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= Legal introduction of the new national CRS realization
JTSKO3 in Slovakia

= JTSKO3

= History
= Definition
= JTSKO3 relation to ETRS89

= Problems occurred during JTSKO3 implementation

= Conclusions and recommendations
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§ Legislation §

= 15t April 2011 — JTSKO3 as a new realisation (new
reference frame) of the national CRS (S-JTSK) in
Slovakia was introduced

= JTSKO3 validation was introduced by acceptance
of Amendment 75/2011 Z.z. of UGKK SR
Regulation 300/2009 Z.z.

= Amendment 75/2011 Z.z. says:

= ... actual reference frame of national coordinate
reference system S-JTSK is realisation JTSK03.”

M | S = “... Valid JTSKyy realisation has defined relation to
- national ETRS89 realisation which was computed
from and has a homogenous scale with it.”
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What is JTSK03?
JTSKO03

e N

New reference frame of national CRS S-JTSK New natidnal CRS

- new realisation of old national CRS S-JTSK

- planar 2D system

- JTSKO3 is based on relation to ETRS89

- all points which have coordinates determined
in ETRS89 have also coordinates in JTSK03

and this is valid vice verse




<o S-JTSK
iw national CRS in Slovakia

s S-JTSK stands for: System
of unified trigonometric
cadastre network

Bessel 1841 ellipsoid

= 2D CRS

s Defined in cca. 1919-1920
year

= Definition:
= Bessel 1841 ellipsoid TN
P @

= Krovak projection — oblique
conformal conic projection
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S-JTSK realisations

Former JTSK realisation New JTSKO3 realisation
= Precise angular measurements in = Precise GNSS measurements in
Trigonometric network National spatial network (ETRS89
S — — ETRF2000) L
o ] o %?E::ﬁ b ResT : .
i e
/ R e '

0 édjléStedgcoor?ngtﬁs ﬂll’_letW%rlé) -
= Adjusted network - fixed to Bessel Ixed to Besse ellipsoid from
1841 ellipsoid through astronomical G;g%?efg'rgso'd through 7 Helmert
points + baseline measurement P

doer
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~%"  Relation between S-JTSK (JTSKO3)

and ETRS89 (ETRF2000)

= ETRS89 is represented in Sloyakia  National spatial network (SPS) — C class
by National spatial network (SPS) . Ly ki e i
in SKTRFyyyy (Slovakian terrestrial
reference frame)

= actual version is SKTRF2009 =
ETRF2000

= based on permanent
measurements

SPS points with former JTSK coordinates

= All points from National Spatial
network (SPS) have ETRS89
coordinates

= 50% of SPS C - class have also
former JTSK coordinates
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Determination of relation

= 3 step process:

between ETRS89 and S-JTSK

1. Estimation of 4 transformation
parameters — Transformation on

ellipsoid surface with coincides normals

2. Computation of

JTSKO3 coordinates

(usage of 4 transformation

parameters)

3. Estimation of 7 Helmert parameters
(3D Helmert transformation) between
ETRS89 coordinates and JTSK03
coordinates determined from 4

transformation

parameters estimation

= estimation GRS80 < Bessel 1841

relation

nnnnnnnn
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JTSKO03 implementation to law

For legal usage it is important to implement the new realisation to
legislative

First of all for that step you need unique definition about all JTSK03
parts and about procedure of coordinate determination

= Definition of used ellipsoids
= Definition of used projection
= Definition of type and parameters of transformation

Sometimes few problems (usually formal) occur during the process
of implementation
In Slovakia there are:

= formal” problem with correct definition of Bessel 1841 ellipsoid,

= Definition of Helmert transformation reversibility




Problem with Bessel 1841
ellipsoid correct definition

= different types of Bessel 1841 ellipsoid parameters

11 W Bessel ellpsoid - Wikipedi...

Bessel ellipsoid

From Wikipedia, the free encyclopedia

[ querybyriter | [ retrieve oy code |

The Bessel ellipsoid (or Bessel 1841) is an important reference ellipsoid ¢
continents, but will be replaced in the next decades by modern ellipsoids of :

Mame: |bessel 1841
Clidkto chaose

Haorth Latitude  Wiest Longitude

WIKIPEDIA

Type: BBox: The Bessel ellipsoid was derived 1841 by Friedrich Wilhelm Bessel, based
Mame ofthe area of use (dec. d29.) 5otk Latitude East Longitude India. It is based on 10 meridional arcs and 38 precise measurements of the
Area 2 The Free E-I'lC}-'C].OpEd]?J by logarithms in keeping with former calculation methods

Ellipsoid [Bessel 1841]

Donate to Wikipedia The Bessel and GPS ellipsoids

Code: EPSG:T004 4 and

. values from - The Bessel ellipsoid fits especially well to the geoid curvature of Europe anc
Name: Bessel 1547 I the length of 700 m shorter than that of the mean Earth ellipsoid derived by satellites.
Shape: EIIIpSDId needain Help Below the two axes a, b and the flattening f = (a - b)/a. As for comparison, t
Semi-Major Axis: 6377397 155 metre About Wikipedia GPS system
Inverse Flattening: 299 1528128 unity ical Manual; ST « Bessel elipsoid 1841 (defined by log a and f)

Classic literature

Recent changes
Contact Wikipedia * a=6377.397,166m
e f=11299,1528153513233 (0,003342 773154 + 0,000005)
e bh=6.356.078,963 m.
= Earth elipsoid WGS84 (defined directly by a and f):
® a=63781370m
e f=1/298257223563
e b=6.356.752,30 m.

Toolbox

What links here
Related changes
Upload file
Special pages

Tabulkn 1
Tlipsoid -
I B Which parameters are correct?
velitine (1841} (1810} 11840}
I ?
a 8477307156 0m | 6378 3BR000 0m | 6378 145,000 Gm | 6 378 160,000 0 m Wh a re the d Iffe re nt
b | GaGE0TROEIIm | 63500109461 m |6 366563,0183m | HIZBTTAEIE Im f
¢ F35TNGH49 Am | 6306036608 lm | 03908 008,901 8m 63996174250 m
f | 1:200.06281 = |1:3297,0 — 172963 — (1: 208,047 167
0,00334 27731 8156 | 0,00038 70032 4700 0,00175 29205 6926 | 0,00335 20937 1209
o | 00veeT 43772 5061 | 0.0DA72 ZRT00 2233 | 0,00880 34216 2297 | 0,00889 4603 2850
«* | 000671 62187 0797 | 0,00878 R1301 8722 | 000873 BGZ54 1488 | 0.00873 $7201 2832 .
» | 000187 41848 0082 | 0,00168 63405 4081 | 0.00167 89791 5066 | 0.00167 92371 HUG0 M a be beca u Se I n the ast a ra ete rs Were
Y past, param

computed with usage of logarithmic tables —
problem with decimals numbers



UL Reversibility of Helmert 7-

ﬂ parameter transformation

= Mathematic formula:

= Inversion (reverse equation)
= pure mathematic

= In literature

= In software? Nobody knows



<o Reversibility of Helmert 7-

im parameter transformation

= Possible Solutions for reversibility problem

« Estimation of 2 set of parameters (mathematically
not pure)
= From target to source
= From source to target

« 1 set of parameters + mathematic inversion
= Only few software can apply

= 1 set of parameters — without inverse possibility
= All software can apply



Reversibility of Helmert 7-parameter

transformation - Solution in Slovakia

= 1 set of parameters + Web Reference transformation

service = AWTS application (Authorized Web
Transformation Service)

Internet Explorer

e shomodesy st ¥ Hi X b -
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@avts
Prihlasit

TRANSFORMACNA SLUZBA

Geodeticky a kartograficky Gstav Bratislava

Autorizovana transformacia suradnic bodov
medzi zavaznymi geodetickymi systémami

Na vykonanie autorizovanych transformacii su pouzité referenéné digitalne modely rezidualnych zloziek (DMRZ
-JTSK), digitalny vyskovy referencny model (DVRM-Bpv) a transformacné parametre TPM-JTSK, TPM-ITSKyy.

Globdlne transformaéné parametre pre Slovensko z realizdcie JTSKyy(Besselov) do realizdcie ETRS89(GRS80)

Popis transformacie : Transformacia medzi 3D kartezidnskymi ststavami Ki, Kj cez BURSA-WOLFOV MODEL
verzia 1/2007 : 03.10.2006

translaéné prvky dX = 485,021 m, dY = 169,465 m, dZ = 483,839 m,
rotalné prvky wX = -7,786342", wY = -4,397554", wZ = -4,102655",
zmena mierky K = -0,00000 ppm.

oft Intemet Explorer provided by WAN UGKK SR
@: ~ [2] hto:raws skosodesy sk Transfomacie/FRM_Tran_E TRS_JTSK aspx

52| 823 3
Soubor [pavy  Zobrozi  Oblibené polotky  Nastioie  Napavéda
pdf - k3 Search 75 0 “% FDF
Google[[G~ |G f & B5 - | oy Bucknaker S 18bhecked | % Check - Aualink ~ | (s [ Sendior () Setings~
¢ € Tiansfomnéoia bodu

Prihlasit TRANSFORMACNA SLUZBA

Geodeticky a kartograficky Gstav Bratislava

oznateniebodu: |

% e ..

http://awts.skgeodesy.sk

Transformacia medzi ETRS89 a S-JTSK

Transformacia na povichu elipsoidu GRS80 metddou stotoZnenia normal vedenych taZiskami

%D - B - o= - Stnka - () Nastoje -

Ako transformovat jeden bod ...

x| S-JTSK(BESSEL)
x| ITsk JTSK03 x|
x  [1254229,966 | [1254229,900 | [m]
y [528936,561 | [528937,354 | [m]
H [m] (Bpv)
x| L
x|
B [482518,255404 |[482518,255118 | [°'"]
. L [72030,242360 |[174030,203621 | [°'"1]
- h 526,305 [m]
I |
T [ @ nteme [ES)
2 Stan] | 14 Tota Commander 701 - | | Inbos - ictosoftDudlook | &5 ivod - Micisattntemet . |7 acia bodu -_ Il

. O- | @Uee2 a3 e



UL Relation between JTSK and
JTSKO3

= Distortions models computed
from identical points

= Distortions up to 1.3m

= Separate models for both
axes (X,Y)

= Grid creation — krigging

7 Helmert parameters




e Relation between JTSK and
JTSKO3

s Possibilities of JTSK — JTSKO03
conversion
= Usage of distorsion models

= Available on AWTS

= Average global quality — 4cm
Sufficient for lot of applications

= Usage of local transformations

=« Computation of own local transformation
parameters



Recent dilemma in Slovakia

Reversibility of Helmert transformation

Hamlet question: Introduced or not
introduced the reverse set of 7 Helmert
parameters, this is a question?

Pros

= Lot of users will be able to get correct JTSK03
or ETRS89 values by their own software not
only if they use AWTS

Cons:

= 2 set of parameters are not mathematically
pure solution
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im Conclusion

= Presented example shows that it is not problem to
determine the new realisation of any old CRS, but how
you can see it is the problem correctly and uniformly to
define its relation to nowadays used and recommended
systems like ETRS89

= S0 our recommendation is that if you decide to
introduce new set of coordinates for national CRS it will
be better to define totally new system not only new
frame of old system

= You will avoid complications like it was mentioned in
slides above




Thank you for your attention

Branislav DROSCAK, PhD.

Geodetic and Cartographic Institute in Bratislava

branislav.droscak@skgeodesy.sk



