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Historical heritage...

_ HR1901 (HDKS)
= 1901 = A-H Monarchy = HR1901 (HDKS) = horizontal CRS a7 ,7‘
e 1%t order trigonometric network = astro-geodetic T
measurements by MGl : ;,
46_
* Hermannskogel, Bessel 1841; G-K map projection
(1924) 1
e 7 blocks separate blocks = inhomogeneity 45
= reasons for introducing changes: -
* following European modern trends 44
* bad documentation -
e clear inhomogeneity (1-2 m at State level, few dm at 43
County level and ~10 cm at City level)
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Introduction - Croatian coordinate reference systems

; Faculty of Geodesy
, Department of Geomatics
Chair of State Survey

Official reference systems and frames...

= |n 2000 CSGA requested 3 expert studies from GEOF UNIZG:

e for horizontal and gravimetric datum (prof. dr. sc. Tomislav Basi¢),

e for height datum (late prof. dr. sc. Ladislav Feil) &

e for cartographic projections (prof. dr. sc. Miljenko Lapaine)

= |n 2001 studies were reviewed by foreign experts: E. Brockmann, B. - G::Harsson, J{ Ihde |

= On 4% August 2004 = Croatian Government = Decree on establishing new official

geodetic datums and map projections of the Republic of Croatia

l

Croatian Terrestrial Reference System 1996 (HTRS96)

e ETRS89; GRS80 = system

e 78 permanently stabilized points (ITRF96, e1995.55 = ETRS89) = frame
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Chronology of CROPOS development (1)

= November 2008 — EU Delegacy in Zagreb + MIFIN + Trimble Europe — contract on . ROPOS
realization of Croatian national positioning system - financing: 75% PHARE-2005

programme + 25% State Budget e

BJELOVAR

SLATIN. /—'

() 2 g VALPOVD
SISAK NA%ID‘E r
® novska vum:gmn

« 30 reference GNSS CORS - d ~ 70 km _ g Socoucd o

. rdRed SLUNJ POZEGA iUF_AN.u\.;'-I;'
e 365/24/7 - 3 services: < : M
UL 3 ;
1. 3

O DPS =03-05m

= 9t December 2008 — CSGA introduced CROPOS to its official public use:

O HPPS (VPPS) = 0.02 m (2D), 0.04 m (3D)
O GPPS=<1cm

=  CROPOS reference frame = ETRF2000 (R05) e2008.83 (24 h sessions; GPS Week: 1503)

T
= oy=1.2mm;c.=1.1mm,c,=3.4mm ELNE;XQUWK

) 100 KILOMETARA
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Chronology of CROPOS development (2)

= 8% June 2009 = 15t CROPOS Conference = an agreement between GA of

LEND [VEPO) NIZS

Slovenia, Hungray, Montenegro and Croatia on CORS data exchange: SGNAL(7) "V i;;:c GNSSnet.hu (4)
= SIGNAL (x7) 7 R =
ILIB CRNO ZA’EREB . LA:]%O«&:PDVD
= GNSSnet.hu (x4) - Networked solution = 43 CORS ch _2 ﬁE_K{os:,r?_lc o T overa AR w,(:‘g,m
" MontePOS-a (x2) e M&
’ () R
= 1GS DUBI = EPN DUB2 (13t November 2011) R, . o

Ll

BRA;ﬂAEI FBiHPOS (3) & SRPOS (2)

BOSG

=  HVA2 (29t October 2012) — Astronomical Observatory Hvar

= |GS OSJE = NGRD (14t July 2013)

= December 2013 = FBiHPOS (x3) + SRPOS (x2) CROPOS (30) S - Mot

= 4% March 2015 = CROPOS (x30) + DUB2 + HVA2 + NGRD = CROPOS (x33) 5 - NIKS

=  Networked solution = 51 CORS o\ MontePOs (2)
C———————— 100 KILOMETARA 4 [~ ]

TIVA

Pavasovié, M. et al.: Latest efforts on new materialization of the CTRF. EUREF 2015. Leipzig (Germany), 3" — 5t June, 2015




i i, Faculty of Geodesy CSGA
An overview of CROPOS development , Department of Geomatics Central Office
Chair of State Survey Sector for State Survey

Chronology of CROPOS development (2)

N, ’1’ | \ 7z A
\\ 7 | \ N
S
o A
\\0 /,/ ; EUREF EPN ‘. : een GA of LEND (VEPO) NIZS
\_\ I.’ ! (0] O
/}4\ 16th June 2013 SIGNAL (7) GNSSnhet.hu (4)
/ = . i I 7 -
Vi \\\ ] ( C l ass B TREB pai BALE
o / _ | _ e -
/ NASICE E
: VUKOVAR
T =
R / SUPANJAIE
\\\‘ .-'I . g 9
M‘x.ﬂ_h__ . o [ L -
/ T ) zox BUE
I.l’l _ b
'f Y, 3 ‘
o R =
1 ,.-'f e -
|' ® .
|'|l|l|l .
¢ 33)
. & (]
= / e . BROVNIK
= __f-'_ . , MontePOS (2)
,-'III ... e | C————————— 100 KILOMETARA T;A

2014 Jun 16 08:40:59 hitp://www.epncb.oma.be/
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Data processing...

= Time span = from 16t November 2008 to 30t September 2013 = 4.87 years

=  Total of 55 stations:

v Year

30 + 3 (DUB2, HVA2 i NGRD) CROPOS, No. Station by
. 2008. 2009. 2010. 2011. 2012. 2013,
7 SIGNAL, 50 BALE 0 0 200 362 351 271 1283
v 4 GNSSnet.hu, 51 NIKS 0 0 204 312 266 264 1136
52 TIVA 0 0 203 340 351 260 1244
v' 2 MontePOS, 53 DUB2 0O 0 0 46 364 271 68l
Y . . 54 HVA?2 0 0 0 0 46 255 301
5 EPN/IGS control (GOPE, PENC i POTS | DUBI i OSJE) & 5= NGRD 0 0 0 0 0 - o

v 4 EPN reference (GRAZ, MATE, WTZR i ZIMM). 5 1742 13870 17804 18313 18096 13060 |82894
= Bernese 5.0 (AIUB)
= 82 894 RINEX files (GPS measurements in 15 sec. interval) x 15 MB/RINEX = 1.243 TB

= |GS precise orbits; elevation mask 5°
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CROPOS reference frame

Combined networked solution...

= 1741 daily solutions (ADDNEQ2)

= |TRF2008; mean epoch = 24" April 2011 (e 2011.31)

=  Combined networked solution - statistics:

= Adjustment accuracy:
v oy=179mm
v 6p=2.25mm

v o,=2.38mm

No. of sessions: 1741
No. of stations: 55
No. of vectors: 79 039

No. of meas.: 1 705 200 000
No. of parameters.: 2 975 877
ap |mm|: 1.50
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Absolute coordinate comparison in 30 CROPOS initial stations (1)
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= |nitial adjustment of CROPOS (30 st.) = ITRF2005, e2008.83 (7 d.s. in GPSW: 1503)

LEND [VEPO) NIZS

o o .
= Networked solution (51 st.) = ITRF2008, e2011.31 (1741 d.s.) SIGNAL(7) "¢’ oSN ~ GNSSnethu(d) .
. B O B.JEan:\:gm SIKL BALE
= EUREF TWG recommendation = ETRF2000 ” QCRNO ZASHER Bl © AT
‘e ® DELI‘?IC U s .NAQ'BE‘ -
= 14-parameter transformation: ‘Aaz—«{ - O 5 Novska vukdYar

v ETRF2000 (RO5), e 2008.83

v ETRF2000 (R08), e 2011.31

L3
C————————— 100 KILOMETARA
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Absolute coordinate comparison in 30 CROPOS initial stations (2)

ETRF2000 (RO5) e2008.83 vs ETRF2000 (R08) €2011.31
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Absolute coordinate comparison in 30 CROPOS initial stations (2)

ETRF2000 (R05) e2008.83 vs ETRF2000 (R08) €2011.31 statistics AN |mm| AE [mm| AU |mm|
min 0.60 -8.00 -8.40
15,0 max 14.60 2.30 4.20
avg 5.38 -1.05 -3.22
stdev 3.01 2.67 3.03
10,0
5,0
] ]| nmn -
| |
0,0I. ‘II I I | = | II | _ ‘ I ‘I 1 lI III_ I IIl DE
H DU
-5,0
-10,0 _ _ _
CROPOS CORS
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Absolute coordinate comparison in 30 CROPOS initial stations (2)

ETRF2000 (RO5) €2008.83 vs ETRF2000 (R08) e2011.31 Statistics AN [mm] AE [mm] AU [mm]
min 0.60 -8.00 -8.40
15.0 —_— DELN max 14.60 2.30 4.20
AN = 14.60 mm avg 538  -1.05 -3.22
oo stdev 3.01 2.67 3.03
5,0
l ‘ il -
| |
0,0I. ‘II I I | ™ | II | _ ‘ I ‘I 1 lI III_ I IIl DE
DU
-5,0
-10,0 _ _ _
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Absolute coordinate comparison in 30 CROPOS initial stations (2)

ETRF2000 (R05) €2008.83 vs ETRF2000 (ROS

15,0 DELN

AN = 14.60 mm
10,0
5,0 | | | | | ‘ ‘ ‘
0,0 I - I I ‘ ‘ ‘ I |
INElnink 4
0 — 05.04.2010.

[mm]

Lokacija RMSmpl RMSmp2
A0 [ l'l'l] [m]

-10.0 Bjelovar | BJEL | 101 100 0.36 0.42
d = @) 5 [a'd [a Q = —l = ~ A (%] TN} L i w = [am) .
= s ¢ 2 &8 2 2 9 &8 3 5 2 £ 5 8§ 3 2 g & Blato BLAT | 124 98 0.37 0.41
= 5 e &5 0 0 =2 ¥ = = = = = = 7 Cak CAKO | 102 | 100 0.36 0.44
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CROPOS reference frame

Plate tectonics — Adriatic microplate
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Relative kinematic models of Adriatic microplate (previous researches)

@ A )
Authors Il I/ iy

Anderson i Jackson [1987] 45.80 10.20 -
Westaway [1990] 44.50  9.50 -
Ward [1994] 46.80 6.30 0.290
Calais i dr. [2002] 45.36  9.10 0.520
Battaglia i dr. [2004] 46.30  8.10 0.900
Grenerczy i dr. [2005] (S) 46.10 6.90 0.350
Serpelloni i dr. [2005] (S) 44.07  6.53 0.244
Weber i dr. [2006] 46.70  9.70 0.400
Grenerczy i Kenyeres [2006] 46.10  7.70 0.350
Devoti i dr. [2008] 45.29 7.65 0.216
D’Agostino i dr. [2008] 45.79 T7.78 0.309
Marjanovié [2008] 45.35 8.07 0.185
Weber i dr. [2010] (22 st.) 4520  6.99 0.341
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CROPOS reference frame

Relative kinematic model CROvel
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= No. of stations: 23

= No. of measurements (n): 69

= No. of unknowns (u): 3

= 0,=0.12

=  Euler pole components - P (o, A, Q)
v ¢ [°]=46.4
v A[°]1=3.0
v Q[°/mil.yr] =0.2
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Absolute kinematic model CRO-2014

= No. of stations: 47
= No. of measurements (n): 141 Comparison of CRO-2014 with global kinematic models
= No. of unknowns (u): 3 — NNR-NUVEL-1A APKIM2000 ITRF2005 ITRF2008
aUSUCS = Avy AV AV AV AVE AV AV AVE AV AV AVE AV
" c,=0.15 [mm /yr.]| [mm /yr.] [mm /yr.]| [mm/yr.|
MIN. 01 -0 00 -13 -15 00 21 -1L4 -01 -23 -13  -01
u -
Euler pole components - P (¢, 4, €2) MAX. 05 03 00 00 04 00 -08 06 00 -1.2 04 00
AVG. 02 -08 00 -1.0 -08 00 -1.8 -07 00 -21 -07 -01
o] —
Y ¢[°1=44.0 ST.DEV. 01 01 00 02 03 00 02 03 00 02 03 00

v A[°]=-116.5

v Q[°/mil.yr] =0.2
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CRO-2014 velocities...

T 25 mm/yr T 2.5 mm/yr
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Conclusion

CROPOS reference frame...

Preliminary results of absolute coordinate comparison show existance of stability

Proposition for densification of 78 frame stations with CROPOS stations

CROvel = dependancy of network configuration (selected stations for computation); short time span

CRO-2014 = relative good consistency with global kinematic models

Future: GNSS meteorology, global geodetic points, real-time PPP...
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