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The design of the National GPS Network and the programme The design of the National GPS Network and the programme 
for its measurement were developed by the Military for its measurement were developed by the Military 
Topographic Service of the Bulgarian ArmyTopographic Service of the Bulgarian Army

The National GPS Network was developed in compliance with The National GPS Network was developed in compliance with 
the decree of the Council of Ministers 140 / 04.06.2001, the decree of the Council of Ministers 140 / 04.06.2001, 
established the Bulgarian Geodetic System and served for the established the Bulgarian Geodetic System and served for the 
radical updating of the National Geodetic Network (NGN) of radical updating of the National Geodetic Network (NGN) of 
the Republic of Bulgariathe Republic of Bulgaria

The National GPS Network of the country is based onThe National GPS Network of the country is based on::
•• the permanent GPS stations of the European Permanent the permanent GPS stations of the European Permanent 

Network (EPN);Network (EPN);
•• The EUREF points in Bulgaria as a realization of the The EUREF points in Bulgaria as a realization of the 

European Terrestrial Reference System ETRSEuropean Terrestrial Reference System ETRS’’89 in the 89 in the 
countrycountry



The National network consists of two orders of points The National network consists of two orders of points 
-- the Main and the Secondarythe Main and the Secondary
The Main network is created in order to realize, distribute The Main network is created in order to realize, distribute 
and maintain the European Terrestrial Reference System and maintain the European Terrestrial Reference System 
ETRSETRS’’89 on the territory of the country using the GPS 89 on the territory of the country using the GPS 
technology. The whole realization of the Main and technology. The whole realization of the Main and 
Secondary networks will lead to density, which allow  the Secondary networks will lead to density, which allow  the 
development of local geodetic networks for the needs of development of local geodetic networks for the needs of 
all practical applications.all practical applications.
The responsibilities for the construction, measurements, The responsibilities for the construction, measurements, 
processing, result dissemination and maintenance of the processing, result dissemination and maintenance of the 
National GPS Network are regulated by the Ordinance of National GPS Network are regulated by the Ordinance of 
the Council of Ministers No 1 / 06.01.2005 for the the Council of Ministers No 1 / 06.01.2005 for the 
distribution of the tasks of national importance in geodesy distribution of the tasks of national importance in geodesy 
and cartography.and cartography.



Design of the points of the Main GPS networkDesign of the points of the Main GPS network

•• The Main order GPS network includes the following types The Main order GPS network includes the following types 
of points:of points:

•• All points from the soAll points from the so--called BULREF network, including called BULREF network, including 
the points of the European Vertical Reference Network the points of the European Vertical Reference Network 
(EUVN) (EUVN) –– BurgasBurgas (BUTG) and (BUTG) and VarnaVarna (VATG);(VATG);

•• Points from the existing (classical) National Geodetic Points from the existing (classical) National Geodetic 
Network I and II order. These points have to be used for Network I and II order. These points have to be used for 
computation of the transformation parameters between the computation of the transformation parameters between the 
ETRS89 and the existing reference systems on the territory ETRS89 and the existing reference systems on the territory 
of the country.of the country.

•• Points of the (classical) National Geodetic Network III and Points of the (classical) National Geodetic Network III and 
IV order;IV order;

•• Newly constructed points during the period 2002 Newly constructed points during the period 2002 –– 2003 2003 
especially for the National GPS Network;especially for the National GPS Network;

•• Points with a special statute (at places, where permanent Points with a special statute (at places, where permanent 
GPS stations will be probably set in the future).GPS stations will be probably set in the future).
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Measurement of the MainMeasurement of the Main orderorder
of the of the National GPS NetworkNational GPS Network

•• The National GPS Network was measured The National GPS Network was measured 
using Trimble geodetic receivers. The using Trimble geodetic receivers. The 
measurements of all points from the Main order measurements of all points from the Main order 
were measured in sessions with twowere measured in sessions with two--day day 
duration, starting from 0 hour UTC; two duration, starting from 0 hour UTC; two 
sessions with duration from 5 to 8 hours being sessions with duration from 5 to 8 hours being 
additionally measured before and after the basic additionally measured before and after the basic 
two sessions. All measurements were made two sessions. All measurements were made 
with 15 seconds sampling rate and 10 degrees with 15 seconds sampling rate and 10 degrees 
elevation mask.elevation mask.



Processing the measurements of the National GPS Processing the measurements of the National GPS 
Network Network –– Main order, year 2004Main order, year 2004

•• The processing of the GPS measurements was The processing of the GPS measurements was 
carried out in the ITRFcarried out in the ITRF’’2000 realization of the 2000 realization of the 
ITRS reference system.ITRS reference system.

•• The processing was made using the The processing was made using the BerneseBernese 5.0 5.0 
scientific research software scientific research software -- the statethe state--ofof--art art 
software for GPS processing. The software has software for GPS processing. The software has 
been created as a been created as a ““tool for the highest accuracy in tool for the highest accuracy in 
GPS processing in various applicationsGPS processing in various applications””..



The GPS campaign for determining the The GPS campaign for determining the 
coordinates of the National GPS Network coordinates of the National GPS Network 
–– Main order, is divided in 24 Main order, is divided in 24 -- hours hours 
daily sessions. The daily solution is daily sessions. The daily solution is 
calculated for each session and these calculated for each session and these 
solutions (normal equations) are then solutions (normal equations) are then 
combined to yield the campaign solution. combined to yield the campaign solution. 
The determination of velocities of points The determination of velocities of points 
is obtained by combining the solutions of is obtained by combining the solutions of 
the single campaigns. the single campaigns. 



-- BerneseBernese GPS software, Version 5.0GPS software, Version 5.0
-- IGS orbits of the satellites and IGS coordinates of the pole, IGS orbits of the satellites and IGS coordinates of the pole, 

transformed in ITRF2000 if received before the year 2000transformed in ITRF2000 if received before the year 2000
-- Reference system ITRF2000Reference system ITRF2000
-- IGS_01 model of the variations of antenna phase centres IGS_01 model of the variations of antenna phase centres 

(elevation dependent phase centre corrections)(elevation dependent phase centre corrections)
-- 10 and 15 degree mask of the heights (two solutions 10 and 15 degree mask of the heights (two solutions 

respectively)respectively)
-- Weights for the observations depending on the height above Weights for the observations depending on the height above 

the horizonthe horizon
-- IonosphericIonospheric models for the region of Europe for each day models for the region of Europe for each day 

from CODEfrom CODE
-- QuasiQuasi--ionosphericionospheric strategy for fixing the ambiguities (QIFstrategy for fixing the ambiguities (QIF--

Ambiguity resolution)Ambiguity resolution)

Basics of the processing strategyBasics of the processing strategy



-- TroposphericTropospheric models models –– calculated from the calculated from the 
measurements of each day, a priori measurements of each day, a priori tropospherictropospheric
model of model of NiellNiell

-- Assessment of Assessment of tropospherictropospheric parameters parameters –– one one 
tropospherictropospheric parameter per hour for stationparameter per hour for station

-- The daily solutions (respectively the normal equations) The daily solutions (respectively the normal equations) 
are calculated with mean square errors of the IGS are calculated with mean square errors of the IGS 
stations (anchor sites) of 0.01 m (loosely constrained stations (anchor sites) of 0.01 m (loosely constrained 
solution)solution)

-- The combined normal equations for each The combined normal equations for each 
campaign/epoch are generated from the daily normal campaign/epoch are generated from the daily normal 
equationsequations

-- The IGS/EUREF permanent stations are reference The IGS/EUREF permanent stations are reference 
with coordinates and velocities in ITRF2000with coordinates and velocities in ITRF2000



EUREF permanent stations used
in the processing



Daily solutionsDaily solutions
RmsRms values values –– north, east, up of the north, east, up of the HelmertHelmert’’ss transformations between transformations between 

ITRF2000 and daily solutions for GPS week 1281 (example)ITRF2000 and daily solutions for GPS week 1281 (example)
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The The HelmertHelmert’’ss transformations of  24transformations of  24--hour daily hour daily 
solutions with respect to each other (example)solutions with respect to each other (example)
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RepeatabilitiesRepeatabilities
of the permanent EUREF stations used in the processingof the permanent EUREF stations used in the processing
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RepeatabilitiesRepeatabilities
of the Bulgarian EUREF stationsof the Bulgarian EUREF stations
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RepeatabilitiesRepeatabilities
of the Bulgarian stationsof the Bulgarian stations from campaign BGfrom campaign BG’’20042004
for points with observations in four days and morefor points with observations in four days and more
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Solution for the 2004 campaign (BGSolution for the 2004 campaign (BG’’2004)2004)

The final solution for BG 2004 campaign is obtained The final solution for BG 2004 campaign is obtained 
by combination of the daily solutions. The diagram in by combination of the daily solutions. The diagram in 
Figure 14 shows the principle of the daily solution Figure 14 shows the principle of the daily solution 
combination with combination with BerneseBernese 5.0 5.0 –– a combination of the a combination of the 
normal equations of the individual daily solutions. normal equations of the individual daily solutions. 
The anchor sites are GLSV, GRAZ, JOZE, KOSG, The anchor sites are GLSV, GRAZ, JOZE, KOSG, 
MATE, METS, ONSA, SOFI, WTZR and ZIMM. MATE, METS, ONSA, SOFI, WTZR and ZIMM. 
The coordinates of these points receive a priori mean The coordinates of these points receive a priori mean 
square errors of 0.0001 m (0.1 mm) during the square errors of 0.0001 m (0.1 mm) during the 
adjustment. The coordinates of the points ANKR, adjustment. The coordinates of the points ANKR, 
BUCU, ISTA, ORID and PENC are estimated in BUCU, ISTA, ORID and PENC are estimated in 
order to check the solution for the obtained velocities.order to check the solution for the obtained velocities.



ResultsResults
Coordinates of the points in the ITRFCoordinates of the points in the ITRF’’2000, 2000, 
epoch 2004.8 (the middle of the observation epoch 2004.8 (the middle of the observation 
campaign)campaign)

The final coordinates of the points are The final coordinates of the points are 
obtained by transformation from the obtained by transformation from the 
ITRFITRF’’2000 to the ETRS2000 to the ETRS’’89 89 –– ETRFETRF’’2000, 2000, 
epoch 2004.8epoch 2004.8



(Re) Processing of the GPS campaign EUREF (Re) Processing of the GPS campaign EUREF 
BGBG’’19931993

The EUREF BG 1993 campaign was held in October The EUREF BG 1993 campaign was held in October 
1993 with the aim of establishing 15 points on the 1993 with the aim of establishing 15 points on the 
territory of Bulgaria in the ETRSterritory of Bulgaria in the ETRS’’89 reference system.89 reference system.

The EUREF BGThe EUREF BG’’93 GPS campaign was performed in 93 GPS campaign was performed in 
the period 12.10the period 12.10––16.10.1993. Fifteen points were 16.10.1993. Fifteen points were 
measured in four sessions of 24 hours each. Trimble measured in four sessions of 24 hours each. Trimble 
4000SSE GPS receivers were used.4000SSE GPS receivers were used.

For four of the points: For four of the points: VidinVidin (VIDI), (VIDI), BerkovitsaBerkovitsa
((BERK), BERK), KavarnaKavarna (KAVA) and(KAVA) and SatovchaSatovcha ((SATO) the SATO) the 
observations from 1993 are missing. For their velocity observations from 1993 are missing. For their velocity 
estimation observations from 1994 and 1996 are used.estimation observations from 1994 and 1996 are used.



Processing and analysisProcessing and analysis

The processing of the observations of the EUREF The processing of the observations of the EUREF 
BGBG’’93 campaign were made according to the same 93 campaign were made according to the same 
scheme as the 2004 GPS campaign in the ITRF2000. scheme as the 2004 GPS campaign in the ITRF2000. 
There were only two specific features of the There were only two specific features of the 
processing:processing:
Precise ephemeredes and pole coordinates are Precise ephemeredes and pole coordinates are 
obtained from CODE. The ephemeredes and pole obtained from CODE. The ephemeredes and pole 
coordinates were transformed from the ITRF91 coordinates were transformed from the ITRF91 
reference system, in which they were originally reference system, in which they were originally 
obtained, to ITRF2000;obtained, to ITRF2000;
No ionosphere models were used.No ionosphere models were used.



Processing and analysisProcessing and analysis

The processing of the observations of the EUREF The processing of the observations of the EUREF 
BGBG’’93 campaign were made according to the same 93 campaign were made according to the same 
scheme as the 2004 GPS campaign in the ITRF2000. scheme as the 2004 GPS campaign in the ITRF2000. 
There were only two specific features of the There were only two specific features of the 
processing:processing:
Precise ephemeredes and pole coordinates are Precise ephemeredes and pole coordinates are 
obtained from CODE. The ephemeredes and pole obtained from CODE. The ephemeredes and pole 
coordinates were transformed from the ITRF91 coordinates were transformed from the ITRF91 
reference system, in which they were originally reference system, in which they were originally 
obtained, to ITRF2000;obtained, to ITRF2000;
No ionosphere models were used.No ionosphere models were used.



RmsRms from the from the repeatabilitiesrepeatabilities for the EUREF points for the EUREF points 
of the new solutionof the new solution for the campaign BGfor the campaign BG’’19931993

0.000

0.005

0.010

0.015

0.020

0.025

0.030
B

U
R

G

G
A

B
R

G
U

LI

H
A

R
M

K
ER

M

M
A

M
A

PA
N

A

PE
TR

SA
PA

SH
U

M

SO
FA

G
R

A
Z

JO
ZE

K
O

SG

M
A

TE

M
ET

S

O
N

SA

W
ET

T

ZI
M

M

N [m]

E [m]

U [m]



Comparison of the newly obtained solution Comparison of the newly obtained solution 
for the EUREF BGfor the EUREF BG’’93 GPS campaign93 GPS campaign

with the official solutionwith the official solution

A comparison was made between the newly A comparison was made between the newly 
obtained solution for the EUREF BGobtained solution for the EUREF BG’’1993 1993 
campaign and the solution obtained from the campaign and the solution obtained from the 
processing in 1995 in BKG (processing in 1995 in BKG (MilevMilev et al., et al., 
1996). The mean square errors of the residuals 1996). The mean square errors of the residuals 
for the 11 points in north, east, up are for the 11 points in north, east, up are 
respectively  6 mm, 3 mm and 7 mmrespectively  6 mm, 3 mm and 7 mm



HelmertHelmert’’ss transformation between the two solutions transformation between the two solutions 
for the EUREF BGfor the EUREF BG’’93 campaign 93 campaign –– the official one the official one 

((1995), and the BG1995), and the BG’’2004 campaign (2005)2004 campaign (2005)
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The following have to be taken into account The following have to be taken into account 
when analyzing the comparisons when analyzing the comparisons ::

•• use of different versions of the processing use of different versions of the processing 
software;software;

•• different different ITRFyyITRFyy realizations; realizations; 
•• different geometry of the observed satellites and different geometry of the observed satellites and 

observation conditions;observation conditions;
•• use of estimations for the velocities of the EUREF use of estimations for the velocities of the EUREF 

points for the processing in 1995 according to the points for the processing in 1995 according to the 
NUVELNUVEL--1A model1A model..



Comparison between the results of the GPS Comparison between the results of the GPS 
campaigns EUVNcampaigns EUVN’’97 and BG97 and BG’’20042004

A comparison has been made of the obtained results from A comparison has been made of the obtained results from 
the GPS campaigns BGthe GPS campaigns BG’’2004 and EUVN2004 and EUVN’’97 for the 97 for the 
identical points of the two campaigns identical points of the two campaigns –– SOFI (Sofia), SOFI (Sofia), 
BGBG’’04 (VATG) and BG04 (VATG) and BG’’01 (BUTG). In order to perform 01 (BUTG). In order to perform 
the comparison correctly, the coordinates of these three the comparison correctly, the coordinates of these three 
points obtained in the ITRFpoints obtained in the ITRF’’2000 reference system, epoch 2000 reference system, epoch 
2004.8, were extrapolated in ITRF2004.8, were extrapolated in ITRF’’2000, epoch 1997.4, 2000, epoch 1997.4, 
using the point velocity with respect to the European using the point velocity with respect to the European 
rotational pole (the velocities determined by observations rotational pole (the velocities determined by observations 
were applied for the SOFI point). The obtained coordinates were applied for the SOFI point). The obtained coordinates 
were transformed from ITRFwere transformed from ITRF’’2000 to ETRS2000 to ETRS’’89 89 
(ETRF(ETRF’’2000) for he same epoch 2000) for he same epoch –– 1997.4, which is the 1997.4, which is the 
epoch of the EUVNepoch of the EUVN’’97 campaign solution.97 campaign solution.



Differences obtained from the comparison of the Differences obtained from the comparison of the 
results for the solutions of the two campaignsresults for the solutions of the two campaigns

0.0290.029--0.0110.011--0.0060.0060.0260.026VATGVATG
BGBG’’0404

0.0070.007--0.0020.002--0.0070.0070.0020.002

SOFISOFI
BGBG’’0303
11101M011101M0

0202

0.0240.024--0.0190.0190.0040.0040.0150.015BUTGBUTG
BGBG’’0101

dSdS
[m][m]

dZdZ
(BG(BG’’04 04 ––
EUVNEUVN’’97)97)

[m][m]

dYdY
(BG(BG’’04 04 ––
EUVNEUVN’’97)97)

[m][m]

dXdX
(BG(BG’’04 04 --
EUVNEUVN’’97)97)

[m][m]

PointPoint



The relatively high residuals for the points BUTG and The relatively high residuals for the points BUTG and 
VATG with respect to that for the point SOFI are VATG with respect to that for the point SOFI are 
most probably due to the applied velocity model (the most probably due to the applied velocity model (the 
European rotational pole).European rotational pole).
Other two important circumstances have to be taken Other two important circumstances have to be taken 
into account for the comparison:into account for the comparison:
the ITRF96 reference system realization was used in the ITRF96 reference system realization was used in 
the processing of the EUVNthe processing of the EUVN’’97 campaign, while the 97 campaign, while the 
processing of the observations of the National processing of the observations of the National 
Network were made in the ITRF2000 realization;Network were made in the ITRF2000 realization;
the typical location of the VATG and BUTG points the typical location of the VATG and BUTG points ––
both of them are located at the quays of harbours and both of them are located at the quays of harbours and 
are subjected to the continuous effects of different are subjected to the continuous effects of different 
natural and natural and technogenictechnogenic factorsfactors..



Obtaining the velocities of the EUREF points Obtaining the velocities of the EUREF points 
in Bulgariain Bulgaria

It is based on the combination of the normal It is based on the combination of the normal 
equations obtained in each individual campaign. The equations obtained in each individual campaign. The 
combination follows principally the recommendations combination follows principally the recommendations 
for for densifyingdensifying EUREF with regional networks. The EUREF with regional networks. The 
anchor sites are GLSV, GRAZ, JOZE, KOSG, anchor sites are GLSV, GRAZ, JOZE, KOSG, 
MATE, METS, ONSA, SOFI, WTZR and ZIMM. MATE, METS, ONSA, SOFI, WTZR and ZIMM. 
The coordinates of these stations have mean square The coordinates of these stations have mean square 
errors of 0.0001 m and the velocities (with the errors of 0.0001 m and the velocities (with the 
exception of exception of MateraMatera) ) –– 0.0001 m/yr. The velocities of 0.0001 m/yr. The velocities of 
the stations PENC, ANKR, ISTA, BUCU and ORID the stations PENC, ANKR, ISTA, BUCU and ORID 
are estimated in order to check the obtained solution.are estimated in order to check the obtained solution.



Velocities of the EUREF points Velocities of the EUREF points VidinVidin, , 
KavarnaKavarna, , SaparevaSapareva BanyaBanya and and SatovchaSatovcha

Since there are no observations Since there are no observations 
for four points from the EUREF for four points from the EUREF 
BGBG’’93 campaign, their 93 campaign, their 
observation from 1994 (observation from 1994 (VidinVidin
and and KavarnaKavarna) and 1996 ) and 1996 
((SaparevaSapareva BanyaBanya and and SatovchaSatovcha) ) 
had to be additionally processed had to be additionally processed 
for finding their velocities. The for finding their velocities. The 
processing of the two GPS processing of the two GPS 
campaigns was performed in an campaigns was performed in an 
analogous manner.analogous manner.
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Relative velocities of the EUREF pointsRelative velocities of the EUREF points

22º

22º

24º

24º

26º

26º

28º

28º

42º 42º

44º 44º

0 50 100

km

22

24

24

26

26

28

28

42 42

44 44

22

22

24

24

26

26

2

28

42 42

44 44

22

22

24

24

26

26

28

42 42

44 44

GABR

HARM

KERM

MAMA

BURG

KAVASHUM
GULI

BERK

VIDI

PETR

SAPA

SATO

PANASOFI

5 mm/y



22°

22°

24°

24°

26°

26°

28°

28

42°

44° 44°

22

22

24

24 26

28

28

42

44

22 24

24

26

2

28

28

44

24

24

26

26

28

28°

4

44

GABR

HARM

KERM

MAMA

BURG

KAVASHUM
GULI

BERK

VIDI

PETR

SAPA

SATO

PANASOFI

5 mm/y

42°



The fact that may be noticed immediately is The fact that may be noticed immediately is 
that the EUREF velocities of the points in that the EUREF velocities of the points in 
Bulgaria, or their velocities with respect to Bulgaria, or their velocities with respect to 
stable Eurasia, cannot be considered as stable Eurasia, cannot be considered as 
negligible (or zero). They vary from 2 to 4 negligible (or zero). They vary from 2 to 4 
mm/yr and their direction is approximately to mm/yr and their direction is approximately to 
the south (as could be expected according to the south (as could be expected according to 
the tectonic features of the whole region). the tectonic features of the whole region). 

The points in South Bulgaria exhibit greater The points in South Bulgaria exhibit greater 
movements than these in North Bulgariamovements than these in North Bulgaria



Comparison between the velocities of the Comparison between the velocities of the 
points  obtained in different time spanspoints  obtained in different time spans

Except for the measurements in 1993 (1994, Except for the measurements in 1993 (1994, 
1996) and 2004, observations made in 1998, 1996) and 2004, observations made in 1998, 
2001, 2002 and 2003 are also available for a 2001, 2002 and 2003 are also available for a 
significant number of the EUREF points. This significant number of the EUREF points. This 
provides the possibility for comparing the provides the possibility for comparing the 
velocities of these points obtained for different velocities of these points obtained for different 
time intervals. For this purpose GPS campaigns time intervals. For this purpose GPS campaigns 
carried out in 1998, 2001, 2002 and 2003 were carried out in 1998, 2001, 2002 and 2003 were 
processed.processed.



GPS campaigns used in velocity GPS campaigns used in velocity 
determinationdetermination

EUREF BGEUREF BG’’ 19931993
ROMANIA BGROMANIA BG’’ 19941994
BGBG’’ 19961996
BGBG’’ 19981998
SWBGSWBG’’ 19991999
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BG NETBG NET’’ 20042004



Velocities of stations from different time Velocities of stations from different time 
spans (example)spans (example)
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Comparison of point velocities obtained from Comparison of point velocities obtained from 
different sourcesdifferent sources (example)(example)

ITRFITRF’’2000200029.229.26.56.57.47.416.216.2--18.118.1
OLGOLG27.227.210.210.2

BGBG’’2004200422.322.310.410.47.87.817.017.0--16.016.0
CLGCLG’’040423.123.112.512.58.48.416.616.6--18.618.6BUCUBUCU

ITRFITRF’’200020008.28.218.118.1--16.616.6
BGBG’’2004200422.222.212.312.36.56.517.417.4--17.517.5
CLGCLG’’0404PENCPENC

ITRFITRF’’2000200023.723.710.610.67.37.318.718.7--16.516.5
OLGOLG27.027.010.310.3

BGBG’’2004200423.323.39.09.06.06.018.618.6--15.515.5
CLGCLG’’040425.225.212.212.27.77.719.319.3--17.817.8SOFISOFI
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Comparison and control of the results from the Comparison and control of the results from the 
processing of the National GPS Network with processing of the National GPS Network with 

measurements from the Secondary GPS Networkmeasurements from the Secondary GPS Network
The check and the assessment of the obtained final The check and the assessment of the obtained final 
solution for the Main Order National GPS Network solution for the Main Order National GPS Network 
are made on the basis of the analysis of a fragment are made on the basis of the analysis of a fragment 
from the observations from Secondary network, from the observations from Secondary network, 
carried out in the end of 2004. carried out in the end of 2004. The observations from The observations from 
days 279 to 295 were analyzed.days 279 to 295 were analyzed.
The observations of the Secondary Network are The observations of the Secondary Network are 
performed according to the accepted programme for performed according to the accepted programme for 
observation and they are with duration of 8 hours; at observation and they are with duration of 8 hours; at 
least three points from the primary order being least three points from the primary order being 
observed simultaneously.observed simultaneously.



The basic moments of the strategy applied for The basic moments of the strategy applied for 
processing the Secondary GPS Network are:processing the Secondary GPS Network are:
the points of the Main Order are used as the points of the Main Order are used as fiducialfiducial
points with known coordinates and velocities in points with known coordinates and velocities in 
ITRF2000, epoch 2004.8. The velocities of the Main ITRF2000, epoch 2004.8. The velocities of the Main 
Network are obtained according to the introduced Network are obtained according to the introduced 
European pole;European pole;
using the obtained velocities of the using the obtained velocities of the fiducialfiducial points, points, 
their coordinates are extrapolated for the epoch of their coordinates are extrapolated for the epoch of 
observation;observation;
the further processing is made in compliance with the the further processing is made in compliance with the 
strategy for the Main GPS Network processing.strategy for the Main GPS Network processing.



RmsRms residuals between the residuals between the fiducialfiducial points for points for 
the corresponding daysthe corresponding days
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Which coordinates should be accepted for use Which coordinates should be accepted for use 
in practice ?in practice ?

The coordinates of the National GPS Network (Main The coordinates of the National GPS Network (Main 
and Secondary) obtained in the ETRSand Secondary) obtained in the ETRS’’89 reference 89 reference 
system, realization ETRFsystem, realization ETRF’’2000, epoch 2004.8, should 2000, epoch 2004.8, should 
be used for practical applications on the territory of be used for practical applications on the territory of 
the Republic of Bulgaria.the Republic of Bulgaria.

ToTo avoidavoid usingusing ofof fractionalfractional partpart ofof thethe yearyear isis
convenientconvenient toto transformtransform thethe coordinatescoordinates intointo epochepoch
2005.0. One more reason is that the coordinates of the 2005.0. One more reason is that the coordinates of the 
Secondary National GPS Network obtained for Secondary National GPS Network obtained for 
measurements made in 2006 will be transformed back measurements made in 2006 will be transformed back 
to the same round epoch 2005.0 (01.01.2005) to the same round epoch 2005.0 (01.01.2005) 



Taking under consideration the determined velocities of Taking under consideration the determined velocities of 
the EUREF points in Bulgaria, the conclusion can be the EUREF points in Bulgaria, the conclusion can be 
made that for a tenmade that for a ten--year period their coordinates will be year period their coordinates will be 
changed within values of the order of 2changed within values of the order of 2--4 cm. This is 4 cm. This is 
satisfactory for all applied applications in the geodetic satisfactory for all applied applications in the geodetic 
practice.practice.

However, this does not mean that efforts must not be However, this does not mean that efforts must not be 
made for determining and monitoring of point velocities made for determining and monitoring of point velocities 
for the National GPS Network. This may be realized for the National GPS Network. This may be realized 
during special campaigns as well as during the regular during special campaigns as well as during the regular 
maintenance of the National GPS Network.maintenance of the National GPS Network.



The Bulgarian Geodetic System and the results from the The Bulgarian Geodetic System and the results from the 
processing of the National GPS Network of Bulgariaprocessing of the National GPS Network of Bulgaria

The determining of the point coordinates of the The determining of the point coordinates of the 
National GPS Network in the ETRSNational GPS Network in the ETRS’’89 reference 89 reference 
system represents practically a densification of system represents practically a densification of 
EUREF on the territory of Bulgaria.EUREF on the territory of Bulgaria.

The results from the processing The results from the processing –– the coordinates of the coordinates of 
the points in the ETRSthe points in the ETRS’’89 reference system, 89 reference system, 
realization ETRF2000, epoch 2004.8, or the epoch realization ETRF2000, epoch 2004.8, or the epoch 
that will be officially accepted, together with their that will be officially accepted, together with their 
velocities, are at the same time a realization of the velocities, are at the same time a realization of the 
Bulgarian Geodetic System (BGS) too, as described Bulgarian Geodetic System (BGS) too, as described 
in the ordinance of the Council of Ministers.in the ordinance of the Council of Ministers.



SWSW’’BG  BG  (South(South--WestWest Bulgaria)Bulgaria)
GPS geodynamic networkGPS geodynamic network
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