Hochschule Karisruhe
. s e | Technik und Wirtschaft (HSKA)
Technical University University of i 1 AF
of Moldova Applied Science ’04
prstitut fur ACOTRE)
Forsc

Development of nhew geodetic
infrastructure in Republic of Moldova

Vasile Chiriac Reiner Jaeger
Livia Nistor-Lopatenco Peter Spohn
Vasile Grama Ghadi Younis

Andrei lacovlev

Bundesministeriu
“&= ¥ firBildung
und Forschung

emble...
copy.jpg

EUREF 2011, Chisinau, 25-28 May, 2011



Ho hschule Ka I ruhe
ft (HSKA)

Subjects /@ |A_F

Institut & ut fllr 20 g(mF)

e Introduction

Preconditions for new geodetic infrastructure development. Development of GNSS
Permanent Network and MODPOS services

* Geodetic databases development

RTCM-based Positioning GNSS-Services. MOLDPOS architecture and communication
configuration. Reference Datum Transformation. Height Reference Transformation.
Testing out of geodetic databases

* Generation of RTCM 3.1 Transformation messages
Gridding for transformation messages. Structure of RTCM 3.1 messages

* GNSS-Positioning Services Applications

GNSS-Positioning Services — User-Groups. GNSS-based and Multisensor Low-Cost
Platforms for Navigation and Object-Georeferencing. Growth of GNSS-Positioning
Services User-Groups

Conclusions

EUREF 2011, Chisinau, 25-28 May, 2011



Introduction A, 1AE

Technik und Wirtschaft (HSKA)

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)
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MOPDPOS - RTCM-based Positioning GNSS-Services

MOLDPOS data = NMEA String

1

RTCM
server

RTCM message

Geodetic
data base

GNSS-Networking Concepts:

*Virtual Reference Station (VRS)
«Area Correction Parameters FKP
*Master-Auxiliary (MAX)
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MOLDPOS architecture and communication configuration

CORS
stations

GPS
NAVSTAR/ | | Rawdata
GLONASS

—————————————————————

Control Center

MOLDPOS || RTCM Raw data

Server Server

i i

Distribution

Post

y| processing
data

FTP/ WWW
server

Geodetic Data bases

COPAG || DFLBF | DFHRS | mrcm
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Real time
applications

__ | GPRS/UMT

messages g

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

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

h (GNSS) -> H (norm)
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Reference Datum Transformation

' X,(B,,L,,h,) |
Y,(B,,L,,h,)

' Z,(B,,L,,h,) |

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

3D Transformation

—¢-R-

X,(B,L.h)
Y(B,,L,h)

| Zy(By, Ly hy)
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Geodetic databases development

Reference Datum Transformation

Karlsruhe Solution € :
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Reference Datum Transformation
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Height Reference Transformation

Reference-Transformation
Source Target
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Height Reference Transformation
GNSS-heights and levelling heights

h

p GNSS
Existing Geoid Grids or Grids from GPM

fl-p +9IN(d))
Vertical Deflection components
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+v = H +fl-p -hgAm
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Ng +vi=

W+ v = -f /(N(B)-cos(B)) - p+0n(d,,)
Continuity Equations along the mesh borders

C+v=C(p)

Karlsruhe Solution for Digital Finite Element
Height reference surface representation as
polynomial
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Observation Equations for the mapping of the coefficients of Global Geopotential Models (e.g. EGM2008, EIGEN)
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Testing out of geodetic databases

Modeling HRS/Quasigeoid for Moldova using EIGEN-GL04C
EGGI7 and GNSS/leveling measurements
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Testing out of geodetic databases
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Testing out of geodetic databases

SRR T . .
| = Nl : Second order MOLDREF99 Leveling normal  Calculated from Heights
i Ny ¢V EAL AEREAS leveling Horizontal coordinates (m) heights (m) GNSS difference
o T 3 Benchmarks X(N) Y (E) measurements (m)
" i L T Pt normal heights
e o (m)
jaehle, ol Ll 8
T s Ratus 225920,222 230467.989 58,414 58,407 -0,007
“'u. : .'l'.r'ﬂ'.ﬂ.u: 4
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e
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Structure of RTCM messages 1021 /1022

DF NUMEER 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 Geoid-Grid or not
Plate number DF+7 7
Computation Indicator DF+8 1
Height Indicator DF+9 2 Grid
by DF+10 49.0102 : .
" DF+11 8.3921 Location&Size
Adpy DF+12 0.04
Ahy DF+13 0.06
dx DF+14 617.880
dy DF+15 -253.456 7 Parameters
dZ DF+16 -315.690
Ry DF+17 5.79748
R, DF+18 -2.44443
R4 DF+19 -5.1534
dsS DF+20 -13.51806 : :
add o, DF+24 3137.000 |GRS80 Ellipsoid
add b, DF+25 6752.314 Parameters
add a; DF+26 7397.155 |Bessel Source / Target
add by DF+27 6078.963
Horizontal 7P Qualitv Indicator DF+76 2
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Structure of RTCM message 1023 /1024

oN44 DF+71 0.001
OE+4 Residuals P,, DF+72 0.013
ohy4 DF+73 0.049
oN 5 DF+71 0.005
GE s Residuals P, DF+72 0.009
ohys DF+73 0.088
l'i'Nqﬁ DF+71 0.006
= LR T DF+72 -0.002
ohyg DF+73 0.129
Horizontal interpolation method indicator |OF+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+8E1 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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Growth of GNSS-Positioning Services User-Groups
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Conclusions

« 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,
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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