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NASA image

« Personal background:

- Studying geodesy in Bonn (1985 — 1991) + >20 years swisstopo (>1999)
- Phd in astronomy in Bern (1991 — 1996)

* Subject:
- fundamental astronomy: relation earth and sky

- Geodesy: measurement the earth; satellite geodesy: stars -> satellites
* Instruments, observations:

Stars as target terrestrial target

Optical
Cassegrain telescope,
Zimmerwald 1959

Optical
Theodolite
Reichenbach, 1826
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v Astrona Astronomy “first”

e 1812: observatory «Uraniae»
« 1838: foundation «Bundesamt fur Landestopografie»
« Observatory defines the origin in Bern for the Dufour map

200’ 000

Ay = 7° 26'22.50"
0N = 46° 57' 08.66"
o = 0 (?n Po)
No = 0 (inPy)
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http://upload.wikimedia.org/wikipedia/commons/c/c2/Dufour-karte-bern_1-880x803.jpg

-+ Old observatory today
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L+ Content

« Short history of Swiss surveying
« Swiss / international satellite geodesy
- Geostation Zimmerwald
- Reference network “LVV95”
- AGNES permanent network
* Quick spot on swisstopo applications
- Federal Surveying: positioning service swipos

- GNSS meteorology
- Tectonic/ Geophysics: Moving reference frames in CH/EU

"powered by~ / relations to:
Astronomical institute AIUB
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History of Swiss federal surveying

1903 — 1943 Triangulation Network 1. - 3.
order (LVO03)
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v Pyramid: Napf (~1920)

Pyramids: for better
visibility from far away

b
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O Pyramid as swisstopo logo or touristic attraction

e 1979-1994:

Bundesamt fiir Landestopographie
Office fédéral de topographie
Ufficio federale di topografia

 now: touristic attraction &F A f‘% L
o ' 2

A\ Hotel
du Chasseron

Le plus haut des balcons du Jura vaudois
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v History of Swiss federal surveying

1975 — today Satellite Laser Ranging (SLR)
in Zimmerwald

S@ T 1985 — 1995 Network adjustment 1./2. order (distortions)

———————————————————————————————————————————

A 1987 — 1995 GPS technology in federal surveying applications:

- building the reference network LV95
- measuring coordinates and connection to
triangulations network LV0O3

Satellite Geodesy in Swiss Federal Surveying and related disciplines
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Importance of Satellite Geodesy with
time perspective of 200 years

“Classical” geodesy

L]

T LT
"-‘ 2 ik

£
i

Satellite Geodesy

(last 30 years -> main focus of
this presentation)
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Main reference points

Densification points
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@
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Ve

Reference network LV95 (1988 — 1995)

200 stable points

accuracy:
1-2 cm horizontally
3 cm vertically

New reference point:
Zimmerwald
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U Impressions LV95 sites

Piton (F), 2004

Tie to bed rock and
connected to the geology

None of the old pyramid
points can be used (no
satellite view)

!

Mannlichen, 2004

Satellite Geodesy in Swiss Federal Surveying and related disciplines
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U LV95today: campaign 2022

e 15 weeks

e 4.4.-30.10.2022
o 7 observers

o 222 points

e 48h obs. per point

-~

re-observation
every 6 years
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v Geostation Zimmerwald as the new reference for federal
surveying in Switzerland

Reference Satellite
station g ome . Laser
A Ranging
SLR / CCD

* Zimmerwald observatory since
1956 — again ahead to surveying

e AIUB close collaboration with
sSwisstopo

e International contribution of
Switzerland with an
important core station

Satellite Geodesy in Swiss Federal Surveying and related disciplines 14
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Geostation Zimmerwald once and now

Satellite Geodesy in Swiss Federal Surveying and related disciplines 15
E. Brockmann



Y Comparison LV03 - LV95

Switzerland “grew” by 3 meters

Satellite Geodesy in Swiss Federal Surveying and related disciplines 16
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O New reference system CH1903+ (frame LV95)

Satellite geodesy requested:
“New coordinates” 1'200’000 / 2'600’000 for all Swiss geodata (and also swisstopo maps)

1200000

Official coordinate system in CH

for all geodata (> 2020) Based on CHTRS95 —>

Law of Geoinformation (GeolG) el U L compatible with Europe (ETRS)

Satellite Geodesy in Swiss Federal Surveying and related disciplines 17
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-+ News of a new coordinate system...

Long transition phase from
LVO3 to LV95 coordinates:
1995 - 2020

News af a new Netweork
/1S not O/Wa.yS Fooad New g
-

@ curef
Aoo§

Cor lonart

© Carl Calvert (EUREF 2005, Vienna)

Satellite Geodesy in Swiss Federal Surveying and related disciplines
E. Brockmann
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U Reference frames in Europe

» Success story - high interoperability:

- All countries aligned to ETRF
(with slightly different

3, ETRF2000(R0O5

reference frames and epochs) GER 7. ey
GRC
- ~1-2 cm agreement to HRV
a current scientific best solution o
« AIUB and swisstopo involved in 0
EUREF governing board since 20+  “| i
years (clearly over-represented ©) KD
NOR
POL
“ PRT
| ROU
SRB
SVK
L SVN
Most reference frames are “static” Status 2022: official‘;'national coordinates w SIE

with no intra—country movements w.r.t scientific coordinates Status 2016
Satellite Geodesy in Swiss Federal Surveying and related disciplines 19
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L+ Permanent GNSS network AGNES

U 1998 - today

Automatic GNSS network for Switzerland (AGNES)
1991: 1 station, 1998: 6 stations, 2001: 30 stations
2007: 42 stations (GPS+GLO)

2016: Multi-GNSS (GPS+GLO+GAL+BDS)

Continuous modernization
of AGNES necessary

Backbone of geodetic
infrastructure

AGNES network
(active)

LV95 network
(passive)

Satellite Geodesy in Swiss Federal Surveying and related disciplines
E. Brockmann
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http://www.welt-blick.de/flagge/china.html

v Installing AGNES

Satellite Geodesy in Swiss Federal Surveying and related disciplines 21
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Y Analyses using Bernese GNSS Software at swisstopo

network (#stations) availability comments
EUREF sub-network (>60) 1(?:9";{0 reference frame Europe @
100 % [N schweﬂer\?:he E\ﬂgenossenschait
AGNES + sub-network EUREF (>200) daily reference frame Switzerland ? oo e
_ 0, ) ) ) o Srhw}eiz’eriqrhp Eidgenossenschaft
AGNES + sub-network EUREF (>200) r?c?uﬁ"y monitoring + numerical weather predlctlon’u coneoeration susse o/ 7 Mewoschwee
Confederaziun svizra

LAGNES* Netz (No. 1)

AGNES solution of day 045

— 1 em Error Ellipse

1 9 9 8 16 Stationen Seit Aug.1998

today
Satellite Geodesy in Swiss Federal Surveying and related disciplines 22
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http://www.euref-iag.net/

Univ. Berne: AIUB
Center for Orbit
Determination
(CODE): contribution
to IGS 0._.__\

C"‘DE

Global: IGS
(500 stations)

Continental: EURE
(400 stations)

~ products

Hierarchical Permanent Networks

T ——
]
sﬁmjsll;t 4
f * lﬂmi\ B l_\

Orblts/CIock

, Bernese
Software

Natlonal AGNES F
(42 stations)

Satellite Geodesy in Swiss Federal Surveying and related disciplines
E. Brockmann

Densification: most
consistent
processing required
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http://igscb.jpl.nasa.gov/network/complete.html

14/16 analysis centres are

using Bernese Software BSW

current version update 5.2 ->
5.4 (after 10 years) showed
clearly that ACs are waiting

for that update

Update also to the most
recent product lines, now!

=>AlUB/CODE is a critical
Infrastructure for mapping
agencies in Europe

dul® =FH2mni

=1 3]

Analysis Centre Description

ASI Centro di Geodesia Spaziale G. Colombo, Italy

BEK  Bavarian Academy of Sciences & Humanities,
Germany

BEV  Federal Office of Metrology and Surveying, Austria

BKG  Bundesamt fiir Kartographie und Geodasie, Germany

COE Center for Orbit Determination in Europe, Switzerland

IGE Instituto Geografico Nacional, Spain

IGN Institut Géographique National de L'information
Geographique et Forestiére, France

LPT Federal Office of Topography swisstopo, Switzerland

MUT  Military University of Technology, Poland

NKG  Nordic Geodetic Commission, Lantmateriet, Sweden

RGA  Republic Geodetic Authority, Serbia

ROB  Royal Observatory of Belgium, Belgium

SGO Lechner Knowledge Center, Hungary

SUT  Slovak University of Technology, Slovakia

UPA  University of Padova, Italy

WUT  Warsaw University of Technology, Poland

Status 2020

Software

GipsyX
1.6

BSW 5.2

BSW 5.2
BSW 5.2
BSW 5.3
BSW 5.2
BSW 5.2

BSW 5.3
GG 10.71
BSW 5.2
BSW 5.2
BSW 5.2
BSW 5.2
BSW 5.2
BSW 5.2
BSW 5.2

Bernese Software at European Analysis Centres

GNSS
GRE

GRE

GRE
GRE
GR
GRE
GR

GRE
GE

GRE
GRE
GRE
GRE
GRE
GRE
GRE

Satellite Geodesy in Swiss Federal Surveying and related disciplines

E. Brockmann
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O

AGNES In real-time via mobile phone

Station

.y . . . . i . M Reference

Positioning service swipos (since 2001) _\.,,.ejj’;fj',";’;,;.",f,"fjj;’_’:;ﬁj;‘,’.Jl Station
=

e accuracy: ca. 2-3 cm hor., 4-5 cm vertically N— ﬂ
» 3600 paid licenses (2021) Gﬁg;;:;-ﬁ){--j_ |
* Applications in surveying, geoinformation, o frceives corrections

agriculture, ...

\}?g ; w}.-‘f‘g??"}y Reference

Py | R
. = — Sgr‘,ﬁ -
- =reman 2A0C 10 .
% 3 e LAt tansininey 1,
il (-rJJ'J'.rm{<.(,’.,!;;)'."----....._A___v___‘ \

1 LLLLL g -

—=

Data Control Center

Source: GPS for Land Surveyors
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@  Swipos user statistic 2021

e 222'000'000 positions

user locations

2021 [

47"

46"

100

- 47

e Corona lock-down not visible

 Wednesday is most productive

day of the week

 Lunch time break

Day-time
use 2021

300

7200
Day of Year

0 January

140
120 —
1008
80
60
40
20

Posittions [1

0
December
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v GNSS-Meteorology

* Humidity information extracted
from GNSS analyses is sent to
EU meteo data bases and to
MeteoSwiss every hour

« Additional source for numerical
weather prediction

« > 15 Analysis centres,
> 4000 GNSS stations

> 20 years
> 10 meteo institutions as user

 powered by AIUB with software + CODE ultra rapid products
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http://www.eumetnet.eu.org/
http://tough.dmi.dk/

¢ “Moving” Reference - nothing is fix

International  Europe: 2.5 cm / year towards north-east (ITRS)

A_ ___________________________________________ 150 My Reconstruction  ODSN, Geomar

S  European « ETRS89 defined as no longer moving

CH-Swiss « CHTRSO5 linked to ETRS89 SR —
via Zimmerwald
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http://www.4teachers.de/download-image/id/672/sid/Schere.gif

Movements in CH: Velocity Field CHTRF2016

 Nothing is fix also in CH...
 We measure too precise...
 We have timeseries ~ 30 yrs...

e 1-2 cm accuracy level of LV95
exceeded after certain time...
(1 mm/yr: 3cmin 30 years) 4 -

* Changing coordinates with time
not convenient for geo-
reference...

e ... but very interesting for
geology and tectonics

« Challenge for reference frame *

maintenance in future

swisstopo 2018-Aug-22

Uo O g,mo’ ¢

1988-2016

- 47°

cZervreilasee S
¢ e

- 46"

0 100

|
6

9 10°

with respect to Zimmerwald
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Repeatabilities: Example Davos

Coordinate repeatabilty of DAVO

15 std £ 1.28 mm Morth —=— |

Morth [mm]
(=]
|

T e ¥ 3 3 7 mm in 24 years
-15 : rate 0.3 mmiyr 1

15 L std +1.31 mm East v |

East [mm]

-15 rate -0.1 mm/fyr 1

30 std + 3.79 mm

Up [mm]
(=]

rate 1.8 mmiyr
2015 2020

2000 2005 2010

YEAR
16/11/22 04:45

Alpine Uplift 1.8
mm/yr w.r.t Europe

(w.r.t ZIMM 0.7 mm/yr)
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¢ Repeatabilities: Example Zervreilasee

Coordinate repeatability of 1234.100 (Zervreilasee)

std £ 0.43 mm North —e—

North
o
I
;
i

rate 0.1 mm/yr

std + 1.36 mm East o

East
o
T
‘

-10 2 cm |n 24 yearS rate -0.8 mm/yr S

1
std+5.15 mm Up —e— -

Up

rate 0.1 mrln/yr I

1990 1995 2000 2005 2010 2015 2022 . .
YEAR Results in working

with respect to Zimmerwald progress
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] >30 contributors, since 2017
1+ Movements in Europe ~8000 station velocities
~0.2-0.3 mm/yr hor. standard deviation

- EUREF working group 0RO I YD £l

horizontally vertically
satsis g\g‘;:;:.,,;—x‘cﬁ..s- 2\

.t_ 2 <1 mml/yr: Switzerland |
3 4 mm/yr Italy

Post-glacial
rebound
+1 cm /yr

Alpine rise
+2 mm/yr

Adria coast
subsidence
- 4 mml/yr
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Movements in Europe as wind field animation
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v AlIUB — swisstopo: conclusions

e astronomy was always “first”

* wide common basis + sharing synergies, individual applications on top
e getting the maximum with optimal usage of resources

* close appreciated personal relations

 AIUB:
- perfectly in shape for a 100-year anniversary
- contributions highly acknowledged and know-how internationally outstanding

- leading organization in various fields of satellite geodesy since decades
and thanks to the many collaborators in all these years

- products and software evolved to critical infrastructure in the area of
reference frame maintenance

Satellite Geodesy in Swiss Federal Surveying and related disciplines 35
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v Thanks for your attention

_ Gontrol
_point

Local tie measurements each 6 years
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