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GNSS GNSS -- SystemsSystems

GNSS GNSS forfor Global Global PositioningPositioning in ITRF/ECEF in ITRF/ECEF FramesFrames

GPSGPS

GALILEO 2013GALILEO 2013

GLONASSGLONASS COMPASSCOMPASS

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

Space Segment

User 
Segment Control Segment

< 50 < 50 (2010)(2010)

105! 105! (2013)(2013)
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GNSSGNSS--NetworksNetworks in EURASIA: in EURASIA: SAPOSSAPOS®®//AxioAxio --NetNet//VRSNowVRSNow ®® , , SWIPOSSWIPOS®®//SwissSatSwissSat ®® …… SwePosSwePos ®®, , 
CzePosCzePos ®® ,,LatPosLatPos ®®, , CroPOSCroPOS ®®, , HePosHePos ®® , , …… HungaryHungary , , SloweniaSlowenia , , RomaniaRomania , , SiberiaSiberia (SRPOS),(SRPOS),

……MoldovaMoldova ((www.moldpos.euwww.moldpos.eu ))

GNSS-Positioning -Services

„„ ITRFITRF--relatedrelated ““
e.ge.g. ETRF89. ETRF89

www.euref.eu
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SWIPOS +SWIPOS +
SWISSATSWISSAT

SWEPOSSWEPOS

““ cmcm ””
��������

!Code!Code -- and Phaseand Phase --
Corrections Corrections !!

RTCM 3.1RTCM 3.1

Precise Differential (“cm ”) DGNSS

Regional DGNSS-Services in and outside Europe

SRPOSSRPOS

SibiriaSibiria
MOLDOVA

www.moldpos.eu
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GNSS-Service and RTCM -based Positioning
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1. 1. AreaArea CorrectionCorrection Parameters (ACP)Parameters (ACP)
2. 2. MasterMaster --AuxiliaryAuxiliary (MAX(MAX)

fRe,ObservedfRe,truet,SATREF
Sat

fRe )tt(])z,y,x(;)z,y,x[()tt( D-r-r=D-rÑ D
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Sat

fReR )tt(])z,y,x(;)z,y,x[()tt( D-l-l=D-lÑ D

Basic Basic GNSSGNSS--DataData collectedcollected at at thethe GNSSGNSS--ReferenceReference --StationsStations at a Time at a Time tt--�� tt

GNSSGNSS--
NetworkingNetworking

SoftwareSoftware
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Sat
RovR
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ReObserved,
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RTCM 3.1

Observations-

Corrections

((B,L,h)B,L,h) GNSSGNSS--DatumDatum

bb

RTCMRTCM

NMEANMEA
StringString

3. Virtual
Reference
Station (VRS)

GNSS-Services and RTCM -based Positioning

1 1 -- 2 cm2 cm ITRF-related
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Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical

ITRF / SIRGAS - Datum
Old Classical Systems

StrictStrict andand

GeneralGeneral

TRAFOTRAFO

Brazil
Transformation

Project

GNSSGNSS--practicepractice

GIS
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ITRF / ETRF89 - Datum Old Classical Systems

Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations

1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  
to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical

StrictStrict andand

GeneralGeneral

TRAFOTRAFO

GNSSGNSS--practicepractice

GIS
Transition to
ITRFGNSS
consistent

frame
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„„ AllAll --overover --thethe --WorldWorld ““ ProblemProblem

  

)h,L,B(z

)h,L,B(y

)h,L,B(x

X und  

)h,L,B(z

)h,L,B(y

)h,L,B(x

Xmit  ,  tXRmX

2222

2222

2222

2

1111

1111

1111

112

�
�
�

�

�

�
�
�

�

�
=

�
�
�

�

�

�
�
�

�

�
=+××=

X1

X2

Rotation Matrix
3 Rotations Non-Linear Realation (see above)
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Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
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Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
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COPAG = Continuously Pa tched G eoreferencing

Continuity along the
Mesh Borders!

Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
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DFLBF_DB
Transformation
Parameters 
&  Residuals

ReferenceReference --TransformationTransformation
((DataData / Parameters / / Parameters / AlgorithmsAlgorithms ))

Source CRS         Target CRS

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

Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical

Hungary
1-3 cm
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Meshes = “Patching“ for
Corrego Alegre Classical Datum

Brasil

Transformation Problems and Transformation Problems and ReferenceReference TransformationsTransformations
1.) Horizontal Datum 1.) Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical

(1 – 5) cm
Transformationparameter
Databases for 3 Classical

Datum-systems
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Horizontal Transformation Problems and Horizontal Transformation Problems and ReferenceReference TransformationsTransformations
1.1 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

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

COPAG-Databases for GIS
see: www.geozilla.de
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H  =  h - N(B,L,h)

GNSS Heighting
„H from h- GNSS“

HRSHRS
hh

HH

hh
NN

GeoidGeoid (HBF)(HBF)
EllipsoidEllipsoid

+/+/-- 70 m70 m

2. Height Problem / HRS Transition - Karlsruhe Referen ce Transformation

ReferenceReference --TransformationTransformation
Source CRS         Target CRS
(B,L,h) GNSS =>   N

www.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

ReferenceReference --TransformationTransformation
Source CRS         Target CRS
(B,L,h) GNSS =>   N 

DBDB
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

DBDB
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SoftwareSoftware
SreenshotSreenshot

•• IdenticalIdentical
„„FittingFitting““
PointsPoints

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

•• MeshesMeshes

2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

www.dfhbf.dewww.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

< 5 cm   DFHRS_DB  < 5 cm   DFHRS_DB  
Florida Florida 

www.dfhbf.dewww.dfhbf.de
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< 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

2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

www.dfhbf.dewww.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

www.moldpos.eu 1-3 cm Quasigeoid for Moldova
Patching of

EGG97 or EGM2008 GPM
Nearly same results

www.dfhbf.dewww.dfhbf.de
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2. Height Problem / HRS Transition - Karlsruhe Reference Tra nsformation

www.moldpos.eu 1-3 cm Quasigeoid for Moldova
Patching of

EGG97 or EGM2008 GPM
Nearly same results
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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)

3. Reference Transformations and RTCM Transformationmessa ges



���������	��
���������������������� ������� ������
���� �����
��� ������ !�" #������$%���&'('

3rd GNSS Vulnerabilities
and Solutions Conference

3. Reference Transformations and RTCM Transformationmessa ges
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3. Reference Transformations and RTCM Transformationmessa ges
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3. Reference Transformations and RTCM Transformationmessa ges
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„Gridding“ of Reference Transformations

3. Reference Transformations and RTCM Transformationmessa ges
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Message 1021 or 1022

Grid
Location&Size

7 Parameters

Ellipsoid 
Parameters
Source / Target

Geoid-Grid or not

3. Reference Transformations and RTCM Transformationmessa ges
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MessageMessage 10231023 Message 1024or

Height Indicator = 1 „dh i„ = Physical Heights‘ Residuals dH i

Height Indicator = 2 „dh i„ = Geoid / HRS Heights N i (dN i)

Residuals P 14

Residuals P 15

Residuals P 16

:: ::

3. Reference Transformations and RTCM Transformationmessa ges
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Using
Reference

Transformations

to 
compute

a 
country-wide

1.)
„STATIC 

GRID“
(„Large Residuals“ Grid)

3. Reference Transformations and RTCM Transformationmessa ges
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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 independe nce of the residual

interpolation method in the rover

2.)
„Dynamic

Grid “

Advantages

3. Reference Transformations and RTCM Transformationmessa ges
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Using Reference Tranformations to compute grids dynamica lly
„Dynamic Grid“

4.) Direct use of Original Reference Transformations

�
�
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3. Reference Transformations and RTCM Transformationmessa ges
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Using Reference Tranformations to compute grids dynamica lly
„Dynamic Grid“

5.) „Combined Message Generation“

[([(B,L,h)B,L,h) ITRFITRF--relatedrelated ]] ii �������� [(B,L)[(B,L) TT , H, HTT or or N)]N)] ii

[([(B,L,h)B,L,h) ITRFITRF--relatedrelated ]] ii �������� [[ ((B,L,h)B,L,h) GNSS,ITRFGNSS,ITRF]] ii

Part 1Part 1 -- PlatePlate ModelsModels

Part 2Part 2 -- Standard Standard ReferenceReference TransformationsTransformations

VirtualVirtual FittingFitting --PointsPoints

VirtualVirtual Fitting Fitting PointsPoints

Dynamic Message Set up by local 7PT Gridding

3. Reference Transformations and RTCM Transformationmessa ges
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General General ConfigurableConfigurable
RTCM TransformationRTCM Transformation

MessagesMessages ServerServer

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

3. Reference Transformations and RTCM Transformationmessa ges



���������	��
���������������������� ������� ������
���� �����
��� ������ !�" #������$%���&'('

3rd GNSS Vulnerabilities
and Solutions Conference

Reference Transformations
DFHBF Florida                         

DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de

3. Reference Transformations and RTCM Transformationmessa ges
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2

k,i
R

1k,i
Rˆˆ

Tk,i
Rk,i

R ˆ3

ˆ)(ˆ
)ˆ(T

s×

ÑÑ
=Ñ

-
ÑÑ xQx

x

Old Classical Systems

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

4. GNSS-Reference Station Monitoring

www.monika.ag
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Additionally: Object-Points + Tests

MONIKA
Coordinate related Reference-
Points Deformation Analysis

Additionally: Full spectrum of the
Deformationsanalysis Features of
GOCA

4. GNSS-Reference Station Monitoring

www.monika.agwww.monika.ag

Multivariate and Multi-Epoch
Congruency Testing
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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

4. GNSS-Reference Station Monitoring

www.monika.agwww.monika.ag
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MONIKA Step 2

•• BaselinesBaselines
•• EpochEpoch NetworksNetworks
•• Partial Partial networksnetworks
•• Daily Daily SolutionsSolutions

••EpochEpoch StatesStates

jixji )t(C,)t(x

)t(C),t(x ixi

tD

4. GNSS-Reference Station Monitoring

GNSS
SINEX-Data
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MONIKA Step 2 – Coordinate related Referencepoint-Deformationanalysi s

EpochEpoch StatesStates
MONIKA MONIKA StepStep 22

ili )t(,)t( Cl

Original GNSS Original GNSS observationsobservations
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 ××=

)t(C),t(x ixi

S-Transformation d=3

MONIKA Trafo 2 MONIKA Trafo 2 -- StepStep 22

?x0

0x  New

SINEXSINEX

4. GNSS-Reference Station Monitoring

www.monika.agwww.monika.ag
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Consideration of Datum -drift and Plate-Movement Rates

txR +×eee×D+=
1t,ITRFyy1zyx1t,zzITRF1 )t(),,()m1()t(x

( ) ( )( ) )tt( )t()t()m( )t()t( 12t.ITRFzz1)j(Pt.ITRFzz1t.ITRFzz1t.ITRFzz2 1112
-××++×D++= xRtxRxx ����

Use

of

IERS
Parameters

27cm/10y27cm/10y

MONIKA Trafos 1 MONIKA Trafos 1 -- StepStep 22
0t

it

Reference time

Epoch time

4. GNSS-Reference Station Monitoring

MONIKA Step 2 – Coordinate related Referencepoint-Deformationanalysi s
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MONIKA Step 3 – Coordinate related Reference-Point-Deformationanalys is
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4. GNSS-Reference Station Monitoring
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MONIKA Step 3 – Coordinate related Referencepoint-Deformationanalysi s

3r,32

k,i
R

k
ii

i
vv

iTk
i

Tk,i
R

2

k,i
R

1k,i
Rˆˆ

Tk,i
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-
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=

=
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xQx
x

3D  a-posteriori Teststatistics – Significance of k,i
RxÑ

3r

ˆ)(ˆ
ˆ

k,i
R

1k,i
Rˆˆ

Tk,i
R

T
2

-

Ñ××Ñ-
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3.17),,'F(

ˆ)(ˆ

3r,3

k,i
R

1k,i
Rˆˆ

Tk,i
R

=bal=

Ñ××Ñ

-

-
ÑÑ xQx

Test related to 1- � , e.g = 95% 
Confidence ellipsoid

Sensitivity ellipsoid
� = 5 %,  ß=95%

( = 1.0   accuracy , 1- � = 19.9 %
error ellipsoid )

ß%-Sensitivity

Detectability of GNSS
Reference Station
Deformations k,i

RxÑ

2.43.17f ==

4. GNSS-Reference Station Monitoring
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4. GNSS-Reference Station Monitoring

GNSS-Positioning-Service of Baden-Württemberg (SAPOS ) - Rheingraben
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4. GNSS-Reference Station Monitoring

GNSS-Positioning-Service of Rheinland-Pfalz (SAPOS) – Volcano Monitoring

www.monika.agwww.monika.ag
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5. GNSS-Positioning Services – User-Groups

Mobile 
GIS
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5. GNSS-Positioning Services – User-Groups

GNSS/INS
Drohnes
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? Breaking the Monopole of present DGNSS / Reference St ation Services ?

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

StaticStatic AbsoluteAbsolute
((NonNon --D)GNSSD)GNSS ��
Upload of Upload of DataData forfor
ProcessingProcessing

DynamicDynamic Absolute GNSSAbsolute GNSS
Online PPP (Online PPP ( „„ OPPPOPPP““ ) RTK) RTK

GNSS
SSR-Provider

„1-2 m, 1-2 dm , 1-2 cm“

PrecisePrecise Point Point PositioningPositioning (PPP) = Absolute (PPP) = Absolute GNSSGNSS--PositioningPositioning

6. Changes in GNSS-Positioning Services Network &Processi ng-Design

IGS-Network
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6. Changes in GNSS-Positioning Services Network &Processi ng-Design
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