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Outline

Slovakian activities towards to EPN

News from:
e SKPOS® (Slovak real time determination system)
* national levelling network
* national gravimetric network

R&D

e Geodetic and Cartographic Institute activities
* Slovak University of Technology activities
* Slovak Academy of Sciences activities

Other news
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Slovakian EPN Operational and Local Analysis Centers
ARANN

Geodetic and Cartographic Institute
Bratislava (GKU) — EPN OC
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cous Slovak University of Technology
STU . .
in Bratislava (SUT) — EPN LAC
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SUT - EPN Local Analysis Center activity

EPN subnetwork computation:

= 61 currently processed EPN permanent stations
= Bernese GNSS Software Version 5.2

= reference frame 1GS14

Analysis Centre Solutions:

= Final Weekly Coordinate Solution (1180 - now)

= Final Daily Coordinate Solution (1180 - now)

= Rapid Daily Coordinate Solution (in the coming weeks)

542

CEPER network computation: |

= 55 permanent stations in region of Central Europe,

= GPS/GLONASS and GLONASS only solutions: GPS week [« /. ¢
1774

= Testing GPS/GLONASS /GALILEO and GALILEO only LRl

solutions on selected points (mostly within Slovakia)
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GKU — EPN Operational center activity

’1’( \}“ R — EUREF PERMANENT NETWORK
Vi ‘K/ Version 5.2 DENSIFICATION
NG

N[22 —

Slovak subnetwork solution
(GKUwwww7.SNX):

= weekly solution
e 14 EPN reference stations
e 34 Slovak reference stations
e 20 foreign reference stations

= New reference frame (IGS14) and an updated
set of antenna calibrations (igs14.atx) adopted
from GPS week 1983.

= Start of reprocessing older data in 1GS14

= Plan for introduction of Galileo PCV on new
replaced antennas
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Slovakian EPN permanent stations
Slovakian EPN Real-time service permanent stations

MOP2
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EPN permanent station BBYS Choke ring antenna replaced
due to problem with L2 frequency

’SatelliteTmckinngkﬂ,-:)Iot Recsiving Info | Multipath | Raw DatggElysis | Storage Integrity ™ + 4

f e Sat 7 B[1  Az[] SNR (r:mpmw.wm
t aale W a co2 g 108 -j-7-13] =
. . i w A s I IR RRTE . -
= BBYS Trimble Choke Ring antenna - . Toowl T '
. . 4 o n M 49 -/-i-146
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Slovak real-time determination system

SKPOS”
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Reference stations

SKPOS*®

Reference

Coordinates Change formar

. Location ETRS89 (ETRF2000) epoch 2008.5 Antenna Receiver
station
[ X (m) Y (m) Z(m)
CO RS I n fra St r u Ct u re ( M ay 2 O 1 8 ) 1 BASV Banska Stiavnica 4009952.21 1374556.6500 4750511.3543 TRM55971.00 NONE TRIMBLE NETR9
2 BBYS Banska Bystrica 3980359.1445 13822918716 A772771.7709 TRM115000.00 NONE i‘ TRIMBLE NETR9
BREZ Brez 3963889.0095 1414440.8746 4777131.8796 TRM55971.00 NONE .i. TRIMBLE NETR9
= 34 Slovakian reference stations (20 individual calibrated) . .. e cie e o
s 29/34 stations observe GPS+GLONASS+Galileo+BeiDou Gan 39291818684 | 14552365018 RIMBLE NETR9
s  Network density: average distance is 44,6 km 6 | Gk Bl 4728109838 | 12585567513 TRIMELE NETES
= 20 foreign reference stations (APOS, gnssnet.hu, CZEPOS, ASG-EUPOS, ZAKPOS) "~
8 JABO Jaslovské Bohunice 4035866.0213 1285295.083% 4753 A TRM55571 ONE .i. RI NETR9S
9 KA Kamenica nad Cirochou 3892532.3544 1572220.3322 4785952.5545 TR 5000 ON i‘ TRIM NETR9
3884965.6417 591340.3 4786138.9208 TRM59800.00 SC TRIM NETRS
KoSice 3926968.7490 4772720.4345 TRM115000. ON i‘ RI NETR9
U
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4 Referenéna stanica
4 Zahraniéna referenéna stanica
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SKPOS"®
CORS infrastructure for geokinematics

= 14 of 34 slovakian SKPOS permanent stations (41%) have monumentation suitable for
geodynamics/geokinematics research purposes

PKPE SKML‘: SKLM 4; v
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* roof of buildings

+ geodynamics research monumentation
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SKPOS"
Geodynamics research: HZ velocities (2007-2017)

eliminated: jumps + outliers + period + weights .I

Bernese GNSS Software
Version 5.2
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Horizontal velocities
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SKPOS"
Number of users

1600

1400

1200

1000

800

600

400

200

M Other users

M Surveying users

0

238

116

2006 2007 2008 2009

2010 2011

2012

412

343

1053 jji 1088 g 1102

2013 2014 2015 2016 2017 May
2018

N
o

[T
o

Z
>
5

)

EUREF 2018 SYMPOSIUM

AMSTERDAM 30 May - 1 June 2018



SKPOS*®

Type of users

= Surveying fields (cadastre, surveying, mapping, GIS) - 75%
guarding) - 25%

f'

m Other fields (precise agriculture, machine
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National levelling network
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National levelling network

= 1996 -2002: 1%t order lines measurements
e Original: 3787 km, 11 035 points, 68 lines
* Additional measurements: 1180 km

= 1987 -—2017: 2" order lines measurements
e 76% from 2003-2017
* 24% from 1987-1996

= 2016: start of computation of the new vertical reference
system realization

e plandivided into 5 phases
°* new realization estimated for 2020
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Recent vertical movements computation

" Map of recent vertical movements from spirit levelling (1949-2016)
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National gravimetric network
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New vertical gravimetric baseline

= Locality: Tatra mountains (5 points)

=  Gravity difference: 4406,6 uGal

= Height difference: 1935 m

= Highest point: Lomnicky peak 2634 m

= Absolute measurements done by FG5X-251
(GOP, CZE)

= Heights:
 Levelling (4 points)
« Trigonometric altitude (1 pt)
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Geodesy, Cartography and Cadastre Authority of Slovak Republic
news
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Orthophotos of Slovakia

= Cooperation between
GCCA and Ministry of
agriculture

=  Quality parameters:
= GSD-0,25m,
= RMSE,,=0,35m

= Data are provided free of
charge:

= raster data
= wms1.3.0
= Geoportal
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Digital elevation model (in progress)

Lokality zberu pre LLS (Slovenska republika)
Lots for ALS (Slovak Republic)

Vysvetlivky (Legend)

] lokality zberu s 250-metrovym pasom (lots with 250 m swath)
Opéatovné otvaranie (reopening of the agreement)
B 1 -2017

22017

I :-2018

nadmorska vyska m n.m. (elevation m s.l.)

0 15 30 60 90 120 e B

N N aaaa—— km LS min: 04

uvedené su rozlohy lokalit zberu vratane 250-metrového pésu a
) Cisla lokalit zberu
autor / author: UGKK SR (areas of lots with 250 m swath are listed altogether with lot numbers)

airborne laser scanning
density min.5 points/m?2
myy < 0,50 m in ETRS89-TM34

my, < 0,20 m in ETRS89 —
DEM 1m resolution — 2
m— NAP
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EPSG codes for all Slovakian reference systems and
transformations

Source reference
system

S-JTSK (JTSKO3)
S-JTSK (JTSK)
ETRS89 (ETRF2000)
S-JTSK (JTSKO3)
ETRS89 (ETRF2000)
S-JTSK (JTSK)

ETRS89 (ETRF2000)
3D

ETRS89 (ETRF2000)
2D + Bpv

ETRS89 (ETRF2000)
3D

ETRS89 (ETRF2000)
2D + EVRF2007

ETRS89 (ETRF2000)
2D + Bpv

ETRS89 (ETRF2000)
2D + EVRF2007

Target reference
system

S-JTSK (JTSK)
S-JTSK (JTSKO3)
S-JTSK (JTSKO3)
ETRS89 (ETRF2000)
S-JTSK (JTSK)
ETRS89 (ETRF2000)

ETRS89 (ETRF2000)
2D + Bpv

ETRS89 (ETRF2000)
3D

ETRS89 (ETRF2000)
2D + EVRF2007

ETRS89 (ETRF2000)
3D

ETRS89 (ETRF2000)
2D + EVRF2007

ETRS89 (ETRF2000)
2D + Bpv

EPSG code of
transformation

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

EPSG:

:8364

:8364

:8365

:8367

:8442

:8443

:8361

:8361

:8362

:8362

:8363

:8363

Geodetic
reference
system

ETRS89

S-JTSK

Baltic vertical
system after
adjustment

EVRS

Frame

Slovensky
terestricky
referenény
rdmec 2009

Jednotna
trigonometrick
a siet
katastralna

Jednotna
trigonometrick
a siet
katastralna
2003

Baltsky
vysSkovy
systém po
vyrovnani

Slovensky
vertikalny
referenény
rdmec 2005

|GP

International
Association
of Oil& Gas
Producers

From 02/2018

Frame code

SKTRFO9 =
ETRF2000

JTSK

JTSKO3

Bpv = Bpv
(1957)

SKVRFO5 =
EVRF2000

EPSG code

EPSG::4937
(3D - dAh)
EPSG::4258
(2D - ¢A)
EPSG::4936
(3D - XYZ)

EPSG::2065
(Ferro)
EPSG::5513
(Greenwich))

EPSG::8352
(Greenwich)
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Slovak University of Technology
R&D activities
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National center for diagnosing the Earth surface
deformations in Slovakia

= |TMS research project

= 9 absolute gravity / GNSS
permanent stations

= Activity in 2017/2018:

* FG5X-247 gravitimeter
measurement on all points in
June 2017

* FG5X-247 gravitimeter
comparison of Absolute
Gravimeters EURAMET.M.G-
K3 Wettzell in 2018
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New integrated monitoring station Hurbanovo

Ostrava'.

= Instruments: relative gravimeter gPhoneX #108, absolute gravimeter FG5X- Mu

247, accelerometer, permanent GNSS station, local weather station and soil j

moisture sensors. w)/ Slovensko :«\
= Applications to geodynamics research, geophysics, tides and hydrology. B! — fwf/ﬁ T
" Institutions: Earth Science Institute of the Slovak Academy of Sciences, Slovak - S ¥ -

University of Technology in Bratislava and Geodetic and Cartographic Institute

Bratislava. ;
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GNSS phase multipath detection

phase multipath detector
exploits the combination
of three-frequency SNR
measurements

computed detection
statistics is compared to
values gathered in “low”
multipath environment

continuing work on use of
two-frequency
measurements, which
would enable also
multipath detection for
GLONASS system
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Processing Android raw measurements

= Android OS 7.0 and higher provide opportunity to access raw
measurements on Android devices — raw time, phase, doppler and SNR
measurements,

= experiments show limitation in hardware, manufacturers using duty-
cycling technology which disrupts continuous observation of phases,

= proposed method for filtering using doppler measurements
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Sentinel-1 Multi-temporal InSAR for monitoring of geohazards
(undermined and landslide)

“@\ sentinel-1

| DESCENDING
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112 IWS
Dec 2014 - Dec 2017
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CZIKHARDT, R. et al., 2017, Ground Stability Monitoring of Undermined and Landslide Prone Areas by Means of Sentinel-1 Multi-Temporal
InSAR, Case Study from Slovakia. Geosciences 2017, 7, 87.



A pilot study on the Sentinel-1 MT-InSAR surface
deformation monitoring system for Slovakia
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GNSS meteorology — ZTD data assimilation

Assimilation of zenith total delays in
AROME/SHMU with three-dimensional
data assimilation system.

Minimal difference is -4.9 mm and
maximal difference is +2.7 mm of
accumulated rainfall over 12 hour forecast

000000

Determination of water vapour
distribution in troposphere via
tomography

reconstruction based on slant total
delays from stations in Slovakia.
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Slovak Academy of Science
R&D activities
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Geophysical and geodetic monitoring undermined area in
DP Bana Novaky

= A system of geophysical and geodetic methods applied to map recent or former
sinkholes and asses the risk of future sinkholes

= The results indicate the presence of multiple anomalies — former sinkholes, which
are also correlated with the sinkholes identified from historical aerial photographs

= One of measured anomalies was verified by drilling
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Thank you for your attention

N
o

[T
o

)

Z
>
5

EUREF 2018 SYMPOSIUM

MMMMMMMMMMMMMM - 1June 2018



	Snímka 1: National report for Slovakia
	Snímka 2
	Snímka 3: Outline
	Snímka 4: Slovakian EPN Operational and Local Analysis Centers
	Snímka 5: SUT - EPN Local Analysis Center activity
	Snímka 6: GKU – EPN Operational center activity
	Snímka 7: Slovakian EPN permanent stations Slovakian EPN Real-time service permanent stations
	Snímka 8: EPN permanent station BBYS Choke ring antenna replaced  due to problem with L2 frequency
	Snímka 9
	Snímka 10: SKPOS®  CORS infrastructure (May 2018)
	Snímka 11: SKPOS®  CORS infrastructure for geokinematics
	Snímka 12: SKPOS®  Geodynamics research: HZ velocities (2007-2017)
	Snímka 13: SKPOS®  Number of users
	Snímka 14: SKPOS® Type of users
	Snímka 15
	Snímka 16: National levelling network
	Snímka 17: Recent vertical movements computation
	Snímka 18
	Snímka 19: New vertical gravimetric baseline
	Snímka 20:  Geodesy, Cartography and Cadastre Authority of Slovak Republic news
	Snímka 21: Orthophotos of Slovakia
	Snímka 22: Digital elevation model (in progress)
	Snímka 23: EPSG codes for all Slovakian reference systems and transformations
	Snímka 24:  Slovak University of Technology R&D activities
	Snímka 25
	Snímka 26
	Snímka 27: GNSS phase multipath detection
	Snímka 28: Processing Android raw measurements
	Snímka 29: Sentinel-1 Multi-temporal InSAR for monitoring of geohazards (undermined and landslide)
	Snímka 30
	Snímka 31
	Snímka 32:  Slovak Academy of Science R&D activities
	Snímka 33: Geophysical and geodetic monitoring undermined area in DP Baňa Nováky
	Snímka 34: Thank you for your attention

