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Preconditions for new geodetic infrastructure development

* Development of new Moldavian Reference System MOLDREF99 and
Transversal Mercator for Moldova (TMM) Map Projection (1999)

» Creation of the National Geodetic Network (1999-2002) and National
Gravity Network (2006-)

* Reconstruction of National Leveling Network and future integration in
ULEN (2002-)

* Installation of first permanent GNSS reference station at Technical
University of Moldova in the frame of educational project JEP-24243-
2003, TACIS-TEMPUS (2006)

* Installation and maintenance of IGEO (Chisinau) EPN permanent GNSS
reference station by the Agency of Land Relations and Cadastre in
collaboration with BKG (2007)
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Development of GNSS Permanent Network and MOLDPOS service

(Government decision Nr. 307 from 28.04.2011)

GNSS “active”
network (Nov 2011)
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Positioning GNSS-Services

%
Height reference

transformation model
(quasigeoid)

B,L (ETRS89) -> B,L (SC 42) -> x,y (5C42)

h (GNSS) -> H (norm)

X, y (SC42) -> B,L (SC42) -> B,L (ETRS89)
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Reference Datum Transformation

X = (N+h)-cos B -cos L
Y = (N+h)-sin B-sin L
Z = (N—Ne” +h)-sinB

3D Transformation

X, (B, Ly, h,) | X,(B, L, h)
Y,(B, Ly hy) | =s-Re| (B, L) | +t
_Zz(BziLZ’hz)_ _Zl(Bl’L:L’hl)_
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Reference Datum Transformation £
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Karlsruhe Solution e :
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Reference Datum Transformation
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Height Reference Transformation \'\
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Height Reference Transformation
GNSS-heights and levelling heights

hensstV = H +f1-p -hgAm
-

Existing Geoid Grids or Grids from GPM
T .
fi-p +0ONg(d))
Vertical Deflection components

g+v = -f,' IMB) -p + 05(d.,)]

‘ P
NG +vli=

W+ v = -f /(NB)-cos(B)) - p+on(d,,)

Continuity Equations along the mesh borders

C+v=C(p)

Karlsruhe Solution for Digital Finite Element
Height reference surface representation as
polynomial

NFEM(P|B,L)=f"-p)
f(B,L)=[1|B,L|B% B-L,L*|..]"
ﬁ:[ﬁoo | ﬁlO’ 601 | 6201 ﬁll’ f)oz |]T

Observation Equations for the mapping of the coefficients of Global Geopotential Models (e.g. EGM2008, EIGEN)

r

= (a)""" (k) +1) & = _
Ogray TV = Z(?j AN A Z (Coiym COSMA+S' (o - -sinmMA") - P,y (cos€") +dg(d)
k=0 m=0

Vo k=0

| . ()l B _
Nl +V= L(Z(Ej D (Cogom COSMAHS" 1y m-SINMA') - P,y 1 (cOs6') —Vref )+ ON(d’)
r m=0 ’ ’ ’

United Nations International Meeting on the Applications of GNSS, Vienna, 12 - 16 December 2011



Hochschule Karisruhe
Technik und Wirtschaft (HSKA)

Geodetic databases development IAE

ndte
¢ fur Angewa
lnst’ll};' T chung (TAF)

Testing out of geodetic databases

Modeling HRS/Quasigeoid for Moldova using EIGEN-GL04C
EGGI97 and GNSS/leveling measurements
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Testing out of geodetic databases
Accuracy of HRS/Quasigeoid for Moldova
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e TR Testing out of geodetic databases
ot e e
j‘ iy E}_' R Second order MOLDREF99 Leveling normal  Calculated from Heights
:m T leveling Horizontal coordinates (m) heights (m) GNSS difference
s R y v Benchmarks X (N) Y (E) measurements (m)
ey f o s 1' normal heights
P (| 3 . I ; | T (m)
ErEEEL . I Ratus 225920,222 230467.989 58,414 58,407 -0,007
5 -.: I_ # vk .
L w3
e Roman 232181,483 227567,418 128,279 128,256 -0,023
f b Asman i
e e
e r Vel lvancea 239335,129 2306740,827 162,697 162,669 -0,028
LSRR T 181010
4 "EI 2 %!.;q-!_..- s .r-.:_
RN Fed 160-1 263140,000 217246,770 73,082 73,094 0,012
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Structure of RTCM messages 1021 /1022

[Caa FED DF NUMBER | Values __ [Remarks
[Message Number DF002 1021

Source-Name Counter DF+1 4

Source-Name DF+2 4258 ETRS89, Europa
Target-Name Counter DF+3 7

Target-Name DF+4 31467 DHDN, GK-3
System identification number DF+5 1

Involved Transformation message DF+6 0000000110

Plate number DF+7 7

Computation Indicator DF+8 1

Height Indicator DF+9 2

Dy DF+10 49.0102

Ay DF+11 8.3921

Adwy DF+12 0.04

Ahy DF+13 0.06

ax DF+14 517.880

dY DF+15 -253.456

dzZ DF+16 -315.690

R; DF+17 5.79748

R, DF+18 -2.44443

R4 DF+19 -5.1534

dS DF+20 -13.51806

add a, DF+24 8137.000 |GRSE0
add b, DF+25 6752.314

add a; DF+26 7397.155 Bessel
add by DF+27 6078.963
IHorizontal 7P Qualitv Indicator DF+76 2

Geoid-Grid or not
Grid

Location&Size

7 Parameters

Ellipsoid
Parameters
Source / Target
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Structure of RTCM message 1023 /1024

0N 14 DF+71 0.001
OE 14 Residuals P, DF+72 0.013
ohyy DF+73 0.049
0N s DF+71 0.005
6E 5 Residuals P, DF+72 0.009
ohyg DF+73 0.088
0Ny DF+71 0.006
= Residuals P, DF+72 -0.002
ohyg DF+73 0.129
Horizontal interpolation method indicator DF+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

DFHRS Database use in direct access on controllers or for setting up the RTCM3.1

transformation-message, height indicator =2

H=h- NFEM(p|B,L)
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GNSS-Positioning Services — User-Groups
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Hochechule Karisruhe Weitere Anwendung: Nahtlose GNSS +
INS(-Weiter-) Navigation und Objektrefernzierung
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Growth of GNSS-Positioning Services User-Groups

Prazises Monitoring und Navigation
bewegter Objekte

4 GNSS Internet Radio 1411 || ﬁ
Broadcaster I Settrgs |
.\ ' START stop | _SveamDetak|
: By 0

NTRIP
DCatentransier Uber EUREF oder IGS Select Network
des fenet RTCM-Korrekturen

Select Stream or Update:
NTRIP-Format [Update source 1able =l

Adpist Seltrgs of press START

Mobiles Internet
(USB-Stick)

und I 4 e
InterNet GNSS- e ]
Radio ‘ nnnnnnnn tachalf

o | Bauninie | Beabachtungsdmier EUREF P John Deere MRTH
o] i) Mordim) | Ostim| | Word(mi | Ostfm)
Eadsrune ca J0km 15 Minuien 0,0513 10,0804 0,0072 00088

Dmsden | ca £30um 15 Miruien 0,887 oz2mse 0,0088 0.0082
\iarnamirse | ca 810k 15 Minuten 0,333 00742 0.0098 0.0054

 BOSCH

Technik fiirs Leben

Hochschule Karlsruhg
~T= Technik und Wirtschaf
UNIWERSITY OF APRUED SLIEWCE

Schmmbrme bemas Rolona de selivrt dnig aud don Pobiur hossss ieran, o gosien Bumges

BoniRob-Feldroboter schafft Basis
\’ fiir die Landtechnik der Zukunft

o3 Lnkisit 5a Bekionples - das Limnte oban buid Whrkichbeis wanden

m= B-0M

Navigation and Location
Based Services (NLS)

&l GNSS/INS |

Drones

United Nations International Meeting on the Applications of GNSS, Vienna, 12 - 16 December 2011




Technik und Wirtschaft (HS

GNSS-Positioning Services Applications @ |AF

FFFFFFF

Growth of GNSS-Positioning Services User-Groups
GPS/NAVSTAR

TUMSAT - Technical University
of Moldova SATellite with
GLONASS remote sensing mission under
construction in collaboration
with:

» Siegen University, Institute for
Data Communications Systems,
: Germany

« Karlsruhe University for
Applied Sciences, Germany

* Institute of Cosmic Research,
Moscow, Russia

'bﬁ.

: - s ™, . "
. »
v I'H_'_L

.;' "": #n

Galileo

-

TUMSAT 3

United Nations International Meeting on the Applications of GNSS, Vienna, 12 - 16 December 2011



Hochschule Karisruhe
Technik und Wirtschaft (HSKA)

. : F
Conclusions and Recommendations /M

« High precision Quasigeoid model will improve normal height
determination from GNSS measurements using the MOLDPOS service

 Transformation Parameters data bases can be used by a large spectrum
of users (geodetic works, cadastral surveying, GIS applications, mapping
and boundary marking, etc.) and support of scientific applications
(landslide and floods monitoring, environmental research, geohazard
prediction, geodynamic investigations etc.)

« The new RTCM 3.1 transformation messages allows the GNSS service to
provide their users with all necessary information for 2D positioning and
GNSS-based height computation related to the national HRS

« For future improvement of Quasigeoid model accuracy a fitting
GNSS/Leveling points related to 1st and 2nd order leveling networks to
be measured. Gravity values of the national gravity network and vertical
deflection measured by digital zenith camera along the state border to be
included in the model
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