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GNSS GNSS PositioningPositioning ServicesServices
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GNSS GNSS -- SystemsSystems

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

GPSGPS

GALILEO 2014GALILEO 2014

GLONASSGLONASS COMPASSCOMPASS

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

Space Segment

User 
Segment Control Segment

< 50 < 50 (2010)(2010)

105! 105! (2014)(2014)
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Space/Satellite Based Augmentation Systems (SBAS)
DNGSSDNGSS--CorrectionsCorrections . Standard RTCA  and RTCM. Standard RTCA  and RTCM

…… WAAS (USA),CNSS (WAAS (USA),CNSS ( China),GAGANChina),GAGAN /IRNSS (/IRNSS (India),QZSSIndia),QZSS /MSAS (/MSAS (Japan),SDCMJapan),SDCM ((RussiaRussia ))

Existing WAAS 
Satellite or Mobile Internet (NTRIP)

RTCM or RTCA Corrections
Accuracy: 1 m

GNSS-Reference Stations
=> RTCM / RTCA Corrections
- Satellite Communication
- Internet Communication via GSM
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1
2

3

4

TRIMBLE 
VRSNOW

SITUATION in GERMANYSITUATION in GERMANY

(B,L,h) ITRF-related

Accuracy: 1-3 cm!!!
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SWIPOS +SWIPOS +
SWISSATSWISSAT

SWEPOSSWEPOS

““ cmcm ””
��������

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

RTCM 3.1RTCM 3.1

Regional DGNSS-Services in and outside Europe

MOLDOVA

www.moldpos.eu

Universidade Federal 
Rural do Rio de Janeiro, 
Instituto de Tecnolgoa, 

Departamento de 
Engenharia (UFRRJ)

Instituto
Brasileiro
de Geografia e 
Statística

Precise Differential (“cm ”) DGNSS
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Augmentation Systems (SBAS, GSM/Internet-based)
.... .... withwith RTCMRTCM--CorrectionsCorrections forfor PrecisePrecise PositioningPositioning and Navigation and Navigation 

• Networked RTCM Corrections
• Inhomogenously distributed GNSS-Reference
Stations, like e.g. Brasil 
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EUREF oder IGSEUREF oder IGS
RTCMRTCM--CorrectionsCorrections

NTRIPNTRIP--FormatFormat

Mobile Internet Mobile Internet 
((USBUSB--StickStick ))

andand
InterNetInterNet GNSSGNSS--
RadioRadio
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GNSS-Internet Radio
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EUREF oder IGSEUREF oder IGS
RTCMRTCM--CorrectionsCorrections

NTRIPNTRIP--FormatFormat

Mobile Internet Mobile Internet 
((USBUSB--StickStick ))

andand
InterNetInterNet GNSSGNSS--
RadioRadio

GNSS-Internet Radio
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E.g. Europe: „INSPIRE (Infrastructure for Spatial Information in Europe)

see inspire.jrc.ec.europa.eu
Necessary for „daily GNSS-Positioning“ of the users of a GNSS-
Positioning Service and for GIS purposes – Ready for Brasil!!!
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e.g www.moldpos.eu

www.geozilla.de

www.dfhbf.de

www.monika.ag www.goca.info
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„„ AllAll --overover --thethe --WorldWorld ““ ProblemProblem
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3 Rotations Non-Linear Realation (see above)

3D Similariy Transformation

GIPSGIPS--1:1: Horizontal Horizontal DatumDatum --TrafoTrafo fromfrom (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical --
Karlsruhe Approach (COPAG) and TrafoKarlsruhe Approach (COPAG) and Trafo --Database Database ComputationComputation
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Solution of the horizontal 
Transformation Problem

3D 3D SimilaritySimilarity
ransformationransformation

RelatedRelated to to 
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Identical Points

WTRANS
www.geozilla.de

GIPSGIPS--11 Horizontal Datum Horizontal Datum TransitionTransition fromfrom (B,L) (B,L) GNSS,ITRF  GNSS,ITRF  to to ClassicalClassical Datum Datum 
((B,L)B,L) ClassicalClassical –– Karlsruhe Approach (COPAG) and Karlsruhe Approach (COPAG) and TrafoTrafo --DatabaseDatabase --ComputionCompution
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ITRF / ETRF89 - Datum Old Classical Systems

StrictStrict andand

GeneralGeneral

TRAFOTRAFO

GNSSGNSS--practicepractice

GIS
Transition to
ITRFGNSS
consistent

frame

GIPSGIPS--1:1: Horizontal Horizontal DatumDatum --TrafoTrafo fromfrom (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
-- Karlsruhe Approach (COPAG) and TrafoKarlsruhe Approach (COPAG) and Trafo --Database Database ComputationComputation

Long waved deflections - „Weak shapes“
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COPAG = Continuously Pa tched G eoreferencing

Continuity along the
Mesh Borders!

GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation



���������	��
��������
�������������� �������
 ������
������� �� �!"�#���$���

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

GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation

Hungary
1-3 cm
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GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation

Meshes = “Patching“ for
Corrego Alegre Classical Datum Brasil

Corrego Alegre ���� Sirgas

Brasil
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GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation

DFLBF/COPAG Databases for Brazil
Meshes SAD69 ���� SIRGAS

DFLBF/COPAG Databases for Brazil
Meshes SAD96 ���� SIRGAS

Brazil
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GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical
Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation

Accuracy of DFLBF/COPAG Databases for Brazil SAD99 ���� SIRGAS

BRASIL
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GIPSGIPS--1.1:1.1: Horizontal Datum Transition
from (B,L) GNSS,ITRF  to  (B,L) Classical

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

GIPSGIPS--1.21.2 :Horizontal Datum Transition
from (B,L) Classical to (B,L) GNSS,ITRF  

COPAG-Databases for GIS

GIPSGIPS--11: Horizontal : Horizontal DatumDatum --TrafoTrafo (B,L)(B,L) GNSS,ITRFGNSS,ITRF to to ClassicalClassical Datum (Datum ( B,L)B,L) ClassicalClassical

Karlsruhe Approach (COPAG) and Database Karlsruhe Approach (COPAG) and Database ComputationComputation

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

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

www.dfhbf.de

GIPSGIPS--22:: HeightHeight ReferenceReference SurfaceSurface (HRS) (HRS) QgeoidQgeoid //GeoidGeoid (N) (N) forfor TransitionTransition hhGNSS,ITRFGNSS,ITRF to to 
PhysicalPhysical HeightsHeights H = hH = h--N  N  -- Karlsruhe Approach (DFHBF) and Karlsruhe Approach (DFHBF) and DFHBFDFHBF--DBComputationDBComputation
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GIPSGIPS--22:: HeightHeight ReferenceReference SurfaceSurface (HRS) (HRS) QgeoidQgeoid //GeoidGeoid (N) (N) forfor TransitionTransition hhGNSS,ITRFGNSS,ITRF to to 
PhysicalPhysical HeightsHeights H = hH = h--N  N  -- Karlsruhe Approach (DFHBF) and Karlsruhe Approach (DFHBF) and DFHBFDFHBF--DBComputationDBComputation

xj +  v =  - fB
T / M(B)  ×p +   ¶ x (dxxxx,hhhh) j

hhhh j + v   =   -fL
T/(N(B)×cos(B)) ×p + ¶ h(dxxxx,hhhh) 

j
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)hm()'S,'C(Nv0 T
m),k(nm),k(nN ×D+×-=+ D pf

hGNSS+ v   =  H  + fT ×p - hGPS·DDDD m

H + v   =   H

NG‘ j + v j =  fT ×p + ¶NG(d j)

Identica
P

oints

-Existing nonfitted Qgeoid
-/ Geoid GridsGrids

Deflections fo the Vertical
from modern Zenith-
Cameras or from Classical
Geod- Astron. Campaigns

„Patching“

http://www.geozilla.de/files/Geodaetische_Infrastrukturen_fuer_GNSS-Dienste_%28GIPS%29.Jaeger..pdf

New: Global Geopotential Model (EIGEN,EGM2008)
Coefficients (C nm,Snm)  => Mapped to Spherical
Cap-Harmonic Coefficients (C‘ nm, S‘nm) 

(C‘nm, S‘nm) => Introduced as direct observations
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SoftwareSoftware
SreenshotSreenshot

•• IdenticalIdentical
„„FittingFitting““
PointsPoints

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

•• MeshesMeshes

www.dfhbf.dewww.dfhbf.de

GIPSGIPS--22: : HeightHeight ReferenceReference SurfaceSurface (HRS) (HRS) QgeoidQgeoid //GeoidGeoid (N) (N) forfor TransitionTransition hhGNSS,ITRFGNSS,ITRF to to 
PhysicalPhysical HeightsHeights H = hH = h--N  N  -- Karlsruhe Approach (DFHBF) and Karlsruhe Approach (DFHBF) and DFHBFDFHBF--DBComputationDBComputation
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-- DataBaseDataBase

GIPSGIPS--22:: HeightHeight ReferenceReference SurfaceSurface (HRS) (HRS) QgeoidQgeoid //GeoidGeoid (N) (N) forfor TransitionTransition hhGNSS,ITRFGNSS,ITRF to to 
PhysicalPhysical HeightsHeights H = hH = h--N  N  -- Karlsruhe Approach (DFHBF) and Karlsruhe Approach (DFHBF) and DFHBFDFHBF--DBComputationDBComputation

Quasi-Geoid N QG Quasi-Geoid N G

H
g

NN QGG ×
g

g-
+=
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GIPSGIPS--22: : HeightHeight ReferenceReference SurfaceSurface (HRS) (HRS) QgeoidQgeoid //GeoidGeoid (N) (N) forfor TransitionTransition hhGNSS,ITRFGNSS,ITRF to to 
PhysicalPhysical HeightsHeights H = hH = h--N  N  -- Karlsruhe Approach (DFHBF) and Karlsruhe Approach (DFHBF) and DFHBFDFHBF--DBComputationDBComputation

www.dfhbf.dewww.dfhbf.de

Geoid-Computation
for Brasil: Patches

and Meshes

Brazil
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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Approach

Present or „old“ standard:Trafo-Databases or„Grids“ in 
GNSS-controllers (Trimble, Leica-Geosystems, Topon, etc.)
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New standard:RTCM-Transformation Parameters from GNSS-Positioning Service

HS Karlsruhe BMBF-Project 2010-2011: www.moldpos.eu
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„Gridding“ of Reference Transformations by Virtual Fitting Poi nts

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach

New standard:RTCM-Transformation Parameters from GNSS-Positioning Service
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Message 1021 or 1022

Grid
Location&Size

7 Parameters

Ellipsoid 
Parameters
Source / Target

Geoid-Grid or not

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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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

:: ::

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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Using
Reference

Transformations

to 
compute

a 
country-wide

1.)
„STATIC 

GRID“
(„Large Residuals“ Grid)

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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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

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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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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GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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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

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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Reference Transformations
DFHBF Florida                         

DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de

GIPS-3: RTCM Transformationmessages
and Setup from Reference Transformations - Karlsruhe Ap proach
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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) 

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)

www.monika.ag
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Additionally: Local Object – Monitoring and
Deformation Analysis

MONIKA
Coordinate related Reference-
Points Deformation Analysis

www.monika.agwww.monika.ag

Multivariate and Multi-Epoch
Congruency Testing

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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MONIKA Step 1

)t(),t( ili Cl

GNSSControl-Software

I. GNSS RINEX

Processing EnginesProcessing Engines
• WA1 (Wanninger Software)
• Berner GNSS-Software 5.0
• RTKLIB - based

jixji )t(C,)t(x

www.monika.agwww.monika.ag

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)

1. Data Communication
2. Processing

II. GNSS SINEX

Import jixji )t(C,)t(x



���������	��
��������
�������������� �������
 ������
������� �� �!"�#���$���

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

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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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

www.monika.agwww.monika.ag

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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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

MONIKA Step 2 – Coordinate related Referencepoint-Defor mationanalysis

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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MONIKA Step 3 – Coordinate related Reference-Point-Deformationanalys is
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GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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MONIKA Step 3 – Coordinate related Referencepoint-Deformationanalysi s
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3D  a-posteriori Teststatistics – Significance of k,i
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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 ==

GIPS-4: GNSS-Reference Station Monitoring and Use as Geosensor -Networks
for Geomonitoring and Hazard Mitigation – Karlsruhe Appr oach (MONIKA)
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GNSS-Positioning-Service
of Rheinland-Pfalz (SAPOS) 

- Volcano Monitoring -

www.monika.agwww.monika.ag

GNSS-Reference Station Monitoring and 
Use as Geosensor-Networks for Geomonitoring and Hazard M itigation

– Karlsruhe Approach (MONIKA) -

GNSS-Positioning-Service
Geomonitoring of Local

Objects

GNSS-Positioning-Service
Geomonitoring of Natur 

Hazard Zones
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GNSS GNSS PositioningPositioning ServicesServices
+ + 

GIPSGIPS

Motor Motor forfor New New DevelopmentsDevelopments
e.ge.g. . 

PrecisePrecise Multisensor NavigationMultisensor Navigation

! ! GeodeticGeodetic KnowKnow HowHow questionedquestioned !!
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GNSS-Positioning Services – Precise Positioning/Geodat a Acquisition/Navigation

Mobile
GIS

Mobile 
Services

Seamless Outdoor/Indoor Navigation
Multisensor-Systems 

Augmented Reality and
Mobile Data-Acquisition
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GNSS-Positioning Services – Precise Positioning/Geodat a Acquisition/Navigation
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www.navka.de

Algorithms for Precise Multisensor-Multi-Purpose Naviga tion-Platforms

GNSSGNSS
++

AutonomousAutonomous Sensors (MEMS)Sensors (MEMS)
•• GyroscopesGyroscopes

•• AccelerometersAccelerometers , etc. , etc. 

Field
Robots

Water-Drones Air-Drones

Joint Research Project 2011 - 2013
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GNSS-Positioning Services – Precise Positioning/Geodat a Acquisition/Navigation

www.navka.de

Algorithms for Precise Multisensor-Multi-Purpose Naviga tion-Platforms

Autonomous
Indoor Navigation

Mobile Data
Acquisition Systems

Joint Research
Project 2011,2012,2013
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