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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 (2002-2013)

* 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)

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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GNSS Observations
campaign 16- 30
August 2011

® IGS RF stations used
in the processing (11)

© GNSS permanent
stations network (10)

® EUREF - 0 order
National Geodetic
Network sites (5) 24
hours data set
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The Root Mean Square errors of the combined solution in mm

Station E RMS | N RMS | U RMS
© | canu (MoldPos) 2.2 1.7 2.5
o | caus (MoldPos) 2.3 1.7 2.5
e | cHEL (EUREF) 2.3 1.7 2.6
©| cHIs (MoldPos) 2.3 1.7 2.5
O | coMR (MoldPos) 2.2 1.7 2.5
O| EDIN (MoldPos) 2.3 1.7 2.5
©| FALE (MoldPos) 2.3 1.7 2.5
e | GIUR (EUREF) 2.3 1.7 2.6
o | LEoV (MoldPos) 2.2 1.7 2.5
o | N1sp (MoldPos) 2.3 1.7 2.5
e | OTAC (EUREF) 2.3 1.7 2.6
e | PALA (EUREF) 2.3 1.7 2.6
O| soro (MoldPos) 2.3 1.7 2.5
©| TELE (MoldPos) 2.3 1.7 2.5
®| UNGH (EUREF) 2.3 1.7 2.6
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Conversion into ETRF97 epoch 1999.4.

«Application of IGS08 — ITRF2008 antenna
corrections.
 Application of Eurasia plate model to
convert coordinates into epoch 1999.4
» Application of ITRF2008 — ETRF97 14-

parameter transformation at epoch 1999.4.

The coordinate comparison with MOLDREF99 (ETRF97 epoch 1999.4)

to ETRF97 new coordinates (m)

X Y z E N H
CHEL | 0.0062| 0.0027| 0.0136| -0.0006| 0.0043| 0.0145
OTAC | 0.0106|-0.0219| 0.0099| -0.0243| 0.0072| 0.0069
UNGH | 0.0197|-0.0122| 0.0030| -0.0200|-0.0066| 0.0101
GIUR | -0.0091 | -0.0100| -0.0126| -0.0045| 0.0003| -0.0179
PALA | -0.0033| -0.0209| 0.0034| -0.0164| 0.0120| -0.0067

0.0048 | -0.0125| 0.0035| -0.0132| 0.0034| 0.0014

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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MoldPos architecture and communication configuration

CORS stations Control Center Services
Post
MOLDPOS RTCM RINEX : orocessing
Server Server data
FTP/WWW

GPS Raw data A

NAVSTAR/ ‘

GLONASS Geodetic Data base .
————————————————————— . Real time
| (edllEg RTK/DGNSS

VRS, FKP, MAC, >, GSM/GPRS
Corrections networks

Distribution of real-time data streams through Internet using NTRIP (Network Transport of RTCM by
Internet Protocol) format.
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Quality control of GNSS network
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Quality control of GNSS network

Fora single base RTK user For a network RTK user
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Quality control of GNSS network
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Reference Datum Transformation

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

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

3D Transformation

—s-R-

X,(B, Ly, hy)|
V(B L,h)

| Z,(B), Ly, ly) |

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

+1

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012



Geodetic databases development

Hochschule Karisruhe
Technik und Wirtschaft (HS

haft (HSKA)

g ittt dte

i ir Angewan
Ins“':-:::cr:ung (1AF)

Ah

12 | (a,b)ls(asb)Z _

Karlsruhe Solution

(a?b)l ’(a?b)Z

(a,b);,(a,b),

B

—| L

h

Reference Datum Transformation

), +

| Molodensky |

Rotation

_Matrics

were ellipsoid transformation corrections are:

AB
AL

(a’b)l ,(Cl,b)z

ARy o, =h(@.0), 1 (XY, Z0) = h(a,b) | (XY, Z))

(a,b)l ,(a,b)2=

=0

(B?L?h)] ?i

B(a,b), | (X,Y,Z)1)—B(a,b)1(X,Y,Z)) |

Pih
BL

Wtrans.Ink

1D-,2D-,3D-
Identical Points

WTRANS
www.geozilla.de

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012




Hochschule Karisruhe
Technik und Wirtschaft (HSKA)

Geodetic databases development @ IAF

ndte
t fur Angew?a
Tnstitut 0 N (TAF)

Reference Datum Transformation

COPAG = B
. - ~7 Y 1Y
Continuously oA e,
S LAV
Patched P, e L P
a '™ s -
. Georeferencing LN R I Ny
. . . 3| . 4 A ANES
) t A Continuity along the B I S AN,
Mesh Borders! A o
S O LY Y r\
-‘:"ik EVNARY ¥ v
: saf " [oiSiaU
Meshes = “Patching” 5\:‘ N
for ETRS89 and O R
Classical Datum- LT 1
/A A a = -
A, A, 44 &
systems of Moldova ié‘ IR e
A ‘. ‘A" {
1 - 4cm accuracy M oaanfia
. i a ":A
transformation parameter i Th 2
Databases for Classical i T\
X and ETRS89 Datum- el
- il i £ 1 e (“ A N ‘A
Combined Old Classical Triangulation and ETRS89 systems X

Control Points from GNSS measurements

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012



Geodetic databases development

Height Reference Transformation \'\

Reference-Transformation
Source Target

(B,L,h)gnss => Nor(

Tide gage H°'

Satellit | Salellit T | saellic 3

O

P(B,L,h)

\

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012



Hochschule Karisruhe
Technik und Wirtschaft (HSKA)

Geodetic databases development @ |AF

andte
t fiir Angew
1nstiFl§ rschung (1AF)

Height Reference Transformation

.
GNSS-heights and levelling heights

Karlsruhe Solution for Digital

Finite Element Height

Existing Geoid Grids or Grids from GPM reference surface

N +vis f-p +ONg(d)) representation as polynomial

Vertical Deflection components
E+v = -fy IMB) -p + 0&(dy,)

W+ v = £ /(N(B)-cos(B)) - p+9N(dg,)’

Continuity Equations along the mesh borders
C+v=C(p)

NFEM@ IB,L)=f" - p)
f(B,L)=[11B,LIB*,B-L,I”I...]"

P=[Doo | Pros Por | Pag> P1ys P .1
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Testing out of geodetic databases

Modeling HRS/Quasigeoid for Moldova using EIGEN-GL0O4C
EGGI7 and GNSS/leveling measurements

_ 48.5
Al
% - 48
\1 ‘
9
T
Y
k c 475
X
T (A s
F 474
E‘—-’
4
1
LY
) i
1 13 - 46,5+
d » 3
1‘ =i |
n |
/]
—
461
R)
A1 AY
paca 45.5-

[T TTTTRT T TTT01 [ T

T T
27 21.5 28 285 29

\ T
29.5 30

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012

(%]
(]
co

328

[75)
oo

(%]
(=]
==}

el
o
oo

288



Hochschule Karisruhe
Technik und Wirtschaft (HSKA)

Geodetic databases development @ IAF

ndte
t fir Angewa
xnsﬁ'}: fschung (1AF)

Testing out of geodetic databases
Accuracy of HRS/Quasigeoid for Moldova
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Testing out of geodetic databases

Second order MOLDREF99 Leveling normal ~ Calculated from Heights
leveling Horizontal coordinates (m) heights (m) GNSS difference
Benchmarks X (N) Y (E) measurements (m)

normal heights

(m)

Ratus 225920,222 230467.989 58,414 58,407 -0,007
Roman 232181,483 227567,418 128,279 128,256 -0,023
Ivancea 239335,129 2306740,827 162,697 162,669 -0,028
181010

Fed 160-1 263140,000 217246,770 73,082 73,094 0,012

i
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Structure of RTCM messages 1021 /1022

[Oata FIELD EE'NUMEE'R 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

dx DF+14 617.880

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

dsS 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

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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Structure of RTCM message 1023 /1024

0N 14 DF+71 0.001
OE 14 Residuals P, DF+72 0.013
ohy4 DF+73 0.049
0N 45 DF+71 0.005
= Residuals P, DF+72 0.009
ohys DF+73 0.088
oNyg 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 RTCM 3.1

transformation-message, height indicator =2

H=h- NFEM(p|B,L)

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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Growth of GNSS-Positioning Services User-Groups

mE BLOM

Navigation and Location
Based Services (NLS)

- GNSS/INS

Drones

Personal Aer
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 Densification of GNSS Network stations with the 30 km radius
requires that at least 3 permanent operating GNSS stations to be
added order to provide the differential GNSS for navigation and
real time kinematics for surveying

« To improve normal height determination accuracy from GNSS
measurements is necessary to organize generation and distribution
of height anomalies from the national quasigeoid model

* MoldPos is used by a large spectrum of users (geodetic works,
cadastral surveying, GIS applications, mapping and boundary
marking, etc.)

* MoldPos will become the basis of support of scientific
applications (geodynamics, landslide and floods monitoring,
environmental research, geohazard prediction, meteorology, etc.)

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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- High precision Quasigeoid model development will improve
normal height determination from GNSS measurements using the
MoldPos service

« 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 order to improve accuracy of quasigeoid
model

United Nations/Latvia Workshop on the Applications of GNSS, Riga, Latvia, 14 — 18 May 2012
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