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GPS campaigns GPS campaigns 

BIHREF2000 CEGRN05 u BiH
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Observations in B&H GPS campignsObservations in B&H GPS campigns

BIHREF2000BIHREF2000
261, 262, 263, 264, 265, 266, DoY 2000

CEGRN05 in BiHCEGRN05 in BiH
171, 171, 173,174, 175, 176, 177 DoY 2005

Stations observed in both campaignes:

SRJV,  KUDB, LEOT, LIVN, 

BJEL, KABA, PONI, BABJ, 
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PROBLEMS:

• Only two 24 sesions of 

observations!

• Bad weater conditions: havy 

raining !!

• Ionosphere?

Results published  in 2005 

• Reference frames:

• ITRF97 

• ITRF2000

• Generally-achived 3D 

accuracy not satisfald 

requriments of 1 cm!

Processing of BIHREF2000

Availability of the IGS05 reprocessed orbit  open the 

door for the possibility to reprocess  GPS data of the 

BIHREF2000/CEGRN05 with aim to improve accuracy of 

stations positions.



Selected IGS refrence stations 

Datum +

Control

stantions:

BOR1, 

BRUS, 

GLSV, 

JOZE,

MATE, 

ONSA, 

POTS,

WTZR, 

ZIMM,

GRAS, 

WSRT,

SOFI.
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Parameter Processing model and algorithms

Cut of angle 10°

Sampling rate 30 s

Orbit IGS05 

Earth’s rotation parameter Per day

Ocean loading model FES2000 

Tidal effects IERS Conventions 2000

Precision-Nutation model IAU2000

Gravity Field EGM96

Third-Body JPL Planetary ephemeris DE200

Earth shadow model Penumbra

Eccentricities of antennas ARP eccentricities  from RINEX files of data

PCV Phase center variations of antennas from GPS week 1627

Pseudo distances For detection of clocks of satellites and receivers for each epoch 

Carrier phase  data For formation of double differences 

Ambiguity solution Quasi ionosphere-free model; 

Signal delay in the 
troposphere

Computation of a priory delay in the troposphere using the model of Saastamoinen, and projection to the height of 

stations with the Neill mapping function. Linear estimation the wet part of the troposphere delay for each hour, gradients 
per 4 hours. 

Daily free solutions Ionosphere-free linear combination L3 applying a standard deviation for each component of  coordinates of 1.0  m.

Datum of estimated station 
coordinates

Weighting of coordinates of 8 IGS stations (BOR1, BRUS, GLSV, MATE, ONSA, POTS, WTZR, and ZIMM) at the 
epoch of the individual campaign considering a standard deviation of 0.1 mm for each component of coordinates of 
selected datum stations.

PROCESSING STRATEGY



Daily solutions Daily solutions 
properties of the ambiguity solutions
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Daily free solutions Daily free solutions 
daily repeatability 

BIHREF 2000 BIHREF 2000 CEGRN05 in BiHCEGRN05 in BiH

UN/Latvia Workshop  "Applications of GNSS"       

RIGA   14-18, May 2012



Quality of the reference and control 

stations 

BIHREF2000 CERGOP
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Error elipses of the stationsError elipses of the stations in B&H in B&H 
8 DATUM STATIONS solution– (a priori st. dev. 0.1 mm)        

Probability 95% ( multiplied by factor 4)

BIHREF2000 CERGN05 in BiH
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Velocities fromVelocities from the cthe combinombineded

ccampaampagngn
ep. 2003.100

horizontal velocities Velocities of height component
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Comparation of the  Comparation of the  coordinatescoordinates of the of the 

combined campaigncombined campaign-- epoch 2003,100
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Comparation of the coordinates estimated from the combination of:

• All free daily solutions  (6+7=13 day) 

• Without 263 DOY 2000  and  171 DOY 2005 

• Differences are not significant!



Comparation of the velocitiesComparation of the velocities
estimated in the combined campaign ep. 2003,100

Comparation of the velocities from combination of daily solutions

• all free solutions (6+7=13 days) 

• without 263 in  year 2000  and  171 in year  2005 (5+6=11)              Differences are not significant!

Station                                              Vx (m/year) Vy (m/year)              Vz (m/year)
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Comparation of the Comparation of the coordinatescoordinates from combined  from combined  

campaigncampaign
Solution with 8 datum station minus solution with 9 datum statioSolution with 8 datum station minus solution with 9 datum stationsns



Analyse of the accuracy of the coordinates  coordinates  of 

the control stations

Comparation of coordinates of control stations in IGS05 from combined 
solution and reference IGS05 coordinates translated to epoch 2003.100
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Datum: IGS05                                 Epoch:

Station      latitude             longitude          height(m)

Datum: IGS05                                 Epoch:

Station      latitude             longitude          height(m)



Analyse of the accuracy of the velocities of velocities of the 

control stations

Comparation of the reference velocities IGS05 with velocities from combined 

solution when 8 or 9 datum stations.  
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Station              Reference vel. IGS05      Differences of velocities from combined s. 

9 datum stations sol. 8 datum stations



Velocities of GPS stationsVelocities of GPS stations
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REZULTS of the COMBINED CAMPAIGN: 
Estimated velocities at IGS05  from combined campaign solutions relative to 8 datum stations. Velocities 
from IGS stations GRAS and WSRT are, shown in bold, estimated to check the quality of velocity estimation.



Transformation fromTransformation from IGS05IGS05 to to ETRS89ETRS89
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Transformation fromTransformation from IGS05IGS05 to  to  ETRF2000ETRF2000

14 parameters
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Quality of theQuality of the ccoordinatoordinateses inin ETRF2000ETRF2000

8 stations in  BiH observed in the  bouth bouth campagns and their coordinatea estimates tree times:

1. Combined solution

2. BIHREF2000 

3. CEGRN05 
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Comparation of the cComparation of the coordinatoordinates es 

in in ETRF2000ETRF2000 (1)(1)
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Comparation of coordinates of combinedcombined campaigne with solutions of 

BIHREF2000BIHREF2000 and CEGRN05CEGRN05, in ETRF2000, epoch 2000.0



Coordinates differences  of the same stations in ETRF2000ETRF2000,  

resulting from resulting from BIHREF2000 BIHREF2000 and CEGRN05CEGRN05.

Comparation of the coComparation of the coordinatordinates es 

in in ETRF2000ETRF2000 (2)(2)

Datum ETRF2000 epoch 2000.0

Coordinates differences   CEGRN05 minus BIHREF2000CEGRN05 minus BIHREF2000



Comparation of the Comparation of the velocities: velocities: 

IGS05 IGS05 andand NUVEL NUVEL --1A1A
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NUVELNUVEL--1A1A Estimated inEstimated in IGS05IGS05
StationStation Vx (m/y)  Vy (m/y)  Vz (m/y)   Vx (m/y)  Vy (m/y) Vz (m/y) 



Benefit of the availability of the reprocessed 
IGS05 orbits (IG1) used for re-processing of 
the B&H campaigns resulted in the improved 
accuracy of the realization of the geodetic 
reference network of Bosnia and Herzegovina. 
It could be generally said that the accuracy of 
the all three components of the positions 
were within the 10 mm and accuracy of the 
processed velocities for the identical stations 
were about 1mm/year.
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CONCLUSIONS   1 CONCLUSIONS   1 



CONCLUSIONS     2 CONCLUSIONS     2 

Improvements in the accuracy of the coordinates BIHREF2000
GPS stations achieved through the use of the following 
processing strategies:

– Reference frame IGSIGS05,05,

– Reprocessed IGS05 orbits -IG1IG1, 

• which are introduced into official use in November 2006,

• whose accuracy is improved by applying corrections for the absolute 
calibration of the antennas of the satellites and the receivers.

– Calculating horizontal gradients for minimizing the effects of 
delay signals passing through the troposphere.

• this was particularly reflected to the improved accuracy of the height.

• Furder impovement of accuracy achived by combining 
with CEGRN05 data.
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BIHPOS

BIH POSITIONING SERVICE
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BIHPOS-BiH Postioning Service
FBIHPOS +SRPOS

http://www.fgu.com.ba

17+17 =34 stations
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BIHPOS=FBIHPOS+SRPOS
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FBiHPOS
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SRPOS
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Leica Recivers +Spider softvare

• GPS 

• GLONASS  

• Galileo

• Compass
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SERVICES
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http://www.fgu.com.ba/index.php?part=stranice

Reisa Džemaludina Čauševića 6, 71000 Sarajevo

denis.tabucic@fgu.com.ba



Thanks!

University of Sarajevo  www.unsa.ba

Faculty of Civil Engineering www.gf.unsa.ba

Geodesy Department-Institute of Geodesy and Geoinformatics

medzida_mulic@gf.unsa.ba

medzida_mulic@yahoo.com
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