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GNSS GNSS -- SystemsSystems

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

GPSGPS

GALILEO 2011GALILEO 2011--2012 ?2012 ?

GLONASSGLONASS COMPASSCOMPASS

„„BeiDouBeiDou--1/21/2““

1414--AprilApril--07                        07                        

Space Segment

User 
Segment Control Segment
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„„MonthlyMonthly CoordinateCoordinate FilesFiles““

ETRS89 =: ITRF1989ETRS89 =: ITRF1989_01_01--19891989

<_1_cm <_1_cm ConsistencyConsistency!!

ITRF/ECEF   ITRF/ECEF   -- Datum <=  International GNSS Service (IGS)Datum <=  International GNSS Service (IGS)

„„MonthlyMonthly CoordinateCoordinate FilesFiles““

ETRS89 =: ITRF1989ETRS89 =: ITRF1989_01_01--19891989

<_1_cm <_1_cm ConsistencyConsistency!!
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RTCMRTCM--

Phase Phase CorrectionsCorrections

⇒⇒ cm cm --SolutionsSolutions
____________________________________________________________________________________

•• SASAPOSPOS®® + + ascosascos®®

SWISWIPOSPOS®® + + SwissSatSwissSat®®

::

SwePosSwePos®®

CzePosCzePos®®

LatPosLatPos®®

ASGASG--EUPOSEUPOS®®

CroPOSCroPOS®®, , HePosHePos®®

…… HungaryHungary, , SloweniaSlowenia,,

RomaniaRomania, , MoldaviaMoldavia,,……

(East European(East European

StatesStates, , RussiaRussia))

•• ......manymany othersothers worldwideworldwide!!

GNSS-Services and RTCM-based Positioning

„„ITRFITRF--relatedrelated““

e.ge.g. ETRF89. ETRF89



United United NationsNations Workshop on GNSS       Workshop on GNSS       Session 2   Session 2   -- JJääger / RTCM ger / RTCM MessagesMessages ChisinauChisinau,  17,  17--MayMay--20102010

GNSS-Services and RTCM-based Positioning
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GNSSGNSS--ServiceService –– NetworkNetwork of of ReferenceReference StationsStations

+ + GNSSGNSS--NetworkingNetworking Software Software 

GNSS-Services and RTCM-based Positioning



United United NationsNations Workshop on GNSS       Workshop on GNSS       Session 2   Session 2   -- JJääger / RTCM ger / RTCM MessagesMessages ChisinauChisinau,  17,  17--MayMay--20102010

1. 1. AreaArea CorrectionCorrection Parameters (ACP)Parameters (ACP)

2. 2. MasterMaster--AuxiliaryAuxiliary (MAX(MAX)
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GNSS-Services and RTCM-based Positioning
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Many Commercial Hard- and Software 

with NTRIP-embedding see

http://igs.ifag.de/index_ntrip.htm

Trend at Trend at manymany newnew servicesservices

e.ge.g. in. in

PolandPoland

SloveniaSlovenia

(TCP/(TCP/IPIP--basedbased, , e.ge.g. via. via

Internet, GPRS Internet, GPRS –– NTRIP)NTRIP)

GNSS-Services and RTCM-based Positioning
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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

((EnabledEnabled &&

GNSSGNSS--practicepractice
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1. Plane Problem - Karlsruhe Reference Transformation

3D 3D SimilaritySimilarity Transformation Transformation RelatedRelated to (to (B,L,hB,L,h))
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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
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1. Plane Problem - Karlsruhe Reference Transformation

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
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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 Reference Transformation

ReferenceReference--TransformationTransformation
Source CRS         Target CRS

(B,L,h)GNSS =>   N 
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2. Height Problem / HRS Transition - Karlsruhe Reference Transformation

ReferenceReference--TransformationTransformation
Source CRS         Target CRS

(B,L,h)GNSS =>   N 

DBDB
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OfficialOfficial

State State 

DatabasesDatabases

e.ge.g..

in Germanin German

CountriesCountries

......
DFHBF-DB

2. Height Problem / HRS Transition - Karlsruhe Reference Transformation

ReferenceReference--TransformationTransformation
Source CRS         Target CRS

(B,L,h)GNSS =>   N 



United United NationsNations Workshop on GNSS       Workshop on GNSS       Session 2   Session 2   -- JJääger / RTCM ger / RTCM MessagesMessages ChisinauChisinau,  17,  17--MayMay--20102010

Present Use of Reference Transformations

Online on GNSS Online on GNSS -- ControllersControllers

1.1. „„GriddingGridding““ thethe ReferenceReference Transformation (Transformation („„GridfactoriesGridfactories““))

2.2. DirectDirect Access to Access to ReferenceReference TransformationTransformation
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DFLBF / DFHBF

Present Use of Reference Transformations on GNSS - Controllers
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Present Use of Reference Transformations on GNSS - Controllers
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DFLBF / DFHBFDFLBF / DFHBF

Present Use of Reference Transformations on GNSS - Controllers



United United NationsNations Workshop on GNSS       Workshop on GNSS       Session 2   Session 2   -- JJääger / RTCM ger / RTCM MessagesMessages ChisinauChisinau,  17,  17--MayMay--20102010

Gridding of Reference Transformations
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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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Area of validity for 7P transformation (origin and extension) 
+ 16 Grid-Points

RCTM 3.1 Transformation Messages – Defintion and Examples
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RCTM 3.1 Transformation Messages – Defintion and Examples

Message 1021 or 1022

Grid
Location&Size

7 Parameters

Ellipsoid 

Parameters
Source / Target

Geoid-Grid or not
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MessageMessage 10231023 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

::
::

RCTM 3.1 Transformation Messages – Defintion and Examples
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Using
Reference

Transformations

to 
compute

a 
country-wide

„STATIC 
GRID“

RCTM 3.1 Transformation Messages – Message Generation
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Using Reference Tranformations to compute grids dynamically
online on NMEA-request by virtual fitting points

„Dynamic Grid“

RCTM 3.1 Transformation Messages – Message Generation

1.) No preceeding „Gridding“ Discetization Error
2.) Smaller Residuals   - Smaller Interpolation errors
3.)           “ “ - Interpolation method in GNSS-Rover not so relevant

Advantages of „Dynamic Grid“
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Using Reference Tranformations to compute grids dynamically
„Dynamic Grid“

RCTM 3.1 Transformation Messages – Message Generation

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

RCTM 3.1 Transformation Messages – Message Generation

5.) „Combined Messages Generation“ in case of ITRF-Operation Mode
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Using Reference Tranformations to compute grids dynamically
„Dynamic Grid“

RCTM 3.1 Transformation Messages – Message Generation

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
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RCTM 3.1 Transformation Messages – „Full Service“ GNSS-Transformation Services
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RCTM 3.1 Transformation
Messages

General General ConfigurableConfigurable

RTCM TransformationRTCM Transformation

MessagesMessages ServerServer

All kind of Reference

Transformations

in so called

TransformationTransformation

ModulesModules

Dynamic & Combined

& Static Messages

______________________

Commuication
Design 

in case of passing
RTCM Transformation

Messages

through GNSS-Networking
Software
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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


