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Introduction

The EUREF Permanent Network (EPN) consists of GPS tracking stations, data centers and analysis centers organized following a similar hierarchy as the IGS and based on voluntary contributions.  

Growth of the tracking network

The EPN tracking network has continued to operate successfully during the year 2002, integrating 10 new stations in its network (see Figure 1):
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The total number of EPN stations reached 137 at the end of 2002; about 58% of them deliver hourly data.
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Figure 1: EPN tracking network  (status Dec. 2002), stations denoted with circles joined the EPN in 2002.

Data Flow 

During 2002 the problem of generating daily files from hourly ones was discussed. Daily files could be generated from hourly files to avoid the heavy traffic after midnight at the data centres. A minor problem is to avoid the sending of the same data twice. Comparing the size of a compressed RINEX file to other sources only the amount of 200 images or 50 MB a day will be saved. In 2003 some rules for creating daily files by concatenating hourly ones have been established.

There were some problems concerning the method of transfer by ftp. New ftp programs tend to transfer data in passive mode, which is sometimes rejected or restricted by the servers of the data centres. The reason is that both active and passive mode creates a security hole either in the uploading or receiving machine. Since anonymous ftp is the most comfortable and most general way to transfer data automatically one should stay to this method. However, during the next years a solution should be found which could replace the anonymous ftp and its use of lower port numbers. Because such a replacement affects the whole chain from the station managers over the data centres to the users downloading data, several platforms, like unices, Linux, Windows and Mac OS, have to be considered.

EUREF-IP Pilot Project - Real-time GNSS data via Internet and Mobile IP networks

Due to the increased capacity of the Internet, applications which transfer continuous data-streams by IP-packages, such as Internet Radio or Internet Video-on-Demand, have become well-established services. Growing mobile IP-Networks like GSM, GPRS, EDGE, or UMTS furthermore allow the mobile use of these real-time services. Compared to Multimedia applications, the bandwidth required for streaming GNSS data is relatively small. As a consequence, the global Internet can be used for the real-time collection and exchange of GNSS data, as well as for broadcasting derived differential products.

EUREF decided in June 2002 to set up and maintain a real-time GNSS infrastructure on the Internet using stations of its European GPS/GLONASS Permanent Network EPN. Although today’s primary objective is to disseminate RTCM corrections over the Internet for precise differential positioning and navigation purposes (see Resolution No. 3 of the EUREF symposium in Ponta Delgada, June 5 - 8, 2002), various other applications are in sight like real-time orbit determination and ionosphere or troposphere parameter estimation. 

A pilot project was established called EUREF-IP (IP for Internet Protocol). This real-time GNSS data service uses a new dissemination technique called “Networked Transport of RTCM via Internet Protocol” (Ntrip). Ntrip stands for an HTTP application-level protocol streaming GNSS data over the Internet. Currently about 110 data streams are available through EUREF-IP Ntrip Internet Broadcaster. Most of the stations generate pseudorange corrections (DGPS), other streams include carrier phase information (RTK) or raw measurement data. Seven real-time data streams are part of the EUREF-IP pilot project, the others are generated by various networks in Europe and US, among these about 15 European IGS stations. Currently no worldwide concept exists for GNSS Real-Time data dissemination. For the future it would be desirable to coordinate the efforts of EUREF-IP and IGS Real-Time Working Group.
The Broadcaster's Internet connection handles a maximum of 1000 users simultaneously. Some of the data streams are available for demonstration purposes and thus are accessible without authentication/authorization. For receiving protected data streams, the user needs a user-ID and a client password. 
For receiving the real-time data the program “GNSS Internet Radio” is available for MS Windows, Windows CE and Linux operating systems. This client program is designed to run on a PC, Laptop or Pocket PC. It handles all communication through HTTP and transfers the received GNSS data to a serial or IP port supporting a networking software or DGPS/RTK application.

Further information at: http://www.epncb.oma.be/projects/euref_IP/euref_IP.html
Data Analysis 

The EPN continued to apply the proven method of combining the EPN sub-network solutions as computed by Local Analysis Centres (LACs) into one official EPN solution. The Slovak University of Technology Bratislava, Slovakia (EPN abbreviation: SUT) joined the group of LACs at GPS week 1182 (September 2002) and increased the number of LACs to 16. 

An IGS initiative of regional networks densifications has been presented at the IGS 2002 workshop in Ottawa, Canada. Various methods of datum definition for the densification of the global IGS polyhedron by regional networks were discussed. In order to contribute to this initiative, the EPN Analysis Coordinator (AC) started to generate two new EPN solutions. 

· The first solution fixes all station coordinates of the weekly IGS global network solution and combines the IGS and the EPN networks only solving for the non-IGS stations of the EPN. The solution is generated routinely since GPS week 1136. 
· The second test solution has been generated routinely since GPS week 1149 and combines the cumulative IGS global solution with a cumulative EPN solution following the datum definition strategy of the first test solution. 
The EUREF TWG decided at a meeting in March 13 and 14, 2002 not to publish the results of these two test solutions as long as there is no clear recommendation for the datum definition by the IGS. It is important to save the users from too many different solutions, as was stressed at this meeting. However, the results of these solutions are available for scientific comparisons on request and they are used for internal consistency checks.

Since Dec. 2002, new guidelines for EPN Analysis Centres have been issued (http://www.epncb.oma.be/guidelines/guidelines_analysis_centres.html). Next to the general guidelines for the EPN AC’s, they include information for new local analysis centres as well as an historical overview of all processing options.

Time series Special Project

The basic aim of the Special Project is the monitoring of the EPN time series, in order to identify and eliminate the outliers and offsets present in the original EPN weekly combined solutions. Adding this information back to the original time series the estimated site velocities, especially for the height component can be substantially improved. The monitoring is based on the so-called standard EPN time series produced by C.Bruyninx and G.Carpentier at the EPN CB. These time series are used for the identification of time series inconsistencies related to equipment change at the sites. Then the found offsets are estimated in a separate run of the Bernese ADDNEQ program. The procedure is repeated offset-by-offset, where the previously estimated offset is introduced into the processing.

The retrospective analysis has been completed in 2002, than the offset and outlier database is being maintained periodically. Although the newly appearing offsets can be easily identified the reliable offset estimation can be done only with a few months delay. The main product of this work is the ‘improved EPN time series’ published and periodically updated at the EPNCB website. The set of estimated offset values and outlier periods, which is collected in the Bernese format STACRUX.EPN file is being made also public and being published at the Time Series section of the EPNCB website October, 2003. Another product is a set of velocities, which are estimated by the Bernese ADDNEQ program based on the cumulative solution of the improved weekly EPN combined SINEX files. The estimated velocities are also published at the EPNCB. The height component velocities have been compared to VLBI and levelling solutions and gave good agreement.

Troposphere Special Project

The objective of the EPN Special Project “Troposphere Parameter Estimation” is the generation of a EUREF-troposphere product. A weekly combined troposphere solution for all sites included in the EUREF Permanent Network is computed. The Special Project started in June 2001 (GPS week 1110). Since GPS week 1143 all Local Analysis Centres have been participating. Besides some changes of processing options for the standardization of the analyses and improvement of the results in GPS week 1130, two changes have been introduced into the troposphere parameter estimation concerning the constraining of the weekly coordinate solution to ITRF and the fixing of the weekly coordinate solution during the final estimation of the daily troposphere parameters. These steps showed a significant reduction of the weekly mean biases between the combined solution and the individual solutions below 3-4 mm in Zenith Total Delay values.

Two institutions have been performing the combination of the individual solutions, GeoForschungsZentrum Potsdam and Bundesamt für Kartographie und Geodäsie, Frankfurt. The differences between the two solutions are below 0.2 mm in Zenith Total Delay for the mean bias with a standard deviation of ( 0.5-0.6 mm. More about the combination procedure and detailed results are presented in (Soehne and Weber, 2002).
Starting with GPS week 1203, the EUREF troposphere combination has been contributing to the IGS combination of Zenith Total Delay values. Since the IGS combination has a stringent timeliness a preliminary EUREF troposphere combination is calculated every week with all individual solutions arrived so far. The reason for the weekly mean bias of ~ 2-4 mm ZTD of the EPN solution is probably that the EPN solution is a regional solution whereas the other contributing solutions are global solutions (Soehne and Weber, 2003). 
Network coordination

Similar to the IGS, the EPN changed site log format on June 11, 2002. In addition, automated site log tests and submissions through e-mail have been introduced. 

In 2002, the following items were added to the website of the EPN Central Bureau (http://www.epncb.oma.be/):

· Daily updated web-pages with an overview of metadata errors going back to mid 1998 

· On-line papers related to the EPN activities (http://www.epncb.oma.be/papers.html)

· EPN coordinate time series expressed in the ITRS and ETRS89 

(http://www.epncb.oma.be/series.html)

Due the growing number of IGS stations in Europe, the EPN TWG decided that from March 2002 on, IGS stations located in Europe, should separately apply to join the EPN (see http://www.epncb.oma.be/guidelines/procedures_becoming_station.html
Data Analysis

), instead of being automatically included in the EPN, as was done in the past. 
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