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PERMANENT IGS /EUREF STATIONS

Permanent GPS stations of IGS and EUREF network operate in Poland since 1993. The number of GPS stations in Poland was growing within last years. Recently 10 permanent GPS stations, i.e. Borowa Gora (BOGO, BOGI), Borowiec (BOR1), Jozefoslaw (JOZE, JOZ2), Lamkowko (LAMA), Katowice (KATO), Krakow (KRAW), Wroclaw (WROC) and Zywiec (ZYWI) (Fig. 1) operate in Poland within the IGS/EUREF program. A brief characteristics of those stations is given in Table 1. Products of the permanent GPS stations in Poland, together with such stations in Europe, were the basis of the networks that are applied for both research and practical use in geodesy, surveying, precise navigation, environmental projects, etc. Data from those stations is transferred via internet to the Local Data Bank for Central Europe at Graz, Austria and to the Regional Data Bank at Frankfurt/Main, Germany. The EPN stations at Borowa Gora, Borowiec, Jozefoslaw and Wroclaw participate in IGS/IGLOS program. 

Jozefoslaw and Krakow stations as well as Borowa Gora that is in the test operational phase, take part in the EUREF IP pilot project (Table 2) (http://www.epncb.oma.be/projects/euref_IP/euref_IP.html).
Some practical test was made in the Institute of Geodesy and Geodetic Astronomy of the Warsaw University of Technology and in the Institute of Geodesy and Cartography in Warsaw. 


[image: image1.wmf]
Fig. 1. IGS/EUREF network of permanent stations in Poland in 2004

Table 1. Characteristics of Polish EPN stations

	4 char Station ID
	Domes Number
	Location/

Institution
	Receiver/

Antenna
	Started operating
	Meteo/

Rec. device
	Data transfer blocks
	Additional observations

	BOGO
	12207M002
	Borowa Gora

Inst. of Geodesy and Cartography
	Ashtech ZXII3

ASH700936C_M SNOW
	08JUN1996
	Yes

LAB-EL Poland
	24 h

1h
	Ground water level

Astrometry

Gravity 

GPS

	BOGI
	12207M003
	Borowa Gora

Inst. of Geodesy and Cartography
	Javad JPS Eurocard

ASH700936C_M    SNOW
	06MAY2003
	Yes

LAB-EL Poland
	24 h

1h
	Ground water level

Astrometry

Gravity 

GPS/GLONASS

	BOR1
	12205M002
	Borowiec

Space Research Centre, PAS
	Rogue SNR-8000

AOAD/M_T
	01JAN1994
	Yes

NAVI Ltd. Poland
	24 h

1h
	SLR

GPS/GLONASS

	JOZE
	12204M001
	Jozefoslaw

Inst. of Geodesy and Geod. Astr., WUT
	Trimble 4000SSE

TRM14532.00
	03AUG1993
	Yes

LAB-EL Poland

NAVI Ltd. Poland
	24 h

1h
	Ground water level

Astrometry

Gravity tidal 

GPS

	JOZ2
	12204M002
	Jozefoslaw
Inst. of Geodesy and Geod. Astr., WUT
	Ashtech Z18

ASH701941.B

SNOW
	02JAN2002
	Yes
LAB-EL Poland

NAVI Ltd. Poland
	24 h

1h
	Ground water level

Astrometry

Gravity tidal 

GPS/GLONASS

	KATO
	12219S001
	Katowice

Head Office of Geodesy and Cartography 
	Ashtech μZ-12

ASH701945C_M SNOW
	29JUL2003
	No
	24 h

1h
	GPS

	KRAW
	12218M001
	Krakow

AGH UST
	Ashtech μZ-12

ASH701945C_M SNOW
	01JAN2003
	Yes

LAB-EL Poland
	24 h

1h
	GPS

	LAMA
	12209M001
	Lamkowko

Inst. of Geodesy, UWM
	Ashtech ZXII3

ASH700936F_C SNOW
	01DEC1994
	Yes

LAB-EL Poland
	24 h
	Gravity

GPS

	WROC
	12217M001
	Wroclaw

Agriculture Academy
	Ashtech Z18

ASH700936D_M
	28NOV1996
	Yes

LAB-EL Poland
	24 h

1h
	Ground water level

GPS/GLONASS

	ZYWI
	12220S001
	Katowice

Head Office of Geodesy and Cartography 
	Ashtech μZ-12

ASH701945C_M SNOW
	29JUL2003
	No
	24 h

1h
	GPS


Table 2. Characteristics of Polish stations participating in the EUREF IP pilot project 

	Location
	Appr. lat. [deg]
	Appr. long. [deg]
	RTCM message types (update rate [s])
	Bitrate [bits/s]
	Site log

file

	Krakow
	50.01
	19.92
	1(1),3(30),16(60),18(1),19(1),22(60)
	1900
	KRAW

	Jozefoslaw
	52.10
	21.03
	1(1),3(60),18(1),19(1),22(60),31(1)
	1200
	JOZ2

	Borowa Gora*)
	52.48
	21.04
	1(1),3(60),18(1),19(1),22(60),31(1)
	1200
	BOGI


*) Test phase

DATA PROCESSING AT LOCAL ANALYSIS CENTRE AT WUT

Works on data processing strategy in the networks of permanent GPS stations are conducted since 1995 at Warsaw University of Technology in close cooperation with the CODE Centre of the Institute of Astronomy, University of Bern. The strategy is used since 1996 to process the EPN data at Local Analysis Centres (LAC) of EUREF. Recently 16 LAC operate in Europe. Data from 45 permanent GPS stations of EPN (Fig. 2) are processed at the Warsaw University of Technology EUREF Local Analysis Centre (WUT EUREF LAC) on the daily basis.

WUT EUREF LAC is also one of the main analysis centres within Central Europe Regional Geodynamics Project (CERGOP) that is coordinated by section C “Geodesy” of the Central European Initiative (CEI). WUT EUREF LAC processed the data collected at CERGOP network within consecutive observational campaigns in 1994, 1995, 1996, 1997, 1999, 2001 and 2003 and participated in analysis of the results. Data from CERGOP and CERGOP2 campaigns were reprocessed in 2003 according to recent EPN standards. The results obtained were combined with those of all CERGOP Data Processing Centres .

WUT EUREF LAC as one of 16 local analysis centres provides parameters for ionosphere model (http://www.gik.pw.edu.pl/stara/joze/jozefoslaw.html) and conducts works on determination of water vapour content in troposphere.
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Fig. 2. Network of EPN stations providing data for processing at WUT EUREF LAC

POLISH ACTIVE GEODETIC CONTROL NETWORK ASG-PL 

A sub-network of the ASG-PL, Polish Active Control, with a processing centre was established by the end of 2002 in Upper Silesia as a pilot project of governmental and local (regional Silesian) authorities. In February 2003 it has reached a preliminary operational stage. It became fully operational in December 2003. The map of this network is given in Fig. 3. The network consists of 6 permanent stations (two of them: KATO i ZYWI have been accepted in 2003 as EPN stations) and is recently linked to EPN (BOGI, BOGO, BOR1, JOZ3, JOZE, KRAW, LAMA, LAM6, WROC) stations and four other permanently operating GPS stations (CBKA, GDAN, INS1, POZN) that provide GPS data at 5 s sampling rate. The ASG-PL network stations are equipped with multifunctional Ashtech μZ-12-CGRS receivers with ASH701945C_M SNOW antennas. Observations are acquired at 1 sec sampling rate and stored in the RINEX2 format. Data of each station thinned down to 5 s rate is transferred in hourly blocks via Frame Relay transmission using POLPAK network to the ASG-PL Processing Centre at Katowice. The receivers at ASG-PL stations can also generate the RTK corrections in the RTCM v.2.1 format.
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Fig. 3. Polish Active Control Network ASG-PL
Data acquired at the ASG-PL stations are available free of charge at the web page: www.asg-pl.pl. GPS data is processed at the Processing Centre at Katowice with use of the software based on Bernese v.4.2. The Processing Centre provides GPS solutions for the network stations on daily basis. It also provides a continuous service the users via internet. The reports with the results of calculations are provided to the users from Silesian Voivodship within 24 hours while the users from other regions receive the reports within 48 hours. In the last quarter of 2003 the ASG-PL system was validated using test GPS surveys conducted by the team of the Space Research Centre of the Polish Academy of Sciences. At the same time the user service was successfully tested.

Another local network that may become a part of ASG-PL has been established in three seacoast cities: Gdańsk, Sopot and Gdynia. The system consists of 3 reference stations, located in the three towns. Each reference station is equipped with a GPS receiver, radio system for transmission of correction data, and modems for providing mutual link between stations and vehicles. 

POLISH REFERENCE STATIONS OF THE PROJECT EUPOS

Polish part of the international network of multifunctional reference stations EUPOS will consist of 75 stations. Preliminary location of these stations is shown in the Fig.4. More about the Project EUPOS see separate paper. 
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Fig. 4. Polish EUPOS stations

NOTES  OF  POLISH CORRESPONDENTS

· Correspondents from the Institute of Geodesy and Cartography report:

Two permanent GPS stations BOGO and BOGI continue operation in Borowa Gora as sites of EUREF Network of Permanent GPS Stations as well as in the framework of IGS/IGLOS programme. 

The transmission of DGPS and RTK corrections via Internet within the international EUREF IP pilot project has been established on BOGI – EPN and IGS station at the end of 2003. BOGI station together with JOZ2 station operated by WUT in the framework of the project located in northern and southern outskirts of Warsaw, respectively provide recently the RTK corrections at any place of capital of Poland with sub-decimetre accuracy. The first test measurements and preliminary analysis of the results were performed in May 2004.
Quantitative and qualitative analysis of short-period variations of GPS-derived vector components as well as research on their mathematical modelling were performed. Time series of GPS solutions obtained by processing sub-diurnal data sets from numerous permanent stations were analysed in terms of regularities as well as individual biases. Variations in time series of GPS solutions were compared with corresponding time series of gravity residual differences generated from data recorded at Borowa Gora, Jozefoslaw and Lamkowko stations. Empirical model for short-period variations of gravity residuals was discussed. The concept of integrated use of time series of GPS solutions and gravity was presented. The results obtained were used for physical interpretation of short-period variations in GPS-derived vector components and variations of gravity residuals as well as to generate their empirical models. An extensive study on consistency, accuracy and reliability of high-precision GPS positioning was performed. An atmospheric impact on GPS data in Antarctica was investigated.. In particular GPS data from EPN stations together with IGS data was used to investigate regional tropospheric processes. Also the use of GPS solutions from epoch campaigns for geokinematics was discussed

· Correspondents from the University of Warmia and Mazury in Olsztyn report:

The Research and Technical Development activity can be summarised as follows:

· Kick-off of the project on civil and environmental protection of Great Mazurian Lakes including safety of sailors and tourists, development of the systems for creation of electronic charts and monitoring of inland water contamination is reported;

· EGNOS System Test Bed (ESTB) performance in the area of Poland for aviation, marine and land navigation has been tested and comparative analysis were performed;

· The GPS and EGNOS based for on-board navigation and air traffic control tower monitoring of aircraft methods were developed and the results of comparison between the RTK positions and DGPS/EGNOS positions were published;

· The system for GPRS transmission of DGPS corrections for area with the use of multiple reference stations in Poland was developed and tested;

· Analysis of GPS and EGNOS measurements methods to meet the required criteria of accuracy, reliability and integrity of parcel area measurement for IACS system. The accuracy determination and practical remarks on application of this technique were given;

· GPS measurements from 100 European IGS/EPN permanent stations were used to monitor the behaviour of the ionosphere during geomagnetic storms. A series of ionosphere maps were produced to present the spatial distribution of TEC. In the last year we analysed geomagnetic disturbances, which occurred during the months of March 2001, November 2001 and October/November 2003. The large number of GPS stations in Europe provide a good coverage for GPS data and enable to get high-accuracy TEC maps with an error at a level of 0.5 - 2 TECU. The coverage is a very adequate shell and yields a reasonable surface harmonic fit, providing TEC maps with a spatial resolution of 100-200 km and a time resolution of 15 min. 

· The Autocovariance, ARMA and Similar Pattern prediction methods have been also used to predict the Vertical TEC maps over Europe for one, two, three and four-hour ahead. The TEC time series for ionospheric quiet and disturbed conditions for years 1995 (minimum solar activity) to 2001 (maximum solar activity) at different European stations were studied to clarify the forecasting ability of this method for ionospheric purposes. Latitudes of selected stations range from 40N to 60N.

· Correspondents from the Office of the Surveyor of Mazowieckie Voivodship report:

Technical project for precise positioning system (based on GPS) in the Warsaw agglomeration and Mazowieckie Voivodship was developed in July 2004 in the cooperation with Institute of Geodesy and Geodetic Astronomy of Warsaw University of Technology.

The project consists of 3 basic segments: 1) reference stations, 2) management and observation redistribution and 3) users. The most important task of ASG-PL is assurance of observation data for post-processing and correction DGNS data for real-time positioning and navigation. According to the project the coordinates of reference stations will be set in ETRF’89 system and recalculated to Polish national coordinate systems. In the first phase the Mazowieckie Voivodship precise positioning system will be able to serve at least 100 users in post-processing mode and in its final phase the number of users will be practically unlimited.

The system will offer possibility of analysis of user data in post-processing mode: the results will be sent to user in form of rectangular coordinates in Polish national coordinates systems, such like: “1942”, “1965”, “1992” and “2000”.

The realisation of the project will step in phases. In the first stage the project set building 5 reference stations in Warsaw agglomeration and domination of geodetic applying. In the second phase there is expected starting the real-time positioning and building another 6 stations in Mazowieckie Voivodship.

The system will be used not only by geodetic service, but also by emergency, transport, navigation, fire brigades, town-guard and life-saving services.

· Correspondents from the University of Agriculture Wroclaw report:

· GPS/GLONASS permanent station WROCLAW

The permanent GPS/GLONASS station "Wroclaw" has been included since 2003 to IGS global network and its data are used for determination of following IGS products: final and rapid GPS orbits and clocks, final ionosphere models and GLONASS orbits.

The WROC station was incorporated to the project of active national reference permanent network ASG-PL.

· EUREF Permanent Network - EPN Special Project “Time Series for Geokinematics”

The University team participates in Special Project “Time Series for Geokinematics” – studies on connection of local geodynamic networks with the EUREF permanent network and correlation between velocities and station’s location. 
· Improvement of methods for GPS satellite data processing in precise local networks.

The method for choosing the fundamental reference stations from the EPN and IGS permanent stations has been developed. The method bases on mean trend congruency analysis of the EPN stations coordinate time series obtained from weekly EPN network solutions. The analysis of various methods for ambiguity resolution was performed with the use of different linear combinations of code and phase observations. 

The methodology of the ambiguity resolution problem solution was presented on the example of the local geodynamic network SUDETY with global and local ionosphere models (TEC distribution maps). 

The concept of a GPS data processing system in precise local networks was introduced as a modification of a system for regional EPN network data processing. The test data included measurements from the SUDETY geodynamic network located in the Sudety Mountains on both sides of the Czech-Polish border.
· 2003 GPS measurement campaigns and local geodynamic studies

Geodynamic studies of Sudetes and Lower Silesia region using GPS – yearly repeated epoch observations of the Czech-Polish network SUDETES, Lower Silesia network GEOSUD and other local networks: PACZKOW GRABEN, KARKONOSZE, DOBROMIERZ were performed. Still existing activity of the main tectonic structures of the investigated area was confirmed on the base of the measurement results, taking into account also measurement results of the earlier realised projects as well as results of the measurements made by Czech co-partners in their research networks. Largest relative movements with velocities of some mm/year were noted for the western part of Sudetic Marginal Fault, Mid-Sudetic Fault as well as eastern part of Paczkow graben. Eastern part of the area of investigations undergoes NE - SW compression and NW-SE extension. In the western part extensional deformations predominate: in direction NE - SW for the Sudetic block and in direction N - S for the Fore-Sudetic block. Largest threats due to natural movements of the earth crust surface occur for the water dams: Slup, Dobromierz, Bielawa in Sudetic Marginal Fault zone as well as for Nysa dam in Paczkow graben.

· European Co-operation in the Field of Scientific and Technical Research, COST Action 625 ‘‘3-D Monitoring of Active Tectonic Structures’’ in Italy. 

The project is mainly focused on detecting strain variations and/or any phenomena that may precede future seismic events, in order to evaluate the time evolution and modes of deformation of seismogenic structures during the inter-coseismic cycles. Two note seismic areas were selected, the Gargano promontory (southern Italy) and the Kapareli region (Corinth Gulf, Greece), for the following installations: (a) local networks of geodetic sites (benchmark for GPS and total station measurements with micrometric sensitivity) and (b) 3D monitoring devices (TM71; capable of recording micrometric displacements). 

The Gargano and Kapareli local GPS networks were installed and measured by the Polish group from Department of Geodesy and Photogrammetry of Agricultural University of Wroclaw. The first measurements in the Gargano Network were performed in October 2002. Next GPS campaigns were done in 2003 and 2004. Kapareli Network was measured first time in May, 2004.

CONFERENCES ON SATELLITE NAVIGATION SYSTEMS ORGANISED IN POLAND

The following conferences have been organised in Poland since September 2003:

· Conference of the Working Group for GalileoApp, (Galileo Joint Undertaking, ESA), 

Warsaw, 14 May 2004;

· Conference on European System of Satellite Navigation, 

Warsaw, 29June 2004;

· Conference on Satellite methods of positioning for geodesy and navigation, 

Cracow, 23-24 September 2004;

· 2nd CERGOP and CEGRN Consortium Working Conference, 
Warsaw, 29-30 September 2003

* * * * *

The following acronyms and abbreviations of names of Polish institutions involved in realisation of GPS projects are usually used in the National Reports:

AUW

Agriculture University of Wroclaw

DG

Department of Geodesy

DGP

Department of Geodesy and Photogrammetry

FMSEE

Faculty of Mining Surveying and Environmental Engineering


GMA

Gdynia Maritime Academy


GSP

General Surveyor of Poland


HOGC

Head Office of Geodesy and Cartography


IG

Institute of Geodesy



IGC

Institute of Geodesy and Cartography


IGGA

Institute of Geodesy and Geodetic Astronomy


MOG

Maritime Office Gdynia


MUS

Maritime University Szczecin


PAFA

Polish Air Force Academy Deblin


PAS

Polish Academy of Sciences


PNAG

Polish Naval Academy Gdynia


SGN

Chair of Satellite Geodesy and Navigation WMUO


SRC

Space Research Centre


UMMC

University of Mining and Metallurgy Cracow


WMUO

Warmia and Masury University Olsztyn


WUT

Warsaw University of Technology

In order to organise a quick transmission of information necessary for preparation of this and all subsequent National Reports for CGSIC there was established a network of correspondents of Polish institutions involved in realisation of GPS scientific and practical projects. Below you can find the names of the correspondents and their contact e-mail addresses. For further detailed information please contact directly the correspondents of particular institutions. 

The author of this Report would like to express his sincere thanks to all correspondents for their help in prompt providing all necessary data.

Astrogeodynamic Observatory

SRC PAS Borowiec
J. Nawrocki         
j.nawrocki@cbk.poznan.pl

Department of Geodesy 

and Photogrammetry,

Agriculture University of Wroclaw      
S. Cacon  
              cacon@kgf.ar.wroc.pl

Gdynia Maritime Academy
J. Januszewski  

wnknt@wsm.gdynia.pl 

Head Office 

for Geodesy of Cartography    
R. Wojtynek
  
 geodezja@gugik.gov.pl

W. Graszka

wieslaw.graszka@gugik.gov.pl

Warmia & Masury 

University Olsztyn
S. Oszczak

oszczak@uni.olsztyn.pl

Institute 

of Geodesy and Cartography
A. Linsenbarth

igik@igik.edu.pl

Warsaw
J. Krynski

krynski@igik.edu.pl

Institute of  Geodesy .
J Sledzinski 

sledzinski@gik.pw.edu.pl

and  Geodetic Astronomy,
K. Czarnecki

kcz@gik.pw.edu.pl

Warsaw University of Technology 
J. Rogowski

jbr@gik.pw.edu.pl

Maritime Office Gdynia                    
M. Dziewicki

marekdz@umgdy.gov.pl

Maritime University Szczecin
A. Wolski

remik@server.wsm.szczecin.pl

Polish Air Force Academy Deblin
A. Fellner

andrzejf@wsosp.deblin.pl

Polish Naval Academy Gdynia
 A..Felski

AFel@AMW.gdynia.pl

Space Research Centre of the

Polish Academy of Sciences
J. Zielinski

jbz@cbk.waw.pl

University of Mining and Metallurgy

Faculty of Mining Surveying

and Environmental Engineering 

Cracow:

Department of Engineering Surveying 

and Building                                           
A. Balut                          abalut@uci.agh.edu.pl

Department 

of Geodesy and Cartography               
W. Goral                         wgik@uci.agh.edu.pl 

Department of Mining Surveying         
J. Szewczyk       
            jszewczy@uci.agh.edu.pl

Active Geodetic Control Network

ASG-PL

Katowice



J. Kudla


jkudla@geodezja.katowice.pl

Malopolska



K. Pyka


kpyk@malopolska.mw.gov.pl

Mazowieckie



A. Glazewski

glspecjalista@bgwm.pl

Lodzkie




A. Bielicki

geodezja@lodzkie.pl
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