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RTCMRTCM--PhasePhase CorrectionsCorrections
GNSS GNSS cmcm--PositioningPositioning

SASAPOSPOS®®

SWISWIPOSPOS®®
SwissSatSwissSat®®
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1st 1st PresentPresent Transformation ProblemTransformation Problem
ClassicalClassical National Datum Systems obsolete National Datum Systems obsolete 

Modern Modern GeoGeo--ReferencingReferencing isis relatedrelated to ETRS89 / ITRFto ETRS89 / ITRF
EconomicalEconomical Online Online PositioningPositioning in in homogeneoushomogeneous Datum Datum 

politicalpolitical tasktask of State Land Services of all of State Land Services of all NationsNations

ETRS89ETRS89--DatumDatum
Old DatumOld Datum

((e.ge.g. „DHDN“ in Germany). „DHDN“ in Germany)

GeneralGeneral
strictstrict

TransformationTransformation
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StrictStrict 3D3D--Trafo in (B,L, Trafo in (B,L, (h)(h)))
Residuals Germany Residuals Germany 

withoutwithout PatchingPatching. . 

MeanMean Residual:Residual:

1.49 m1.49 m

Max. Residual:Max. Residual:

2.43 m2.43 m

Longwaved

Quasi-Systematic

Errors („Weak Shapes“)
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COPAG Concept
MeshMesh GenerationGeneration

EUREF2004
Poster-Presentation
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H  =  h - N(B,L,h)

GNSS Heighting
„H from h- GNNS“

HRSHRS
hh

HH

hh
NN

„„GeoidGeoid“ = HRS“ = HRS
EllipsoidEllipsoid

+/+/-- 100 m100 m

2nd 2nd PresentPresent Transformation ProblemTransformation Problem
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EuropeanEuropean
VerticalVertical ReferenceReference

System (EVRS)System (EVRS)

DiscreteDiscrete PointsPoints
of of thethe HRSurfaceHRSurface

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

UELN 95/98UELN 95/98
AdjustmentAdjustment byby
GeopotentialGeopotential

NumbersNumbers

Datum WDatum W00 and Cand C00
AmsterdamAmsterdam
„NAP“„NAP“

MeanMean AccuracyAccuracy
+/+/-- 3.0 cm3.0 cm
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EuropeanEuropean
VerticalVertical

ReferenceReference
SystemSystem
(EVRS)(EVRS)

Analysis ofAnalysis of
„„WeakWeak ShapesShapes““

Jä ger, 1989Jä ger, 1989
IAGIAG--SymposiumSymposium

EdinburghEdinburgh

MeanMean AccuracyAccuracy: : 
3.0 cm3.0 cm

Error Budgets
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mi -Spectral Carrier Functions /Basis
ci - Stochastical Amplitudes{

Idea:

Solution: mi - Eigenvectors of Cx
E(cici)=λi Λ - Diagonal Matrix of Eigenvalues of Cx

√λ√λii··mmii = = „„WeakWeak ShapesShapes““

}
Influence of random
Observation Errors

CCll

(Jäger, 1988)

SpectralSpectral Analysis „Analysis „WeakWeak ShapesShapes‘ Analysis “‘ Analysis “
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AdditionallyAdditionally: Latent „: Latent „WeakWeak ShapesShapes““ duedue to  to  neglectedneglected PhysicalPhysical CorrelationsCorrelations

Jä ger and Jä ger and 
LeinenLeinen
(1992)(1992)

6th Int. 6th Int. 
SatelliteSatellite

SymposiumSymposium

Ohio,Ohio,
USAUSA
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EuropeanEuropean
VerticalVertical

ReferenceReference
SystemSystem
(EVRS)(EVRS)

PlannedPlanned::

IncreasingIncreasing thethe finalfinal
EVRS EVRS AccuracyAccuracy
on on introducingintroducing

Tide Tide GaugeGauge PointsPoints
as as furtherfurther
Fix Fix PointsPoints

MeanMean AccuracyAccuracy: 1.5 cm: 1.5 cm

Error Budgets
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Up to now
EGG97

European Gravimetric
Geoid97

1_cm geoid (short-wave)

Quasi-Systematic
Errors

0.1 –1.5 m ! 

„Weak Shapes“
Long-Waved Domain

EGG97 = Non Fitted
QGeoid

Vertical Reference
Surface for Europe

Error Budgets
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HeightHeight ReferenceReference SurfaceSurface forfor thethe EuropeanVRSEuropeanVRS
EUREF Resolution No. 4, Dubrovnik 2001
The IAG Subcommission for Europe (EUREF) 
recognising the European Vertical GPS Reference 
Network (EUVN) with its GPS-derived ellipsoidal 
heights and levelled connections to UELN,  – the 
definition of the European Vertical Reference System 
EVRS with its first realisation UELN 95/98, called 
EVRF2000, considering – this implicit pointwise
realisation of a European geoid consistent with both 
ETRS89 and EVRS,  – the existence of a large 
number of regional and local geoids in Europe, – the 
urgent need by the navigation community for a height 
reference surface, asks its Technical Working Group 
and the European Sub-commission of the IAG IGGC 
(International Gravity and Geoid Commission) to take 
all necessary steps to generate a European 
“geoid model” of decimetre accuracy
consistent with ETRS89 and EVRS.

GNSSGNSS--ServicesServices in Europein Europe
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DigitalDigital--FEMFEM--HRSHRS (DFHRS) Approach(DFHRS) Approach
Idea: “All observations / data types related to the parameters p of a unique

continuous one-layer FEM representation NFEM(p) of the HRS“

∆ g. . NFEM(p)
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Series of HRS
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ContinuousContinuous FEM FEM RepresentationRepresentation of HRSof HRS
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DDigital igital FFEM EM HHeighteight RReferenceeference SSurfaceurface (DFHRS)(DFHRS)-- ConceptConcept

hGNSS+ v   =  H  + NFEM(p) - hGPS·∆ m

NG‘j + v j =           NFEM(p) + ∂NG(d j)

∆g    + v   = ∆g(p)

H + v   =   H

ξj +  v =  - FB  / M(B)  ⋅ p +   ∂ ξ (dξ,η) j

ξη j + v   =   - FL/(N(B)⋅cos(B)) ⋅ p + ∂ η(dξ,η) j

DFHRS –Approach
Complete New Computation of con-
tinuous HRS (repres. by p and ∆ m)!

 )(4 ∫∫σγ⋅π⋅ B
a ∆g·S(ψ)dσ +  v = NFEM(p)

NFEM(p)

N(pj)

(Existing Regional Geoids; EGG97)

<= Sets of Deflections from Vertical

(Modern Astro-Geod. Zenith Cameras)

<= GPS/Levelling Fitting Points

<= Any number Geoidmodels/Patches

<= Gravity
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DFHRS Approach  - „Patching“

Residuals of a Geoid Model NG‘
One Datum 7 „Patches“

NG‘j + v j =           NFEM(p) + ∂NG(d j)
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HeightHeight ReferenceReference SurfacesSurfaces and „and „GeoidfittingGeoidfitting““
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DFHRS_DB   - QUALITY Proof

<_3_cm DFHRS_DB
Windhuk, Namibia
EGM96

+ Statistical Testing

+ Variance Component Estimation

Covariance matrix of DFHRS parameters (p,Δ m)
„Accuracy Surface“ based on
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DFHRS SoftwareDFHRS Software

•• MapMap
BackBack

GroundGround

•• IdenticalIdentical
FittingFitting
PointsPoints

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

•• MeshesMeshes

•• ResidualsResiduals
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Any
number of 
different 
geoid 
models N 
may be
introduced
Patch-wise

DFHRS SoftwareDFHRS Software

∂NG(d j)

• University of Applied Sciences (FH) Karlsruhe
• SLS Baden-Württemberg
• SLS Hessen
• SLS Rheinland-Pfalz
• SLS Riga, Latvia
• University of Federal Forces Munich
• University of Darmstadt
• ::
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Any number of 
observation groups of

• Geoidmodels

and

• Deflections of the
Vertical

may be introduced
simultaneously. The
groups may refer to 
different datum
systems. Datum 
parameters may be
introduced a prioiri
information.

DFHRS SoftwareDFHRS Software

NFEM(p)

N(pj)
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DFHRS_DB   Design Parameters

<_3_cm DFHRS_DB
Windhuk, Namibia
EGM96

Fitting Point Fitting Point DensityDensity (< 10 mm (< 10 mm pointspoints, EGG97), EGG97)

•• 50 50 pointspoints per (100 km x 100 km): <_1_cm DFHRS_DBper (100 km x 100 km): <_1_cm DFHRS_DB
•• 10 10 pointspoints per (100 km x 100 km): < 3_cm DFHRS_DB  per (100 km x 100 km): < 3_cm DFHRS_DB  

•• 33--4 4 pointspoints per (100 km x100 km): < 5per (100 km x100 km): < 5--10_cm DFHRS_DB10_cm DFHRS_DB

MeshsizeMeshsize (p=3)(p=3)
•• 2020--30 km : HRS 30 km : HRS approximationapproximation errorerror < (5< (5--10) cm10) cm

••10 km: HRS 10 km: HRS approximationapproximation errorerror <1 cm <1 cm 
•• 5 km: HRS 5 km: HRS approximationapproximation errorerror < 0.5 cm < 0.5 cm 
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DFHRS_DB   Design Parameters
Design Studies < 5 - 10_cm DFHRS Germany

PatchPatch--SizeSize (EGG97)(EGG97)

•• 30 30 -- 40 km 40 km forfor a < 1_cm DFHRS_DBa < 1_cm DFHRS_DB
•• 50 50 –– 60 km 60 km forfor a < 3_cm DFHRS_DBa < 3_cm DFHRS_DB
•• 300 km 300 km forfor a < 10_cm DFHRS_DBa < 10_cm DFHRS_DB

(3(3--5) 5) pointspoints per per patchpatch
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< 10cm DFHRS Europe - Design of Fitting Points

ETRS89/EVRS

„GPS/Levelling
Points of EUVN“

Fitting Points
NFEM(p) =: h - H

used for the
the 1st version

< 10_cm DFHRS 
Europe
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<_10_cm DFHRS_DB Europe  - Patch Design

HRS Polynomial
Degree N=3

30 km Meshsize

34 Geoid-Patches
Patch Size
100 –800 km
At least (3-4) Fitting 
points per patch
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<_10_cm 
DFHRS_DB

Europe

Isolines

30 km 
FEM 

Meshes
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Austria Germany Estonia Latvia Lithuania Switzerland

Number of 
unused 
control points

9 95 21 25 46 13

RMS [cm]
7.5 4.2 8.8 9.2 6.8 7.0

<_10_cm DFHRS_DB - Indepent Quality Control

(Present Version,  35 km meshes, 34 Patches)<1_dm EVRF2004
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< 10 cm   DFHRS_DB  USA < 10 cm   DFHRS_DB  USA 

http://www.dfhbf.de


A Decimetre Height Reference Surface (HRS) for Europe based on DA Decimetre Height Reference Surface (HRS) for Europe based on DFHRS conceptFHRS concept
EUREF 2004, Bratislava, June 2. EUREF 2004, Bratislava, June 2. -- 5. 5. www.dfhbf.de

______________________________________________________________________

Present Data

ETRS89/EVRS
Fitting Points
NFEM(p) =: h - H

• EUVN2000 points

and

• National EUVN. Some
densification points
Germany, Estiona, 
Latvia, Lithuania and 
Switzerland

<_10_cm DFHRS_DB Europe –Fitting Point Design
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Overview on
European DFHRS_DB

30 km
Mesh Size

10 km

5 km < 1 cm

< 3 cm

< 10 cm
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EuropeanEuropean
HRS…  HRS…  

includingincluding

< 3cm < 3cm 
DFHRS_DBDFHRS_DB

GermanyGermany

10 km 
FEM 

Meshes
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European HRS … . European HRS … . includingincluding
<(1<(1--3)cm_DFHRS 3)cm_DFHRS BalticsBaltics ((LatviaLatvia, , EstoniaEstonia, , LithuaniaLithuania))

10 km 
FEM 

Meshes
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…… includingincluding
< 1cm DFHRS_DB Germany< 1cm DFHRS_DB Germany Official State Standard

…  over years
www.

sapos.
de

5 km 
FEM 

Meshes
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DCTools

DFHRS in Practice
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GEO-Samos

Software for Aktiv Mobile Objectoriented Surveying

DFHRS in Practice
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GISMobil

DFHRS in Practice
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GART-2000®

DFHRS in Practice
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DFHRS in Practice
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SummarySummary

CConcept (Height)
•• Fundamental Solution Fundamental Solution ConceptConcept forfor HRSHRS
- Strict mathematical base for a continuous FEM-based HRS
- New concept for an overdetermined parametric HRS 
- Mesh and patch-design - Any accuracy and any area size
- Open for all geometrical and physical observations!
- DFHRS = Leading Geoidfitting Concept
- Ready for the < 1 cm EVRS using all existing data! and  

EPN densifications!    
- High Practical Relevance for GNSS services and GIS 
- Industrial Standard GNSS-Equipment and GIS (+ RTCM 3.0)
- High Capacities for International Co-operations

••GNSSGNSS--AgeAge
••GNSSGNSS--PositioningPositioning

•• SpectrumSpectrum of of 
Fundamental Fundamental 

Transformation ProblemsTransformation Problems

http://www.dfhbf.de

