM SUM

‘ Final Weekly

EURWMWWY7 . SNX
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Rapid Product Stations

Number of Stations in Solutions

Rapid Daily

Rapid Weekly MR
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Note

B Shown are 70 solutions of each series, which don‘t
cover a common period of time.

B Repeatability of North and East component of the
weekly solutions exceed the daily and rapid daily
results. This may be explained by the fact that the
weekly solutions cover mostly the time before week
1400 changes, but daily solutions refer to the time after
that event.

EUREF Symposium, 6 - 9 June 2007, London, UK




I'TRE2005 Densification

B Definition of discontinuities (solution numbers) and
outliers primarily according to ITRF2005

B Realization of reference frame through ITRF2005

B |ong computing time of MCC solution (> 3 h) avoided by
Intermediate combined free network solution

B All outstanding residual and singularities in multi-year
solution removed

® Current problem:

— During process of manual editing of discontinuities
and outliers output of SINEX failed with error In
“SINSTORE” !

EUREF Symposium, 6 - 9 June 2007, London, UK




* ALL_ITRF2005 060920.snx (IGS offsets)
o outliers.snx (IGSoutliers)

* EPN_offsets.snx (EPN SP offsets)
 EPN_outliers.snx (EPN outliers)

* ITRF2005 GPS.SSC (coordinates

and velocities)

Priority Offsets:

y

1. ITRF2005
2. EPN SP Time Series
3. EPN Multiyear Solution

Priority Outlier Definition:

Many, many ...

EPNC.STA

EURF05.CRD
EURFO5.VEL

1. EPN Multiyear Solution
2. EPN SP Time Series

manual editing

Priority Coordinates/VVe.:
1. ITRF2005 (Flag )
2. EPN Weekly (Flag E)
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EPN Multiyear Solution Strategy

EURwwww7.NQO

A 4

EPN_CUM.OUT

Free Network Solution

A 4

EPN_CU1.CRD

A 4

EPN_CU1.VEL

A 4

EPN_CUM.PLT

A 4

EPN_CUM.NQO

—» EPN_CU2.0UT

Minimum Constrained Solution

—» EPN_CUM.CRD

EPN_CUM.VEL

A-Priori Sigma Solution (R

» EPN_CUS.CRD

» EPN_CU3.VEL

. » EPN_CUM.SNX
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I'TRE2005 Densification

BRUS_13101M004 (CLEAN)
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ITREF2005 Densification

——North
—=— East
Height

EPN Multiyear vs. ITRF2005
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B For any suggestions and questions related to EPN
analysis please contact

heinz.habrich@bkg.bund.de

Thank you
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