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• GNSS for Global Positioning in ITRF/ECEF Frames
• Precise GNSS-Positioning-Services

-
 

Real time European DGNSS-Services
-- National Real Time DGNSS-Services in and outside Europe
-

 
RTCM-based Positioning DGNSS-Services

• Reference Transformation components of GIGPS
-

 
Horizontal Datum Transition from (B,L) GNSS,ITRF  

to Classical Datum (B,L)Classical
-

 
Use of DLBF/GOPAG Databases

-
 

Height Problem / HRS Transition 
• Geomonitoring component of GIGPS

-
 

MONIKA concept
--

 
MONIKA algoritms and softwareMONIKA algoritms and software

• Changes in GNSS-Positioning Services
-

 
Growth of GNSS-Positioning Services User-Groups

--
 

Precise Point Positioning (PPP) Precise Point Positioning (PPP) --
 

Absolute GNSSAbsolute GNSS--PositioningPositioning

OutlineOutline



GNSS -
 

Systems

GNSS for Global Positioning in ITRF/ECEF FramesGNSS for Global Positioning in ITRF/ECEF Frames

GPS 30 satellites 2011 

GALILEO 30 satellites 2014-2016

GLONASS GLONASS --30 satellites 201430 satellites 2014 COMPASS >30 satellites 
2020

„„BeiDouBeiDou--1/21/2““
1414--AprilApril--07                        07                        

Space Segment

User 
Segment Control Segment

< 50 < 50 (2011)(2011)
>120? >120? (2020)(2020)



Real time European GNSS-Services
Precise GNSSPrecise GNSS--PositioningPositioning--ServicesServices

• 42 GNSS reference stations
• Real Time positioning  :

- DGNSS ±

 

0,7-2м
- RTK ±

 

3-4

 

см
• Postprocessing :

 

±

 

1-2

 

см

• 368

 

GNSS reference station 
• Real time positioning:

- DGNSS ±

 

0,5 -

 

2м
- RTK ±

 

1-2

 

cm
• Postprocessing ±

 

1 см

Real Time GNSS EUREF-IP Real Time GNSS EUPOS



SWIPOS +SWIPOS +
SWISSATSWISSAT

SWEPOSSWEPOS

““cmcm””

!Code!Code--

 

and Phaseand Phase--
Corrections !Corrections !

RTCM 3.1RTCM 3.1

National Real Time GNSS-Services in and outside Europe

SRPOSSRPOS

SibiriaSibiria

www.moldpos.eu

MOLDPOS

GNSSGNSS--Networks in EURASIA: Networks in EURASIA: SAPOSSAPOS®®//AxioAxio--Net/VRSNowNet/VRSNow®® , , SWIPOSSWIPOS®®//SwissSatSwissSat®® …… SwePosSwePos®®, , 
CzePosCzePos®® ,,LatPosLatPos®®, CroPOS, CroPOS®®, HePos, HePos®®

 

, , ……

 

Hungary, Slowenia, Romania, Siberia (SRPOS),Hungary, Slowenia, Romania, Siberia (SRPOS),
……Moldova (www.moldpos.eu)Moldova (www.moldpos.eu)

Precise GNSSPrecise GNSS--PositioningPositioning--ServicesServices



1. Area Correction Parameters FKP1. Area Correction Parameters FKP
2. Master2. Master--Auxiliary (MAXAuxiliary (MAX)
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Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical

ITRF / SIRGAS -
 

Datum
Old Classical Systems

Strict andStrict and
GeneralGeneral
TRAFOTRAFO

Brazil
Transformation

Project

GNSSGNSS--practicepractice

GIS

Reference Transformation components of GIGPSReference Transformation components of GIGPS



ITRF / ETRF89 -
 

Datum Old Classical Systems

Strict andStrict and
GeneralGeneral
TRAFOTRAFO

GNSSGNSS--practicepractice

GIS
Transition to
ITRFGNSS
consistent 

frame

Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical

Reference Transformation components of GIGPSReference Transformation components of GIGPS



„„AllAll--overover--thethe--WorldWorld““
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Transformation
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3D Similarity3D Similarity
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COPAG = Continuously Patched Georeferencing

Continuity along the
Mesh Borders!

Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical
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DFLBF_DB
Transformation
Parameters 
&  Residuals

ReferenceReference--TransformationTransformation
(Data / Parameters / Algorithms)(Data / Parameters / Algorithms)
Source CRS         Target CRS

(B,L,h)GNSS

 

=>   (B,L)Classical
(B,L,h)GNSS

 

=>   (B,L,H)Classical

Hungary
1-3 cm

Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Meshes = “Patching“
 

for
Corrego Alegre Classical Datum

Brasil

(1 –
 

5) cm
Transformation parameters
Databases for 3 Classical 

Datum-systems 

Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical

Reference Transformation components of GIGPSReference Transformation components of GIGPS



CHISINAU

Combined Old Classical Triangulation 
and ETRS89 Control Points  from 
GNSS measurments

(1 –

 

4) cm ransformation parameter
Databases for Classical 

and ETRS89 Datum-systems 

Meshes = “Patching“
 

for ETRS89 and
Classical Datum-systems of Moldova

Horizontal Datum Transition from (B,L) Horizontal Datum Transition from (B,L) GNSS,ITRF  GNSS,ITRF  to Classical Datum (B,L)to Classical Datum (B,L)ClassicalClassical

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Horizontal Datum Transition 
from (B,L) GNSS,ITRF  to  (B,L)Classical

DFLBF-Databases. Use in GNSS-Services
on controllers and via RTCM

see www.geozilla.de

Horizontal Datum Transition 
from (B,L)Classical  to (B,L)

 
GNSS,ITRF  

COPAG-Databases for GIS
see: www.geozilla.de

Reference Transformation components of GIGPSReference Transformation components of GIGPS
Use of DLBF/GOPAG Databases 
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Karlsruhe Reference
 

Transformation

ReferenceReference--TransformationTransformation
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=>   N
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Transformation Transformation componentscomponents
 

of GIGPSof GIGPS
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DBDB
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Problem / HRS Transition
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SoftwareSoftware
SreenshotSreenshot

•• IdenticalIdentical
„„FittingFitting““
PointsPoints

((B,L,h;HB,L,h;H))

•• MeshesMeshes

www.dfhbf.dewww.dfhbf.de

Height
 

Problem / HRS Transition
 

-
 

Karlsruhe Reference
 

Transformation

ReferenceReference
 

Transformation Transformation componentscomponents
 

of GIGPSof GIGPS



< 5 cm   DFHRS_DB  < 5 cm   DFHRS_DB  
Florida Florida 

www.dfhbf.dewww.dfhbf.de

Height
 

Problem / HRS Transition
 

-
 

Karlsruhe Reference
 

Transformation

ReferenceReference
 

Transformation Transformation componentscomponents
 

of GIGPSof GIGPS



< 10cm DFHRS 
Europe 

„Fittingpoint-Design“

ETRS89/EVRS

„GPS-/Levelling-
Points

 
of EVN“

Fitting Points
NFEM(p) =: h -

 
H

Used
 

for
 

the
1st  Version  

< 10_cm DFHBFS 

Europe www.dfhbf.dewww.dfhbf.de

Height
 

Problem / HRS Transition
 

-
 

Karlsruhe Reference
 

Transformation

ReferenceReference
 

Transformation Transformation componentscomponents
 

of GIGPSof GIGPS



www.moldpos.eu 1-3 cm Quasigeoid

 

for

 

Moldova
Patching of

EGG97 or

 

EGM2008 GPM
Nearly

 

same

 

results
www.dfhbf.dewww.dfhbf.de

Height
 

Problem / HRS Transition
 

-
 

Karlsruhe Reference
 

Transformation

ReferenceReference
 

Transformation Transformation componentscomponents
 

of GIGPSof GIGPS



www.moldpos.eu 1-3 cm Quasigeoid

 

for

 

Moldova
Patching of

EGG97 or

 

EGM2008 GPM
Nearly

 

same

 

results

Height
 

Problem / HRS Transition
 

-
 

Karlsruhe Reference
 

Transformation

ReferenceReference
 

Transformation Transformation componentscomponents
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RTCM 3.1 Observations
 

Corrections
&

„Seven
 

RTCM Transformation Messages“
(Scientific

 
Member

 
of International RTCM-Working

 
Group 2004-2007)

• Transformation-Parameters
 

(1021,1022)
• Residual-Grids

 
and/or

 
Geoid-Representations

 
(1023,1024)

• Projection-Information
 

(1025,1026,1027)

sent
 

by
 

GNSS-Positioning-Service
to  

GNSS-Positioning-User

NMEANMEA--basedbased
 

requestrequest
 

to to RTCMRTCM--TransformationTransformation
 

MessagesMessages
 

Server)Server)

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Reference
 

Transformations
 

and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



„Gridding“
 

of Reference Transformations
Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Message 1021 or 1022

Grid
Location&Size

7 Parameters

Ellipsoid 
Parameters
Source / Target

Geoid-Grid or not

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Message 1023Message 1023 Message 1024or

Height Indicator = 1 „dhi

 

„ =
 

Physical Heights‘
 

Residuals dHi

Height Indicator = 2
 

„dhi

 

„ =
 

Geoid / HRS Heights Ni

 

(dNi

 

)

Residuals P14

Residuals P15

Residuals P16

:: ::

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Using
Reference

Transformations

to 
compute

a 
country-wide

1.)
„STATIC 

GRID“
(„Large Residuals“

 

Grid)

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Using Reference Transformations to compute country-wide 
grids dynamically online on NMEA-request by virtual fitting points

1.) No preceeding „Gridding“
 

Discretization Error
2.) Small Residuals      -

 
Small Interpolation error

3.) De facto                    -
 

De facto independence of the residual
interpolation method in the rover

2.)
„Dynamic 

Grid“

Advantages

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Using Reference Tranformations to compute grids dynamically
„Dynamic Grid“

Direct use of Original Reference Transformations
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Using Reference Tranformations to compute grids dynamically
„Dynamic Grid“

5.) „Combined Message Generation“

[(B,L,h)[(B,L,h)ITRFITRF--relatedrelated

 

]]ii

 

⇒⇒
 

[(B,L)[(B,L)TT

 

, H, HTT

 

or N)]or N)]ii

[(B,L,h)[(B,L,h)ITRFITRF--relatedrelated

 

]]ii

 

⇒⇒
 

[[(B,L,h)(B,L,h)GNSS,ITRFGNSS,ITRF

 

]]ii

Part 1Part 1
 

-- Plate ModelsPlate Models

Part 2Part 2
 

--
 

Standard Reference TransformationsStandard Reference Transformations

Virtual FittingVirtual Fitting--PointsPoints

Virtual Fitting PointsVirtual Fitting Points

Dynamic Message Set up by local 7PT Gridding

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



General ConfigurableGeneral Configurable
RTCM TransformationRTCM Transformation

Messages ServerMessages Server

All kind of Reference 
Transformations 

in so called
TransformationTransformation

ModulesModules

Dynamic & Combined 
& Static RCTM-Messages

______________________

Commuication
Design 

in case of passing 
RTCM Transformation

Messages
through GNSS-Networking

Software

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Reference Transformations
DFHBF Florida                         

DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de

Reference Transformations and RTCM Transformation messages

Reference Transformation components of GIGPSReference Transformation components of GIGPS



Old Classical Systems

GNSS Reference Station
MONItoring 
by the KArlsruhe 
approach and software 
(MONIKA) 

GNSSGNSS--Reference Station MonitoringReference Station Monitoring

www.monika.ag
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MONIKA concept



Additionally:
 

Object-Points + Tests

MONIKA
Coordinate related Reference-

 Points Deformation Analysis

Additionally:
 

Full spectrum of the
Deformationsanalysis Features of
GOCA www.monika.agwww.monika.ag

Multivariate and Multi-Epoch
Congruency Testing 

GNSSGNSS--Reference Station MonitoringReference Station Monitoring
MONIKA concept



MONIKA Step 1

)t(),t( ili Cl

GOCA_BEPC_PROGOCA_BEPC_PRO

GNSSGNSS--ProcessingProcessing

GNSS
RINEX-Data

To be controlled by BPEC_PROTo be controlled by BPEC_PRO
• LGO, Leica GeoOffice 
• WA1 (Wanninger Software)
• Berner GPS-Software 5.0

jixji )t(C,)t(x

www.monika.agwww.monika.ag

GNSS-Reference Station Monitoring
MONIKA algoritm and software



MONIKA Step 2

•• BaselinesBaselines
•• Epoch NetworksEpoch Networks
•• Partial networksPartial networks
•• Daily SolutionsDaily Solutions

••Epoch StatesEpoch States

jixji )t(C,)t(x

)t(C),t(x ixi

tΔ

GNSS
SINEX-Data

GNSS-Reference Station Monitoring
MONIKA algoritm and software



MONIKA Step 2 –
 

Coordinate related Referencepoint-Deformation analysis

Epoch States Epoch States 
MONIKA Step 2MONIKA Step 2

ili )t(,)t( Cl

Original GNSS observationsOriginal GNSS observations
RINEXRINEX

Singular

Unknown
Datum

MONIKAMONIKA
Free GNSS-network

Deformation
Analysis Concept

Helmert-Transformation d=3

)t(C),t(x ixi

0ii x  )t(x:)t(x =

T
ixix S)t(CS)t(C ⋅⋅=
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S-Transformation d=3

MONIKA Trafo 2 MONIKA Trafo 2 --
 

Step 2Step 2

?x0

0x  New

SINEXSINEX

www.monika.agwww.monika.ag

GNSS-Reference Station Monitoring
MONIKA algoritm and software



Consideration of Datum-drift and Plate-Movement Rates
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Use 

of

IERS
Parameters

27cm/10y27cm/10y

MONIKA Trafos 1 MONIKA Trafos 1 --
 

Step 2Step 2
0t

it

Reference time

Epoch time

MONIKA Step 2 –
 

Coordinate related Referencepoint-Deformation analysis

GNSS-Reference Station Monitoring
MONIKA algoritm and software



MONIKA Step 3 –
 

Coordinate related Reference-Point-Deformation analysis
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GNSS-Reference Station Monitoring
MONIKA algoritm and software



3D  a-posteriori Test statistics –
 

Significance of k,i
Rx∇
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GNSS-Reference Station Monitoring
MONIKA algoritm and software

MONIKA Step 3 –
 

Coordinate related Reference-Point-Deformation analysis



Rhein graben

GNSSGNSS--Reference Station MonitoringReference Station Monitoring
GNSS-Positioning-Service of Baden-Württemberg (SAPOS)



Volcano Monitoring
www.monika.agwww.monika.ag

GNSSGNSS--Reference Station MonitoringReference Station Monitoring
GNSS-Positioning-Service of Rheinland-Pfalz (SAPOS)



GNSS-Positioning Services –
 

User-Groups

AIRBORNEAIRBORNE
LaserLaser--
ScanningScanning

Changes in GNSSChanges in GNSS--Positioning ServicesPositioning Services

GNSS-based and Multisensor Low-Cost Platforms for Navigation and Object-Georeferencing



Growth of GNSS-Positioning Services User-Groups

GNSS/INS
Drones

ENavigation and 
Location Based 
Services (NLS)

Changes in GNSS-Positioning Services



? Breaking the Monopole of present DGNSS / Reference Station Services ?

• Server-Client for SSR? 
• cm-RTK?
• LowCost-Sensors 

Static AbsoluteStatic Absolute
(Non(Non--D)GNSS D)GNSS √√
Upload of Data forUpload of Data for
ProcessingProcessing

Dynamic Absolute GNSSDynamic Absolute GNSS
Online PPP (Online PPP („„OPPPOPPP““) RTK) RTK

GNSS

SSR (State-space representation)
-Provider

„1-2 m, 1-2 dm , 1-2 cm“

Precise Point Positioning (PPP) Precise Point Positioning (PPP) --
 

Absolute GNSSAbsolute GNSS--PositioningPositioning

Changes in GNSS-Positioning Services

IGS-Network
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of Moldova
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www.euref.eu
www.geozilla.de,

www.galileo-bw.dewww.goca.info, 
www.monika.ag, 

www.dfhbf.de
www.moldpos.eu

www.hs-karlsruhe.de/servlet/PB/menu/1090714/index.html

Thank you for attention 

United Nations/United Arab Emirates/United States of America 
Workshop on the Applications of Global Navigation Satellite Systems, 

Dubai, United Arab Emirates, 16 -

 

20 January 2011
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