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Status of Geodetic Network

a. Triangulation network (Is!-Vt" order) > Newlnventory -
b. Leveling network > EVRS (EVRF2007)

c. GNSS network (after 2004) > accent on development




GPS/GNSS / Augmentatidr_i_ syStéms

- Global / Regional / National / Locd? y




ROMANIAN GNSS Network

(National Space Geodetic Network)
ETRSS9 introduced official

Applications Class E(cm) Realization by

First class national geodetic network Permanent stations
Regional and local geodynamic, A 1.0 57 ANCPI v’
deformation projects, engineering +1 TUCE v
surveying, et al. + 15 new =73 (2010)

Second class national geodetic network Epoch stations

connections to primary network,

engineering surveying, landslides 306 points v’
(2003)

Third class national geodetic network about 4750 points

engineering surveying, cadaster . (Ipt/50km?)~100 pts/county
Realization ~ 45%

Fourth class national geodetic network
cadaster, GIS et al. 5.0 (Ipt/5km?)

GNSS Network Class A is the core of ROMPOS
(Romanian Position Determination System)




wr CLASS A - GNSS Permanént Network
ROMPOS stations — 2007 : 48 GNSS stations

1999: 1 GNSS
perm.station
(Bucu)

2001: 7 stations .‘
2004: 13 stations W R s N oy e
2006: 28 statons. | <0 Ty I 2 8 SR
2007: 48 stations ‘ |

2009: 58 stations

2010: 73 stations

ROMP®S
Romanian Position Determination System




wr ROMPOS stations — beginning 2009 : 58 stations
(red circles — E UREF-EPN stations) _

GPS and 52 GNSS (GPS+GLONASS)

ROMANIA

LEGENDA

ALEX.
ROMF@S BULGARIA
Romanian Position Determination System
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ROMPOS stations — spacihg in km (with 58 stations)

264 3km 149.4km

&
SATU.
53 9k L0 5K oy VISE

Ok
107.3km B20MLy b 1 2k 75.3KB4 Bkm Ran

® 0 o7 Gk DEJ1 5 ol BisT ot 3

76,0k
B1. 4k 48 4km 1029k
53 4k~ 18- 2HIT B3 8krB3 Thir .

.EIEIU 90.Tkm CLU
108.6km R0, 2km

36k
G50k _44.8kaTP 'ECAMP 76 Bkm
GRS Bk 537k

a3k /AT AkmB2 e Il i 56 Gk 61766 Dk
446k fm L ss1ig " s
@1 T40km - FAGEST.ZkM by GE1 643kmT FAGA B3Tkm  SFOH

75 2k BE.1 L 102 8km B2,5km T2.8km
95.6@pETh

i
155%% 140.8km. 420km  S3.8kM
Bou seim

gl B8 Bkm

e DRTS

8 ORAD

G7.9km B0.8km

VALC T4 2k 1 k. 3km

a.8km
o7.8ieh f2.8km

@
j8 gk SLAT

87.9km

14,0k
1,04, 5rE. Okm

B7.7km . CRA

43.8km a17km

26,1 k- 3K
BTN gy ERE
CORA

48-‘5&'”P|TE15_9,§]TARG_MPLO| NG
72 7K. 3k g T

8 DORO
a7 .0km
106k SUCES g4y -

37.2km
79 5km & PAGC
55.Ukm"|p‘s|
45.7km
PINT  77.8km 5g 3 588k
ag.1km @
g B20km ASL

73.4km
vl 86 9km
239.Tkm

B4k
111 5km . W, 629k
T10.8km

78k 2 1037k

o G8.9km

77 3k 34.7km :
7/ 110.5km B gy 1048km I
4.2k s 2%

&5 sk 1) o

]
BUZA
49.3km
B.0km b7 Bty 86.8kM 57 Gim

9 Skmy g i Bk 103.0km
3.0k, g

Pt I3TR

. : ‘.
BUCU; 7 aif® LEHC 1ML en 4y Ll

SR coar




L ROMPOS stations — 2010 73 stations

(black numbers — position of last 15 stations to be installed

Romanian Position Determinat




L4 ROMPOS station information — included into EUPOS
ANCPI

Station DataBase (IDs, coordinates, antenna, et al.)

BE CADASTRU 51
PUBLICITATE IMOBILIARA

-2 EUPOS-ESDB - Microsoft Internet Explorer

Fle Edit View Favorites Tools Help

@Back & |ﬂ @ ;j /-7 Search \;‘W:(Favorites & 2

Address [ €] http:/jwww.eupos.nu/EUPOS-ESDB.php | Eco |Links >

EUP®S

"European Position Determination System:

-

Station DataBase

.

Berlin_Germany

Bosnia and
Herzegovina 2 Czech Republic

Latvia _ Macedania

Lithuania

il o

Romania Slovakia

ESDB Club Login
UserName:|
Password: ’7

ROMP®S

Romanian Position Determination System




L EUREF-EPN stations - 5 stations
y (1 GNSS and 4 GPS statlons)

ANCPT
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European Position Determination System

Central and East European
countries

Romania

» Area - 237,500 sq.km

« 73 perm.

 Medium distance

stations:

http://www.eupos.orq

70 km

United Kingdom

France

ROMP®S

Romanian Position Determination System

Portugal

Legend

@ Existing reference station

@ rPlanned reference station
(phase 1)

@ Planned reference station
(phase 2)

Topicality: June 2004

Finland

Belarus

Turkey




L ROMPOS stations — mstallatlon campalgn 2009

» (10 stations with fmanclal support from PHARE) v
ANCPI :

‘H F\TIA NATI[)‘U\I '\

l’L BL[LIT\TE IMUBILI \R\

ROMP®S
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L ROMPOS stations - installation campaign
(10 stations with financial support from PHARE) ' '

Romanian Position Determination System
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ROMPOS stations — installation campaign
(10 stations with financial support from PHARE)




L ROMPOS stations - installation campaign
(10 stations with financial support from PHARE) '
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ROMPOS stations - different antenna pillars

Slobozia
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'l,’ 2 ROMPOS stations — main equipments
(antenna types and receivers)
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Romanian Position Determination System

ROMPOS stations - modermzatlon campalgn
(December 2009) o

6 GPS stations — Leica System 500 Brai, Cluj, Fage,
replaced by GNSS Orad, Sib1, Suce,
Leica System 1200 GNSS+, AR25 antenna

New

antenna
Old

antenna




ROMPOS stations - difficult weather condition
at SINA(ia) station — 2000m height
seeeTs Neowcs in winter 2008/2009

[MOBILIARA

r

August 28, 2008

e ——— e —
Romanian Position Determination System




11 YEARS OF OPERATION
TUCE Bucharest and BKG Frankfurt a.M. cooperation

BUCU (Leica)
— Nov. 2008

| IIEEEOnE ] :~ -E SESSas
| | BUC2 (Ashtech)
BUCT (Trimble) | — Feb.1999
— Feb. 2007
al

Romanian Position Determination System
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New and old equipments at BUCU

BT
2l

‘ e iy

A

ROMP®S

BUC1 (Trimble BUC2 (Ashtech) [ BUCU (Leica)

Romanian Position Determination System




2 BUC2 (Trimble) GNSS station

(research station)

ANCPT
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S ol ool laav  ladie ol
2 GPS | 4415 68.51 495 38.2 C|E | 26 | 2 |[IWWAIR
4 GPS |16.45] 41.96 3938 229 ClE | 23 | 2 |IMNAIR
5 GPS |79.84) 7832 51.2 41.4 C|E | 25| 2 |INAIR
9 GPS | 20.41 16865| 413 256 C | E | 60 |28 |[MAIR
12 GP3 |63.78) 91.02 485 |410/494| C |ENC) 13 | 2 | IIR-M
14 GPS  |14.31 25284 2399 206 C | E |57 | 2 [IMAIR
14/d | GLONASS | 9.54 16366 42.3/39.2| 394 |CP P 3 | NA hd
1500 | GLONASS | 59.21 19994 | 49.51474| 460 |CP| P 3 | NIA [
171 | GLONASS 6346 17.86 50.3/480| 474 |CP P 3 | NA ht
2412 |GLOMASS | 1882 48.05 |42.8/M0.2] 361 CiP| P NIA 1}
24 GPS  |27.37 176.73| 4686 e E | 24 |28 | IMAIR

20 | GPs |5300|25023) 488 |39.8148.0
30 GPS 727631898 4810 411

n GFS 228931581 432 30.4543.2
120 SBAS 2437 23176 373 = |
126 SBAS 3842 18167 373 -

eic| 85 |28 | IR-M
E 61 2.8 [NANR
IIR-M

- 124 ' '

. 120

OII:IOOOD
m

'y}

@0
§ 8§~

C/Ne Vs. 8V

GPS,
GLONASS and
EGNOS data
received at
BUC1 station

EERE-NE
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Ministry of Administration and Interior

ROMP®S

National Service Centre - ROMPOS

National authorities
and regulatory bodies
(e.g. ministries,

telecom. authority, etc.)

L3

National Agency for Cadastre and Land Registration

EUPOS® International Steering

Committee (ISC)

INTERREG-IIIC - EUPOS™ InterRegional
Cooperation (IRC) Steering Committee,
Working Groups, Regional Policy Board

[

¥

External experts
(e.g-from
universities.
research
groups, etc.)

NATIONAL EUPOS® SERVICE CENTRE

Neighbouring countries’
National EUPOS® Service
Centres

ROMPOS

ﬁqal-time dat’é

providers

Romanian Position Determination System

Maintenance =
-and-interference Neé\: z::(:lg
monitoring team
|- Integrity GNSS
Monitoring Reference
Stations. Stations -

Private investors,
-application-_
.~ developers -

’

User community:

* Surveying/Geodesy

* Agriculture

* Mapping

* Disaster
management

* Environmental
protection

* Forestry

* GIS

* Security services

* Telematics

* Traffic management

* Water resources
management

* etc.

I:l International erganisation

I:l Public sector

I:l Private sector

I:l Endusers
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EUPOS

17 Central end East European countries
More than 400 reference stations
Common standards

Similar products and services

e ——— e —
Romanian Position Determination System

ROMPOS services

Rompos RTK

Rompos DGNSS (0.5m - 2cm) Rompos GEO
(3m - 0.5m) (< 2cm)

4

ROMP®S

n Position Determination System ; V—RINEX

Automatic data
processing

EUPQOS

Launched : September 2008

ROMPOS-DGNSS&RTK — free
of charge

ROMPOS-GEO - charged




ROMPOS users

Networking software achieved and
installed in May 2009
(7 servers ; 4 clusters; > 1Tb)

ROMP®S

Romanian Position Determination System




2 ROMPOS Services National Centre
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» ROMPOS clusters
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gement Processing Status Tools Window Help
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4 ROMPOS web site
o WWW.rompos.ro

BE CADASTRU 51
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Microsoft Internet Explorer .= ﬁ

I
u

a ROMPOS Sistemul Romanesc de Determinare a Pozi

Fle Edt View Favorites Took Help
@Back'-J' \ﬂ @ _;J|/:'iSearch \.i(Favor‘rtes {«:3‘ z v\; =B 1l Eﬁz ;
Address |@ http://gnss.rompos.ro/frmindex.aspx

| B0 | tinks

j-‘]saarchwfalv B+ 9 Bookmarks- | % Check - | AutoFll - £ €+ (Signin -

ROMP®S 4

Google

Romanian Position Determination System
AGENTIA NATIONALA

BE CADASTRUY §1
PUBLICITATE IMOBILIARA

Vizitator

Harta ROMPOS EN|RO

Home Bine ati venit !
¥ Harta ROMPOS

inregistrare

Disponibilitate ROMPOS DGNSS/RTK

Disponibilitate ROMPOS GEO

Harti NOVA

ROMPOS

Login

Utilizator:* I
Parold:* I

[" Tine-mi minte

*Camp obligatoriu

ROMP® S

Romanian Position Determination System

ROMP®S

Romanian Position Determination System




»y ROMPOS web site

7

ANCERL General info on reference stations

BE CADASTRU 51
PUBLICITATE IMOBILIARA

ROMPOS Sistemul Romanesc de Determinare a Pozitiei - Windows Internet Explorer
-

€ & | http://gn roff

File Edit View Favorites Tools Help
Go Sle IZI -" Search '{- @ - I:?v

‘i:'a’ afie |g. ROMPDSSlstemulRoman?scdeDetermlnareaP...| |

[ Hedl e aatd avanaoiry
+  RINEX files availability
+ ROMPOS Home

B - % Bookmarks~ | %% Check - | AutoFill ~ 4

Login
User Id:*
Password:"

[7] Remember me
*Required field

ROMP®S

Romanian Position Determination System




14 ROMPOS web site (realtime info)
gnss.rompos.ro

AGENTIA NATIONALA
B CADASTRU 51
PUBLICITATE IMOBILIARA

Real Time ROMPOS DGNSS/RTK Availability [ Disponibilitate ROMPOS DGNSS/ RTK in timp real

B ANCP] 2003 W IO ROE TS

.:. Site activ si date dispenibile in timp real i Site activ fara date disponibile in timp real 1 Site inactiv fara date disponibile in timp real

Actualizat acum : 1 minut

ROMP®S

Romanian Position Determination System
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CLASS B - GNSS Network

306 epoch stations |
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4 CLASS C - GNSS Network
~ 1500 epoch stat:ons

TIA NATIONALA
B CADASTRU 51
PUBLICITATE IMOBILIARA

UCRAINA
ROMANIA

SCARA 1 : 3 000 000

LEGENDA

— Limiia dejudet
Cranita de stat
ORAD  Denumire statie GNSS permanenta
¥ Siatie CNSS permanenta {Clasa A)
M Satie CNSS permanenta ICS / EUREF
Eaducaurs Demmiea et geadezic G5
Ll Coddenumire punct groderic GBS
®  Punctgeoderic GPS dlasa Brou
#®  Punctgeodesic CPS clasa Brechi
—-- Punct geadezic GP$ chsa Cvechi
~—  Punct geodezic CPS chsa € nou
—  Punct geodeic GP$ clasa Dvechi

BULGARTIA

ROMP®S

Romanian Position Determination System




v'- agreement
already signed

e ——— e —
Romanian Position Determination System

Cross border GNSS data exchange

Gieodetic Data excnange

Special workshop organized by NACLR in 2008 (April) for geodetic data
exchange under PHARE project connected with the 13th EUPOS-ISC
conference in Bucharest.

CINSS Data excnange
Necessity for:
- RTK services improvement
« Common Coordinate Reference System (ETRS89)

» Geodetic (GNSS) networks connection
- Better cooperation on geodetic research and applications

Started in 2009
ROMPOS — GNSS Net (HU)
ROMPOS - BULIPOS (BG)
To be started in 20710
ROMPOS — MOLDPOS (MD) v
ROMPOS — ZAKPOS (UA)
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Cross border data exchange

N E 51
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19700°00.00000" E 23°00°00.00000" E 27°00°00.00000" E

Users working close to the
boundary 1. Ukralne

47 ° 00" 00.00000" H

Data exchange with
neighbour
countries:

HU: 4 stations
BG@G: 5 stations
MD: 6 stations
UA: 4-5 stations

43°00° 00.00000" H

ROMP®S

Romanian Position Determination System
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Romania
6 stations

Republic of Moldova
6 stations

RO:

1. Dorohoi (DORO)

2. Flamanzi (FLAM)

3. lasi (IASI)

4. Vaslui (VASL)

5. Targu Bujor (TBUJ)
6. Braila (BRAI)

MD:

1. Cahul (CAHU)

2. Donduseni (DOND)
3. Balti (BALT)

4. Telenesti (TELE)
5. Causeni (CAUS)

6. Comrat (COMR)

Agreement already
signed !

ROMP®S

Romanian Position Determination System

Cross border data exchange

ROMPOS-MOLDPOS
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ROMP®S

ETRS89

meridianul zero

TransDat software in
Support of ROMPOS users

TransDatRo '

z
Establish official

a0, CONNECtion between CRS /\g;w

ETRS89 and S42 . I AW

~_Stereographi 1970

he

S
0

ecuatorul

Romanian Position Determination System

- May-July 2009 — dedicated GNSS
i mymnymeesa il - ODSErvation campaign
Ll - About 800 triangulation points
s o [ observed
Aol - Algorithm was implemented also in
GNSS receiver’s software by
manufacturers
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Romanian Position Determination System

Distorsions situation between ETRS89 and S42
(summer of 2009)

Legend:
/ Distortion between ETRS89 and 5-42

A ™ npistortion Scale

(CSCS file — Country Specific Coordinate System)
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New regulations adopted by NACLR for GNSS-RTK

Legend
A — Class A —real ref. stations (70-100 km)
a — virtual ref. stations (hundreds of m)
B — Class B (40 km)
C—Class C (10 km)
R — densification net (hundreds of m ... 1km)
1,2,3,4,5,6 — detail points (tens..hundreds of m)

Romanian Position Determination System
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ROMPOS applications for Cadastre

Example ROMPOS-RTK positioning

Data recording interval

Properties (1 item selected)
|Se|ecijon @Az Y Survey'

ETRS89 coordinates

-4 506

M C52(s0ln) DC file (o GPS Cnurdi\ate (AFC) /

Longitude (WGES):
Height (WGE3):
Harizontal precision;
‘erical precision:

Status:

Time: ||35 Sch/n 13:04:29 29 Jan 2008
Latitude (WES): 44°23'38.15947"

A

2b04'25.981R4°E

120.853m il

0.003m

0.005m

Enabled -]

detail points determined by RTK . .
points precision

VRS position

~+ RTCMO00D




AGENTI TIONALA
BoCA R

TRU 51
PUBLICITATE IMOBILIARA

File with ellipsoidal coordinates
in ETRS89, downloaded from
GNSS controller

File with projection coordinates
in Stereo”70 CRS, after
transformation with TransDatRo

ROMP®S

Romanian Position Determination System

ROMPOS applications for Cadastre

Example ROMPOS-RTK positioning

Job:ROMPOS

RTCM1025

Version:12.22

25 Oct 2008

Latitude
44 28 22.20355
44 28 22.20413
44 28 22.46731
44 28 22.46691
44 28 22.59336
44 28 22.59401

X
330903.692
330903.710
330911.726
330911.714
330915.600
330915.620

sigma

0.005
0.006
0.010
0.012
0.008
0.007

Units:Metres

Mode: RTK(VRS)

Longitude
26 04 09.38213
26 04 09.38303
26 04 09.02061
26 04 09.01970
26 04 08.96355
26 04 08.96370

Y
585190.863
585190.883
585182.766
585182.746
585181.454
585181.457

sigma

()
0.007
0.009
0.010
0.011
0.009

Height

85.931
85.934
85.902
85.904
85.693
85.666




ROMPOS applications | fbraerotriangulation
m (photogrammetry) Va

Reference
station

Receptor GPS fun

Romanian Position Determination System
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ROMPOS applications for geodynamic

Crustal
movements in
Romania including
earthquake area
(Vrancea).

GNSS network in

Vrancea area and

geodynamic

traverses across the @
country; repeated PWOE
(epoch stations) or

continouos

observations

(permanent oo

stations) Permanent and epoch stations
included on the network

I
I 1 y T J
Om 50.0km 100 0km 150.0km 200.0km

Example: [l

ROMP®S

Romanian Position Determination System
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ROMPOQOS for dlsaster management
(2006 Danube floods)

n eI
. prHohio ke = 11 53

a

Based on ROMPOS

RTK service, f/o%dq'c

V-,

areas can be monito

in near real time op 2

or3D Pasdzons,m

& T B Tl
N FITREY d
PN
1 ) .
L _HIIHPI_' pa=11.47 i
e :_.-* |
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ANGPT ROMPOS appllcatlon for nver or Black
PLI]L[LI”[\TE[MUBI][\R\ sea coast nav'gat'on .. :
Application:
Based on ROMPOS_ o N 1: 56253 - ‘ '.,\._ Fl [o.00 = 4 .5. 1™ ‘:" TIRT
DGNSS, river (sea
coast) navigators can
determine their position |
with dm accuracy | 3
Equipment: DGNSS or | B o]
DGPS receiver v 7
connected to ROMPOS s
by internet (not radio); : ¢
. = = DUNAR.EJ.\\'\\ }
‘46\ . \\5 % FLR. .
7 GNSS ROMPOS stations (Corabia) e
AREA - transmits DGPS corrections
; possible to be used in river (Danube)
navigation d
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CONCLUSIONS

v National Agency for Cadastre and Land Registration (NACLR) realized

ROMPOS according to EUPOS standards.
v

v There are included 6 GPS and 52 GNSS (GPS+GLONASS) stations. Six
of the GPS stations were upgraded December 2010 to GNSS (Leica

AR25 antennas);
v

v Until end of 2010 there are planned to be installed the last 15 stations up

to 73 stations (without stations from neighbour countries).
v

v" GNSS data exchange with Republic of Moldova signed in 2010.
v

v’ Practical data exchange with Bulgaria started;
v

v New regulations concerning the use of RTK method for cadastre are
available for the ROMPOS users;

v There are much more ROMPOS applications to be investigated !
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