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GNSS GNSS -- SystemsSystems

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

GPSGPS
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GLONASSGLONASS COMPASSCOMPASS

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

Space Segment

User 
Segment Control Segment

< 50 < 50 (2010)(2010)

105! 105! (2013)(2013)



Reiner Jäger, 

University of Applied Sciences (HSKA)
MOLDPOSMOLDPOS--MeetingMeeting, Karlsruhe, 4, Karlsruhe, 4--10 10 JulyJuly 20102010

GNSSGNSS--NetworksNetworks in EURASIA: in EURASIA: SAPOSSAPOS®®//AxioAxio --NetNet//VRSNowVRSNow ®® , , SWIPOSSWIPOS®®//SwissSatSwissSat ®® …… SwePosSwePos ®®, , 
CzePosCzePos ®® ,,LatPosLatPos ®®, , CroPOSCroPOS ®®, , HePosHePos ®® , , …… HungaryHungary , , SloweniaSlowenia , , RomaniaRomania , , MoldaviaMoldavia ,,
MOLDPOS MOLDPOS ScientificScientific Project = Project = GeodeticGeodetic InfrastructureInfrastructure forfor GNSSGNSS--ServiceService MOLPDOSMOLPDOS

GNSS-Positioning -Services in Eastern Europe

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

www.euref.eu
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1. 1. AreaArea CorrectionCorrection Parameters (ACP)Parameters (ACP)
2. 2. MasterMaster --AuxiliaryAuxiliary (MAX(MAX)
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GeodeticGeodetic InfrastructuresInfrastructures forfor GNSSGNSS--ServicesServices
1.) 1.) PresentPresent Datum Datum -- Transformation ProblemTransformation Problem
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Solution of the Transformation Problem

3D 3D SimilaritySimilarity Transformation Transformation RelatedRelated to (to ( B,L,hB,L,h ))
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StrictStrict 3D3D--Trafo in (B,L, Trafo in (B,L, (h)(h)))

Residuals GermanyResiduals Germany

OnlyOnly 1 1 setset of 7 of 7 parametersparameters

(= (= WithoutWithout „„ PatchingPatching ““ ))

MeanMean Residual:Residual:

1.49 m1.49 m

Max. Residual:Max. Residual:

2.43 m2.43 m
Longwaved
Systematic
Errors „Weak
Shapes“

Germany WestGermany West
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DFLBF_COPAG_DB – Hungaria
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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
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RTCM 3.1

RTCM 3.1 Observations Corrections
&

„7 RTCM Transformation Messages“

• 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)
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Gridding of Reference Transformations

PPi i [([(B,L,h)B,L,h)GNSSGNSS ]]

Virtual Fitting Points P i

Source CRS - Grid

Reference

Transformations

PPi i [([(B,L)B,L)ClassClass ]]

Virtual Fitting Points P i

Target CRS - Grid

PPi i [([(B,L,H)B,L,H)ClassClass ]]

PPi i [N[N ]] PPi i [H=[H=hhGNSSGNSS -- NN ]]
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RCTM 3.1 Transformation Messages – GZTra-Server and GZTra-Client

Reference Transformations
DFHBF Florida                         

DFHBF Bavaria
DFLBF Bavaria

www.geozilla.de
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GNNS Reference Station Networks
Old Classical Systems

Horizontal Horizontal PositioningPositioning
ITRF-based datum => Direct access by
GNSS (Old datum: GNSS online trafo)

HeightHeight
H(Physical) = h(GNSS) – N(GeoidN(Geoid))
(75% levelling points cancelled)

200 GNSS-Stations
(cm-Positioning.) 

=> Same capacity as
Millions of Trig. Points!
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2.) Additionally: Object-Points + Tests

GNSS GNSS –– ReferenceReference --StationsStations --CoordinateCoordinate MONIMONItoringtoring KAKA Model Model -- MONIKAMONIKA

MONIKA
Coordinate related GNSS-
Reference-Station
Deformation Analysis

3.) Additionally: Full spectrum of the
Deformationsanalysis Features of
the GOCA-software (www.goca.info)

1.) Congruency Testing
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MOLDPOS – Scientific RaD -Project
=>

Provision of Geodetic Infrastructure for GNSS -
Positioning -Service called MOL(D)POS

Computation of HRS and Transformation Parameter-Data bases
(DFHBF)

Computation of Horizontal Transformation Parameter-
Databases (COPAG/DFLBF) for GNSS and GIS 

GeoMonitoring and Early-Warning using GNSS-Reference
Stations as Basic GeoSensornetwork (MONIKA, GOCA)
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EUREF EUREF oror IGSIGS
RTCMRTCM--CorrectionsCorrections

NTRIPNTRIP--FormatFormat

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

andand
InterNetInterNet GNSSGNSS--
RadioRadio

PrecisePrecise MonitoringMonitoring and Navigation of and Navigation of ObjectsObjects –– AgricultureAgriculture ApplicationsApplications
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PrecisePrecise MonitoringMonitoring and Navigation of and Navigation of PersonsPersons and and ObjectsObjects

„M3“
www.bernot.org
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Deformation Deformation IntegrityIntegrity MonitoringMonitoring forfor GNSSPositioningGNSSPositioning Services Services includingincluding
a a ScalableScalable HazardHazard MonitoringMonitoring byby thethe Karlsruhe Approach Karlsruhe Approach 

(MONIKA)(MONIKA)

www.monika.agwww.monika.ag
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GOCA-Software
Version 4.0

ScalableScalableScalableScalable Design Design Design Design 
and and and and ModellingModellingModellingModelling

• Pure GNSS Array

• Pure LPS Array

• GNSS & LPS Array
• Several Regional/Local Areas

• GNSS as Reference Frame XR
• Special Case: 1 Area
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Tunnels  / Bridges

Dam-
Monitoring
(ICOLD,
80.0000

GOCAGOCA -- GeodeticGeodetic –– MonitoringMonitoring –– DeformationanalysisDeformationanalysis and and AlarmingAlarming
Natural Phenomena - Mining- / Geotechnical , Building - Moni toring
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SolutionsSolutions –– GNSSGNSS--SatelliteSatellite Navigation and Mobile ITNavigation and Mobile IT
www.galileowww.galileo --bw.debw.de
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AutonomousAutonomous dronesdrones ((belowbelow) ) forfor
documentationdocumentation of of thethe statestate of of 
different different kindkind of of facilitiesfacilities

AutonomousAutonomous GNSSGNSS-- bzw. GNSS/INSbzw. GNSS/INS--
boatsdroneboatsdrone forfor hydrologicalhydrological applicationapplication

(right up and right down)(right up and right down)

GNSS/INS GNSS/INS DronesDrones
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DataacquisitionDataacquisition
withwith GNSS/GNSS/INSINS--

positionedpositioned
and and orientedoriented
MultisensorMultisensor--
PlattformsPlattforms

DevelopmentDevelopment ofof
GNSS/GNSS/INSINS--basedbased

DatenquisitionDatenquisition--
Systems Systems 

in in CooperationCooperation
withwith IndustryIndustry

GNSSGNSS--FurtherFurther DevelopmentsDevelopments & Trends & Trends –– PlatformPlatform OrientationOrientation
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•• SeamlessSeamless IndoorIndoor--OutdoorOutdoor--PositionierungPositionierung
•• DevelopmentsDevelopments withwith IndustryIndustry

www.galileowww.galileo--bw.debw.de
www.afusoft.comwww.afusoft.com

GNSSGNSS--FurtherFurther Developments&TrendsDevelopments&Trends –– SeamlessSeamless OutOut --//IndoorIndoor PositioningPositioning
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