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Abstract

The main activities on the EUREF have been outlined. The
operation of theexisting permanent | GS station near Sofiaand
the plansand devel opment concerning the establishing of new
permanent stations have been briefly presented. Information
about the new national coordinate system BGS 2000 and about
the prepared standards for itsrealisation, the improvement of
the existing national geodetic network, national GPS network
and devel opment of DGNSS—ana ogousto SAPOSin Germany,
has been given. Activities for the preparation of the national
levelling network to beincluded in the database of the European
Vertical System for EVRS redlisation, for finalising the work
on the EUVN levelling and the connection to the tide gauges
have been carried out. The work concerning projects UNI-
GRACE, CERGOP-2, the national cadastre and other EUREF
activities have been outlined.

1. General

The further redisation of EUREF on Bulgarian territory
continuesinaccordance with theresol utionsof the EUREF
symposia, theadequate needsand possibilitiesof the country,
theinternational cooperation, the available specialistsand
their orientation, etc. Itisto beregretted that thisrealisation
does not proceed at abetter pace. Thisisdueto aconside-
rable degree to the economic transition in the country and
the awarenesson behalf of the government and the leading
specialists for its realisation with an accelerated rate.
Nevertheless, the redlisation is in progress in the right
direction. The main aspects of the EUREF realisation are
focused on: standardisation, includingthe National Geodetic
System 2000; the National GPSNetwork, thedevel opment
of the permanent station system and the establishment of
DGNSS, theintegration of theNational Levelling Network
with the European one and the preparation for the EVRS
implementation, the development of a National Gravity
System and Geoid, the realisation of a Unified Geodetic
Network of the country, problems related to the cadastre
development, geodynamic studies, etc.

2. Permanent Stations

At the present moment there is one EUREF and 1GS
permanent stationin Bulgaria—the SofiaPermanent Station
(SOFI). Theavailableinformation about it can befoundin
theNational Report of Bulgariaat the EUREF Symposium
held in Dubrovnik [MILEV et al. 2000] and in the website

of EUREF (file sofi0010.10g).

The establishment of two other permanent stations is
envisaged withintheframework of the CERGOP-2 project
withthefinancia support of the EC. At the sametime other
projects are developed for the realisation of the DGNSS
systemsin Bulgariawith a pilot project for the Sofia City
and a network of 28 reference permanent stations in the
country (see paragraph 5).

3. TheNew CoordinateSystemin Bulgariaand
its Introducing asa Standard

Theimplementation of EUREF in Bulgariaisregulated by
anAct of the Council of Ministers. For thispurposeaspecia
decree was enforced, which was coordinated with the
ministries and institutions in the country (A decree of the
Council of MinistersRB 140/4.06.2001 for defining of the
Bulgarian Geodetic System 2000). The execution of this
decreeisassignedtotheMinistry of Regional Devel opment
and Public Works and the civil National Geodetic Service
(the Directorate of Geodesy and Cartography) is affiliated
toit.

The geodetic system on the territory of Bulgaria, named
Bulgarian Geodetic System 2000 (BGS 2000), includes:

— Fundamental geodetic parameters determined in the
geodetic reference system 1980 (GRS 80);

— The geodetic coordinate system ETRF-89, realised by
the European geodetic network EUREF;

— Vertical systemrealised by thelevelling benchmarks of
the State L evelling System, determined in connectionwith
theEuropeanUnified Vertical Network (EUV N) by means
of dataabout the gravity forcein anunified gravimetric
system;

— A system of plane map coordinates based on ETRF-89
and theconformabl e coni ¢ projection (Lambert projection)
with two standard parallels and one central meridian,
which is used for al civil applications;

— Aninternational system for gridding and nomenclature
of the map sheets up to scale 1:2000 including.

The Bulgarian Geodetic System 2000 is materialised by a
network of geodetic points. The cadastremap of thecountry
is created and maintained on the basis of the Bulgarian
Geodetic System [MILEV et d. 2001].
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Thefollowing activitieshave been carried out with respect
to the decree execution:

Theoptimal parametersfor theLambert conical projection
have been determined.

Anlnstruction have been prepared for theimplementation
of BGS 2000. A preliminary project for the National GPS
Network has been devel oped according to the instruction.
The funding of this project is envisaged to be performed
by the World Bank and by the national budget.

The corresponding software is being devel oped too.

All problemsconcerning the main parametersof thesystem
and the map projection related with it, are given in the
instruction as well as the basic formulas used for the
calculations, thegridding and nomenclature of thelarge-scale
topographic maps, the practical steps for introducing the
system, the basic concepts for the National GPS System
devel opment ontheterritory of Bulgaria, thetransformation
of the coordinates of all points and maps from the system
1970 in BGS 2000.

1. Genera concepts

2. Parameters of the System 2000

3. Geodetic (map) projection of the Bulgarian Geodetic
System 2000

. Development of a national GPS network

. Transformation of the GPS coordinates of the points of
theNational GPS Network inthenew projection, cal cu-
lation of the ellipsoid heights of the points

. Introducing the European Vertical System
. Transformation of the coordinates and elevations
. Gridding and nomenclature of the maps

. Transformation of the topographic and cadastre plans
in the new system

10. Creation of anational geodetic, photogrammetric and
cartographic archive

11. Protection and maintenance of the pointsof the national
GPS network

12. Recording and checking the condition of the points
13. Annexes— 25 items
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Meanwhile the Law for the classified information was
published in 2002, so eliminating the secrecy related with
the data concerning coordinates, maps, gravity force, etc.

4. National GPS Network

Thedevel opment of the preliminary proj ect for theestablish-
ment of theNational (State) GPSNetwork wasstarted within
the framework of the project for the cadastre devel opment
inBulgariasupported by theWorld Bank [MILEV et d. 2001].
The preliminary project of the network was completed in
2002.
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According to this project the network will comprisethe 7,
respectively 15 EUREF stationsontheterritory of the country
(BULREF). Another 442 GPSpointswill beadded tothem,

113 being from the primary and 329 —from the secondary
GPSnetwork. Itisenvisaged that the pointsfromthe network
will be determined in such a manner that they will be if
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possibles multaneoudly (collocated) GPSpoints, pointsfrom
the State Geodetic Network (SGN), fromthe State Levelling
and Gravity Network. A scheme with the points of the pre-
liminary project for theNational GPSNetwork ispresented
inFig. 1.

Points of the Sate GPS Network

Theexplanatory noteof the proj ect containsthe requirements,
reconnai ssance, monumentati on of the points, theequipment
and data acquisition, the data processing and analysis, the
necessary resources, the transformation of the point coor-
dinates from the State Geodetic Network in the National
GPS Network, etc.

GPS points [number] Total
Class| and Il from | Classlll and IV from .
SGN SGN Loca GN for construction
Gravimetric stations Other
134 249 9 47 4 442

5. DGNSSin Bulgaria—an Analogueof theGer -
man System SAPOS®

Themultifunctional differential GPSsystems(DNSS) have
beenintroducedin many countriesintheworld and especidly
in Europe, asfor instance the Satellite system for position
determinationin Germany (SAPOS). Themultifunctionality
and effectivenessof thissystemand especidly itsapplication
ingeodesy and cadastre have been generally acknowl edged
[4. SAPOS Symposium, 2002]. Thenecessity and expediency
of realising the SAPOSanalogue— DGNSSinBulgariahas
already been understood and activework isin progressfor
thisrealisation [MILEV, 2002].

Two projects have been suggested and developed on the
basis of the aready established cooperation between
Bulgarian geodesistsand the Berlin Senate—aypil ot project
for the Sofia City and aproject for implementing an analogue
of the SAPOS” system in Bulgaria.

Theaim of the pilot project for devel oping an anal ogue of
the SAPOS® system for the region of the Sofia City and for
the reference station network in the whole country, is to
ensurethedetermination of spatial positionand orientation
in aunified homogeneous reference system (ETRS39) for
solving geodetic and cadastre problems. The projectswill
also contributeto the devel opment of numerousother appli-
cations in management, legidlation and economy.

Therealisation of theprojectincludesaDGNSSservicefor
transferring the correctionsto theusersby meansof different
media (UKW/RDS, GSM/GPRS and the Internet).

6. European Vertical Reference System

6.1. Preparationsfor Including the National Levelling
Network intheDataBaseof theEuropean Vertical
System

Therealisation of the European Vertical Reference System
(EVRS) on the Bulgarian territory is determined by the
successful incorporation of theNational Levelling Network
together with the supplementary information inthe UELN
database. For this purpose the data from the first order
levelling network of the country were prepared according
totherequirements. Thedifferencesbetween thegeopotential

numbers of the levelling benchmarks, the latitude and
longitude and the normal heights of the benchmarksinthe
BalticVertical Sysemweredetermined. Specid preparations
are made for the connection of the levelling with the
nei ghbouring countriesand Romaniain particular, sincethe
connectionwith UELN will berealised throughit. Ingenerd,
the separate steps of this preparation are:

— Presentingtheinformationfromthe State Levelling Net-
work inasuitableformfor further computer processing

— Calculating the differences between the geopotential
numbers

— Determining thegeographic coordinatesof the benchmarks

— Preparingthenetwork informationinasuitableform for
processing by means of the EXCEL software too

— Structuring theinformation in asuitable formfor direct
input in the UELN data base

— More precise determination of the connection between
the levelling networks of Romania and Bulgaria

6.2. EUVN Levelling, Connection to the Tide Gauges

Theterritory of Bulgariaisincluded inthe EUREF project
European Vertical reference Frame (EUVN) by means of
threestations. ThepointsBG01 and BG04 are specid pillars
for GPS measurements, situated at the Black Sea coast in
the vicinity of the tide gaugesin the cities of Bourgas and
Varnarespectively. Thepoint BGO3 isthepillar, onwhich
theantennaof the permanent GPS station near the SofiaCity
hasbeeninstalled. Thevaluesof thegravity weremeasured
for the three pillars during the development of the
UNIGRACE project of the/4OPERNICUS programme. Their
normal heights were determined too. Vertical connection
with theinitial benchmarks of thetide gaugeswasrealised
withthepillars. Themonthly valuesof theaverage sealevel
were determined for the period 1997-2000. They were
submitted tothe Centre, processingthe EUV N datain France.
The datafor the tide gauges for the period 1928-1996 are
availablein PSMSL in the UK.
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7. EUREF Related Activities

Bulgariaparticipatesactively inthework carried out within
the framework of IAG Section V "Geodynamics’, the
programme ” Geodetic and Geodynamic programms of the
Central European|nitiative (CEIl)” andthe Central European
Regional Geodynamic project, which was financialy
supported by the FP5 of the EU under the name CERGOP-2.
Work groupswerecreatedinthisproject for thegeotectonic
analysisof theregion of Central Europe. A specia new group
was created — Geodynamics of the Balkan Peninsula. The
first contribution of thisgroup will bethesymposium” Geo-
dynamics of the Balkan Region” within the framework of
the 3" Balkan Geophysical Congress, which will be held
in Sofia, Bulgaria on June 24-28, 2002.

Thecomplex measurementsrel ated withthe project aremade
periodically every two yearsusing the specially devel oped
GPSnetwork CEGRN (whichisalready aconsortium). The
participation of Bulgariain thisprogrammeand these projects
isbased also on four pointsfrom the EUREF system. Two
monographsdedicated onthegeodynamicsin Bulgariawere
published in Report on Geodesy, Warsaw, in connection
withtheearthquakesintwo of themost active seismicregions
ontheBalkan Peninsulaandin Europe. Further GPSmeasure-
mentsareenvisaged for the pointsfromthe Central European
region and the Balkan Peninsula. Some of these pointsare
EUREF onestoo.

Three absolute stations were built as a result of the
UNIGRACE project devel opment withintheframework of
the COPERNICUSprogramme. Thegravity inthese points
was determined aswell asthe geopotential numbers of the
pointsin Bulgaria, included in EUVN.

The National Geodetic Network is being improved on the
basis of GPS and EUREF in connection with the work on
the project for the cadastre and real estate inventory in
Bulgaria, financially supported by the World Bank.

Pardllel totheabovementioned activities, someothersworks
have proceededinconnectionwithland reforminBulgaria,
geodynmai ¢ studiesin someregionsof thecountry, engineer-
ing GPS applications, etc.

The5™ edition of thebook " GPS, Theory and Practice” (B.
Hofmann-Wellenhof, H. Lichtenegger and Collins, Springer
Wien New York) has been translated and published in
Bulgarian language.

8. Conclusions

The described activities in Bulgaria within the EUREF
framework mainly after the Symposiumin Dubrovnik, Croatia
show that theBulgarian geodesi stscontinuetheir hard work
inthisrespect. Theemphasisislaid onthefurther efficient
realisation of the programme and the reference system of
EUREF. Thework continuesin accordancewiththeresolu-
tions of the EUREF symposia, the respective needs and
possibilities of the country, the international and bilateral
cooperation, the specialistsavailable and their orientation,
etc. Thereareinevitableproblemsand therealising of some
national projectsproceedsat alower pace. Thisisdetermined
to agreat extent by the economic transition in the country
and the awareness on behalf of the government and the
leading speciaiststhat theredlisation should beaccomplished
withaccel erated rates. Regardlessof the obstacles, therealisa
tion isin good progress in the right direction.
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