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s Slovakian activities and contributions to EPN

Status, activities and news from

= SKPOS (Slovak real time positioning service)

= national levelling network
= national gravimetric network

Research and development

= Activities of Geodetic and cartographic institute
= Activities of Slovak university of Technology

Other news from Slovakia



Slovakian activities and contributions to EPN
EPN Operational centers
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Slovakian activities and contributions to EPN

EPN Local analysis center

2015 May 19 03:10:37

Agency acronym

Institution
Hail Address

Primary Contact
Contact Name
Telephone

Secondary Contact
Contact Hane
Telephone

Third Contact
Contact Nane
Telephone

Softuare Used

s suT

: Slovak University of Technology
i Department of Theoretical Geodesy

Faculty of Civil Engineerin

i Radlinskeho 11, 813 68 Bratislava

Slovakia

i Jan Hefty

Slovak University of

Martina Minarikova
+ 421 2 5249 2047

Miroslava Haque Igondova
+421 2 5249 8647

+ 431 2 5192 5476
miroslava. igondova@istuba. sk E ; l | I
Bernese GPS Software, v. 4.2, BPE (until 1339 week)

Bernese GPS Software, v. 5.0, BPE (since 1400 week)



Slovakian activities and contributions to EPN
Permanent stations contribution
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Slovakian activities and contributions to EPN
Permanent stations contribution
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ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NEWS, EVENTS & LINKS

About | Components | Weorking Station list | Maps | Tracking status Data  analysis | Daily/weekly Formats | Guidelines | Equipment & Mews | Mails | Calendar | Workshops
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NETWORK & DATA > STATION LIST

As of 21 May 2015, 266 permanent GNSS tracking stations (including 2 inactive) are part of the EUREF Permanent Network.

For a better understanding of the table, see the legend.
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Slovakian activities and contributions to EPN

EPN CB
HOME

About | Components |
groups | Management | Contributors
| Collaborations | Site map Station log
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Slovakian activities and contributions to EPN
Monitoring of the official national ETRF
coordinates on EPN web (“Elmars activity”)

EPN CB

e EUREF PERMANENT NETWORK

ORGANISATION NETWORK & DATA PRODUCTS & SERVICES DOCUMENTATION NE'

& News |
5. POSITIONS PUBLISHED BY THE COUNTRY

| FTP s

The official ETRS89 coordinates used in Slovakia are maintained by GKU. This agency is fully responsible for the information kindly provided to the EPN:

valid (from - to) epoch t Position (m) Velocity (m/y)
X Y z Vy Vy Vz
111/2012 - now 184/2008 3929181.851 1455236.510 4793653.699 MA MA MA
310/2006 - 111/2012 233/2006 3929181.849 1455236.511 4793653.696 MA MA MA
310/2006 - 111/2012 184/2008 3929181.850 1455236.509 4793653.700 MA MA MA

Following a recent initiative of the EUREF Technical Working Group (Monitoring of official national ETRF coordinates on EPN web), the differences between the national
coordinates and the latest cumulative EPM solutions (section 1) are regularly monitored. They are given in two maps: [horizontal differences] and [vertical differences].

Active Inactive Former ~~

Locate station on map

a station - v : 'f @:
MOP2 :

ia selection

o] =
Olomouc

t‘?o | £462 Ziin

rer: Antenna manufacturer:

[3S NAVIGATION _

AQA

ASHTECH v €65 |
’ N~—/

frnava
“ ?') L]
Wirs e :
““¢— Bratislava
-Ba{ien
e
s £
ner El - Vag®
(P mrronn | adt’] Sogyo G%éf—NEszlergo}ri:o (£71| \
|Update map)| i w e
e : Budapest F 5 o Debrece
Eiﬂ y o) ¢~ 3
7 .SZ? gathely . Székesfehérvar Szolnok
ejoyef A o 4 =
o S Udaje map ©2015 GeoBasis-DE/BKG (©2009), Google 50 ki b  Zmiuvné podmienky & Na




¥

News from national spatial network (GNSS
positioning)




Slovak real time positioning service - SKPOS®
Infrastructure (status in May 2015)

= 33 Slovakian permanent stations (14 individual calibrated)
= All stations with TRIMBLE receivers and antennas
= All stations observe GPS+GLONASS signals (few Galileo)
= 19 foreign permanent stations (APOS, gnssnet.hu, CZEPQOS, ASG-EUPOS, ZAKPOS)
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SKPOS®
Infrastructure for geodynamics research

= 11 from 33 SKPOS® permanent stations have monumentation suitable for geodynamic
research purposes

O 6 stations reinforced-concrete pier monumentation
O 5stations deep drilled braced mark monumentation (5m deep) — 5 stations

+ +
CFRM KROS
+Z"Wl +N wsC
= >
,“/[ Lo - +
+ Q1 #
CVsE + +5K ¥ Foer 5
Do KuzA
¥ 1
e +st1 +SKLM OP oy
! - SKSV
<+ +SKTN +s il
Q. i X O
e i B i +
S 8 4 TREB
MSTB, e skzv
O 1ABO Osv O ELs +
P2 s&
+ Sk
WIEN e o i
S 3
» R Ao g
o ez
+ -




SKPOS®
number of users

= over 1000 registrations (May 2015)
= nhumber is still increasing

- SKPOS

2007 2008 2009 2010 2011 2012 2013 2014 2015




2014
2014

SErvice usage In
In

INS

log

SKPOS®

= all users




SKPOS®
type of users

= Surveying fields (cadastre, surveying, mapplng GIS) 92%
= Other fields - 8%




SKPOS®
packages — data formats - charges

Package Content Duration Format

SKPOS_mm RINEX 1000 h year RINEX 2.x, 3.X
AN

6.
<% RTK unlimited
SKPOS cm  + 50 h RINEX

(year) ear RTCM 2.3, 3.1,
Y y CMRx, CMR+
ours
SKPOS cm _ month RTCM 2.3, 3.1,
(month) AULS Uil Il CMRx, CMR+
SKPOS dm DGNSS year RTCM 2.1

unlimited

Flat rate

50 €

S50 €

19 €

20 €



SKPOS®

e

N 1560

ASMARUP Casové rady Monitoring
Analyza inicializacnych ¢asov Casové rady referenénych stanic pouZivatelov
pouZzivatelov SKPOS SKPOS Pocet pripojenych pouZivatelov
o322
L\
[,

Monitoring sietového Monitoring sietového EUPOS monitoring
riesenia riesenia EUPOS network RTK quality
Desktop verzia - Monitoring Mobilna verzia - Monitoring monitoring

kvality sietového rieSenia kvality sietového rieSenia

public available application

Applications for analysis and administration

Oneskorenie (ms)

Oneskorenie stanic

Oneskorenie referenénych stanic
SKPOS

.0..'

NMEA Analyzer

Analyza merani pouzivatelov z
NMEA spravy



Application for SKPOS® Monitoring And RTK
Users Performance (ASMARUP)

= application for users
Initialisation times
analysis

= analysis enabled
according to:

= (date and time,

= particular user,

= length of the
Initialisation time,

= number of satellites,

= mountpoint,

user position




Application for automatic visualization of
SKPOS® permanent stations time series

RAW time series input: SINEX from Bernese software

CLEAN time series input: topocentric coordinates from MathCAD sw

SKLM_11537M001 (RAW)
2010 2011 2012




Application ,SKPOS® network solution quality
monitoring*

http://monitoringSKPOS.gku.sk/m http://monitoringSKPOS.gku.sk




Application for Monitoring of number of on-line
connected users

Pripojeni pouzivatelia Max. pocet pripojeni

= Application visualizes e e oosemne
and arChiVES QHMZT 5 : z +8+44 =212
= Number of on-line o
connected users in
graph
= Maximal number of
connected users

= Graphical history of
users connections




Application for Monitoring of SKPOS®
permanent station data delay

Priemerné oneskorenie Maximalne ocneskorenie

= AI I Stations mon itored v ms v 04.10.2014 19:54:22 TATA 179 564ms

Aktualne oneskorenie stanic
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BASV 03.02.2015 07:3446 20 0
Val ues BBYS 03.02 2015 07:34'46 20 0

BREZ 03.02.2015 07:34 46 | 200 40

A t I d I I CFRM 03.02 2015 0734 46 106 40

O C ua e a'y Va’ ueS CKRO 03.02.2015 07:34 46 119 20

CSOR 03.02.2015 07:34:46 360 240

\
= Data archived e
:

= Graph of data delays
provided
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Application ,NMEA Analyzer*

NMEA Analyzer

Application for NMEA
data handling

Application enable:
= Analyzing b i
= Filtering T
= Exporting ’
= Visualizing
Underlay map = 3
= Terrain,
= Satellite
= Cadastral
= ZBGIS®

Color range output e —
(according FIX)




SKPOS®
active part of EUPQOS

Follows EUPOS standards

Keeps information in EUPOS statlon

database

Contributes to EUPOS combination

centre (SINEX GKU)

Leads EUPOS WG on Service
Quality Monitoring

Cooperation/Membership

end
S B 0% 6)
. | EuPes




EUPOS WG on Service Quality Monitoring

EUP®S. SERVICE QUALITY MONITORING

= GKU Bratislava = administrator of
SKPOS® and EUPOS Service

Quality Monitoring |

= EUPOS SQM g

= Application for monitoring of

EUPQOS countries network
RTK quality

= http://monitoringeupos.gku.sk

nnnnnnn

TRIME NRWRI

]


http://monitoringeupos.gku.sk/

Status, activities and news from national
levelling network




National levelling network (SNS)
Measurements on the 2"d order levelling lines

= Measurements in 2014:
= Totally measured: 601 km
= 3 levelling groups
= New reprocessing of SNS is preparing (Data from 1987 - 2015)

SNS 2014




Status, activities and news from national
gravimetric network




National gravimetric network (SGS)
Relative gravity measurements

= relative measurements on SGS network (111 differences)
= 1 measuring group

e SGS 2014
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Gl
NSNSl
Research and development



Collaboration with Vihorlat observatory
Space emergency system

Multilateral project: Ukraine-Slovakia-Hungary-Romania

&

Agreement signed in December 2015
new KOLS permanent station will be part of SKPOS®

goal: creation of Space emergency system



http://www.meteognss.net/

Geokinematics research of Tatra mountains
GNSS Campaign measurement

Re-measuring of local geodynamics network LGS Tatry

Method: min. 72 hours GNSS campaign every year from 1998
Cooperation: Slovakian institutions (TOPU STU) and Poland TUW
Processing in Bernese software |
Velocities — in milimeters

Elipsoidicka irka []

we 2 201
Emo»d»cka dizka [*]

apublika




Slovak University of Technology
Research and development activities




National center for diagnosing the earth surface
deformations in Slovakia

m |TMS research project (http://www.geokinematika.sk)

= Surface deformations monitored on 9 geodynamics points by
= Permanent GNSS stations
= Absolute gravity measurements e 2 a
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NATIONAL CENTER FOR DIAGNOSING THE EARTH SURFACE
DEFORMATIONS IN SLOVAKIA

ITMS: 26220220108

STU & 48

START OF THE PROJECT: 1 DECEMEER 2010 / END OF THE PROJECT: 30 NOVEMEER 2013

19 20 21

5 x °
e ABOUT THE PROJECT Zemepisna dizka (°)
The aim of the National Center For Diagnosing the Earth ‘Siet monitorovanych bodov
Surface Deformations in Slovakia is to identify the Earth — LA 2 z =

surface deformations on the basis of research results by
applying the satellite, gravimetric and tropospheric
measurements.
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s
]
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]

The output of the national center is a permanently
updated database of earth crust dynamics in Slovakia
focused on determination of risk areas for construction

and monitoring of large structures. 0] x >
Zemepisné dizka (°)

The national center carries outthe measurements of The monitoring network

geometric and physical variations on the Earth's surface

on 8 reference stations of the monitoring network

The position variations atall sites ofthe monitoring network are continually tracked by GNSS receivers. On the regular basis, the
absolute and relative gravimetric measurements are carried out at the network sites as well as levelling measurements for improving the
vertical deformation information


http://www.geokinematika.sk/

National center for diagnosing the earth surface
deformations in Slovakia

Repeated absolute gravity
measurements

= absolute gravimeter FG5X-247 & /7
= 3 campaigns performed: |

= June 2014 - October 2014 - April
2015




Ps INSAR
monitoring - urban targets
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Ps INSAR

monitoring - urban tar
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Ps INSAR
monitoring - landslides

Devastating landslide in Nizna Mysla (SE Slovakia) - 4th of June, 2010
Monitoring of possible prerequisites — ERS & ENVISAT — period 1992 - 2010

PS INSAR approach ENVISAT (2002-
QUASI-PS INSAR approach ERS (1992-1999) 2010)

: : ID: 209, Vel: [mm/year], KTemp: [rad/degC
‘- -?a "\‘,g"« :‘”uj~ T |[ ly |] lp [ lg]

2003 2004 2005 2006 2007 2008 2009 2010T
Temporal Baseline [years] 4-Jun-2010: occurrence of the most

disastrouslandslide

ID: 97, Vel: [mmlyear], KTemp: [rad/degC] ¢
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GrafLab (GRAvity Field LABoratory) software
Spherical harmonic synthesis (SHS)

Pp——— - Graflab (GRAvity Field LABoratory)
7( e - SHS up to ultra-high degrees (tens of thousands
T 0 orsan = or even higher)
e | ~ Point-wise and grid modes
o [ ) - Computes 38 frequently used gravity field
Lot min) Lot siop () Lot max ) Laiuo () quantities: e.g. geoid, height anomaly, gravity
o ) Lo s ) Lo ot ) anomaly/disturbance, tensors, ...
S . i1sGrafLab (Irregular Surface GRAvity Field
LABoratory)
oo A modified version of GrafLab
n E— L - Fast SHS on grids at irregular surfaces (e.g. the
- [Cuput fodor ana o 7 Earth‘s surface)
ok | [ cowe | - Based on the lumped coefficients approach and

References: Taylor Series expansion

*Bucha, B., Janak, J., 2013. A MATLAB-based graphical user interface program for computing functionals of the geopotential up to ultra-high
degrees and orders. DOI: http://dx.doi.org/10.1016/j.cage0.2013.03.012.

*Bucha, B., Janak, J., 2014. A MATLAB-based graphical user interface program for computing functionals of the geopotential up to ultra-high
degrees and orders: Efficient computation at irregular surfaces. DOI: http://dx.doi.org/10.1016/j.cage0.2014.02.005.

Available at:
o www.svf.stuba.sk/en/departments/department-of-theoretical-geodesy/science-and-research/downloads.html?page 1d=4996



http://www.svf.stuba.sk/en/departments/department-of-theoretical-geodesy/science-and-research/downloads.html?page_id=4996
http://dx.doi.org/10.1016/j.cageo.2013.03.012
http://dx.doi.org/10.1016/j.cageo.2014.02.005

Determination of regional quasigeoid from
combination of GOCE and terrestrial measurements

Development of effective combination
of satellite gravity gradiometry (SGG)
Subtraction of normal gravitation tensor U Interpolation from GOCE and terrestrial data gravity
anomalies or gravity disturbances.

Gravitation tensor V in LNOF Terrestrial gravity data Ag or 5g

Disturbing tensor T in LNOF Reqular grid of Ag or dg

Smoothing

Smoothed elements of tensor T

Transformation and downward continuation Gravity

3 sets of Ag in mean altitude 150 km : ;\\l‘%' + anomalles — >

or —
Optimal combination GOCE gra Vity [ﬂﬁ 3 =
Boundary values for BVP disturbances ) j%‘ﬁ& \\(f\ﬁ:

Finite Element Method

Solution to BVP in nodal points

Reference: Janék J., Pitonak, M., Minarechova Z.:
Regional quasigeoid from GOCE and terrestrial
measurements. Stud. Geophys. Geod., 58, pp. 626-649




Other news



Geodesy, cartography and cadastre authority of
Slovak republic — geoportal (www.geoportal.sk)

|/ & Atberding Quality Control x VB Prekiadat Google x ¥ B gravity anomaly measure: % V M Doruéené (4) - branodro: x 1 &) EUREF Permanent GNSS | x 1l downloads - Faculty of C1 _/7@ Geoportsl

€« C' [ www.geoportal.sk/sk html

& Prihlsenie

©Geoportal e Em B2

o GEODETICKE ZAKLADY

KATASTER | ZBGISASMD | ARCHIV | APLIKACIE

Podmienky pouZitia

Akékolvek kopirovanie alebo zverejfiovanie celého kartografického diela alebo jeho podstatnej Casti bez siihlasu autora, a to aj pre osobnii potrebu a na ‘
(cel, ktory nie je priamo alebo nepriamo obchodny, je v zmysle zdkona €. 618/2003 Z. z. (autorsky zakon) zakazané. Neredpektovanie tohto zakazu
svojvolnym kopirovanim produktov zvereinenych na tomto webovom portéli zakladd obc¢ianskopravnu aj trestnopravnu zodpovednost’ protipravne

* ODKAZY

Mapy

@ GKU
® Produkty 3 sluzby e OZNAMY A AKTUALTTY
PO Mapovy klient ZBGIS Transformacna sluzba
© SKPOS® Mapovy klient ZBGIS je webova Aplikécia Transformacna sluzba
i aplikécia, ktora sliZi na pracu vykonava autorizovanu
@ Katastralny portal s (idajmi ZBGIS, zobrazovanie, transformaciu stradnic bodov DVRM
7 vyhladavanie 2 analyzu medzi zavaznymi geodetickymi ﬂ 01.03.2015
® UGKK SR priestorovych tdajov. systémami.
Digitslny vyskovy referencny model je
® Objednavky volne dostupny na stizhnutie
® mesto/obec Aktualizécia technickej
,«/ spravy
‘) 19.02.2015
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