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DFHRS-Concept

Idea: “All observations / data types to set in relation to the parameters p of a
continuous ,,one layer“ representation NFEM(p) of the HRS - Adjustment*

Geoid &
Verical AR

- A . = A
Deflections XSRS . N \}b\a\t\\\tt‘\&{.&,

e \' s\‘

0\ \)
i';‘\\\‘;;‘
A

i
K-

//

x

/ IN(R) =[11xy [x%xyy? [x° x%y xy? ]
NFEM(p [B,L) = :,[poo | P10 Po1 | P20 P11 Poz | P3o ---Jk
i=f1p
% + ContunuityConditionsalongthe Borders

N(p,)= Local Taylor-
Series Expansion of the HRS

T TR
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Digital FEM Height Reference Surface (DFHRS)- Concept

Complete New Computation of
con-tinuous HRS (p and D m)!

DFHRS — Adjustment Approach
State of the Art < 2005

hensst Ve = H + NFEM(p) - hgpg'Dm

H +v = H
~Ng* +vi= NFEM(p) + TNg(d )
¥+ v = -F; /IM(B) xp + ﬂx(dx,h)j
hi+ v = -FJ/(N(B)xos(B)) xp + Th(d,,)

~ 2pB) 89Sy )do + v = NFEM (p)

<=

<= 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

www.dfhbf.de
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e |dentical
,Fitting"
Points

(B,L,h;H)

 Meshes

e Patches

www.dfhbf.de

DFHRS Software

Projekt  KEarte Maschen Werkzeuge Ansicht lnput  Hilfe
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DFHRS Software « Hochschule fdr Technik und Wirtschaft

Every
geoid-
and/or
vertical
deflection
model N
can be

»patched*

TNg(d )

www.dfhbf.de

- University of Applied Sciences
* LVA Baden-Wiirttemberg
* LVA Hessen
* LVA Rheinland-Pfalz
* LVA Riga, Latvia
« University of Federal Forces Munich
* University Darmstadt

A
& Fatches
& Genauigket [m] Anzahl N
3 |u.n1 |125u
I [bemehmen | Undu Laschen
A
K.opieren |
&
‘é Koordinatenraster Geaidhohenraster
schreiben | Einlesen |
A
F Y A oK | Abbrechen |
F Y
A F'y
A
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DFHRS Approach - ,,Patching“

NG +v,= NFEM(p) + ING(d ))
Residuals of a Geoid Model NG
One Datum 7 .,Patches”
¥ e
—5cm T\ SR flr\ I
) - 11111 | 1 111 4 f F—5cm . 1 114 J . "“ X
& 4 A & A A A
11 Al i | t t A4 4] 4 i $ .
# A . A a *‘l‘ t
t ' * 1 1 T 4 1* & ‘l 1‘4
1 1 : T 1 . A A &
T T a : LI f u L ) t ta
‘}ff ‘**I‘L*TT ‘1f¢t**:l“‘*
1 & Al A
T Lot N P R
T‘1‘11 1 1 11 I T T‘rl‘l* A o a . 1 &
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DFHRS DB - Quality Proof

w2Accuracy Surface* based on

Kovariance Matrix of the DFHRS-Parameters (p,Am)

< 3 cm DFHBf DB
Windhuk, Namibia
EGM96

+ Statistical Tests

+ Variance-Component-Estimation

www.dfhbf.de

8.az27
8.826
0.0925
8.a23
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DFHRS DB Design Parameters

<_3_cm DFHRS_DB

Windhuk, Namibia Meshsize (p=3)
EGM96 « 20-30 km : HRS approximation error < (5-10) cm
*10 km: HRS approximation error <1 cm
2 « 5 km: HRS approximation error < 0.5 cm

A Fitting Point Density (< 10 mm points, EGG97)
a | & al ala
& Y ‘n‘“‘ » 50 points per (100 km x 100 km): < 1 cm DFHRS DB
’ .y ~ « 10 points per (100 km x 100 km): < 3_cm DFHRS_DB
slah, |at « 3-4 points per (100 km x100 km): < 5-10_cm DFHRS_DB
b [ £a
S A
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DFHRS DB Design Parameters

Design Studies <5 -10 cm DFHRS Germany

. &
il &
(AT 4* 7 o
B .
i & 4 STTAR | | Patch-Size Ecco)
r..f = = 1Y = LN
o T E « 30 - 40 km for a < 1_cm DFHRS_DB
o P W Y . * 50 - 60 km for a <3_cm DFHRS_DB
* 300 km for a < 10_cm DFHRS_ DB

(3-5) points per patch

e PEE
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< 10 cm
DFHBF DB
Europa

Isolines

30 km
FEM
Meshes

Legend
e e
&7,500 -
55,000 -
52,500 -
50,000 -
47,500 -
45,000 -
42,500 -
40,000 -
37,500 -
35,000 -
32,500 -
30,000 -
27,500 -
25,000 -
22,500 -
20,000 -
17,500 -
| 14,900 -

s ELIFHUGLN gty

80
57.5
55
52,5
50
47 5
45
425
40
37,5
35
325
30
27,5
25
225
20
17,5

L e |

Extension of the DFHRS-Approach to Gravity Measurements
www . dfhbf.de towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna



http://www.dfhbf.de

< 10cm DFHRS Europe — ,,Fittingpoint-Design*“

ETRS89/EVRS ﬂ:

,GPS-/Levelling-
Points of EVN*

Fitting Points
NFEM(p) =: h - H

Used for the i =il
1st Version i1 i

<10 cm DFHBFS :
Europe 5

__ Extension of the DFHRS-Approach to Gravity Measurements
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< 10 cm DFHRS _DB - Indepent Quality Control

www.dfhbf.de

<l dm EVRF2004 (Present Version, 35 km meshes, 34 Patches)

Austria Germany Estonia Latvia Lithuania Switzerland
—_— e R =
Number of
unhused 9 95 21 25 46 13

control points

RM
> [em] 75 42 88 92 68 7.0
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European HRS .... including

<(1-3)cm_DFHRS Baltics (Latvia, Estonia, Lithuania)

10 km |
FEM
Meshes

T‘w o

L

qu"““‘“‘

Master
Thesis

of Mrs.
Lauma
Lace,

Latvia

at

Karlsruhe
University
of

Applied
Sciences

e
—
= %
Minsk \"‘\
L

. T

L1
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European
HRS...
including

<3cm
DFHRS_DB
Germany

10 km
FEM
Meshes

www.dfhbf.de
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::l'__' ungamn?2 - DFHBF SecondE dition
Projekt  Karte Maschen |nput Patches Lotabweichungen Berechnen.. ‘Werkzeuge Ansicht  Hilfe

ADSE A FHL HX Vel R0 aHE @ M| LN

European DFHRS_DB...
including

<1cm DFHRS_DB Hungary

-
OrEesesss Test - Area
SSCESENED
ZEESCEEES
S083NRLEE (50 x 90 ) km

23800 E0NS 1-2_cm DFHRS_DB Budapest
5km FEM
Meshes
Bereit [Y'= 14108009 %= 4475383 —r
gl Start| windows Instaler | 2 Explorer - ungamz |[#5 ungarmz - DFHBF S SE=D 1018
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European HRS... including

, Hungary

DFHRS-
omi

IS INn
Meshes

5 km FEM

Extension of the DFHRS-Approach to Gravity Measurements
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.+« including
< 1cm DFHRS_DB Germany
<lcm DFHRS DB Luxembourg

[J<3cmorFHRs |
[ <1cmDFHRS |3

Official State Standard
. OVer years

eeeee

eeeee | www.saposde |
‘L_I;lE(m Herausgeber:
Meshes & LVermGeo
Lansdssamt i Verm essiang wid Secbasisnicrmation

Fihemi niamed B Ealz

Fardinand-Sausrbruch-Stralte 15
S60T73 Kablenz

httpihwwnw lvermgea.rip.de
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OverVIeW about - <10 cm DFHRS Europe

[] <3 cmDFHRs

European DFHRS_DB E <1 cmDFHRs

I <10 cm DFHRS Albania

10 km <3cm

<10 cm
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< INg
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Extension of the DFHRS-Approach to Gravity Measurements
towards a1l cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna



http://www.dfhbf.de

<5cm DFHRS DB Florida (... Masterthe5|s)

_Bqﬂsnhmmﬂwndmnm edzege Sraichl Hile
404 ﬂllﬂilh EXTaelol k00 f®m@w 20y N

%# 1r_i;#‘ e I_ﬁfmf

——

i

m|

E

i

H __53 {3te e !:ﬂ ' :W:: :i:: :1
i :t*ﬁ B i

1|

E*: H:#h'i S

RECHS
TEriE]

¥ | # FEEE I

.

EEE
=L 1]
=1
1
=
mEma
1
1

L

e ST T

_
_!sml Cduunnd?  |[BEFonida D iy Esslom Final | ¥ Floida 27 P | (5] toBl Edier | (5] Secodnn- | [EMiciosk Pow. | SO e

www.dfhbf.de

Extension of the DFHRS-Approach to Gravity Measurements
towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna



http://www.dfhbf.de

DFHRS In Practice
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DFHRS in Practice
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DFHRS In Practice

...... many other
independent GNSS-

TO PSU rv@ Controller Software

TOpcon and GIS Packages

GART-2000®

THALES

See WWW.ID-Saller.de
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DFHRS - Extension to Gravity Observations

Gravity Potential of the Earth at position P : W — V + Z
G XM ¥ n &a n 2
V=——X1+ XC.mxcosml +S__>sinml )P, (cosJ) and  7="_x25gn2 ]
r —1m Oe ﬂ 2

Gravitational Potential. Coordinate System for Spherical Harmonices =,,Geocentre*
Center of Masses — n=2

G XM s & amd .
V="--X1+3 a ¢—% XCpyp>cosml +S,,>sinml )P, (cosJ)
n:2mzoer 1]
Observables at point P

ée | =arctan(—>) 9 ag0s] »xcosl 6
gW 2 ¢ 2 g gcosj ssinl -
g ¢Wy+ mit g= \/W2+W2+W2 gj = arctan( z : und E sinj N
2 - @

W, 5 ¢ JW2 w2 =

As observables in an adjustment ?
d,,Integrated 3D network adjustment* (Krarup 1980, Hein 1980)
A... now again in the DFHRS concept

; ,_ Extension of the DFHRS-Approach to Gravity Measurements
WWW . dfhbf de towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna
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DFHRS - Extension to Gravity Observations

Gravity Observations and Anomalous Potential

1. Gravity disturbances from Gravity Observations:

Gravimeter for Gravitv Measurements,
GPS for Georeferencing (..... ellipsoidal height h is needed)

Observations 1. dgp =go —7p |

Relation of | to the Functional Model of the Anomalous Potential Te

Sgp = — '::—T | => Spherical Approximation Ogp = . i |
\.en Jp \or o
It holds
G.M = I#ﬂ 'Hit1+1 no ) X | )
dgs = = -ﬂzﬁ(n +1)- i ?; mED(E:JE‘m -cosma + 38, -sinma)-P, (cosd)

= DFHRS Concept

Georeferencing in Spherical Harmonics ?
=>Position P in P(r, %, 3) <=> P(x,v.z) <=> P(B.L.h)at Earth Surface

; ,_ Extension of the DFHRS-Approach to Gravity Measurements
WWW . dfhbf de towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna
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DFHRS - Extension of Gravity Observations

Gravity Observations and Anomalous Potential

2.

www.dfhbf.de

Gravity Anomalies from Gravity Observations:

Instrumentation: Gravitvmeter and Levelling. Nivelling for Georeferencing
(... Normal Heights Hx are needed).

Observations 1: Agp =gp —7q

-~ - 2

. H T l-:[_:[ J B
7o =To®)-1-2+f+m—2f sin? B). =X 43 ZX | ]
a oA

i
. -~

Relations of 1 to the functional Model of Anomalous Potential Tz

(8T ) 1 (&)
Agp =—| — —- =\ ‘Tp
'-.\_ o1 ___.-';.'- 'i-" Q 'x\_ o1 ___.-'Q
(éTy 2 i : o .
Agp =— — | —=.Tp -, Fundamental Equation of Physicl Geodesy
) I"\. H _-".I_-} r .

...... <Solution of the above Differential Equation ** leads to (Stokes. modified
bv Pizetti) :

- a
NQG = :_(r:a: "i"} = 4_]'[?'[[5{1-; w}'ﬂgP -d':l-
o

Extension of the DFHRS-Approach to Gravity Measurements
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DFHRS - Extension to Gravity Observations

Ago ~ [T ] -=.Tp -, Fundamental Equation of Physicl Geodesy *
YN
...... Solution of the above differential equation ** leads to (Stokes. modified
bv Pizetti)

. a
L1

..... ..sefting up the Derivatives™ leads to = DFHRS Concept

- P (R
a . - o
—- > (n 1) 2| > (&C . -cosmi +38,  -sinmi)-P,, (cosd)

r n=2= I/ m=0

G -M
._Il'l.g? —

Georeferencing within the Spherical Harmonics ?
Position of Point P P(r,%.8) <=» P(x.v.z) <=> P(B,L.hy)atthe Earth Surface.

= Adjustment Approaches for Gravitv-Anomalies and -Disturbances

Extension of the DFHRS-Approach to Gravity Measurements
towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna
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DFHRS - Extended Observation Equations

NensstV = H +1Txp - hgpg DM
H +v = H

SN +vi= fTxp +ING(d )
X+ v = -fTIMB) xp + Tx(dn)! N s“/
’ k

hi+v = -f /(NB)xos(B)) xp + Th(d,,)

4Jp>g(B)aDgS(y)dc+ v =NFEM (p)=f' xp

.N 2

Dgp +v =" "M <3 (- 1) >@—9 & (dC.,. xcosml +dS... ssinml )P, (cosJ) 0
2 g m=0

= ¥ __nTl O

O+v=f" xp - GM xa ?9 a (dC,,, xcosml +dS;,, xsinml ) xP,,,(cosJ) S

Y n=22l g m=0

Extension of the DFHRS-Approach to Gravity Measurements
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DFHRS - Extension to Gravity Observations

Spherical
Cap

Harmonics

el s \_/

Nk (M)
GxM _§ ) 2a 0 — — e —
= 2 a a Q__ (nk(m)'1)>‘(cnk(m),m cosmi +Snk(m),msmm| )xPnk(m),m(COS(J))
5o k=2m=0&"Q0 g
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RH

DF

S — Extension to Gravity Observ

ations

[_[=]=]

BOGE N AL B e d E+ROENT O
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DFRHS - Extension to Gravity Observations

Protocol Extract DFRHS Software - ldentical Points Normal Heights H

Punkt nummer  Hohe/ Zi el sys. Ver b. St d. abw.
[ m [ m [m

721700108 691. 458 -0. 00028 0. 00073
731601108 758. 703 0. 00057 0. 00073
732000108 490. 124 0. 00055 0. 00073
732100208 392. 555 -0. 00013 0. 00073
741800208 616. 968 0. 00007 0. 00073
751700408 727.193 -0. 00064 0. 00072
751810608 518. 835 - 0. 00002 0. 00071
752000208 463. 330 -0. 00098 0. 00072
752121708 754. 845 0. 00006 0. 00073
761700108 681. 846 0. 00100 0. 00072
761800108 610. 718 -0. 00112 0. 00072
761900108 921. 755 0. 00138 0. 00072
762100208 809. 084 0. 00002 0. 00073
781702408 704. 955 - 0. 00025 0. 00073
781900108 938. 387 0. 00023 0. 00073
782022208 798. 693 -0. 00047 0. 00073
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DFRHS — Extension to Gravity Observations

Prot ocol Extract DFRHS Software
- Gavity Anonaly Cbservations

Nr B L H Dg v r(% NV
7217812800 48. 70455 8. 65901 642.66 47.35 -1.41 90.01 0. 99
7217812900 48. 71980 8.66704 670.25 47.81 -0.56 86.14 0.41
7217813000 48. 72404 8. 64581 700. 85 49.63 0.15 86.97 0.11
7217813100 48. 72762 8. 55931 680.19 48.44 -1.43 90.00 1.00
7217813400 48. 70274 8.62133 720.77 54.87 -0.74 92.15 0.51
7217813500 48. 70714 8. 58010 651. 03 44.64 1.22 91.99 0. 85
7217813600 48. 73443 8. 50825 798.13 61.70 -0.24 77.71 0.18
7217813800 48. 72121 8. 51805 575.79 36.44 0.94 87.63 0. 67
7218802100 48. 71432 8.74292 333.23 11.76 0.62 84.95 0. 45
7218802107 48. 70895 8. 74090 348.02 12.99 1.11 88.94 0.79
7218803304 48. 73078 8. 73333 329.78 9.37 0.14 45.93 0.14
7218803404 48. 70407 8. 73647 337.49 11.75 1.41 89.95 0. 99
7218803504 48. 70271 8. 74608 338.52 11.71 1.26 90.61 0. 88
7218804204 48. 70136 8.80471 547.03 33.85 -0.62 88.68 0.44
7218804304 48. 70358 8. 79797 505.22 29.32 -0.21 88.57 0. 15
7218804404 48. 71648 8. 74922 379.82 16.56 0.26 83.66 0.19
7218804504 48. 70953 8. 76052 433.83 23.20 -0.79 89.04 0. 56

8. 0.30 74.21 0. 23

7219803000 48. 71078

ST Extension of the DFHRS-Approach to Gravity Measurements
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DFRHS - Extension to Gravity Observations
Geodetic Network Optimization - 1st/2nd/3rd Order Design: A,P :>Cp
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Summary and Conlusions

* GNSS-Age * Fundamental Transformation
* GNSS-Positioning / Transition Problems

www.dfhbf.de
Solution Concept for Heighting www.geozilla.de

- Strict mathematical basefor continuousFEM _HRS & *DFHRS-Software*
- New concept for an overdeter mined BVP =>parametric HRS deter mination
- M esh and patch-design => Any accuracy and any! area size (<= FEM)

- Open for all geometrical & physical (e.g. gravity) observations!

- DFHRS = (L eading) Geoidfitting Concept

- Ready for 1 cm EVRS using existing data +EPN densification fitting-points!
- High practical relevancefor GNSS servicesand GIS

- Industrial Standard in GNSS-Equipment and GIS

- DFHRS DB => RTCM 3.0 Message used in GNSS-Services, NTRIP etc.

- High Capacitiesfor International Co-oper ations

Extension of the DFHRS-Approach to Gravity Measurements
www.dfhbf.de towards a1 _cm DFHRS as EVRS - EUREF Symposium , June 2005, Vienna
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