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ESTIRRISER O fo STaTioN coomDINATES Estimation of GNSS station coordinates
in the Hitechniques network

ABSTRACT:
network of stations operated by Hitechniaues Ltd. in Ireland. The obsenvations were processed using the
GAMIT/GLOBK software suite, with GPS and Galileo signals and pecise products from the IGS20 refererce

frame.

0 st of reference and control SIotions from the SMOFINEE ireland network The results confirm the consistency

and refiability of the Hitechniques network for precise geodetic applications. Analyses hiave ko shown that
i which, however,

The analyzed netwark consisted of 3 total of 56 stations (Table ). in addition to the

- stations, the ided seected O8I {Ordnance Iretand)
ard EPN [EUREF Permanent GNSS Network) stations used az reference stations for
coordinate estimation, a wall a5 3 separate subset of OS! stations Incorporated for
the purpose of Indepandent Quality control (Figure below) The ansiyses were
performed using the GAMIT/CLOBK software package. following the proce:
strategy sdop Anaiyzs € cgic
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The coordinates of the were ¢ sets of reference Inthe
first approach, s subset of nine OSI stations was used - these form a local restzat ETRS89. In the second, selected
stations from the EPN [EUREF Permanant GNSS Network) were empilayed. Some stat
dinate diMrences Beewean e twa ol

mmen o beth reference

Station wats; however, the (esulting oo ons were significant. Given tht the
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10-day GNSS campaign on a new dense Irish network (Hitechniques Ltd.).

These results indicate a high consistency

natwcek with the reference syztem, with resdual
romaining within the expectsd fange for high.
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These results confirm that the adjusted GNSS Hitechniques network is consistent with
the official realization of the reference frame used in Ireland, as maintained by OS.
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e Hitechniques network proven reliable for precise geodesy.
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1997-2005

* 127 first-order and 520 second-order
vertices observed in mainland Portugal as
part of the ETRS89 implementation

* GPS-only receivers

* Only one permanent GNSS station in
1997 (CASC, Cascais)

* Observation files in proprietary Trimble®
format with inconsistent metadata

ADJUSTMENT STRATEGY

Using Leica Infinity 4.2.0, a two-stage network
adjustment was performed:

1. Minimally Constrained Adjustment
Identify gross errors, significant residuals,
and evaluate internal inconsistency of the
network;

2. Constrained Adjustment
Fix at least three control points to official
coordinates from DGT (Diregdo-Geral do
Territério) to ensure alignment with the
national reference frame PT-TMO6/ETRS89.

OBSERVATION CAMPAIGNS

2025

* 130 geodetic landmarks are being re-
observed using modern GNSS
technologies

* Multi-GNSS (GPS, GLONASS, Galileo
and BeiDou)

* Supported by ReNEP, the National
CORS Network, which has 42 permanent
GNSS stations across Portugal mainland

* Observation files in RINEX format that
include comprehensive metadata

PRELIMINARY RESULTS

* Despite historical data limitations,
the adjusted coordinates showed high
consistency, with planimetric
deviations < 2 mm and vertical
deviations ~3 mm (orthometric) and ~6
mm (ellipsoidal), relative to the official
coordinates of the RGN, after
excluding problematic baselines;

* However, the F-test value was 4.74
(critical value: 0.97), still suggesting
residual inconsistencies;

* The initial 2025 adjustment,
performed without baseline removal or
error filtering, resulted in a significantly
high variance ratio (F-test);

* Ongoing analysis includes outlier
detection and baseline validation using
the W-test and the T-test.
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A permanent GNSS network in Germany joins the EPN-Densification Working Group

CU rrent E P N - D (image from https://epnd.sgo—penc.hu/station-distribution/)
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After inclusion of DREF-Online network
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What does DREF-Online contribute?

®

Best quality stations and best possible reference frame

products with a low latency.

53 new permanent stations

for EPN-D.

Significant improvements of station coverage in Germany.
Daily and weekly products with CODMOPSRAP orbit.

For more details: talk to us!

Federal Agency for
Cartography and Geodesy

Wang L. et. al.:

A permanent GNSS network in Germany joins the EPN-Densificatiol

Federal Agency far
Cartography and Geadesy
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DREF-Online GNSS5 Metwork

DREF-Online: Combined nefwork of the Integrated Geodetic Reference

meofﬁnmw [REF] and selected SAPOS® reference stations
R finks the Genman reference frame with the Europesn reference
SYStEM on BERAI of the Working Committse of the Surveying
mgammunﬂmlmpﬂ:a&m\m|

= The main task of BREF-Oniine is to produce, vl cate and monitor the
German reference fame product.

= DREF-Cniine the catum in the intemational Asfer=nce Frame
0 other Ansilysis Cenbers in Germany snd to support the combinstion
at the federal bevel.

= ARerinciuding the DREF-Oniine network into the EFN-D, the
dwiwﬁonnmimsmml:‘sgm N be sigrificantsy improved and
wmmn?mshspunul bution, seeﬁﬁ 1

- mfmmumwwﬂ?dmmmﬁm
ﬁmmwkmlmwemmﬂﬂbﬂl“ﬂ'_\'ﬂhm
‘bservation and best possibie reference frame procucts, see Ag 2.

= DREF-Online mwlnml?mlnimlwﬂ!ﬁ'ﬂ
operational was published for the GPS week 1406 | L £
23.42.2006). The wery first solution includes 47 staticrs, m.r.inﬁx
SREF, 10 SAPOS" and 8 K5/ EPN stations.
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Fig; 1: DREF-Online nebwork distrioution | green] and the datum jred] for the process. The
curment EPN-O metwork in Siue dots.

Fi5. 2 Number of stations in DREF-Oniine operstional products and the: repestatility of the estimated weskiy coondingtes.
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Processing Configurations and Strategy
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Fhems Modeling
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‘Operating System Feed Hat Enterprize: Linus 2 in Wivhwene Hypenisor

Moce Daily Doui-Diferancs REbwor procsss snd wesidy Narmal Equstion
stacking process:

Sttion 109 sctive MUR-GNSS Stations | 33 newto EPN-D [s2e Fg. 1)
= SESAPOS®
* 26 GREF

Oiservable aﬁ{mm] mde and chservetions in AINEX
3/ RINEX 4 format with 30z sampiling rate, recorded and upiosded to
CEBCEMREr from receiver

Satelite Orbitfciock  MCSle day Croit frome s s Asgid croit prochuct | COOMOPSRA®

A& prior TRF HES20 with wcloxity and post-seismic deformation conections, scxsonal
waristions orittsd

Tropospheric delay \w3;nn|1deg&=15qu|muupoq:nencwﬂneh\'m1
Fourty piece wize linesr parameter, nevizonzl gadient daily eximeted.
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stacking process
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ambigtiaz = L1£J2 combination for baseine « 20 km

= %13 combination for bassline « 200 km

* OJF cominination for bazzline « 2000 km

= Mslbourne-Wiibbens combination for bassline < 5000 km
Antenna phese cember Satelite POV from IG520.8600

Stetion POV from G520 0k

‘Station cisplacaments |ERS 2010 Conventions, stmaspheric tidal and non-tidsl iosding omitted
* Expactd to b changed in 2025,

* Acoess: similety tn SREF products [apen access], DREF-Online procuct [credential requived)
i hosted in EK 155 Datacenter [ig=. bks.bund.de], and it is nesdy 1o be Submitted to oata
server of EFMED.

= Product : Free-net and mmmwmmimumlsqﬂminﬂrﬂm',
extimatas coordinates in mutinie referance system”, statistical repant®.

*  Compuistion sfort ™ l_'lle-!m'\'

- Lmlcr’t]lp‘ﬂ"'\‘z -E-3.7 deyT, due o the waiting for CODE CODMOFPSRAP Procucts and
computation ime. Rathar thar waiting for the: Final progducts for the bether predzion, 2
srriall trade T of the ortit precision for 2 sigrifican: |ower Izency

*  Awmmge distance o the closast sttion: 43 km [GREF: 150 km|.

= The maﬁrﬁ“”ﬁskumﬁﬂedmin Ilﬁxmﬁrﬁwlmmim

= Disaster-proof: Metadata prepaned for the postprocess analysis and the eomesponding
SOUFTE COMES ANE MANAZED Dy WEIDN DNl SEtEm and hacked U Foutinly.

- Cantnct: Opermtional procss of DREF-Online is compute by pastprocessing team [Emai:
pestpro_GZioEE J.n:l.del inSabailitz mm@w:l:ﬂﬂlu’sm

Remarks and future works

= For EPN-D, B fvew GErman networt is rescy to
contribute.

- AMer induding DREF-Online network, 2 significnt
CovErazE improvement can be spectsd, rEducing the
averags distance from 160&m to 43 km in the German
resion.

= DREF-Onire iz consizt of the Dest quality stationz in
Gmleennu’dﬁspmﬂ.l:tlsm robust and
carefully monitoned.

= Fepmcessing of last 3 1o 10 yesrs of DREF-Online is
planned angd axpecied Do ST Oy the end of 1023,

= Du= o the changes of the technical stancardin
Germany, configurntion chanzes are expected iater in
2025, mone datsils will be documant=d 2ne sxplined
within our products.

Presented in EUREF 2025 Symposium, 24-25 June 2025, Covilhd, Portigsd
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Abstract

The territory of Slovenia with its western part situated at the Adriatic microplate is tectonically active. Surface deformations reach few millimeters per
year which has an impact on the quality of the national spatial reference system. Static realizations of the system become out of date in a decade, and
we are facing the challenge of how to introduce the fourth dimension (time) into the national spatial reference system. The main aspects to be considered
are the quality of the reference system itself and the impact of the proposed solution on various spatial databases and services. In order to provide a
conceptual framework of the future realization of the spatial reference system in Slovenia, we started the so-called SLO4D Project.

A Brief History

The first realization of ETRS89 in Slovenia is based
on GPS campaigns in years 1994-1996. The com-
bined solution with the mean epoch 1995.55 is
referred to as the ETRS89/D96. The computation
presented at the EUREF 2003 Symposium [1] was
accepted as Class B standard (EUREF 2003 Reso-
lution No. 1).

or referenc em realization

The second realization of ETRS89 is based on a
GNSS campaign with the mean epoch 2016.75.
The solution referred to as ETRS89/D17 was pre-
sented at the EUREF 2018 Symposium [2]. It was
also accepted as Class B standard (EUREF 2018
Resolution No. 3)

Due to substantial coordinate differences be-
tween both static realizations of ETRS89 in Slo-
venia (exceeding 8 cm), a pragmatic approach is
employed that attempted to keep changes of
coordinates as small as possible. This is achieved
with a rigid (6-parameter) transformation from
ETRS89/D17 into ETRS89/D96, which is based on
carefully selected 56 GNSS sites included in both
realizations. This solution is referred to as the
ETRS89/D96-17 and is used in Slovenia since 1*
January 2020 [3].

Connection between ETRS89/D96-17 and ITRS
The transformation from a realization of ITRS (e.g.,
ITRF2020) at a given epoch (t) to ETRS89/D96-17
consists of four steps as follows [4]:

1 ITRF2020at — ITRF2020a2016.75

2 @201675 2016.75

3. ITRF2000@2016.75 ~ ETRF2000@2016.75

4. ETRF2000@201675 ETRS89/D17) - ETRS89/D96-17
Step 1 requires estimated velocity that can be
provided by a geokinematic model. Step 4 is a
non-standard solution; a special reference frame
for Slovenia (ETRS89-D96-17) is added to Trimble
Coordinate System Database v2022.10 which is
now supported by Trimble software solutions.

CORS Networks and Time Series Analysis
The first Slovenian permanent GNSS station dates
back to the year 2000. Later on, two national
CORS networks were built [5, 6]:
+ SIGNAL Network (operational since 2006) and
+ Zero-Order Network (operational since 2016).
At present, the SIGNAL Network consists of 16
GNSS stations and is expanded with 14 GNSS sta-
tions from neighbouring countries. The Zero-Order
Network consists of 7 mostly twin stations (2 new
stations in 2025). Four Slovenian GNSS stations
are EPN stations: ARA2, GSR1, KDA2, and PZA2.

National CORS networks

Trimble Pivot Platform and Alberding Software are
used in operational and data centers to manage
both national CORS networks. An analytical center
was established in 2016. Bernese GNSS Software
and a self-developed PPP software are used for
daily coordinate time series analysis.

Tectonic Issues and National Geokinematic Model
Tectonics of the Adriatic region is not negligible.
With respect to stable part of Europe, the country
territory moves with velocities of up to few mm/yr
which causes problems in a long-term maintenan-
ce of the national spatial reference system [7, 8].

A permanent activity of the analytical center [9]
combined with a multidisciplinary research pro-
ject [10] resulted in a preliminary national geokine-
matic model which is based on estimated veloci-
ties in the EPN and both national CORS networks.
A continuous 3D geodetic velocity field interpola-
tion based on the ellipsoidal Earth model and De-
launay triangulation is developed [11] and imple-
mented in a freeware tool for time-dependent co-
ordinate transformation between ETRS89/D96-17
and international terrestrial reference frames [12].
Such transformation is needed to support PPP
survey, precise navigation services etc.

= St
geokinematic model, Hz part (ETRF2000)

A preliminary nationa

The SLO4D Project and plans for the future
A project aiming to introduce the fourth dimen-
sion (time) to the national spatial reference system
started in 2022 and is referred to as the SLO4D
Project. The main project activities are:

« densification of the zero-order network,

« providing a national geokinematic model, v1.0,

« proposing a solution for a 4D national spatial

reference system, and

« providing support for the users of this system.
The proposed solution will be implemented in the
upcoming years. The main challenge of the project
is how to appropriately handle tectonic issues
without causing inconvenience to the users.

((ﬁ’ SLO4D
N
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Towards a 4D National Spatial Reference System (National Report of Slovenia)

Why do we need to consider the fourth (time) dimension
in the national SRS? What is an optimal solution:

* to keep the required quality of the system over time
* without causing inconvenience to the users?

The poster covers:

* A BRIEF HISTORY OF REALIZATIONS OF ETRS89 IN SLOVENIA
* CONNECTION BETWEEN ETRS89/D96-17 AND ITRS

* CORS NETWORKS AND TIME SERIES ANALYSIS IN SLOVENIA

e TECTONIC ISSUES AND NATIONAL GEOKINEMATIC MODEL

The SLO4D Project (in progress) will address these issues. |3 mmjyr

”3
y 4
[
‘

A preliminary national geokinematic model, Hz part (ETRF2000)

S I_O 4 D Wang L. et. al.: A permanent GNSS network in Germany joins the EPN-Densification Working Group, 24-26.06.2025 | Page 11 @ B KG

Wir geben Orientierung.



Assessing small-scale
Surface Deformation Zones in Europe
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ON THE STABILITY OF ETRS89

A comparison between recent observations and earlier national realisations in

Serbia and Sweden
— using different ETRFs and the EuVeM2022 velocity model

ITRF2020/1GS20 transformed to:
ETRF2020 E=”ETRF2020rot” =ETRF2000 =ETRF97 =NKG2020

Lotti Jivall, Filip Kostadinovi¢, Dragana Popovi¢, Rebekka Steffen
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ON THE STABILITY OF ETRS89

A COMPARISON BETWEEN RECENT OBSERVATIONS AND EARLIER NATIONAL REALISATIONS IN
SERBIA AND SWEDEN — USING DIFFERENT ETRFs AND THE EuVeM2022 VELOCITY MODEL

Lotti Jivall?, Filip Kostadinovi¢®, Dragana Popovi¢®, Rebekka Steffen?

2 Lantméteriet, Geodata Division, Department of Geodetic Infrastructure, SE-801 82 Gavle, Sweden.
b Republic Geodetic Authority, Geo Sector, Bulevar vojvode Misica 39 Belgrade, Serbia.
E-mail: lotti.ivall@Im.se, filip.kostadinovic@rgz.gov.rs, dragana.popovic@rgz.gov.rs, rebekka.steffen@Im.se

Introduction

The common European reference system ETRS89, with its
ETRFyyyy realisations, has provided stable geodetic frames over
the recent decades. Most national realisations agree within a few
centimetres in the horizontal components, especially those based
on the “conventional frame™ ETRF2000.

However, the time-dependent translation in the transformation
from ITRS up to ETRF2000 introduced a bias in vertical velocities.
Starting with ETRF2014, this translation was removed, leaving only
the plate rotation. As a result, a horizontal offset of approximately 7
cm was introduced compared to previous ETRFs.

ETRF2020rot

To improve consistency with older realisations, Dr. Martin Lidberg
proposed adding a static rotation to the ITRF-ETRF transformation.
This method, tested here as ETRF2020rot (not an official name),
preserves horizontal agreement with ETRF2000 while retaining
vertical components from ITRF2020. [EUREF Symposium 2024]

EuVeM2022

The  European  velocity
model EuVeM2022 (including
both horizontal and vertical
components) was used to
correct for the deformation
since the national realisation
epoch. Comparisons were

Serbia <

The EUREF Serbia 2023 campaign was processed in ITRF2020
(epoch 2023-08-02) and compared to the national realisation based
on EUREF Serbia 2010 in ETRF2000 (epoch 2010-08-18).

EUREF Serbia 2023 RMS (mm Abs Max (mm)

Frame N 13 u N E u N E u
ETRF2020 _[2023-08-02] 79 1 2 77 6 16 | 106 | 30 43
ETRF2020rot|2023-08-02] 16 17 2 -6 14 -16 45 32 43
ETRF2000 [2023-08-02] 20 10 20 [ 13 a 13 | s3 23 37
ETRF2020 [2010-08-18] 82 14 16 82 12 -7 9% 33 36
ETRF2020r0t[2010-08-18] 8 1 17 -1 8 -8 % 25 36
ETRF2000 [201008-18] 9 8 15 5 -1 2 2 21 34

EUREF Serbia 2023 transformed to ETRF2020rot epoch 2010, minus EUREF
Serbia 2010. EuVeM2022 was used for correction of |3 years of deformation.

Conclusions

+ The ETRF2020rot performs almost as well as ETRF2000 in the
comparison to the two examples of national ETRS89 realisations

* Using this approach for future national ETRS89 realisations would
ensure a good agreement with present realisations

* ETRF2020rot provides a practical solution without the need for
costly updates of national ETRS89 realisations

* Using EuVeM2022 improves the agreement with earlier ETRS89
realisations, especially if large velocities and a long time span

made both with and without
this correction.

o
M ' EuVeM2022 vertical velocities in

15_1 ETRF2000.
Sweden

For Sweden, the recent weekly EPND solution SWE_2365 (week
2365, ITRF2020, epoch 2025-05-07) was transformed and compared
to the official national ETRS 89 realization, SWEREF 99, based on
ETRF97 (epoch 1999-07-01).

In addition to the ETRFs tested for Serbia, transformations to
ETRF97 and directly to SWEREF 99, using the NKG2020
transformation, were tested.

SWE_EPND GW2365 RMS (mm (mm) ‘Abs Max (mm)

Frame | Epoch | N E] ulnN 3 U | NTE 1
ETRF2020 2025-05-07] 65 25 207 68 23 193 8 45 300
ETRF2020rot | 2025-05-07) 15 8 207 -13 5 192 27 16 300
ETRF2000  |2025-05-07| 13 8 175 -9 2 159 5 20 263
ETRF97 2025-05-07] 16 46 134 9 42 123 32 72 216
ETRF2020 [1999:07-01] 79 | 10 | 36 | 79 7 | 35 | o5 | 2 | s5
ETRF2020rot | 1999-07-01 6 2 36 -2 21 35 16 36 55
ETRF2000 | 1999-07-01 5 16 26 -2 15 25 15 31 44
ERFS7 (19990701 10 | 33 | 22 | 6 | 32 | 21 | 2 | 57 | a5

SWEREF 99 [1999-07-01] 1 2 3 1 1 1 4 5 7

5 w

¥

SWE_2365 transformed to ETRF2020rot epoch 1999, minus SWEREF 99.
EuVeM2022 was used for correction of 26 years of deformation.

EUREF Symposium 2025, 2025-06-25-26, Covilhd Portugal

LANTMATERIET

"ETRF2020rot” — presented with formulas and parameters in
Barcelona 2024 by Martin Lidberg:

0 _RSYY RZYY
XE(te) = X{y(te) + Rp2o X Xpy(te) +| R3yy 0 —Rlyy | X Xy (tc) - (t. — 1989.0)
_RZYY Rlyy 0

"ETRF2020rot” is aligend to ETRF2000 with a static Euler pole
rotation. Heights and vertical velocities are retained from
ITRF2020.

 The "ETRF2020rot” performs almost as well as ETRF2000 in
the comparison to the two examples of national ETRS89
realisations

*  Using this approach for future national ETRS89 realisations
would ensure a good agreement with present realisations

* To facilitate the use of this approach, we propose to include
also this type of transformation in future versions of EUREF
Technical Note |.
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