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ITRF <= International GNSS Service (IGS)
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GNSS-Services and RTCM-based Positioning

GNSS-Service — Network of Reference Stations
+ GNSS-Networking Software
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GNSS-Services and RTCM-based Positioning

RTCM 3.1 Observation Phase and Code Corrections => cm-Positioning
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GNSS-Services and RTCM-based Positioning

Basic GNSS-Data collected at the GNSS-Reference-Stations at a Time t-At
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Transformation Problems and Reference Transformations

1.) Horizontal Datum Transition from (B,L) gnss itre
to Classical Datum (B,L)qjassical

SAPOS®- Referenzstationen

Stand: 01/2000

(Enabled &
GNSS-practice | Old Classical Systems

International Symposium on GNSS, SBAS/GBAS  Reiner Jager, University of Applied Sciences. Geomatics
and Applications, Berlin, 11.-14. November 2008  \JONIKA GNSS - Reference- Station-MONItoring Karlsruhe



Transformation Problems and Reference Transformations
1.) Horizontal Datum Transition from (B,L) gnss itre
to Classical Datum (B,L)¢|assical
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2. Height Problem / HRS Transition - Karlsruhe Reference Transformation

Bl < 10 cm DFHRS Europe Reference-Transformation
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RCTM 3.1 Transformation Messages — GZTra-Server and GZTra-Client
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GNSS - Reference Stationscoordinate MONItoring KA Modell - MONIKA
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GNSS - Referenzstationskoordinaten MONItoring KA Modell - moNIkA
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GNSS - Reference-Stations-Coordinate - MONItoring
According to the KArlsruhe Approach (MONIKA)
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GNSS - Reference-Stations-Coordinate - MONItoring
According to the KArlsruhe Approach (MONIKA)
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- MONItoring
According to the

KArlsruher
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GNSS - Referenzstationskoordinaten MONItoring KA Modell - MONIKA

Projekr  Bearbeiten  Ansicht  Einstellungen  Berechmung 7
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GNSS - Referenzstationskoordinaten MONItoring KA Modell - MONIKA

T Test - MONIEA =100 x|
Projekt  Einstellungen  Berechnungen Epochen  Ansicht 2
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GNSS - Reference- Station-Coordinate MONItoring KA Modell - MONIKA

MONIKA Step 2

» Baselines
* Epoch Networks
e Partial Networks
 Daily Solutions

*Epoch States

T LVA-Netz:1 - MONIKA M=1E]
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GNSS - Reference- Station-Coordinate MONItoring KA Modell - MONIKA

MONIKA Step 2

Automatic Epoch Generation
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GNSS - Reference- Stations-Coordinate MONItoring KA Modell - MONIKA
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GNSS - Reference- Stations-Coordinate MONItoring KA Modell - MONIKA

[ Re) (t2) ez ) 402 - 1) MONIKA Trafos 1 - Step 2
Cartesian rotation vector for each major plate using the NNR-NU-
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GNSS - Reference- Stations-Coordinate MONItoring KA Mode

Considering Datum-drift and Plate-Movement Rates
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GNSS-Reference-Stations-Coordinate MONItoring KA Model MONIKA

MONIKA
ITRF-embedded
Deformation
Analysis Concept

RINEX

SINEX
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MONIKA
Free GNSS-network
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MONIKA Step 2
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MONIKA Step 2 - Coordinate related Referencepoint-Deformationanalysis

MONIKA
Free GNSS-network =
Deformation

Analysis Concept New Xol
Original GNSS observations Helmert-Transformation d=3
RINEX —
1(0);.Cy (1) X(ti) = X(t)| Xo

l

S-Transformation d=3
Cy (tj) = S*Cy (1) 8"

Singular
Xo?

Unknown
Datum

Epoch States

+ Geodyn. Trafo
MONIKA Step 2 MONIKA Trafo 2 - Step 2
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MONIKA Step 3 - Coordinate related Reference-Point-Deformationanalysis

(X(tj) - X0) +Vx(t;) = DR *dXg +Di ko and C(t;) \ DT

!

(X(t;) - X0) + V'x(t;) = DR X' +D X5 +B{ xz*(t;) Extended GMM

& 0 036 0 Ou & 0 oW

BK sRixtX (t;) = eeo 0 of eo 1 o%.% o o““ xRz (t)
g) 0 olq 0 1g 0 OEIu

!

Rixk (t;) = - (|3k P'Q! PBK) >Bk P'ovyqy and  Qggp Kt,) = B PiQl pBK)L

@> (DCSD>
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MONIKA Step 3 - Coordinate related Referencepoint-Deformationanalysis

3D a-posteriori Teststatistics — Significance of Rxy

A T 1 _ A ~ LT - ~
o e R Q) xS VTPV T Q)L s
T(Nxg') = - = =4
3X5 r-3
Sui kT nk! pini Ky i K
_Nxp XBi P Q\PB;j)XNxg ~ Test related to 1-a, e.g = 95%
- S -3 Confidence ellipsoid
Sensitivity ellipsoid Rixclk " Qe ) IuixiK  Ro6-Sensitivity
a=5%, B=95% R NNR R
= | (FI3,I‘- 3 ,a,b) =17.3
Detectability of GNSS \\ | f=I73=42

Reference Station

: N =1.0 accuracy, 1-a=19.9 %
Deformations Nx',ik ( y 0

error ellipsoid )
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7 LVA-Testnetz:1 - MONIKA

Projekt  Einstellungen Berechrungen Epochen Ansicht 7
MONIKA Step 3 - DEE X4 123 hasH
% | Epoche 3 vom 10.02.2005 bis 10.02.2005
Coordinate related Reference- Epocheneinstehungen /1 0392
Points Deformation Analysis Epoche: | B3] 10387
Frotokall 0385 . 0380
0 Hoh M-Systen e | 4 KARL
" Hoch 1 Rechts © 2D  Hahe 0388 {304
i 0391
03934 0398 40394
[I39I]"". 0399 -0397~A 0396
| 2.) Additionally: Object-Points + Tests
LSCHA 0395
T~ KREU
4-FHBB~FRIC
- STGA
3.) Additionally: Full spectrum of the | :
Deformationsanalysis Features of { 1.) Congruency Testing l

the GOCA-software (www.goca.info)
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http://www.goca.info

Present results and Further Developments of GOCA_ MONIKA

AT A ooomle B e e s _
AR RSCASTENNETG - -
LT ASLNENENRDUL § -

 Cooperation with State Service of
Baden-Wurttemberg Ba-Wu

* High need of MONIKA
German AdV-Decision for GNSS-Monitoring.
Worldwide Upcome von GNSS-Services

-
-

450 Darmstadt

* Accuracy of the displacements in 4 vt
epochs and 24-hours-measurements  |e &ayer
1 -2 mm Horizontal and Sz
3 -4 mm Height
=> High Sensitivity

s
&

X

Rheiniand Ffaiz

* Longterm and large area monitoring,
requires geodynamical standard trends

* More Complex models e.g. point groups (B)

* Included: GNSS-based Monitoring of Earthequake zones (e.g. Basel), Landslides, Mining,
Constructions etc.

« AGU 2007,Acapulco,G05: Large Scale Geodetic Networks for Science,Hazard Monitoring & Infrastructure
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