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GKU Bratislava

Oddelenie SKPQOS®

Narodné servisné centrum SKPOS:

v’ prevadzka polohovej sluzby SKPOS
v’ prevadzka a udrzba stanic SKPOS

Operacné centrum EPN:

v sprava a distribicia tdajov zo stanic EPN(K) 4

e A AN e P Pt i,

Analyzacné centrum EPN Dens:

L e

v monitoring a analyza stanic SKPOS

v rutinné spracovanie siete SKPOS

Projekty:

v EUREF-IP v" CEGRN
v EUREF Densifications v E-CGVAP

v EUREF Dense Velocities EPOS




Motivacia pre novy prepocet suradnic

|
2011 @ SKTRF 2009: ETRS89 (ETRF2000) epocha 2008.5
v' 1. multi-ro¢né spracovanie SKPOS (2007 — 2009)

v’ vypocet: suradnice
v’ narodn4 realizacia ETRS89 (nebola validovanda EUREF GB)

2021 @ SKTREF 2020: ETRS89 (ETRF2000) epocha 2008.5%
v' 2. multi-ro¢né spracovanie SKPOS (2007 — 2020)

v vypocet: suradnice + rychlosti
v’ nova narodna realizacia ETRS89 (validovand EUREF GB)

Inspirované multi-rocnym spracovanim siete ESTPOS (EUREF Sympézium 2019, Tallin)



Vyber stanic SKPOS do spracovania

= Sticastou spracovania (38):
v’ 28 aktivnych
v 10 neaktivnych

= Vylicené zo spracovania (7):

v’ kratka prevadzka: DVCN, TRCN, VRAN, ZELI, ZVOL

v’ nestabilny CR: DOPL, KOLS (analyzujeme)
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< aktivne stanice SKPOS
<+ neaktivne stanice SKPOS
<4 vylti¢ené stanice SKPOS

Stanica Nazov O-miestne 1T DOMES 4 Status Doba spracovania
(v rokoch)
BASV Banskd Stiavnica BASVODSVE 11T0IM001 aktivna 7.0
BRYS Banské Bystrica BRYSOOSVE 11514M001 aktivna 14.0
BREZ Brozno BREZDDSVE T1551M001 aktivna 10.4
DOPL Dolné Plachtinee DOPLIOSVE 11707M001 aktivna a7
DVCN Devitany DVCNOOSVE 1170aM001 aktivna 0.0
GANP Cénoves GANPOOSVE 11515M001 aktivna 14.0
GKU4 GKU Bratislava GKUAD0SVE 11505M 002 aktivna 14.0
HUVO Hurbanovo HUVODSVE T1T0EMO01 aktivna a8
JABO Jaslovské Bohunice JABODDSVE 11552M001 aktivna 10.4
KAME Kamenica n. Cirochou KAMEODSVE 1170aM001 aktivna 7.0
KOLS Kolonica KOLSDDSVE 11705EMO001 aktivna 5.5
KOSE Kofice KOSEODSVE T15T2M001 aktivna 8.3
KUKE Kofice KUKEINSVE 115Z1MO001 neaktivna 58
KUZA Zilina KUZADDSVE T15Z2M001 aktivna 14.0
LIEL Liesck LIEINSVE 11523M001 aktivna 14.0
MOP2 Modra-Piesok MOP2MSVE 1150TM002 aktivna 131
PEMB Partizdinske PEMBO0SVE 11524M001 aktivna 137
PRES Prefiov PRESO0SVE 11525M001 aktivna 14.0
RISA Rimavski Sobota RISAODSVE 1154 1M002 aktivna 7.1
SKDS Dunajskd Streda SKDSO0SVE 11554M001 aktivna 9.1
SKGA Galanta SKGANSVE 11526MO01 neaktivna 49
SKLM Liptovaky Mikulis SKLMIOSVK T15ZTMO01 aktivna 14.0
SKLV Leviee SKLVOISVE 11528MO01 neaktivna 130
SKEMT Martin SEMTO0SVE 1152aM001 aktivna 114
SKNR Nitra SKENROOSVE 115TaM001 aktivna 8.3
SKNZ Nove Zamky SKNZMSVE 115400001 neaktivna 10.3
SKPB Povaiskd Bystrica SKPBOOSVE T1ITTMO01 aktivna 8.0
SKRS Rimavski Sobota SKRSO0SVEK 1154 1M001 neaktivna 7.0
SKRV Rogfiava SKRVOOSVE 11542M001 aktivna 14.0
SKSE Senica SKSEIDSVE 11543M001 aktivna 14.0
SKSK Svidnik SKSKOSVE 11544M001 aktivna 14.0
SKSL Stard Lubovi SKSLOOSVE 11545M001 aktivna 14.0
SKSV Snina SKEVI0SVE 11546MO01 aktivna 14.0
SKTN Trenéin SKTNOOSVE 1154 7M001 neaktivna 123
SKTV Trebifov SKTVOOSVE 11548MO01 neaktivna a7
SKVK Velky Krtis SKVEMNSVK 115480001 neaktivna 10.5
SKENVT Vranov n. Toplou SEVTOINSVK 11553M 001 neaktivna 10.8
SKZV Fivolen SKZVIISVE T1550MD01 neakiivna 123
TELG Telgart TELGOOSVE 11702M001 aktivna 7.0
TRCN Trenéin TRCNODSVE 11547M 002 aktivna 21
TRER Trebifov TREBNSVE 11548M D02 aktivna 10.3
VELS Velké Slemence VELSINSVE 11704MO01 aktivna 6.0
VRAN Vranov n. Toplou VRANOISVE 11553M002 aktivna 0.0
ZELI Zelinzovee ZELINDSVE 11710M001 aktivna 0.0
EVOL Zvolen ZVOLODSVE 1170BMO01 aktivna 0.2




Vylucena stanica - KOLS

SINEX Position Time Series in ETRF2000
KOLSO0SVK 11705M001
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I Rutinné spracovanie siete SKPOS

= Od 01.01.2007 (GPS tyzden 1408) -
= Bernese GNSS Software !l
= EPN sub-siet + SKPOS

JOZ2IIOZE
F Y

EUREF PeErRMANENT NETWORK
DENSIFICATION

* Denné a tyzdenné rieSenia e - e e

CFEM Z‘Q"-I

= Spracovanie pred 2020:

v rOzne verzie Bernese

v rozne nastavenia Potrebnd nova
R homogénna stratégia
v rozne GNSS produkty

spracovania ! w
v rozne referencné ramece



Rutinné spracovanie siete SKPOS

Parameter / Kampan REPRO OPERATIONAL OPERATIONAL
(GPS tyzdne 1408 - 1933)  (GPS ty#dne 1934 - 2085)  (GPS tjZdne 2086 - 2138)
Referenény ramec IGh08 1GS14 IGS14 (since 2106 IGb14)
Kalib. model antény epn_ 08.atx epn_ 14.atx J_e_p_g_JA_aLL
Produkty CODE REPRO_ 2015 (GPS+GLO) final (GPS+GLO) rapid (GPS+GLO+GA®
Orbitalny model CODE DYX sun-oriented (old) D2X sun-oriented (new) D2Xsuo ew)
Stbory RINEX RINEX v2 RINEX v2 “,.-/E'I—N'EX v2 + RINEX v3
F .. & O LA T Druzicové systémy GPS+GLO GPS+GLO [.\ GPS+GLO+(D
F j Wit R | an ; Riedenie EPN EPN_A IGh08 C1934.SNX EPN_A IGbl4 C2130.SNX EPN_A IGbl4 C2130.SNX
ﬁ”“" "‘“ ‘ 77 ' tﬂs ’ ',"‘u 3 P e e T ‘ 7' Typ spracovania Network DD
B - : . | L 3NN Strat. sprac. zékladnic ﬁBS-MAD
EUREF AC Workshop 2019 Bernese course 2020 Strat. rieSenia ambiguit L5/L3, QIF, L1 /LQMOd dizky zékladnice)
Model troposféry VMF1
Model ionostéry CODE
Y Y ° P v Oceanske slapy FES2004
. N Ova. St rat egla Vyp OCt u : Atmosférické slapy generované softvérom Bernese 5.2
/ . .
/ AV SUlade SO Smernlcaml EUREF / EPN Referencné stanice EPN (http://epnchb.oma.be/_productsservices/ReferenceFrame/)
Stanica Nazov stanice 9-miestne ID DOMES # Klasifikacia EPN
/ kampane REPRO / OPERATIONAL BAIA Baia Mare BATAOOROU 11406M001 Co
BBYS Banska Bystrica BBYS00SVK 11514M001 C3
/ nOVé nast avenia: OB S_MAX7 v BOR1 Borowiec BOR100POL 12205M002 Co
GOPE Pecny GOPEOOCZE 11502M002 Co
v’ IlOVé GN S S pro dU.kty . C O D E GRAZ Graz GRAZOOAUT 11001M002 0
JOZ2 Jozefoslaw JOZ200POL 12204M002 Co
4 b4 4 O OROS Oroshaza OROSO00HUN 11207M001 C2
v nové referencné stanice EPN N T o

. v . TUBO Brno TUBOO0CZE 11503M001 C1
v od 01.01.2020: riesenie GPS+GLO+GAL USDL  Ustiki Do USDLOGPOL 122290001 R




I Rutinné spracovanie siete SKPOS

= Denné sietové riesenia SKPOS
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Nové multi-roé¢né spracovanie SKPOS

GPS tyzdne 1408 - 2138

POSTUP:
1. Transformacia REPRO tyZzdennych rieseni z IGb08 do I1GS14

» pomocou latitude-dependent models and skriptov IGS (GPS tyzdne 1408 — 1933)

2. Konverzia SINEX rieseni na NEQs
» SNX2NQO (Bernese 5.2)

3 . A. nalyza éaS OVS’ Ch I‘ad oV Referencné stanice EPN v multi-rocnom spracovani

Stanica Nazov stanice 9-miestne ID DOMES # Klasifikacia EPN Pouzité rieSenia
> FO DIT S (Bernese 5 . 2) BAIA Baia Mare BATAOOROU 11406M001 co 1,2
BBYS Banska Bystrica BBYS00SVK 11514M001 C3 2,3,4,5,6,7
> Odhad diSkOnt lnuit EPN a SKP O S St anic BORI Borowiec BORI100POL 12205M002 Co 2,3
CFRM Frydek-Mistek CFRMO0CZE 11525M001 2 1,2
, -« N v » o ~ . GOPE Pecny GOPEOOCZE 11502M002 Cn 5, 6
4 N Vyp Ocet mult 1_ rOC neho rlesenla CRAZ Craz GRAZOOAUT 11001M002 Co 6, 7,8
JOZ2 Jozefoslaw JOZ200POL 12204M002 co 1,2,3
JOZE Jozefoslaw JOZE0OPOL 12204M001 o 2,3
> ADDNEQ2 (Bernese 5 2) OROS Oroshéza OROSO0HUN 11207M001 c2 3,4, 5,6
PENC Penc PENCO0OHUN 11206M006 Co 2,3
> C RD a VEL naViaZ ané na EP N A IGb 1 4 C 2 1 30 SULP Lviv SULPODUKR 12366M001 C2 2,3
— T — TUBO Brno TUBOODCZE 11503M001 C1 2,3,4,5

USDL Ustrzyki Dolne USDLO0OPOL 12229M001 co 1,2

> POdmienka: 9 mznzmum COntTa/[:ntS (NO Net Tmnslation} “ UZHL Uzhorod UZHLOOUKR 12301M001 2 1,23, 4



Nové multi-roé¢né spracovanie SKPOS

GPS tyzdne 1408 - 2138
VYSLEDKY: Stradnice a rychlosti (IGb14, epocha 2008.5

Stanica  (lslo Stradnice v ICb14 Rychlosti v IGb14 PRES 1 3000048.1223  1521301.4979 4789020.5223  -0.01762  0.01671  0.01025
rieSenia X (m) Y (m) Z (m) vx vy va 2 3000048.1225  1521301.5012 4789020.5171  -0.01762  0.01671  0.01025
(m/rok) (m/rok) (m/rok) RISA 1 3088762.7473  1452240.2352 47447880719 -0.01773  0.01687  0.00998
BASV 1 4000051 .8332 1374556.0206 AT50511.5873 _0.01799 0.01701 0.00039 SKDS 1 4075845.8499 1293505.4521 47166942046 -0.01763 0.01738 0.01050
2 40099518315  1374556.9287 17505115816 -0.01799 001701 0.00939 2 4075845.8490  1203505.4387 4T16694.2020  -0.01763  0.01738  0.01050
3 10009518396 1374556.9278 ITSUB1L5833 001799 001701 0.00939 SKGA 1 4057833.0010  1207134.0516 47311145280 -0.01812  0.01768  0.00927
BBYS 2 30803587306 13822021458 A772771.0825 001769 001644  0.00050 2 AOGTESRO0G  1207ISA064T  A7RILIAS281  -D.01812 001768 0.00927
3 0303587117 13822021430 ITTITLOS08 001769 00164 0.00959 3 4057833.0035  1207134.0523 47311145309 -0.01812  0.01768  0.00927
SKLM 1 3043154.5497 14055262812 4796851.7325  -0.01755  0.01664  0.00993
4 H980358.7538 13822021517 ATT2TTL994T  -0.01769 0.01644 0.00959 2 3943154.5546 1405526.2808 4706851.7335  -0.01755  0.01664 0.00993
5 3980358.7687  1382292.1493 47727719910 -0.01769  0.01644  0.00959 SKLV 1 4035647.0347 13585828057 47328833622 -0.01754  0.01678  0.00877
6 0803587304 13822621507 ATT2771.9000  -0.01769  0.01644  0.00959 2 4035647.0306  1358582.8101 47328833767  -0.01754  0.01678  0.00877
7 3080358.7546 13822921527  ATT2771.9916  -0.01769  0.01644  0.00959 3 4035647.0377 13585828150  4732883.3805  0.01754  0.01678  0.00877
BREZ 1 3063888.6204 1414441.1503 4777132.1129 -0.01751 0.01675 0.00980 SKMT 1 3050341.5601 1358186.7778 A796802.9065 _0.01798 0.01665 0.00932
GANP 2 3929181.4554 1455236.7874 4793653.9309  -0.01706  0.01561 0.00879 SKNR. 1 4039951.0789  1319218.0641 4740290.1459  -0.01819  0.01712  0.01004
4 3920181.4679 1455236.7865 4793653.9421  -0.01696 0.01561 0.00879 SKNZ 1 4063433.4382 1333643.0252 4716233.1588  -0.01792  0.01686 0.00963
GKU4 1 4072810.6010  1258557.0323 4728707.8337  -0.01660  0.01788  0.01010 2 4063433.4368  1333643.0271 47162331552 -0.01792  0.01686  0.00963
2 4072810.5026  1258557.0227 A728707.8319  -0.01660  0.01788  0.01010 SKPB 1 30680811415  1323422.1808 47992362281  -0.01765  0.01698  0.00962
HUVO 1 A07T2065.6880 13382803857 AT07504.5548  -0.01728  0.01693  0.00994 SKRS 1 3087412.2088  1453204.0483 47456209926 -0.01825  0.01640  0.00912
JABO 2 A035865.6366 19285205 3667 AT53013.6313 _0.01697 0.01671 0.00091 SKRV 1 3953193.5654 1480301.0342 47T65817.7446 -0.01864 0.01654 0.00943
KAME 1 38025310598  1572220.6009 47850527944  -0.01820  0.01601  0.00907 SKSE 1 A026909.4674 12508820022 AT6TIS2TES0 001708 001721 0.01018
2 3802531.0560  1572220.6002  4785052.7878  -0.01820  0.01601  0.00007 2 10269094679 1250882.0043  4767132.7516  -0.01708 001721  0.01018
3 33025310608 15722206105 47850527918  -0.01820  0.01601  0.00907 SKSK 1 38748700100 1631897.7371 48132035056  -0.01850  0.01623  0.00932
1 3809531 9508 1572290.6113 ATRR0S2T042 001820  0.01601  0.00007 SKSL 1 3808822.5082  1472199.1959 4812007.3472  -0.01790  0.01651  0.00993
9 IR08822.5131  1472199.1948 4812007.3466  -0.01790  0.01651  0.00993
KOSE 1 3926068.3513  1526728.7757 4772720.6613  -0.01824  0.01624  0.00963 — - - - . SKPB gt SKLM
2 3026968.3466  1526728.7730 A772720.6514  -0.01824  0.01624  0.00963 SKEV L J808354531  ISSISMOSGNT ATO0NGLAGL 001821 0.0165 000956 \ '
3 3883835.4551  1581330.8662 4790061.3561  -0.01821  0.01625  0.00956
3 30269G8.3518  1526728.7752 4772720.6614 001824 0.01624  0.00963 4 I883835.4620  1581330.8677 4790061.3625  -0.01821  0.01625  0.00956 BBYS
KUKE 1 3031776.4637  1530488.3001 4767565.9933  -0.01922  0.01506  0.00758 SKTN L 2005512.0257 13007618806 ITR26104650 001731 001682 0.00949 . ¢
KUZA 1 3952344.5102  1340788.1770 4807403.2707  -0.01704  0.01603  0.01037 9 3005512.0258  1300761.8835 ATRIG104T24 001734 001682 0.00049 sas 1
3 3052344.5149 1340788.1870 4807403.2738  -0.01704 0.01603 0.01037 SKTV 1 3924504.1042  1563219.7000 4762831.1394  -0.01822  0.01693  0.00957 i
LIE1 1 3018778.8129 1401454.5436 4817956.9057 -0.01797 0.01639 0.00948 SKVK 1 4018088.9501 1410974.8167 47325899012 -0.01726 0.01813 0.00970
2 3018778.8176  1401454.5460 4817056.9041  -0.01797  0.01639  0.00948 SKVT 1 30046528752 1552604.1820 47824211171 -0.01876  0.01643  0.00859
3 3918778.8341  1401454.5477 4817056.9175  -0.01797  0.01639  0.00948 SKZV 1 3004941.2088 13851366635 4759661.2368  -0.01725  0.01677  0.01011
4 3918778.8356  1401454.5463 4817956.9162  -0.01797  0.01639  0.00948 TELG 1 30473058319 1451396.2067 47801980638  -0.01824  0.01673  0.00948
MOP2 1 4053742.5872  1260569.7222 4744040.1807  -0.01720  0.01723  0.01009 TREB 1 30245126352 15632321831 4762817.8309  -0.01822  0.01693  0.00957
PEMB 1 4009007.5265  1320009.4446 4763668.2648  -0.01790  0.01625  0.00095 2 3924512.6369  1563232.1866 4T62817.8360  -0.01822  0.01693  0.00957 o2 2 .
2 A000007.5371 15200004468 AT63668.2769  -0.01700  0.01625  0.00995 VELS 1 30207804004 15062751053 4754941.2203  -0.01819  0.01685  0.00041 Vertikélne rychlosti v IGb14




Nové multi-roé¢né spracovanie SKPOS

GPS tyzdne 1408 - 2138

VYSLEDKY:

Casovy rad v ETRF2000

SINEX Position Time Series in ETRF2000
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Rezidualny casovy rad

Residual Position Time Series
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Overenie vysledkov s EPN/EPN D

= Vysledky multi-rocného riesenia SKPOS sa porovnali s tromi
kumulativnymi rieSeniami EPN/EPN D:

Kumulativne riesenie Porovnavané stanice (#) Rozdiely v polohe > 5 mm Rozdiely v rychlosti > 0.5 mm/rok
EPN (C2130) Juliette Legrand EPN (18) 0x Ox
EPN Densification (C2145) Joaquin Zurutuza SKPOS (38) 1x 2x

EPN Densification (D2100) Ambrus Kenyeres SKPOS (28) 2x 4x



Nové suradnice a rychlosti SKPOS stanic
ETRF2000 (epocha 2008.5)

Stanic  Ciislo Stiradnice v IGb14 Rychlosti v IGb14 RISA 1 3088763.1382  1452230.9551  ATA4TST.8363  -0.00034  -0.00005  -0.00030
rieSenia X (m) Y (m) Z (m) vx vy vz SKDS 1 4075846.2278  1293505.1654  AT16693.9636  -0.00091  0.00012  -0.00006
(m/rok) (m/rok) (m/rok) 2 40758462268 1203505.1520  47T16693.9619  -0.00091  0.00012  -0.00006
BASV A009952.2186  1374556.6477  ATS0511.3501  -0.00089  -0.00000  -D.00087
1 - 2 2 2 SKGA 1 4057834.3607 12071337661  AT31114.2880  -0.00135  0.00048  -0.00124
2 A009952.2168  1374556.6468  4750511.3444  -0.00089  -0.00000  -0.00097 ) JOSTEIABTST 12071337602 AT3LIIA2850  0.0035  0.00048  -0.00124
3 4009952.2250  1374556.6459  4750511.3461  -0.00089  -0.00000  -0.00097
3 4057834.3723 12071337668 AT31114.2009  -0.00135  0.00048  -0.00124
BBYS 2 3080350.1265 13822018660  ATT2TTLTA6T  -0.00051  -0.00047  -0.00070
SKLM 1 30431549304  1405526.0040  AT96851.4987  -0.00022  -0.00013  -0.00026
3 3080350.1287  1382201.8641 47727717451  -0.00051  -0.00047  -0.00070
1 1< |4 7 _ _
Y R0 40T 138901 8710 4TROTTITEO0 000051 000047 000070 2 3043154.0443  1405526.0036  AT96851.4908  -0.00022  -0.00013  -0.00026
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Porovnanie ETRF2000 rychlosti s EPN Densification
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Porovnanie ETRF2000 rychlosti s EPN Densification

vertikalne
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Porovnanie ETRF2000 rychlosti s povodnymi vypoctami

vertikalne
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Nové spracovanie ,nafitované“ na nivela¢né merania (2007 — 2021)
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= (Geokinematika Slovenska
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