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Introduction 

In most of aspects of present life it is very important to be in right place and in right time. 

The key to find proper place is to have accurate information about position and a path to reach it. 

We can use GNSS receiver and accurate maps to find required objects. For many applications stand-

alone position of GNSS receiver is not satisfactory and it is necessary to use second receiver to use 

DGNSS technique. Instead of a second receiver, user can connect with GNSS reference station 

network where receivers are tracking satellites permanently and user’s position can be improved 

by DGNSS/RTK corrections. Then one can work with high accuracy directly in the field. 

  

History and realization of the project 

Some years ago when satellite surveying was not so popular and receivers were very 

expensive traditional methods of surveying were used to collect data for calculations and generating 

maps. Accurate but time consuming methods were used to get observations from the field. Now we 

have an easy to use and accurate tool to calculate our position. With Global Navigation Satellite 

Systems we can determine our position in few seconds no matter in which part of the world we are. 

Because of the atmospheric influence on position we can achieve accuracy of few meters. For many 

applications this accuracy reached with standalone GNNS receiver is not good enough. Because of this 

many users decided to use second receiver as a base station on point with known coordinates. This 

technique called Differential GNSS (DGNSS) eliminates some errors and position calculated in this 

way is much more precise. If someone is working for a long time in one region it is suitable to build 

a monument for GNSS antenna and connect receiver permanently as own reference station. In this 



solution we don’t have to set up base station each time when we want to measure something. During 

the years surveyors have found advantages of satellite navigation and started to use it in more and 

more jobs and also authorities in many countries realized that reference station network could help 

a lot in public tasks like transportation, rescue and safety of life. Also the Head Office of Geodesy and 

Cartography had noticed that many surveying tasks and problems with coordinate system can be 

solved by permanent reference station network. With help of universities and other scientific 

organizations the first project of reference station network for Poland has been written. In the same 

time a region-wide initiative from 16 countries from Central and Eastern Europe was established. 

The EUPOS (European Position Determination System) project was started in 2003 and main 

recommendations were taken from more experienced German reference station system SAPOS. 

All participants agreed to build national reference station systems with one common standard to have 

good performance of the systems and to be able to exchange data across borders. On this basis 

the Head Office of Geodesy and Cartography in cooperation with  Silesian Voivodship agreed to build 

a regional reference station network called ASG-PL. In 2004, when the network started working, 

it included only 6 stations and was able to automatically calculate coordinates in postprocessing mode. 

It was the first step but authorities wanted to follow trends in Western Europe and in the USA where 

real time corrections were available for RTK measurements. After some tests on ASG-PL tender was 

released for Malopolska Precise Positioning System. System covers area 2 Voivodships, collects data 

from 11 stations and calculates DGNSS/RTK corrections for all kinds of navigation and positioning 

applications.  

Experience from these 2 systems and EUPOS requirements was the basis to prepare 

specification for tender for nation-wide reference station network. The national GNSS reference 

station project ASG-EUPOS was realized utilizing the resources of the European Regional 

Development Fund within the Sectoral Operational Programme “Improvement of the competitiveness 

of enterprises”. The contract for subsiding the project was signed on the 2nd of August 2005. Since that 

moment the Head Office of Geodesy and Cartography started to prepare documents and specifications 

for tender which was released in the middle of next year. In order to support the project, the General 

Surveyor of Poland established the Project Steering Committee and two consulting bodies: 

the Programme Council of the Project and the Team of Experts. On 2nd of January 2007 the contract 

for building ASG-EUPOS was signed between Head Office of Geodesy and Cartography 

and consortium Wasko S.A., Geotronics Polska Sp. z o.o., Trimble Europe BV. The realization has 

been divided into two parts. First part included delivery and installation of all necessary servers, 

reference station equipment and software for Management Centers for supplying with all services 

of ASG-EUPOS. Second part was delivery and training for 65 RTK Rovers with additional field 

equipment. 

To keep control over the realization the agenda of the project was prepared and all tasks was 

put together in stages: 



Part 1- Stage 1 – the delivery of 30 sets of GPS receivers with equipment and software for reference 

stations, the delivery of servers, computer and telecommunication equipment, system and 

application software for Management Centers,  

Part 1 Stage 2 – the delivery of 40 sets of GPS receivers and 8 sets of GPS/GLONASS receivers with 

the equipment and software for the reference station, mounting of reference stations in 75 

locations, delivery and installation of supplementary equipment, installation of servers, IT 

equipment, system and application software in Management Centers, connecting all the system 

elements and training of the personnel operating the stations and positioning services,  

Part 1 Stage 3 – launching of real-time and automated postprocessing services, preparing 

the documentation for services, preparing the reference station installation documentation, and 

also training of the staff, 

Part 1 Stage 4 – connecting the foreign border stations to the National Management Centre, testing and 

authorization of the whole ASG-EUPOS system, 

Part 1 Stage 5 – administration of the system by the contactor, 

Part 1 Stage 6 – technical support for the system by the contractor, 

Part 2 Stage 1 – the delivery of 15 dual-frequency GPS rovers with equipment and software 

for RTK/DGPS field measurements, 

Part 2 Stage 2 – the delivery of 50 dual-frequency GPS rovers with equipment and software 

for RTK/DGPS field measurements, training of operating personnel was conducted. 

During one and half year with some delays all stages were completed. There were two biggest 

problems in establishing ASG-EUPOS. First problem was to verify and sign agreement with owners 

of facilities where reference stations were built. Second problem was to build telecommunication links 

between reference stations and Management Center. Finally 2nd of June 2008 the ASG-EUPOS system 

was opened to all users and since that day is fully operative. In first 2 months over 1600 users have 

registered in the system so it means that many surveyors awaited this kind of system. 

 
Fig. 1 Segments of ASG-EUPOS system 



 

ASG-EUPOS system components 

In the ASG-EUPOS system structure we can separate four basic segments (fig. 1): satellite, 

receiving, management and user segment. When all segments are working properly we can calculate 

position with high precision in real time or in postprocessing mode.  

System ASG-EUPOS is based on signals from GPS system. Additionally on some reference 

stations signals from GLONASS systems are tracked but in this moment these GLONASS 

observations are not included in real time network calculations. When Galileo will become fully 

functional and operable, it is planned to either add its functionalities to the ASG-EUPOS system 

or replace GPS and GLONASS with Galileo. This segment is completely independent from ASG-

EUPOS and  Head Office of Geodesy and Cartography is not involved in any satellite systems and has 

no influence on the possibilities of using it. 

 

Receiving segment 

The receiving segment (ground control segment) consists of a network of GNSS reference 

stations located evenly on the whole territory of Poland. Regarding EUPOS standards and project 

of the ASG-EUPOS system distances between neighbouring reference stations should be 70 km what 

gives number of stations around 100 (Fig. 4). The stations are located mainly on roofs of public 

institutions’ buildings. Antenna locations were chosen in a way to ensure the best possible observation 

conditions along with the possibility to locate a 19-inch rack with GNSS receiver and 

a communication module in short distance to the antenna (generally length of antenna cable should not 

exceed 30 m).  

    
Fig. 2. GPS reference station LOMZ  Fig.3 GPS/GLONASS reference station BPDL 

Two sets of new GNSS reference stations have been established during the project. 68 GPS 

stations (an example of LOMZ station’s mounting and equipment is shown on fig. 2) consist of: 

- Trimble Zephyr Geodetic I antenna (TRM41249.00 TZGD), 

- Trimble NetRS GPS receiver, 

- UPS system PowerWare 9125 2000i, 



- communication module: Juniper Networks NetScreen-5GT ADSL, D-Link DES-1016D 

switch, RS-232/TCPIP Moxa NPort 5110 converter. 

Another 8 GPS/GLONASS reference stations (an example of BPDL station’s mounting and equipment 

is shown on fig. 3) consist of: 

- Trimble Zephyr Geodetic II antenna (TRM55971.00 TZGD), 

- Trimble NetR5 GPS/GLONASS receiver, 

- UPS system PowerWare 9125 3000i, 

- communication module: Juniper Networks NetScreen-5GT ADSL, D-Link DES-1016D 

switch, RS-232/TCPIP Moxa NPort 5110 converter. 

To achieve better coverage of reference stations 22 existing stations were included to the network. 

Those stations are managed by local authorities or scientific institutions. Following EUPOS 

requirements all EPN and IGS reference stations are sending data to Management Center and 

are included to network calculations.  

 
Fig. 4. Reference stations included in ASG-EUPOS. 

Since the beginning it was planned to cooperate with foreign countries according to rules 

of EUPOS organization. At one of the latest stages of project realization, details of cross-border data 

exchange were agreed with authorities managing reference station networks in each country. Finally 



3 reference stations from Lithuania (LITPOS), 4 stations from Germany (SAPOS), 5 stations from 

Czech Republic (CZEPOS) and 6 stations from Slovakia (SKPOS) were added. When stations from 

other countries will be built and will help to fill the coverage of ASG-EUPOS, they would also 

be included. 

All new stations are connected with Management Center with very stable and reliable links 

based on IP VPN technology. Because on each new station communication equipment is very secure 

and identical, it was possible to connect all stations in one Intranet network. Some existing stations 

owned by Head Office of Geodesy and Cartography also were included in similar way with IP VPN 

link and the rest of existing stations are connected by public Internet.  

 

Management segment 

Third segment is responsible for managing all settings in ASG-EUPOS system, permanent 

control over system and uninterrupted provision of services to the users. For security reasons and 

in order to have full redundancy Management Center is divided in two locations in Warsaw and 

in Katowice. Each center is continuously running and calculating all necessary data, so in case 

of failure of the active Center it is possible to switch all services to the second one. Users don’t know 

which center is actually active and even if services will be switched they wouldn’t recognize 

the change because rover settings in both cases are  the same. In Management Centers Trimble 

Infrastructure Software is installed and its functionalities are splitted into different servers to have 

the best possible performance of the system. Different computers are responsible for communication 

with reference stations, calculation of real-time network corrections, data storage and postprocessing 

calculations. Servers are checking each other and alarms in case of data loss between servers 

are triggered. Separately from ASG-EUPOS system services an additional functionality is prepared for 

control of stability of reference stations as a reference frame for the whole country. Based on Bernese 

GPS Software v. 5.0  and additional scripts this software is able to calculate in postprocessing mode 

long term observations to achieve high accuracy positions of each station. When movement of GNSS 

antenna is detected administrators of ASG-EUPOS are able to exclude reference station from network 

or correct coordinates in the system. 

Data streams with GNSS observations from each reference station come to both centers with 

IP VPN links and there is no possibility for users to download data directly from receiver. Software 

in the Management Center continuously analyzes the streams from stations and only if it is correct 

further servers are using it for calculations. If something is wrong alarm modules are sending 

messages to administrators with description of failure. 

 

Users and services 

User segment of ASG-EUPOS collects people with big experience and also quite fresh 

in using GNSS. In all branches where navigation or positioning could be helpful there is place 



for working with ASG-EUPOS. Each user can find service sufficient for his purposes and equipment. 

Generally ASG-EUPOS services can be divided in two groups: real time services and postprocessing 

services. When we consider real time services we have three services dependent on reached accuracy: 

NAWGEO – the most accurate service where user has to use dual-frequency GPS RTK 

receiver and where is able to reach accuracy of 3 cm in horizontal position, 

KODGIS – medium accurate service for DGPS applications where user with single frequency 

DGPS receiver is able to reach 25cm in horizontal position, 

NAWGIS – service for code receivers where accuracy is up to 3m. 

In postprocessing group we can choose from 2 services: 

POZGEO- automated coordinates calculation from static GPS observations, 

POZGEO D –downloading observation files from requested reference station and time period. 

All data generated by ASG-EUPOS system are compatible with standards in GNSS technology. In real 

time services corrections are derived in format approved by Radio Technical Commission 

for Maritime (RTCM S.C 104) and in postprocessing services only RINEX format is acceptable. 

Real time services are available on the whole territory of Poland where user is able to connect directly 

to the Internet, or via GPRS/HSDPA. All services require authentication in NTRIP protocol approved 

by RTCM Organization.  After registration via web page user is receiving username and the password. 

Corrections from ASG-EUPOS are available on specified TCP/IP address and port where before 

receiving data is necessary to send username and password. When system recognizes the user, it will 

enable requested corrections. In case of network corrections with username and password receiver 

must sent approximate position in NMEA format to calculate corrections valid for this area. 

For less accurate service NAWGIS system is generating broadcast corrections, because most of low 

end receivers don’t have option to send NMEA position. In NAWGIS it is only necessary to have 

modem with possibility to send username and password in NTRIP protocol. 

For GIS purposes most valuable are services NAWGIS and KODGIS where user can user cheaper 

single frequency GNSS receivers.  
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Abstract 

Few years ago Head Office of Geodesy and Cartography had noticed that many surveying 

tasks and problems with coordinate system can be solved by GNSS measurements and permanent 

reference station network. Decision was taken to build such a system for the whole territory of Poland. 

First step was to test present equipment possibilities on small object to choose the best solution for this 

system In this way ASG-PL was built – a pilot reference station network. Later universities and other 

scientific organizations helped to prepare project of reference station network for whole Poland with 

experience from ASG-PL and foreign systems taking part in EUPOS organization. At the beginning 

of 2007 a contract was signed for establishing reference stations network including installation of 75 

reference stations, two Management Centers and supplying it with servers and software and additional 

delivery of 65 GPS rovers. Since 2nd of June 2008 system ASG-EUPOS is fully operational and many 

users are working with it in navigation and positioning. In structure of the ASG-EUPOS system we 

can find 4 segments described in this paper which have to cooperate to reach good results in GNSS 

measurements.  

This paper presents main features of the ASG-EUPOS system as well as the process of 

establishment, which may help to develop similar systems in the future. Some technical details were 

presented to show the data flow in the whole system and what kind of equipment is used. At the end 

shortly services available in the system and some requirements which must be filled to work with the 

ASG-EUPOS system are described. 

 

Streszczenie 

Kilka lat temu Główny Urząd Geodezji i Kartografii zauważył, że wiele zadań z dziedziny 

geodezji oraz problemów związanych z układem odniesienia może być rozwiązanych za pomocą 

pomiarów GNSS oraz permanentnej sieci stacji referencyjnych. Została podjęta decyzja, że należy 

zbudować tego typu system dla całej Polski. Pierwszym krokiem było przetestowanie aktualnych 

możliwości sprzętowych w celu znalezienia najlepszego rozwiązania dla tego systemu. W ten sposób 



powstał system ASG-PL – pilotażowa sieć stacji referencyjnych. Później środowisko akademickie 

oraz inne organizacje naukowe pomogły przygotować projekt sieci stacji referencyjnych dla całego 

terytorium Polski bazując na doświadczeniach sieci ASG-PL oraz innych systemów zrzeszonych 

w organizacji EUPOS. Na początku 2007 roku została podpisana umowa na założenie sieci stacji 

referencyjnych obejmująca instalację 75 stacji referencyjnych, 2 Centrów Zarządzania i wyposażenia 

ich w serwery i oprogramowanie oraz na dostawę 65 odbiorników mobilnych GPS RTK. Od 

2 czerwca 2008 roku system jest w pełni operacyjny i wielu użytkowników wykorzystuje go do 

nawigacji i wyznaczania współrzędnych. W strukturze systemu ASG-EUPOS znajdziemy 4 segmenty 

opisane w tym artykule, które muszą współpracować żeby osiągnąć dobre wyniki w pomiarach GNSS. 

Dokument opisuje główne cechy systemu ASG-EUPOS jak również proces realizacji, co może 

być pomocne w tworzeniu podobnych systemów w przyszłości. Przedstawiono wybrane szczegóły 

techniczne w celu zaprezentowania zastosowanego sprzętu oraz organizacji pracy w systemie. 

Skrótowo opisano także serwisy dostępne w systemie oraz wymagania jakie muszą zostać spełnione 

aby współpracować z systemem ASG-EUPOS. 
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