DFHBF 5.0 - A New Integrated Geodesy Approach
for Regional Gravity Field Modelling and Height
Reference Surface Computation -

Prof. Dr.-Ing. Reiner Jager

Hochschule Karlsruhe Technik und Wirtschaft (HSKA) - University o Applied Sciences
Faculty for Informationsmanagement and Media (IMM)

Dean of Master Study Programmes Geomatik&Geomatics (MSc)

Hochschule Karlsruhe
Technik und Wirtschaft (HSKA)

Head of Institute of Geomatics and Projectleader at Institute for Applied Research (I1AF)

RaD

www.dfhbf.de , www.goca.info, www.monika.ag , www.geozilla.de , www.moldpos.eu
www.navka.de , www.e-volo.com

Honorary Professor of the Sibirian State Academy of Geo desy (SSGA)

Email: reiner.jaeger@hs-karlsruhe.de

Glnterexpo ;
e S‘Q Interexpo-GeoSiberia 2013 wmmw |\aster-Class ,DFHBF 5.0 — Integrated Approach” R. Jager



Stu
Confg/nlfsroglrammes of the Faculty IMM with
related to Geodesy and Navigation

(www.hs -karls
V. ruhe.d
Re&swerch Oriented (BSc - Mesz: — PhD)

Hochschule Karlsruhe
Technik und Wirtschaft

UNIVERSITY OF APPLIED SCIENCES . / Héchschu\é Karlsruhe ' | _ P
echnik und Wirtschaft . = - 1 : \‘ LR

L ////// i 5 -
t/  UNIVERSITY OF APPLIED SCIENCES

Hochschule Karlsruhe
Technik und Wirtschaft
URIERS! ¥ OF Q.PPI.IF_E SCIENLES

[ iher dran

o

Geoddsie und Navigation |
Bachelor of Science (8:5¢) . Geomatics / Geomatik Bachelor

Fakuttdt fiir |nformationsmanagement und Medien |

|nternational Degree programme /

‘ Consecutive Degree Programme Ve\'kehrssvstemmanagement .

Master of Science (M.5¢.) ‘ Bachelor of Engineering (B.Eng.) Geolnform atlDHSITI 3nagement
Faculty of Information Management and Media Fakultat fir Informationsmanagement und Medien it denVertiefun gerichtungen:

Geomarketing. Kartographieu nd Geom edien, Umwelt

b Wi tersemester 2012 1 .
Newsh Wi fo2 gachelor of Science ®.5c)

tund Medien

Fakultat erlnfomationmanagmen
G Interexpo
g |
e® >

SIBERIA

- 7

R. Jager



Height System and
Height Reference Surface Types
(QGeoid/Geoid)
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Height System Types for Physical Heights H

Aquipotentialfli
H=CONSt.  |gerprerrmesrerorn ﬂaCh"E’\J_{?L
Small areas (X.y.Z) 2
~.,Constant | W, =W(x,y, Z):III P ,y', Z__dx' gy’ [z’ + — [p?
Waterlevel“ Erdel (X1 Y:4X,Y,2Z ) 2

5 Aquipotentialfliche

g=grad W

Geoid =: W=W,

Ellipsoid ldeal Height Reference

Lotlinie / L, Surface (HRS)
beliinis ,/ Lotlinie
Gepotential Levelling a_md Terrestrial HRS Realisation
und Gravity
Number C = = .
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Height Reference System Types for Physical Heights H

Gravity Potential W of the Earth at Point P(r, A, 3)
W=V+7Z —_

2
/ Centrifugalpotenzial due to Eartrotation 7 — W 12 Ein% 9
2

Gravitationpotential of Earth (Masses)

5 [CosmA [$inmA) [P,,,(cosd
nzmo(j@osm@mm) (cosd)

Spherical Harmonlcs as
als Carrierfunctions and
Parameters

Q-Geoid
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Yo
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- Orthometric Heights) H = Orthometric height B
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Precise
GNSS Positioning Services

Regional => Global
DGNSS => Absolute GNSS

Paradigma Change: LowCost
Hardware — High Cost Algorithms
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GNSS - Globa

Navigation Satellite Sytems

~ 50 (2013)
105!

¢-esa

(2016) GALILEO 2016

‘ User
7l  Segment

|

N

Space Segment

Mass: 625 kg
Power: 1500 W
Dimensions: 2.7 x 1.2
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SAPOS®

Satellitenpositionierungsdienst
der deutschen Landesvermessung
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""""""""" Accuracy: 1-3 cm!!!
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Regional Precise GNSS-Positioning Services e.g. Germany

SmarthNet
EIEUROPE

powered by Leica Geosystems
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Regional Precise GNSS-Positioning Services - Worldwide

oo @® SmartNet
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Ay
S i

a5

K

4 RTCM Services: 1-3 cm Horizontal a| - "
Geodetic Infrastructures for GNSS-SerVibooror—or—
www.moldpos.eu I

Macwta6
1:1 000 000
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Global G(lobal“)NSS Precise Positioning Services - Worldwide

/ ‘ Orbit & Clocks
V"" NI
. ©\® | @
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» SSR-based: Abs. Prec. OPPP
« Starfire™GPS -Corrections

« Starfire Receiver (left)

» Global Accuracy : ,dm*

S
8

. ““‘Q ..': é "‘,m
) Q ‘Troposphere

y X Abs. GNSS = ,Non-DGNSS “  |# W
- v I - No Reference-Stations N
STARCE Piy,z) - orthTIdes But: NAVCOM Roverclients! A

Centimetre-level RTK

Comparison of HP and

L5 3 LS other DGPS service

OmniSTAR-HP I characteristics

- |

OmniSTAR-HP

» Uses range and phase data from a
network of L1/L2 reference stations

* |ono effects removed by using stations
within 500-1000km

» Orbit corrections broadcast alongside
data to remove this as an error source

* Multiple stations combined into L1/L2

OmniSTAR. & Trimble.

The Blobal Positicning Syatem

State Space Soluti
Wide Area DGH

16 March 2011

Check out the Latest News!
Eead Press Release
Continue to an OmniSTAR website:

e PMorth and South America
» Europe, Morth Africa, Middle East, India

e Asig Pacific i
OSR (= Observation-)related: Networked, scalabe (,dm  —cm*) e
DGNSS RTCM Correction (VRS-Concept) * Smooth decimetre level positioning - with
« RTCM-Standard =>Open for any Rover- and Software-Type aa0e fr i el 2
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Global G(lobal“)NSS Precise Positioning Services - Worldwide

International GNSS-Service (IGS) - Online SSR Models, since April 2013
»RTS" http://rts.igs.org/

3

[ atmnal'GNSS Service

Formerly the International GPS Service

[Metwork Projects YRS Crganization
A0 Puhlications ! Site map
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.. and Low -Cost GNSS - PosmonlngTrends

-
1.) ,LowCost- High-Precise“ — ,Software-Receiver*
conlains receiver's |Iri'(!'-l‘l.ﬂ!l'l’(hllllh- LUII’I!H'I'I\M]UINI\' lo be lo be
position veclor from weather model  estimation ‘option:  eliminated hiim_:ﬂt‘d
J, T | v A SOFTWARE-DEFINED
RANGE _ DSTANCE | 1 | TROPOSPHERIC | 1 | IONOSPHERIC e AL O
MEASUREMENT | — | RECEIVER- SATELLITE SLANT DELAY SLANT DELAY RSl
A4 Approach
CARRIERPHASE | _ DSTANCE |1 | TROPOSPHERC | _ | IONOSPHERIC | _ | AMBICUTY = 4272
MEASUREMENT | — | RECEIVER - SATELLITE SLANT DELAY SLANT DELAY TERM Eil

ADDITIVE COMBINATION OF CODE RANGE AND CARRIER PHASE MEASUREMENTS ELIMINATES IONOSPHERI

|h\'\:l[ PHASE) 2

CODEAWS. | _ [ DSIANCE || TROPOSPHERIC 1| Avscuny
CARRIER | RECEIVER - SATELLITE SLANT DELAY 2| TERM
« SUBTRACTIVE COMBINATION OF CODE RANGE AND CARRIER PHASE MEASUREMENTS REVEALS IONOSPHERIC DELAY
RANGE - |"H‘.\E
CODEMNGS- | _ Loy, 5| 1ONOSHERC | . AvBicUTY
CARRER |~ Ty, 10 F | SLANT DELAY TERM

2.) Online Precise Point Positioning (OPPP) ,Absolute GNSS*

3.) RTKLIB Open Source .... NAVKA-GNSS-Algorithms
(www.navka.de)

=> GNSS + MEMS: ,Multisensor — Platforms (NAVKA)* »Smartphone RTK"
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Geodetic Infrastructures

for

GNSS Positioning Services
(GIPS)
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Geodetic Infrastructures for GNSS - Positioning Service (GIPS)

- GNSS ' Geodetic Transformation Infrastructure
g&% g Poslthnlng . | | GIPS-1: Horizontal GIPS-2: Height Reference
I Service 1\3 L :Referencing (B,L),ss Surface and Transition
' - . Trafo-1 and Trafo-2 (h—H). Trafo-3
- QR®
: = www.dfhbf.de
o024 rRTCM
; [~T44 ﬁ GIPS-3: RTCM
el Transformation

e.g www.moldpos.eu Coordinate-Integrity = Georisk Mitigation

- ‘ -
www.monika.aqg - Www.goca.info
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GIPS-3- RTCM-Transformationmessages (2007) - Former use of
Reference Transformations on GNSS - Controllers

Sensor Firmware
Version 4.20

* Optimale Vernetzungslosung

- Fldchenkorrekturparameter

- Verschliisseltes RTCM-AdV

- Virtuelle Referenzstation

- Monitoring der FKP/VRS-0ut Position
* Moderne Datenkommunikation

-RTCM 2.3
- Automatische Erkennung der

Referenzantenne
- Siemens TC35 Dualband GSM-Telefon

= Deutschlandweit passpunktfreies Messen

- DFHBF fiir 3 cm-genaue Héhen-
bestimmung
- DFLBF fiir 5 cm-genaue Lage-

S :
&p} i bestimmung
N - Integration anderer Geoidmodelle/ DFLBF /
& Koordinatensysteme realisiert
& DFHBF
a
L)
¢
Q
(O |
=
Hauptsitz: Verkaufsniederlassung: Verkaufsniederlassung:
Leica Geosystems GmbH Leica Geosystems GmbH Leica Geosystems GmbH
Vertrieb Vertrieh Vertrieb
Hans-Bunte-Stralse & Miinsterstralle 306 Milastral3e 2 @
80992 Miinchen 40470 Diisseldorf 10437 Berlin elw
Tel. 089/1498100 Tel. 0211/6163060 Tel. 030/4402130
Fax 089/14381033 Fax 0211/671690619 Fax 030/4402132]
wwiv.leica-geosystems.de W leica-geosystems.de www.leica-geosystems.de Geos ys fems
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GIPS-3 - RTCM-Transformationmessages (2007) — Present use of
Reference Transformations by GNSS Positioning Services Prov

iders

MOLDPOS- Project www.moldpos.eu

 Karlsruhe University of Applied Sciences (HSKA)
» Agency for Land Relations and Cadastre Moldova (ALRC)

» Technical University of Moldova (TUM)

‘)

CORS
stations

GPS
NAVSTAR/
GLONASS

_____________________

_____________________

Raw data

Geodetic databases development

]

Control Center Distribution
Post
Raw data
MOLDPOS || RTCM | processing
Server Server data
FTPAWWW
ry ry Server
Geodetic Data bases .
Real time
N\ applications
COPAG || DFLBF || DFHRS m GSM
messages

y router

xy (SC-42) -> x,y (MOLDREF99)

%,y (MOLDREF99 -> x,y (SC-42)

h (GNSS) -> H {(norm)

Federal Ministry
of Education
and Besearch

Ge@ Interexpo-GeoSiberia 2013

SIBERIA

.
wmmy |\aster-Class ,DFHBF 5.0 — Integrated Approach®

R. Jager



GIPS-3 - RTCM-Transformationmessages (2007) — Present use of

Reference Transformations by GNSS Positioning Services Prov iders
1 2 3 1 4 RTCM
A(p _/é;/h //7
5 6 7 | 8
F Y
A
(Po, Ao or No, Eo}
9 10 11 v 12
F Y
AN AN AN
% i P P
Ag
13 14 15 v 16

Area of validity for the 7PT Transformation (Origin,Ex tension and
+ 16 Gridpoints)
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GIPS-3 - RTCM-Transformationmessages (2007) — Present use of

Reference Transformations by GNSS Positioning Services Prov

iders

RCTM-Messages 1021 or 1022

Ger

SIBERIA

m DF NUMBER Values Remarks ]
[Message Number DF002 1021 G e O | d _
Source-Name Counter DF+1 4

Source-Name DF+2 4258 ETRS89, Europa .
Target-Name Counter DF+3 7 Q G e O I d
Target-Name DF+4 31467 DHDN, GK-3

System identification number DF+5 1 .

Involved Transformation message DF+6 0000000110 G rl d

Plate number DF+7 7

Computation Indicator DF+8 1

Height Indicator DF+9 2 .

v DF+10 49.0102 Grid

hy DF+11 8.3921 Location&Size
Adwy DF+12 0.04

Ahy DF+13 0.06

ax DF+14 617.880

dY DF+15 -253.456 [ Parameters
dZ DF+16 -315.690

R, DF+17 5.79748

R, DF+18 -2.44443

R, DF+19 -5.1534 _ _

ds DF+20 -13.51806 Ellipsoid

add b, DF+25 6752.314 /

add ay DF+26 7397155  [Bessel Source / Target
add by DF+27 6078.963
IHorizontal 7P Qualitv Indicator DF+76 2

>

Interexpo-GeoSiberia 2013
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GIPS-3 - RTCM-Transformationmessages (2007) — Present use of
Reference Transformations by GNSS Positioning Services Prov iders

Message 1023 or Message 1024

l.;'N14 DF+?1 0001

OE 14 Residuals P ,, DF+72 0.013

ohy4 DF+73 0.049

!.;'N15 DF+?1 0005

6E 5 Residuals P 5 DF+72 0.009

l.;'h15 DF"’?S 0088

lj'N]@ DF+?1 0006

6Eqg Residuals P 4 DF+72 -0.002

l;"h15 DF+?3 0129

Horizontal interpolation method indicator JDF+74 0

Vertical interpolation method indicator DF+75 0

Horizontal Grid Quality Indicator DF+78 1

Vertical Grid Quality Indicator DF+79 1

Modified Julian Day (MJD) Number DF+80 53570
Height Indicator =1 mmm) ,dh ,, = Physical Heights' Residuals dH |
Height Indicator =2 mmm) ,dh ,, = Geoid / HRS Heights N ; (dN))

>
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GIPS-1
Continuous Datumtransformation
Parameters between
SG95 and SC42
for
SRPOS GNSS Positioning Service
(Novosibirsk Region)

¥ .
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GIPS-1 Continuous Datumtransformation Paramet ers
between SG95 and SC42 for SRPOS (Novosibirsk Region )

Reiner Jager, Simone Kdlber, Lagutina Elena and Tatyana Gorokhova {20121): "Determination of transformation parameters between international and
state coordinate systems on the territory of the Novosibirsk region” (""ONPEAENEHE NAPAMETPOB NEPEXOAA OT OEWE3IEMHOW K TOCYAAPCT:
'BEHHOW CCTEME KOOPAWH AT HATEPPATOPWIO HOBOCK BMPCKOW OBJIACTAY). Paper presented by Tatyana Gorokhova at the Interexpo Geosiberia
2012, Novosibirsk, Russia, 17.04.2012 - 19.04.2012.
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GIPS-1 Continuous Datumtransformation Paramet ers
between SG95 and SC42 for SRPOS (Novosibirsk Region )

Reiner Jager, Simone Kdlber, Lagutina Elena and Tatyana Gorokhova {20121): "Determination of transformation parameters between international and
state coordinate systems on the territory of the Novosibirsk region” (""ONPEAENEHE NAPAMETPOB NEPEXOAA OT OEWE3IEMHOW K TOCYAAPCT:
'BEHHOW CCTEME KOOPAWH AT HATEPPATOPWIO HOBOCK BMPCKOW OBJIACTAY). Paper presented by Tatyana Gorokhova at the Interexpo Geosiberia
2012, Novosibirsk, Russia, 17.04.2012 - 19.04.2012.
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GIPS-2
Height Reference Surface
(QGeoid/Geoid)

DFHBF-Approach Version 4.0
Stage 1
»Geometrical Approach
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GIPS-2 DFHBF 4.0 - FEM Representation of HRS

3D difference at any point P(X,y)
along the border SA_SE of the
meshes m and n has to vanish

AX. 0 0
Ay = 0 = 0
AN, (%)) [N,y )-NE,yx)] |23, -a,) &

>
-
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GIPS-2 DFHBF 4.0 - FEM Representation of HRS

- oMx | T 0 1| 0 _
Ay . = 0 = | 0
_ANm,n(y’X)_ _N(pn’y’x)_ N(pm’y’x)_ ;;}(aljn _alj,m)llli D(j

o
1
o

SA
(@ =84 m) Bsat tyse=Ysa)) Mea* tlieeXsa) =AN (1) =00

I
AN, (t)=cy+c +c, 2+ +¢ 0= ¥ ¢ d=0!
' k=0

> GPmiPniYsaXsaYseXsd =0 k=0l

|14
2 X
i=0j=0
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GIPS 2 - DFHBF 4.0 - FEM Representation of HRS

Result: Continuous Height Reference Surface: NFEM(p)

RN

A\
AN
(R \\:\‘\’-‘

» :‘. \\\\
=

-~ "\\}“}‘\‘\.\_\\ t\\\\\

“:&‘\&\}“\\\L\\/

Ny =3

CO,LZ(pm;pn)

. J
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Weak-Shapes of
Classical

Gravimetric
,Geoid“models

N :NRef +

Yo 2m .
2 | [(0g-0gre) (SW) ey da |

WY=0a=0

EGG97 European
Gravimetric QGeoid 97
and others
Non-fitted Stokes-
based models

Mean- up to lang-waved
Errors

0.1-15m!

Interexpo — »
e
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GIPS-2 - DFHBF 4.0 ,Patching*®

ON(d) using Identical Points

Tallinn
Example

EGGI7- L
QGeoid

without 0
Datum
ON(d) o

+/- 3.5 cm °
STl

B

Net

15km

Resduals
15mm
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GIPS-2 DFHBF 4.0 ,Patching®

ON(d) using Identical Points

Tallinn
Example [HBF:= Ng + dN(d) .
T i !
EGGI7- y° |
QGeoid i
! i i
with | | i |
Datum } T
ON(d)
o Net
+/- 4 mm ? 15km
T Fesiduals.
20mm
Interexpo p -'-
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GIPS 2 DFHBF 4.0 - Approach

FEM Representation of HRS

Complete New Computation of
continuous HRS ( p and A m)!

DFHRS — Adjustment Approach
State of the Art < 2005

Nonsst v = H + NFEM(P) - hgpg-A m

H +v =H
NFEM(p) + dNg(d )

!
Z
G)n
+
<
[

g+ v = -Fg/M®B) b + 9E(d;,)]

~ Zmge) JAg-SW)ds + v= NFEM(p)

n'+ v = -F/(N(B)Cos(B))p +adn(d; )’

<= GPS/Levelling Fitting Points

<= Any number Geoidmodels
(Global, regional, local)

<= Sets of Deflections from Vertical

(Zenith Cameras or Geoidmodels)

<= |,Gravity* by correlated Geoidmodels

In the sense of an 2 step adjustment

—

GI nterexpo H_
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GISP 2 DFHBF 4.0 — Based on FEM Representation of HRS

BW - DFHBF SecondEdition
Projekt  Karte Maschen Werkzeuge Ansicht [nput  Hilfe

e+

AR

®oai=0

WA EIRK(E Y

www.dfhbf.de

Software 4.2
Sreenshot

e |dentical

Fitting“
Points o
(B,L,h;H) T
 Meshes

Bereit |Pisel? = 2187 Pixely = 3563 [ [NUM

. >
nterexpo . . -
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GISP 2 DFHBF 4.0 — Based on FEM Representation of HRS

- <10 cm DFHRS Europe
[] <3 cmDFHRS
<1cm DFHRS
[ <10 cm DFHRS Albania

Topography

A
.* BVilnius

- DataBases

[dWarszawa

+

Q:V[H

Y

TN

o §%2° ¢ Quasi-Geoid N o Quasi-Geoid N ¢

Llishboa
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GIPS 2 DFHBF 4.0 — Based on FEM Representation of HRS

1-3 cm DFHBF_DB NFEM(p) ... Estonia, Latvia, Lithuania (2012/13)
... Grmany T - T
<lcm (Bayern,. Ba-W‘u, RLP, Saarland, Hessen)

Sl EUCRES ey T

é e s s il gy
—e : &
L = 3

sosegeled 4dH4Q W -1

DFHBF- DFHBF-

Software -DLL/-Tools

... Hungary

Glnterexpo a
e Interexpo-GeoSiberia 2013 wmmw |\aster-Class ,DFHBF 5.0 — Integrated Approach” R. Jager

SIBERIA



e iﬁ’ﬁ*ﬁ%

Loalet :':: % EI ﬁm it 1- 5 Cm
.

= ﬂ"_“'EE
:%%ﬁﬁ; DFHBF DB
e in Florida

:ﬂm*';ﬁ"; i

E nq%i 3;# .

NFEM(p)

i

Bewea T e 0 [ O
!mlj Cdatendd (R Fionda - D g Esslorn Pl § ¥ Flda %2 P | (5] fo 8L B | ) secod - | [ElMicranh P | ﬁﬁﬁﬁ

Glnterexpo a
ed Interexpo-GeoSiberia 2013 - Master-Class ,DFHBF 5.0 — Integrated Approach*

R. Jager




GIPS 2 DFHBF 4.0 — Based on FEM Representation of HRS

% Brazil 2012
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Geoid-Computation
for Brazil: Patches
and Meshes

&F’H Legend
" Geoidal Heights (m) 0 230 800 1,000
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GIPS 2 DFHBF 4.0 — Based on FEM Representation of HRS

www.moldpos.eu  MOLDPOS 4 3 -y ouasigeoid for Moldova (2011)

,Patching” of
EGG97 or EGM2008 GPM

| : | #2
1B e nearly same results
Do A
PR e I
& - " 0.1
3 ‘ﬁ: H ——0.04
#1‘ | - :
A‘ [ —-0.02
== ] . el -0.08
= i - -0.14
2|7 27!.5 2|8 - 28|.5 2‘9 29‘.5 310
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GIPS 2 DFHBF 4.0 — Based on FEM Representation of HRS

Pktr  Hohe/Zielsys. Verb. [m] inad Hohe/Zielsys. verb. [m]
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225 222'32‘1‘ _8'38?31% 11138 11.353  0.00539
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10093 312.034 0.01423 . . e » 631 847.169  -0.00950
10119 1398.276  0.00175 S éﬁ“ T ‘ ; | 1103 010003 001804
10190 881.655 -0.00892 -~ RTINS | 6309 9.201  0.01604
10195 1663.985  0.00434 Geoid Computation for Bi7c: 26362 002767
10229 1124.945 -0.01924 _ l 5501 se7001 00391
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GIPS-2
Height Reference Surface
(QGeoid/Geoid)

DFHBF-Approach Version 5.0
Stage 2
»integrated Approach"
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

DFHRS - Stage 2
Integrated ,Approach”

Sperical Cap
Harmonics
(SCHA)

as

Carrier Functions
of the tan\'=
Gravity Potential V

cos@.sin(A = Ag)

Sing cos g —CoS P Sin@gy CoS(A —Ag)

cos0'=sin@sin@g —Ccos @ cos g cos(A —Ag)

GIM K max(ajn(k)ﬂ K
r

V (r,)\', e') - T kzo ZO(CIn(k)’m [CosSmA' + Sn(k),m [$in m)\') [Pn(k)),m (COSG'))
= m=

>
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

Global -
Spherical- e .
Harmonics \
(SH)
r
|
05 =90°

™

e S -

SCHA ,Resolution” for ,2

mm QGeoid"
n=7200 and u =50.000.000 Coefficients

Spherical Cap Harmonics (SCHA)

W\

A

I

a o = arbitrary

Nepa = N(K) = 70 K, scHA+0.5) — 0.5

a= 1° (=110 km area) => k-SCHA =80 and u=6.400
a = 3° (=330 km area) => k-SCHA =250 and u=62.500

a = 25° (Europe)

=> k-SCHA = 2000 and u =4.000.000
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

1. Treatment of Global Gravity Models — Example Baden-W  Urttemberg

~,Mapping* of Global
SCH-Coefficients (e.qg.
EGM 2008) (C,my Spim)

to local
SCHA-Coefficients
(Cnm" Snm‘)

—
1.1 3D-Grid Generation 20 km

n(k)+1 . .
Vscha (1,8, A") = %kr%ax (Bj ; (Cnm CoS Ma'+Spy Sin mO(')Sn m(€Cos 8") = Vgiopal (1,6,A)
r k=0 \Ur m=0 ’
|
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

1.2 Computation of (C m,Sm)‘ from (C m,Sm) as Adjustment

I=[vi Vo Vg Vg o e V'
'GM GMR GM R GMR . ]
_PlO — —CO0S G]_P]_l ——SINn G]_Plo
gl n n i n i n
GM GMR GM R GM R .
—P1jg ———cosasPyqy ———sinasPqg
2 > I > I > I
GM GMR GM R GM R .
A = —P1jg ———cosazPyy ———sinaszPg
r3 I'3 I'.:g I'3 I’3 I'3 r3
GM ( R ]” |
—| — | sinmamPnn
i fm \Im |
)’i — [CI CI CI SI CI “““ SI ]T
— 1~00 10 11 11 20 nn

x=(ATcla)ta e
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

DFHBF - Extension to SCHA

g 0
2. Treatrr_lent 3 o | = qLAV
of Gravity / — g
Observations '- >0
Sensor-Observation at Position P(X,y,z)
o, ECF 0 LAV g ECF g TECF
_ ECF X X
Qy =R(B,L,n,&)ay 0 O |::> gy =10y - [g (I:Ee%frifuga I ]
gZ _g g ! g
Z lgrav z
an LGV
1 V oV
= R($. \)E8Y [grECF Loy _ 1oV PV V.t
|::> 9e (¢, A)ECF Wgrav Ygrav [r 50 TISinG 9 ar]

9 grav
/ /

N n(k)+1 )
LGV (E] (n(kr) +1) >

Ograv, TV = 2 " (C'niymCOSMA+S' ) 1 SINMA") [P,y m (€OSO")

k=0 0
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GIPS 2 DFHBF 5.0 — Based Spherical Cap Harmonics SCHA

Observation Equations - DFHBF Version 5  (Dr.-Arbeit G. Younis) .

1. SCHA-Coefficients computed from global SH as direct observations

. ' A, Satellite
Chk)m () +v=Choym and S'hk),m (+v=S n(k),m Missions

2. Gravity Observations rotated to SCHA

LoV " (k) +1) &
Ograv, TV = 2( j f > (Cn(k))mﬁtosm)\ +Sn(k)mB|nm)\) (k)m(cose)

3. Vertical Deflections from Zenith Cameras (T = (V+Z) —U)
ON oN — :
E— QG aB GBD ec_ 1 Dl Da T = 1 )P v
0B asN 0s 0B (M+h) y, 0B Yo EQM+h) aB Gravity-
_ 0L ONog _ -1 1 _0 -1 Meter
n=-—=0 = —=-Tp = EG )P

ds oL (N+h)EoB yo oL yQEQN+h)E‘,osB oL

Vertical Deflections

4. Fitting Points
Zenith-Cameras

(V Vref ) P
YQ

Fitt_ing www.dfhbf.de
Points www.moldpos.eu

h- |\INormaI - NQG -
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GIPS-2
Height Reference Surface
(QGeoid/Geoid)

QGeoid Computation
Baden-Wurttemberg
»integrated Approach DFHBF 5.0
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GIPS 2 DFHBF 5.0 Integrated Approach

— QGeoid Computation Baden Wurttemberg-

1-3 cm QGeoid
Germany

DFHBF 4.0 9 ¢

Reference
1cm QGeoid
DHHN92
DFHBF 4.0
(2006)
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GIPS 2 DFHBF 5.0 Integrated Geodesy Approach
— QGeold Computation Baden Wurttemberg-

Used Data - Input DFHBF 5.0 7O0E 8°0'0"E 9°0'0"E 10°0'0"E 11°0'0"E

- 129 Fitting Points (B,L,h|H) S
- 13671 Gravity Values (final)

- EGM2008 Global GPM
mapped to SCH

49°0'0"N
49°0'0"N

e SCH Degree (m,n(k)) = 300

1. Output DFHBF 5.0)

Fitting Points (h-H)

48°0'0"N
48°0'0"N

- Mean residual: 8 mm

- 1 blunder detected by
Data-Snooping Test

7°0'0"E 8°0'0"E 9°0'0"E 10°0'0"E 11°0'0"E

[1:]

rex

2
[=]

Ge

S1B

>
o -
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GIPS 2 DFHBF 5.0 Integrated Geodesy Approach
— QGeoid Computation Baden Wirttemberg-

Used Data - Input DFHBE 5.0
- 129 Fitting Points (B,L,h|H)
- 13671 Gravity Values (final)

- EGM2008 Global GPM
mapped to SCH

49°0'0"N

e SCH Degree (m,n(k)) = 300

2. Output DFHBF 5.0)

Terrestrial Gravity Points g(B,L,h)
- Mean Residual: 0.0032 mGal

- 1031 gravity values eliminated Iin
advance due to wrong georeferencing
- 269 blunders detected in DFHBF V. 5.0 *O0E SORE Kk

H H Legend {mGal)
adJUStment by datasn00p|ng B o002 [l oce-o0 [ -0ot-0 [ ] o-o0 [ o01- o0z I 00z2- 000

48°0'0"N

48°0'0"N

49°0'0"N
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GIPS 2 DFHBF 5.0 Integrated Geodesy Approach
— QGeoid Computation Baden Wurttemberg-

8°0'0"E 9°0'0"E 10°0'0"E

Used Data - Input DFHBF 5.0

- 129 Fitting Points (B,L,h|H)

- 13671 Gravity Values

49°0'0"N
49°0'0"N

- EGM2008 Global GPM
mapped to SCH

e SCH Degree (m,n(k)) = 300

3. Independent Validation
Country-wide Comparison with
1 cm DFHBF 4.0

QGeoid of B.W.

=> Mean Residual: 1.3 cm 8°0'0"E 9°0'0"E 10°00"E
Legend (m}
o8- ooz N 003 --002 [ 00z-o00 [T oot-o [ o-oo 0 o.01 -0z [ o.0z2- 003

48°C'0"N
48°C'0"N

>
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GIPS 2 DFHBF 5.0 Integrated Geodesy Approach
— QGeoid Computation for SRPOS Novosibirsk Region-
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DFHBF-Database QGeoid for SRPOS: DFHBF Version 4.0 or DFH BF Version 5. 0
To be computed in 2013 at SSGA
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Conclusions

Integrated DFHBF-Approach “DFHBF 5.0” based on Regional Spherical Cap
Harmonics Coefficients (Cnm’,Snm’) integrate all relevant original observations
- Geometrical data

- Physcical data and

- Global GPM

DFHBF V 5.0 is worldwide unique and can be used
- QGeoid or Geoid Computation (GIPS-2)

- Gravity Field Modelling

- Integrated Geodetic Networks of all Types

Present results in PhD (12/2012) of MSc Ghadi Younis
DAAD funded PhD candidate in the DFHBF RaD project (www.dfhbf.de)

DFHBF 5.0 formulated as Gauss-Markov-Model (GMM)

- Stat.Testing of all origina observations, e.g. gravity!
(... impossible in e.g. Stokes-based approaches)

- Open for Optimization

- Scalable to any Size of Area

Further Research
- Vertical Deflections from Zenith Cameras
- Optimum Design for the Use of Gravity and Zenith Camera Data
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