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AHHOTAILIS

l'eode3uuna mepeodica K 6ipmyanvHa, maxK i peanrbHa po32nA0aAEmMbCsl CbO200HI AK BANCIUBA
iHppacmpykmypa noodioHa enekmpuyHum mepedxcam abo mparcnopmuum. Koowcna kpaina mae
CBOI0 HAYIOHANBHY Mepexcy, AKY OVO0yiomb mak, wob 8oHa Oyia aKomoz2a Oau3bKo 00 NOGepXHI
2eoioa yiei kpainu. Ane 2eoio He € npasuibHOIN 2eoMempudHoIo (icyporo i came momy npu 3ycCmpivi
2€00€3UYHUX Mepedc HA KOPOOHI CYCIOHIX KPAiH ICHYE MAaK 36aHUll KOOPOUHAMHUL cmpubox Ax; Ay;
Az, sakuil mpeba 3HaumMu ma po3NOOLUMU y 6ueiidi NOnpasok 00 2e00e3udHux MNyHKmIe,
po3mauiosanux 6au3bko kopoony. LlJo cmocyemuvca sucommuoi peghepencroi cucmemu, mo UXioHi
O0ani GIONIKOBUX DPIBHEBUX NOBEPXOHbL MAKONIC MONCYMb GIOPIZHAMUCA HA CYMMEBL 3HAYEHHS.
Pegepencna cucmema imnnemenmosana y 6uensioi 3aKpinjieHux Ha Micyesocmi 2e00e3UutHUx
nynkmie. Tax wanpuxkniad 6 €eponi euxopucmogyioms maki peghepenchi cucmemu ax ETRS
(European Terrestrial Reference System) i ERTF (European Reference Terrestria Frame), a
maxoxc EVRS (V- Vertical) i EVRF. B Vkpaiui euxopucmogyiomv 0751 NIAHOS0I cucmemu
koopounam enincoio WGS 84 3 eusnauenumu napamempamu ma banmiticoky cucmemy eucom. B
PoOOmMI PO32NAHYMO MONCIUBICIMb NPUBLOCHHS CUCTEM KOOPOUHAM HA NPUKOPOOHHUX OLIAHKAX HA
piuyi [[ynaii 0o 3a2anbHo 0bpanoi pepepencroi cucmemu.

Memotw 0ano2o 0ocniodcenHs € HAMIp pO3pOOUMU MAKUU AN2OPUMM, AKUL 0036071UE OU
npugecmu  6Ci  cucmemu  KOOPOUHAM, WO BUKOPUCMOBYIOMb  NPUOVHAUCLKI  Kpaihu 00
2aPMOHI308AHO20 CMAHY, UWLIAXOM 686€0€HHs NOCMIUHO Oil0YUX 8eU4UH HA KOPOOHI yux Kpain. B
pobomi NOKA3aHO K MOJCHA ye peanizy8amu Ha NPUKiIaoi NPUKOPOOHHUX 2€00e3UUHUX MEPeHC
midie Ykpainoro, Pymyniero ma boneapiero.

3anpononosano  suxopucmauHs  npoepamHoco  npooykmy DaWAT, saxuti  0ozeonse
asmomMamuyHo mpauvcgopmysamu 0aui 3 eepmukaivHoi pegepencuoi cucmemu Pymynii (MN75)
o Vkpaincoxoi i boneapcokoi (Parmiticoka cucmema eucom).

KurouoBi ciioBa: cuctemMu KOOpAMHAT, MpuayHaiceki kpainu, ETRS, ERTF.

Formulation of the problem in general terms and it connection with important scientific
practical tasks

The purpose of this work is to determine the basic corrections to geodetic coordinate systems
at the border sections of the Danube between Romania, Bulgaria and Ukraine. Such a task has
examples of solutions, but they do not take into account the characteristic features and specific
characteristics of a particular site. To determine these features, it is necessary to carry out a
gravimetric survey from the side of each border country to determine the parameters of the geoid
and combine these parameters into one block. Then it is necessary to calculate the threshold of
sensitivity (accuracy) of the coordinate system that will be taken as harmonized. After calculating
the permissible coordinate accuracy in the new system (as a rule, this is the WGS 84 rms) for which
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7 parameters of transformation are calculated in order to move from the old system to the new one,
common for all coastal countries.

The paper purpose formulation

The importance of water transport for the transport of goods and passengers using
international transport corridors has increased significantly in recent years [3]. For example, in order
to form a policy in the field of international transport on interstate inland waterways Gross
Domestic Product (GDP), the European Union (EU) has started implementing the "NAIADES"
(Navigation And Inland Waterway Action and Development in Europe) program [1], which is
focused on standardizing: fleet operations, requirements for the infrastructure of water management
in the European basin States. One of the important elements of the traffic management infrastructure
on the GDP is the River Information System, which includes river information services (RIS).

The last achievements and publications analysis, in which the solution of the problem is
begun and selection of the unsolved aspects of the problem

The relevance of this topic is to develop requirements for the GDP of Ukraine IN accordance
with international documents and to build an existing system that allows you to solve both problems
related to the safety of navigation on the GDP, and on its basis the problem of choosing the shortest
path, optimal placement in the gateways of the queue of ships and determining the minimum travel
fuel consumption, taking into account the restrictions imposed on the section of the path and taking
into account optimization criteria. When following narrow corridors, please note that the positioning
system must include methods and methods of radar wiring, assuming the possibility of navigation in
conditions of limited visibility. Radar devices and systems can be used both on-Board and on-shore.

Studies of issues related to the harmonization of the individual tasks of the information system
of waterways of Ukraine with real operating systems on the Danube other States in the submitted
work was not performed.

It should be noted that this task had a state level of significance. In our country, the creation of
RIS allows US to open the GDP to foreign courts under the terms of accession to the WTO.

Presentation of basic research material substantiating scientific results

Geodetic real/virtual networks can be considered today as an important infrastructure similar
to power/electricity or transportation infrastructure.

Such networks provides data and information in order to establish 1D/2D/3D/4D positions
expressed by coordinates in a well defined reference system (datum). A reference system it is
implemented by a reference frame consisting in a set of points established in the field.

For example: ETRS (European Terrestrial Reference System) and ETRF (European Terrestrial
Reference Frame); Similar EVRS (V — Vertical) and EVRF:

- In Romania ETRS89 realization includes ETRF00 epoch 2000.0 coordinates adopted for the
Romanian EPN (EUREF Permanent GNSS Network) stations and stations from Romanian GNSS
Permanent network (ROMPQOS) (fig.1) [1].

- For the EVRS realization in Romania there are available leveling landmarks expressed as
EVRF2007 or Black Sea 1975 (Constanta) normal heights.

- In Bulgaria ETRS89 realization it is based on BGS2005 including ETRFO0 epoch 2005.0.

- For the EVRS realization in Bulgaria there are available leveling landmarks expressed as
EVRF2007 and/or Baltic Sea — Kronstadt (1982) normal heights.

- For the ETRS realization in Ukraine it is based WGS 84 epoch 2000 coordinates.

- For the EVRS realization in Ukraine there are available leveling landmarks expressed as
Baltic Sea — Kronstadt (1982) normal heights.

Harmionansanit yaiBepcuteT «Omechka MOPChKa aKaIeMish» 153



Cynrosoninast | Shipping & Navigation ISSN 2306-5761 | 2618-0073 30-2020

Fig.2. Ellipsoid and geoid differences

Geodetic infrastructure includes:

— Theoretical concepts (CRS - Common Reporting Standard, observations and methods,
numerical computation methods, statistic indicators et al.)

— Practical “realizations”: set of landmarks with known accurate coordinates = geodetic
network >> triangulation (2D), 2D networks / GNSS-satellite (3D), 3D networks — GNSS (fig.3)
/ Leveling (1D), 1D networks — Leveling Geodetic network — landmarks coordinates [2].

o . » .

.

Fig.3. GNSS-satellite (3D), 3D networks — GNSS, geodetic basepoints/landmarks in
Establishment of a common geodetic system for measuring the levels of the Danube River
between Ukraine - Romania and Bulgaria — harmonization of the data. DANUBE WATER -
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integrated water management project the Ukraine -Romania - Bulgaria Cross-border Cooperation
Program 2012-2017 (fig.4). [3]

The project goal was to establish a common management and control system of the quality of
the Danube waters under extreme conditions, caused by natural and technological disasters.

The project area included about 600 km on Ukraine-Romanian and Bulgarian common
Danube border area, “Surveying of landmarks and development of conversion standards”.
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Fig.4. Project result of UA-RO-BG Cross-Border

OBJECTIVES:
Adoption of a Common geodetic system & harmonization of data.
INSPIRE 3D/2D/1D:
— ETRS89 — implemented by ETRFQO; precision: +/- 3 cm >> GNSS measurements;
— 2D: UTM projection precision: +/- 2 cm >> GNSS measurements;
— 1D: EVRF2007 (heights) precision: +/- 1 cm >> leveling measurements.
Implementation of common CRS (Common Reporting Standard) by surveying and
conversion/transfer Standards.

Table 1 Helmert transformation parameters (5common points)

Transformation param. (sec) | Transformation param. (sec) Point dX ~dY —dZ[m}

residuals -
0,000497 X vector [m] 0,000497 X vector [m] 1,1 0,0153 0,0048 0,0091_
2.710724 Y vector [m] 2.710724 Y vector [m] 2,2 -0,0358 -0,0110 -0,0343
-1,064096 Z vector [m] -1,064096 Z vector [m] 3,3 0,0241 0,0097 0,0191°

0,07281956 X angle [sec] | 0,3530392 X angle [sec] 4,4 -0,0154 -0,0073 -0,0096

0,02233018 Y angle [sec] | -0,1082598 Y angle [sec] |5,5 0,0118 0,0038 0,0158-

0,05557777 Z angle [sec] | -0,2694486 Z angle [sec] _

0,0508 Max.spatial resid [m]

0,0130073 Scale [ppm] | 0,0130073 Scale [ppm] 0202 Arerade sbaral e Iml-

(RMS) [m]

Ge
odetic observations along the Danube water stages: satellite (GNSS) & terrestrial (leveling).
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Conversion & transformation standards: existing or new developed (parameters)
Transformation (1) according to EUREF standards if ETRF solution it is implemented on both sides
(countries); First this hypothesis needs to be verified. Results indicated differences up to 5cm
between RO-ETRF00 and BG-ETRFO00; and UA WGS 84 up to 25 cm.

For transformation (1) a Helmert (7 parameters of transformation) was computed as
alternative for high accuracy transformation between RO-ETRFO00 and BG-ETRF00; and UA WGS
84 (fig.5).

CRD differences for
ETRS89 (ROBG)

dX ()| 4

BELE 0016 -0016 -004
ORA 0,060 0016 0,037
Ruse  -0,038 0010 -0058
U000 006 0052 a »H0Sgp
ik 0,039 0006 0017
SO 0,000 0010 0031

Fig.5. Result of 7 parameters of transformation at using 5 common points

For transformation (2) a standardized plane (3 parameters of transformation) was proposed
according to EUREF recommendation. This was checked and works fine with official parameters
and even for the landmarks from neighbour country (i.e. transformation from Baltic Sea for
landmarks from RO to EVRF2007 with parameters for BG). [4]

Let start to considering some cases for transformation and implementations geodetic network
in Danube border countries.

Transformation (1) according to EUREF standards if ETRF solution it is implemented on
both sides (countries); First this hypothesis needs to be verified >> Results indicated differences up
to 5cm between RO-ETRF00 and BG-ETRFOO.

A similar transformation was implemented in addition for direct transformation from RO
vertical reference system (MN75) to BG vertical reference system (Baltic Sea) >> DaWAT
Software.

A comparison of Black Sea 1975 normal heights and EVRF2007 normal heights was
performed. The results indicated a medium difference of 0.067 mm (EVRF2007-MN75). For BG a
medium difference of 0.224 m (EVRF2007 — Baltic Sea).

FAIRway Danube project (2015-2020) goal to provide current and harmonized information
about shallow sections, water levels and water level forecasts. Available depths will be used
optimally by adapting the location of the waterway to the current riverbed conditions. In parallel,
FAIRway Danube is aiming at preparing the harmonized rehabilitation of the Danube and its
navigable tributaries.
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TUCEB-GEOS Research Centre to achieve the best possible link (transformation) between the
height systems used in the area of interest of the project: Black Sea 1975 (RO), Baltic Sea 1982 (BG)
and EVRF (UA). This link is necessary for the specific works to be carried out on the Danube for
regularization, such as: water level determinations in different sections, constrain of Digital Terrain
Models (DTM) in the area, vertically setting out works for rehabilitation of the Danube and its
navigable tributaries, dredging et al (fig.6).

European Verical Reference Network
EUVN
Compound Coordinate Reference System
1
European Terrestrial Reference System European Vertical Reference System
ETRS89 EVRS
| |
‘ Coordinate System
geodetic Datum Coorglmggglstem Normfime?rdnams gravity-related heights
ETRS89 orojected Peil (NAP) geopotenial numbers
normal heights
! 1 ‘2
RO/BG_National realization of RO/BG National vertical reference
ETRS89 - WP system (Black Sea 1975/Baltic Sea)

Fig.6. Scheme of geodetic network composition between RO/BG

TUCEB-GEOS proposed a methodology for determining conversion /transformation
parameters between altitude reference systems used in the Danube joint sector between Ukraine -
Romania and Bulgaria, supplying the calculation algorithm and transformation parameters.

For transformation (3) from ellipsoidal ETRS89 heights to normal EVRFO07 heights and
improved transformation accuracy, a polynomial transformation was proposed (fig.9).

On the Ukrainian part of the Danube as in in the last 10 years the geodetic networks along the
Danube were modernized by new landmarks, new observations including satellite (GNSS)
observations and data processing, new/updated coordinates in modern reference systems.

A unified CRS should be implemented along the Danube, including navigation purposes >
especially the height component can be critical if
different/less known/old reference systems are used. ETRS89/ETRF00 and EVRS/EVRF2007 are
available on this area.

Transformation algorithms and software are available from/to European reference systems to
national reference systems (S42 — Krasovski ellipsoid / Stereographic 1970 projection / Black Sea
1975 normal heights). Refined quasigeoid model (+/-3cm) was provided by TUCEB along the
UA/RO/BG Danube banks in order to be able to use “GPS leveling”(fig.7, fig.8). Geodetic network
area (GRUIA / VRAV — OSTROV / Silistra. [5]
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Latitude

Observationns:
33GNSS epoch stations on Romanian Danube bank
26 GNSS epoch stations on Bulgarian and UA UADanube bank

Known:
44°35'00°N

-Normal heights in national reference system (Black Sea
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Fig.7. Points observation GNSS Epoch stations

GNSS permanent stations in the project area / EPN (European Permanent Network) stations:
BUCU, COST, SOFI.

TRANSFORMATION 1 — Horizontal CRS. For the transformation from National realization
of ETRS89 to ETRS89 (ETRF00), a set of seven parameters (Helmert) of transformation for each
country can be provided based on GNSS data processing from a common set of GNSS permanent
stations from RO and BG. From Romania EPN stations Bucharest (BUCU), Constanta (COST) and
Sofia (SOFI) are also included. A third set of transformation parameters could be computed for direct
transformation between National realization of ETRS89 to ETRS89 (ETRF00 epoch 2005).

TRANSFORMATION 2 — Vertical CRS. For the transformation 2 from National vertical
reference system (Black Sea 1975 — MN75 for Romania and Baltic Sea 1982 for Bulgaria) to/from
EVRF2007 a set of transformation parameters adopted by EUREF for each country it is available.
The transformation equation it is presented below:
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Observations:
GNSS permanent stations on Bulgorion Danube bank

Latude ]

GNSS permaonent stations on Romanian Danube bank
Known:
$0000°N
1 ETRS8S coordinates for all permanent stations
] ¢ DTS ETRFOO realizations in RO and BG
HWIN BCH
\Q /‘CF.\W
f P imam
1 e\ BA Wi,
U ol G{”\ -~ }ﬁv A
J 2 » - a8 f
S C0RA | / ; ISPE
~—f. / -
] /
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DIFFERENCES between ETRS89 realizations RO - BG

Name X [m] dY [m) a2 [m) dhm
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Fia.8. Scheme of GNSS permanent station RO - BG
HevrF2007 = Hnational + a1 + a2-Mo(LAT - LATo) + as No (LON - LONo)cos(LAT), (1)
where: a1 , a2 and az coefficients are known; LAT, LON — ellipsoidal coordinates;

Table 2. GNSS Permanent Stations in the project area (RO / BG) LAT,, LON, — reference point
coordinates

Country| Point ID Point name ETRS89-RO HMN
B (deg) L(deg) 75[m]
RO RO102 Bailesti 44,032732 23,352459 61,222
RO RO107 Calarasi 44,187677 27,335867 15,593
RO RO118 Hodivoaia 43,917877 25,779621 95,494
RO RO142 Turnu Magurele 43,768856 24,881293 36,216
RO RO143 Vinju Mare 44,432561 22,864746 94,044
RO 9 Negru Voda (ROBG)| 43,788889 28,156944 161,821
RO 23 Calafat 43,996667 22,932500 69,919
RO 19 Giurgiu 43,895278 25,959444 20,634
RO 20 Turnu Magurele 43,751111 24,876944 29,931
RO 22 Calarasi 44,197778 27,354722 18,750

All the landmarks observed by precise levelling can be determined in the national vertical
system and after, by transformation eq.(1), in the EVRF2007. As examples there are results in Tab.1
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(landmarks from Romania) for EUVN stations situated in five areas (Calafat, Turnu Magurele,
Giurgiu, Calarasi and Negru VVoda). Three of these areas were directly connected by precise levelling
(Calafat, Giurgiu and Ostrov)[6].

As examples there are results in Tablel (landmarks from Romania) for EUVN stations situated
in five areas (Calafat, Turnu Magurele, Giurgiu, Calarasi and Negru Voda). Three of these areas
were directly connected by precise levelling (Calafat, Giurgiu and Ostrov).

Table 3. A comparison of Black Sea 1975 normal heights and EVRF2007

Point ID [ETRS89-RO MN75 EVRF Diff.
B [deg] L [deg] [m] 2007[m]  |[m]
RO102  [44,03273248 23,352458 61,222 61,285 -0,063
RO107  [44,18767743 27,335867 15,593 15,668 -0,075
RO118  (43,91787669 25,779621 95,494 95,565 -0,071
RO142  |43,76885594 24,881292 36,216 36,284 -0,068
RO143  144,43256133 22,864746 94,044 94,104 -0,060
9 43,788889 28,156944 161,821 161,899 -0,078
23 43,996667 22,932500 69,919 69,981 -0,062
19 43,895278 25,959444 20,634 20,705 -0,071
20 43,751111 24,876944 29,931 29,999 -0,068
22 44,197778 27,354722 18,750 18,825 -0,075
P

Geoid
R
HE
Np F’n‘P
| N'
B[ P

— - Elipsoid
-/ Po \\

Fig.9. Scheme of transformation from ellipsoidal heights to normal heights
The results indicated a medium difference of 67 mm (EVRF2007MN75)
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A similar comparison indicate a difference of 225 mm for Bulgaria (EVRF2007 - Baltic Sea
1982). Main problem: to be able to obtain (normal) heights. TRANSFORMATION 3 — Ellipsoidal
to normal height with +/- (1...3) cm accuracy for the project area where classical precise leveling
observations are impossible or difficult to be realized (Table 2).

Solution: to use GNSS observations (ellipsoidal) heights combined with a local accurate
(quasi)geoid model
Algorithm: to compute (quasi)geoid undulations n’p for the geodetic network points

l’l’p = HpE — HpN,
where: p - points with known ellipsoidal and normal heights to establish a local model of these
quantities for the project area.

For fig.9 we can say that:

n’p = f(x,y),
where: (X,y) - horizontal coordinates where we are use the local (quasi) geoid model for normal of
Height sytems height determinations from GNSS ellipsoidal heights N = HiE - n’i i — points observed
by GNSS (ellipsoidal - HpE, normal - HyN, ortometric - H,OR), Hi.

FOR TRANSFORMATION 1

A set of 7 parameters (Helmert) of transformation, in order to be able to pass from RO ETRS89
realization to BG ETRS89 realization or opposite (if necessary).

FOR TRANSFORMATION 2:

A set of 3 parameters of transformation, in order to convert from national vertical reference
systems to

EVRFO7H(EVRF2007) = H(MNT75) +a;+
+a, MO (B —Bo) + a3z Ng (L-Lo)COS(B)

FOR TRANSFORMATION 3:

A set of 10 parameters for a polynomial transformation, in order to transform from ETRS89
ellipsoidal heights to EVRFO7 normal heights:

n’1(X,y) = p1t P2 X+ P3y + Ps X2 +Ps Xy +
+Ps Y2 + P7 Xzt Ps X2 Y + Po XY2 + P1o V3)

HiN = HiE -n’1, | — points observed by GNSS.

Observatyion of transformation 3 it is the most important if we know that the access by
(precise) geometric leveling to the project area it is very difficult and now an alternative of GNSS
leveling was implemented for accuracies of 3 cm. Software implementing the coordinate
transformations for the project area DaRAT software was realized by Research. Software
implementing the coordinate transformations for the project area.

Software window with transformation from RO national to EVRFO7 normal height. Software
implementing the coordinate transformations for the project area. Software window with
transformation from ellipsoidal ETRS89 to EVRFO7 normal height. Software implementing the
coordinate transformations for the project area. Software window with transformation from geodetic
(ellipsoidal) coordinates to UTM plane coordinates.

Conclusions

In the Ukraine - Romanian border part of the Danube as in other similar countries in the last 10
years the geodetic networks along the Danube were modernized by new landmarks, new observations
including satellite (GNSS) observations and data processing, new/updated coordinates in modern
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reference systems. A unified CRS should be implemented along the Danube, including navigation
purposes > especially the height component can be critical if different/less known/old ref. systems
are used.

ETRS89/ETRF00 and EVRS/EVRF2007 are available on this area. Transformation algorithms
and software are available from/to European reference systems to national reference systems (S42 —
Krasovski ellipsoid / Stereographic 1970 projection / Black Sea 1975 normal heights). Refined
quasigeoid model (+/-3cm) was provided by TUCEB along the RO/BG Danube banks in order to be
able to use “GPS leveling” [7].

The Applications area of the DanubeGeodetic infrastructure includes:

— Danube navigation improvement >> more accurate positioning based on geodetic network;
— Water level measurements in a unified reference system;
— “Zero” level new (re)established at hydrometric stations;
— Posibility to perform “GPS leveling” in areas with difficult access;
— Navigation maps/charts to be upgraded more easy;
— Maintenance works along the Danube aided by new geodetic network: New DTM’s, profiles,
bathymetry;
— More accurate risk/hazard maps.
Other applications: cadaster, railway/highway transport closed to the Danube.

WA SUTETOTT aTROTate

Possibility to introduce ABSOLUTE values for |}
“0” stage | water level in EVRF2007 (MN75
and MB) and terrain model (prpfile) in parallel
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Proposals & Conclusions
1. Based on a theoretical and practical UA/RO/BG experience concerning old/new CRS’s along the
common part of the Danube, as a good practice, similar studies should be performed in other Danube
sectors. RO/SR sector and RO/UA some sectors stil to continue communication work.
2. As a consequence, EVRS/EVRF (2007) can be implemented and transformation to/from other
CRS’s can be available.
3. If relative values for the water levels are a common practice in NAVIGATION: we propose as in
paralel, ABSOLUTE values for the water levels to be implemented.
Advantages: i.e. more straight connection of Danube water level with DTM including dams/bridges
around the area, faster floods modelling and scenarios. Possibility to introduce AND ABSOLUTE
values for “0” stage in EVRF2007 at all reference systems: MN75 and MB.
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