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PREFACE 

With the development of Galileo, a European Global Navigation Satellite System (GNSS), 

the European GNSS Supervisory Authority (GSA) aims to move Europe forward in the 

location based technology and stimulate innovation and new business. In order to examine 

potential uses and to prepare likely users for applications using the Galileo infrastructure 

and services, the GSA has initiated projects addressing various user communities. 

This report has been prepared in the frame of the FieldFact project. The aim of FieldFact is 

the introduction and promotion of GNSS within the agricultural user community. The 

project is managed by the GSA and funded under the 6th Framework Programme. There 

are six consortium partners participating in the project - Alterra, Vexcel and PPO from the 

Netherlands, University of Warmia and Mazury (UWM) from Poland, Ekotoxa from the 

Czech Republic and the European Commission’s Joint Research Centre. 

The subject of this report is the review and technical specifications of existing GNSS 

systems, signals, receivers that will be used in demonstrators prepared in the frame of 

FieldFact project. The results of this activity will find its way in demonstrations, 

publications, training and other activities in the project aimed at promoting satellite 

navigation – and Galileo in particular in the agricultural sector. 
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EXECUTIVE SUMMARY  

 
The subject of this report is the review and technical specifications of existing GNSS 

systems, signals, receivers that will be used in demonstrators prepared in the frame of 

FieldFact project. Since at the time of writing, the GPS system is the only fully operational, 

the report is mainly focused on this system, giving examples of formats and receivers 

widely used today by numerous users. Nevertheless characteristics of systems being still 

under construction – Galileo, GLONASS – are also given. 

In the paragraph 2 of the report, basic characteristics of currently existing and future 

satellite navigation systems are given. The idea and structure of satellite navigation 

system as well as structure of signals transmitted and idea of satellite measurement is 

discussed. Paragraph 3 and 4 gives basic information on satellite and ground 

augmentation systems and formats of corrections used for satellite positioning and 

navigation. In paragraph 5 the most popular, universal formats of data exchange are 

presented to the reader. The overview of the structure of GNSS receiver and some 

examples of existing GPS receivers is given in paragraph 6. The report is completed with 

conclusion. 
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1. Introduction 

1.1 Purpose and scope 

This report  “TECHNICAL SPECIFICATIONS FOR GNSS USE IN DEMONSTRAT ORS – 

DRAFT REPORT” refers to the Statement-of-Work of call 2412 and in particular to ACT-1, 

and OBJ-10. According to the SoW the “TECHNICAL SPECIFICATIONS FOR GNSS USE 

IN DEMONSTRATORS – DRAFT REPORT” will provide user with the detailed review and 

technical specifications of existing and future GNSS systems, receivers and formats which 

are used in agriculture. 

1.2 Intended audience / Classification  

This document is intended for all project partners and WP participants. The document is 

not intended for use outside the project, it is therefore classified as a restricted document.  

1.3 Associated documentation 

The following inputs were used as a source of information for preparation of the application 

test bed:  

- FieldFact Proposal. Technical Tender. Version 1.0.1. 20/07/2006. FieldFact 

consortium; 

- FieldFact Proposal. Financial, Management and Administrative Tender. Version 1.0.1. 

20/07/2006. FieldFact consortium; 

- Methods and Procedures for Testing of GNSS Equipment / Receivers - Techniques of 

measurements and training of operators. Ref.: FIELDFACT-WP5-UWM-DEL-5.1, 

Version 1.0; 

- Application Test Bed. Ref.: FIELDFACT-WP5-UWM-DEL-5.2, Version 2.0. 
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1.4 Reference Documentation 

Besides the associated documentation mentioned in the previous paragraph the following 

documentation was used as a main source of information  for preparation of the Technical 

Specifications For GNSS Use In Demonstrators:  

1. GALILEO, GLONASS And NAVSTAR - A Report on GPS for GIS People, 

http://www.integralgis.com/pdf/GALILEO.pdf   

2. Global Positioning System Standard Positioning Service Performance Standard, 

(2001), Assistant Secretary Of Defense, Washington D.C.  

3. Hofmann-Wellenhof B., Lichtenegger H., Collins J., (1997), Global Positioning System, 

Theory and Practice, Springer-Verlag, Wien New York 

4. Leick, A., (1995), Satellite Surveying, John Wiley & Son, New York.  

5. Misra P., Enge P., (2001), Global Positioning System – Signals, Measurements, and 

Performance, Ganga - Jamuna Press, Lincoln, Massachusetts, USA  

 

Other references are listed in the section “References” at the end of the report. 

1.5 Abbreviations and Acronyms 

AOR-W Atlantic Ocean Region-West 
ASQF Application Specific Qualification Facility 
CAP Common Agricultural Policy 
C/A Clear/Coarse Acquisition 
CF Card Compact Flesh Card 
CS Commercial Service 
DGPS  Differential Global Positioning System  
EC European Community 
EDGE Enhanced Data Rates for Global Evolution 
EGNOS European Geostationary Navigation Overlay Service 
EU European Union 
FDMA Frequency Division Multiple Access  
FOC Full Operational Capability 
GAGAN GPS and GEO Augmented Navigation 
GBAS Ground Based Augmentation System 
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GDOP Geometric Dilution of Precision 
GJU Galileo Joint Undertaking 
GLONASS GLObal Navigation Satellite System 
GNSS Global Navigation Satellite Systems 
GOC Galileo Operating Company 
GPRS General Packet Radio Service 
GPS Global Positioning System 
GRAS Ground-based Regional Augmentation System 
GSA GNSS Supervisory Authority 
GSM Global System for Mobile Communication 
GSTB Galileo System Test Bed 
GUS Ground Uplink Stations 
HP High Precision 
IACS Integrated Administration and Control System 
ICAO International Civil Aviation Organization 
IOV In-Orbit Validation  
ITU International Telecommunication Union  
LPIS Land Parcel Identification System 
MCC Master Control Centres 
MFSAT Multi-Functional Transport Satellite 
MSAS Multi-Functional Satellite Augmentation System 
NAS National Airspace System 
NAVSTAR NAVigation Signal Timing And Ranging 
NGA National Geospatial-Intelligence Agency 
NLES Navigation Land Earth Station 
NMEA National Marine Electronics Association 
OS Open Service  
PACF Performance Assessment system Checkout Facility 
PCMCIA Card Personal Computer Memory Card International Association 
PDA Personal Digital Assistant 
PDOP Position Dilution of Precision 
POR Pacific Ocean Region 
PRN Pseudo Random Noise 
PRS Public Regulated Service 
RDS Radio Data System 
RFMD US company - supplier of high-performance radio systems and 

solutions 
RIMS Ranging and Integrity Monitoring Stations 
RINEX Receiver Independent Exchange Format 
RMS Root Mean Square 
RTCM Radio Technical Commission for Maritime Services 
RTK Real Time Kinematics 
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SA Selective Availability 
SBAS Satellite Based Augmentation System 
SP Standard Precision 
SIS Signal-in-Space 
SoL Safety of Life Service 
SPS Standard Positioning Service 
SV Satellite Vehicle 
UMTS Universal Mobile Telecommunication System 
USB Universal Serial Bus (standard to interface devices) 
USNO United States Naval Observatory 
URE User Range Error 
UTC Coordinated Universal Time 
UTM Universal Transverse Mercator 
QZSS Quasi-Zenith Satellite System 
WAAS Wide Area Augmentation System 
WGS World Geodetic System 
WMS Wide-area Master Stations 
WRS Wide-area Reference Stations 
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2. Satellite Navigation Systems 
 
Satellite positioning/navigation systems affect global economy very substantially. The 

systems provide high accuracy positioning and navigation among many sectors, like 

transport, environment protection, oil and gas, emergency, agricultural and urban planning. 

The American GPS NAVSTAR (Global Positioning System – NAVigation Signal Timing 

And Ranging) system has been providing GPS services for over twenty years. The 

Russian GLONASS (GLObal Navigation Satellite System) satellite system is still under 

development. Another navigational system is proposed by a consortium in Europe. The 

Galileo system would be owned and operated by Europeans after 2012. 

 

The GLONASS satellite system and NAVSTAR GPS systems started first operation in the 

early 1980’s. Both systems were designed to allow for accurate navigation and positioning. 

Each of these systems requires a minimum of 24 satellites. The NAVSTAR system 

operates in 6 orbital planes while GLONASS operates in 3 orbital planes. GPS was 

originally intended for military applications, but in the 1980, the US government made the 

system available for civilian use. 

These systems were not declared fully operational until the mid 1990’s. 

 

The Galileo system is being proposed for technical, economic and sovereignty reasons 

which can have an influence for European scientists and civilian users and those 

interested in high quality positioning and navigation worldwide. Galileo is designed to 

integrate both NAVSTAR and GLONASS to become a composed GNSS (Global 

Navigation Satellite Systems) solution – or operate independently. There would be 30 

satellites in the Galileo constellation. In total combination, almost 80 satellites combining 

the 3 GNSS systems would be available to be tracked using a combined GNSS receiver. 

Also better coverage of northern European areas will be possible, because the angle of 

inclination for satellites with respect to the equator will be higher - GPS does not have 
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satisfying coverage of the satellites near the poles at the moment. Besides Galileo would 

allow European providers closer control over positioning services and be more 

independent of military needs. This system is being proposed by the 15 EU member states 

and the European Space Agency, which is a consortium of numerous companies involved 

in geo-science and scientific study for the European region. Perhaps one of the strongest 

reasons for establishing Galileo is that it becomes truly an international platform, operated 

from a civilian standpoint – not a military one. 

2.1 NAVSTAR GPS 

 

The Global Positioning System (GPS) is the only fully operational Global Navigation 

Satellite System (GNSS). Using a standard constellation of nominal 24 medium Earth orbit 

satellites transmitting precise signals, the system enables a GPS receiver to determine its 

location, velocity and time. GPS works in any weather conditions, anywhere in the world, 

24 hours a day. 

 

 

2.1.1 The system segments and signal characteristic s 

 

The GPS system is composed of three segments, whose purpose is to provide an 

accurate and continuous positioning and time service. These three segments are: the 

Space Segment, Control Segment, and User Segment. The GPS space segment consists 

nominally of a constellation of 24 operational satellites. Currently (Sep 2007), together with 

spare satellite,  there are 31 operational satellites of Block IIA, Block IIR and Block IIR-M.  

 

The Block II satellites are designed to provide reliable service over at least 7 year life, 

depending on the production version and some other features. The Block II satellite  

(Figure 2.1) requires minimal interaction with the ground and allows to be conducted with 

no interruption to the signal broadcast with few maintenance activities. 
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The GPS Control Segment is comprised of four major components: Master Control 

Station, Backup Master Control Station, four ground antennas, and five monitor stations. 

During August and September 2005, six more monitor stations of the NGA (National 

Geospatial-Intelligence Agency) were added to the grid. In the beginning of 2006 another 

six NGA station were added. Now, every satellite can be seen from at least three monitor 

stations. This allows calculation of more precise orbits and ephemeris data. For the end 

user, a better position precision can be expected from this. This improves integrity 

monitoring of the satellites and thus the whole system. 

 

GPS system operates with usage of fixed parameters for mathematical shape of the Earth 

determination. The set of those parameters is named The World Geodetic System 1984 

(WGS84) and describes geometrical parameters of best fitted ellipsoid. 

 

Table 2.1    WGS-84 geometrical parameters for GPS 

 
Parameter Value 

Semi-major axis 6378137 m 

Inverse flattening 1/298.257223563 

Semi-minor axis 6356752.314 m 

First eccentricity squared 0.00669438 

 

 

Each GPS satellite (Figure 2.1) continuously broadcasts a Navigation Message including 

precise time, an almanac and ephemeris data. Almanac consists of coarse orbits and 

status information for all satellites in the constellation. The almanac helps in finding the 

other satellites, while an ephemerid for each satellite is needed to compute the position fix. 

The ephemerid gives particular satellite's precise orbit and it takes 30 seconds (with the 

transmission speed of 50 bps (bits per second)) to transmit data for single SV (Satellite 

Vehicle). The ephemeris is updated every 2 hours and is valid for about 4 hours. Complete 
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navigation message transmission takes 12.5 minutes, and is responsible for the initial 

acquisition process when a receiver is turned on. The time needed to acquire current 

Navigation message is a key element of the delay to first position fix when a receiver is 

switched on. The Navigation Message includes data required to support the position 

determination process. The data include information required to determine the following: 

�  Satellite time-of-transmission 

�  Satellite position 

�  Satellite health 

�  Satellite clock correction 

�  Propagation delay effects 

�  Time transfer to UTC (Coordinated Universal Time) 

�  Constellation status 

 

Figure 2.1  NAVSTAR GPS Satellite 

 

Navigation message is based on the data periodically uploaded from the Control Segment 

and added to a 1.023 MHz Pseudo Random Noise (PRN) modulated with a code 

sequence. Then, the spread spectrum ranging signal is broadcasted to the user 

community. 
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The GPS is a positioning and timing service based on different signal types. Each satellite 

transmits its navigation message and at least two different spectrum codes: C/A code 

(coarse acquisition) and P code (precise). The L1 signal, transmitted by all GPS satellites, 

includes a Coarse/Acquisition (C/A) code and a navigation data message. The L1 signal 

also contains a Precision P-code that was encrypted and reserved for military and 

authorized applications. Each satellite has its own 1.023 MHz C/A PRN (Pseudo Random 

Noise) code, so that it can be uniquely identified and received separately from the other 

satellites transmitting on the same frequency. The P-code is a 10.23 MHz PRN code that 

repeats only every week. The codes are used to identify the satellites and directly to 

determine the pseudoranges. The GPS satellite also transmits a second ranging signal 

known as L2 that supports standard L1 frequency.  

2.1.2 Modulation of the carrier signals 

Pseudo Randum Numbers (PRNs) 

The satellites are identified by the receiver by means of PRN-numbers. Real GPS 

satellites are numbered from 1 – 32. To WAAS/EGNOS satellites and other pseudolites 

higher numbers are assigned. These PRN-numbers of the satellites appear on the satellite 

view screens of many GPS receivers. For simplification of the satellite network 32 different 

PRN-numbers are available, although only 24 satellites were necessary and planned in the 

beginning. For a couple of years, now more than 24 satellites are active, which optimizes 

the availability, reliability and accuracy of the network. 

  

The mentioned PRN-codes are of pseudo random noise type. If the codes were actually 

random, 21023 possibilities would exist. Of these many codes only few are suitable for the 

auto correlation or cross correlation which is necessary for the measurement of the signal 

propagation time. The 37 suitable codes are referred to as GOLD-codes (names after a 

mathematician). For these GOLD-codes the correlation among each other is particularly 

weak, making an unequivocal identification possible. 
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C/A and P-Code 

The carrier phases are modulated by three different binary codes: first there is the C/A 

code (coarse acquisition). This code is a 1023 “chip” long code, being transmitted with a 

frequency of 1.023 MHz. A “chip” is the same as a “bit”, and is described by the numbers 

“one” or “zero”. The name “chip” is used instead of “bit” because no information is carried 

by the signal. By this code the carrier signals are modulated and the bandwidth of the main 

frequency band is spread from 2 MHz to 20 MHz (spread spectrum). Thus the interference 

liability is reduced. The C/A code is a pseudo random code (PRN) which looks like a 

random code but is clearly defined for each satellite. It is repeated every 1023 bits or every 

millisecond. Therefore each second 1023000 chips are generated. Taking into account the 

speed of light the length of one chip can be calculated to be about 300 m. The C/A code is 

the base for all civil GPS receivers.  

The P code (precise) modulates the L1 as well as the L2 carrier frequency and is a very 

long 10.23 MHz pseudo random code. The code would be 266 days long, but it is split into 

only 7 days parts which are used by individual satellites. For protection against interfering 

signals transmitted by a possible enemy, the P-code can be encrypted. During this anti-

spoofing (AS) mode the P-code is encrypted in a Y-code. The encrypted code needs a 

special AS-module for each receiving channel and is only accessible for authorized 

personnel in possession of a special key. The P- and Y-code are the base for the precise 

(military) position determination. Since January 31, 1994 the AS-system is operating 

continuously and the P-code is only transmitted as Y-code. 

 

Frequency L2, like L1, is a spread spectrum signal. In detail, the frequencies used by GPS 

include: 

�  L1 (1575.42 MHz) - is used to transmit: Navigation Message, coarse-acquisition 

(C/A) code and precision P code. 

�  L2 (1227.60 MHz): is used to transmit: Navigation Message, P code, L2C code on 

the Block IIR-M and newer satellites. 

�  L5 (1176.45 MHz): Proposed for use as a civilian safety-of-life (SoL) signal. This 

frequency falls into an internationally protected range for aeronautical navigation, 
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promising little or no interference under all circumstances. The first Block IIF 

satellite that would provide L5 is set to be launched in 2008. 

 

2.1.3  Usage Assumptions for SPS (Standard Position ing Service) 

Operational standards of SPS performance (Figure 2.2) do not take into consideration any 

error source that is not under control of GPS constellation operations, such as: 

�  Ionosphere single-frequency model error 

�  Troposphere model error 

�  Signal receiving interference 

�  Receiver thermal noise 

�  Multipath 

 

Figure 2.2  Block IIA Standard Positioning Service - ranging signal generation and 
transmission 
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These assumptions are basic for deriving SPS operational performance standards. 

Whenever a receiver is discussed without specifying type of the user, the standards apply 

to representative receivers for different types of users. Assuming that the receiver is 

tracking all satellites above a 5° mask angle with respect to the local horizon, one may say 

that the receiver is operating in a nominal noise environment that does not interrupt 

receiver acquisition and tracking capabilities. Additionally, we have to be sure that the 

receiver: 

 

�  determine satellite position and geometric range computations in the most current 

realization of the World Geodetic System 1984 (WGS 84) 

�  receives a position and time solution from data broadcast by all satellites in view 

�  compensates for dynamic Doppler shift effects on nominal SPS ranging signal 

carrier phase and C/A code measurements 

�  reads the health field and status bits in the navigation message and excludes 

unhealthy satellites from the position solution 

�  ensures the use of up-to-date and internally consistent ephemeris and clock data 

for all satellites used in the position solution 

�  loses track in the event when GPS satellite stops transmitting C/A code 

 

2.1.4  Performance standards 

SPS performance standards for GPS operations are based on signal-in-space 

performance. The U.S. Government is obliged to operating GPS in accordance with these 

standards. Performance standards are established using the following definitions: 

 

�  Service Volume: The spatial volume supported by SPS performance standards. 

Specifically, the SPS Performance Standard supports the terrestrial service volume. 
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�  Availability of Position Dilution of Precision (PDOP): The percentage of time over a 

specified time interval that the Position Dilution of Precision (PDOP) is less than or 

equal to a specified value. 

 

�  SPS SIS (Signal-in-Space) User Range Error (URE) Statistic: 

 

A satellite SPS SIS URE statistic is defined to be the Root Mean Square (RMS) 

difference between SPS ranging signal measurements (neglecting user clock bias and 

errors due to propagation environment and receiver), and true ranges between the 

satellite and the receiver placed within the service volume over a specified time 

interval. 

 

A constellation SPS SIS URE statistic is the average of all satellite SPS SIS URE 

statistics over a specified time interval. 

 

�  Service Reliability: The percentage of time over a specified time interval that the 

instantaneous SIS SPS URE is maintained within reliability threshold at any given 

point within the service volume, for all healthy GPS satellites. 

 

�  Service Availability: The percentage of time over a specified time interval that the 

predicted position accuracy is less than a specified value for any point within the 

service volume. 

 

�  Positioning Accuracy: The statistical difference between position measurements 

and a surveyed benchmark for any point within the service volume over a specified 

time interval. 

 

�  Time Transfer Accuracy Relative to UTC (USNO - United States Naval 

Observatory): The difference at a specified probability between user UTC time 
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estimates and UTC (USNO) at any point within the service volume over a specified 

time interval. 

 

2.2 GLONASS 

 
2.2.1 System, satellites and the signal 

 

A fully functional GLONASS constellation consists of 24 satellites, with 21 operating and 

three on-orbit spares. The three orbital planes' ascending nodes are separated by 120°. 

Each plane contains 8 equally spaced satellites. The orbits are almost circular, with an 

inclination of about 64.8°, and orbit the Earth at an altitude of 19100 km, which gives 

orbital period of approximately 11 hours and 15 minutes. The sets of 8 satellites are 

phase-shifted by angle of 15 degrees , which results in the satellites crossing the equator 

one at a time, instead of three at once. Such an orbital configuration enables continuous 

and global coverage of the Earth’s surface and near-Earth airspace, as well as an optimal 

spatial location of the satellites that increases position accuracy. Assuming that the 

GLONASS is fully operated, a minimum of five satellites are in view from any given point at 

any given time. Each satellite is identified by a number, which defines the corresponding 

orbital plane and the location within the plane; numbers 1-8 are in plane one, 9-16 are in 

plane two, and 17-24 are in plane three. 

 

GLONASS satellites (Figure 2.3) broadcast two types of signal: a standard precision (SP) 

signal and a high precision (HP) signal. All satellites broadcast the same SP signal, 

however each transmits on a different frequency using a 25-channel Frequency Division 

Multiple Access (FDMA) technique spanning from 1602.5625 MHz to 1615.5 MHz. The 

expression to derive the exact center frequency on L1 is: 

1602 MHz + n × 0.5625 MHz 

 
where n is a satellite's frequency channel number (n=0,1,2,...24). 
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The HP signals use the same FDMA technique for transmitting in the L2 band between 

1240 MHz and 1260 MHz, with the center frequency determined by the expression: 

 
1246 MHz + n × 0.4375 MHz 

 

 

 

 

Figure 2.3   GLONASS Satellites 

 

Currently of best efficiency, the SP signal offers horizontal positioning accuracy within 57-

70 meters, vertical positioning within 70 meters, velocity vector measuring within 15 cm/s, 

and timing within 1 µs, all based on measurements from four satellites simultaneously. 
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The more accurate HP signal is available for authorized users, such as the Russian 

Military. HP signal will become available for civilian use in 2007. An additional civil 

reference signal on L2 frequency is to be added with the next generation of satellites to 

significantly increase the accuracy of navigation available on civil signals. 

 

GLONASS uses a coordinate system named "PZ-90", in which the precise location of the 

North Pole is given as an average of its position from 1900 to 1905. This is the opposite to 

the GPS's coordinate system (WGS-84) which uses the location of the North Pole at its 

location in 1984. 

 

Table  2.2   Ellipsoidal and physical parameters of Earth assumed in GLONASS 

 
Parameter Value 

Semi-major axis 6378136 m 

Inverse flattening 1/298.257 

Gravitational constant 3.9860044·109 m3·s-2 

Angular velocity 7292115·10-6 rad·s-1 

 

 

 

The GLONASS system is composed of four main elements: 

 

�  orbital constellation of GLONASS satellites 

�  Ground Control Segment 

�  rocket-space complex 

�  users 

 

The operational orbit parameters are: 

 

�  altitude - 19100 km 
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�  inclination - 64.8 degrees 

�  period - 11 hours 15 minutes 

 

2.2.2  The Ground Control Segment 

 

The Ground Control Segment provides GLONASS satellite control. It is composed of the 

System Control Center (SCC) located in Moscow and several Telemetry, Tracking, and 

Control stations (TT&C) distributed throughout the Russian territory. GCS performs the 

following tasks: 

 

�  monitoring of the orbital constellation's normal operation 

�  continuous adjustment of satellite orbit parameters 

�  generation and uploading of time-tagged programs, control commands, and special 

information 

 

2.2.3  Federal Dedicated Program “Global Navigation  System” 

 

Approved by the Government of the Russian Federation in 20 August 2001 program has a 

duration from 2002 to 2011. The main tasks of the program are: 

 

�  successive development and effective use of GLONASS, applying advanced 

SatNav technology to provide State social and economy development and State 

security 

�  saving the leading role for Russia in SatNav by guaranteed service provision for 

Russian and international users. 

 

The main program tasks are: 

 

�  development and implementation of Space Segment and Ground Control 

infrastructure for GNSS 
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�  maintenance of the GLONASS constellation at the required level 

�  GLONASS geodetic system improvement 

�  fulfillment of International commitments of Russia in the field of satellite navigation, 

development of international cooperation, and participation in international projects 

�  development and manufacturing of competitive user equipment to be provided for 

the Russian and international markets 

�  establishing of geodetic network structure implementing an accurate geocentric 

reference coordinate system 

�  creation and development of a scientific, technical, and technological basis for 

further SatNav development 

 

2.2.4  Modernized navigation signal (to be develope d during the program from 2002 

to 2011) 

 

�  The frequency band is shifted to the left: L1 = (1598.0625 – 1605.375) ± 5,11 MHz, 

L2 = (1242.9375 – 1248.625) ± 5,11 MHz 

�  Output power is doubled on the frequency L2 

�  Previously reserved bytes are used for additional information, such as: 

- Divergence of GPS and GLONASS time scales 

- Navigation frame authenticity (validity) flag (transmitted every 4 seconds) 

- Indication of expected second correction of UTC time scale (8 weeks prior to 

correction); 

- Navigation data age. 

�  Filters are installed to reduce out-of-band emission in (1610.6 – 1613.8) MHz and 

(1660.0 - 1670.0) MHz frequency ranges down to the level specified in 

Recommendation 769 of the International Consulting Radio Committee 

�  On both frequencies L1 and L2, civil and special signals are transmitted that contain 

digital data and ranging codes for pseudorange measurements 
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2.3  Galileo 

 

2.3.1  Galileo satellites parameters 

 

�  30 spacecrafts  

�  orbital altitude: 23 222 km   

�  3 orbital planes, 56° inclination (9 operational s atellites and one active spare per 

orbital plane)  

�  satellite lifetime: >12 years  

�  satellite mass: 675 kg  

�  satellite body dimensions: 2.7 m x 1.2 m x 1.1 m  

�  span of solar arrays: 18.7 m  

�  power of solar arrays: 1500 W 

 

There will be four different navigation services available: 

 

�  The Open Service (OS) will be free to access. The OS signals will be broadcasted 

in two bands, at 1164–1214 MHz and at 1563–1591 MHz. Receivers will give an 

accuracy of <4 m horizontally and <8 m vertically if they use both OS bands. Using 

only a single band will give <15 m horizontally and <35 m vertically, comparable to 

what the GPS C/A code provides today. It is planned that most future receivers will 

process both the GPS C/A and the Galileo OS signals, for maximum coverage.  

�  The encrypted Commercial Service (CS) will be available for a fee and will give an 

accuracy of better than 1 m. The CS may also be augmented by ground stations to 

bring the accuracy better than 10 cm. CS signal will be broadcasted in three 

frequency bands: the two used for the OS signals and the frequency 1260–1300 

MHz.  

�  The encrypted Public Regulated Service (PRS) and Safety of Life Service (SoL) will 

both provide an accuracy comparable to the Open Service. Their main aim is 

robustness against jamming of the signal and the reliable detection of problems 
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within 10 seconds. Such services will be designed for security authorities (police, 

military, etc.) and safety-critical transport applications (air-traffic control, automated 

aircraft landing, etc.) 

�  In addition, the Galileo satellites (Figure 2.4)will detect and report signals from 

Cospas-Sarsat search-and-rescue beacons in the 406.0–406.1 MHz band, which 

makes them a part of the Global Maritime Distress Safety System. 

 

 

Figure 2.4 Galileo Satellite, source [http://www.esa.int] 

 

2.3.2  Galileo Ground Control System 

 

The proposed architecture of the Galileo system includes: 

 

�  Navigation System Control Centre,  

�  A network of stations monitoring Galileo satellite orbits and synchronization  

�  Several tracking, telemetry and command ground stations  
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The integrity monitoring ground stations may also be co-located with the main ground 

control system and with the remote ground control and satellite monitoring stations. The 

Galileo Navigation System Control Centre will gather the raw data from the ground stations 

that are monitoring the orbits of individual satellites and calculate the ephemeris and timing 

offset for particular satellites. The information will then be up-linked to the satellite and 

broadcasted as a part of the data message for the Galileo signal-in-space. Galileo System 

Time, is maintained by a Precision Timing Station, which consists of a number of high 

performance atomic clocks. 

 

2.3.3   Galileo satellite test beds 

 

In 2004 the Galileo System Test Bed Version 1 (GSTB-V1) project validated the on-ground 

algorithms for Orbit Determination and Time Synchronization (OD&TS). This project, 

conducted by ESA (European Space Agency) and European Satellite Navigation 

Industries, has provided fundamental knowledge to develop the mission segment of the 

Galileo. 

 

On 28 December 2005 the European Space Agency and the Galileo Joint Undertaking 

successfully launched the first Galileo satellite - GIOVE-A. Operation of GIOVE-A ensured 

that Galileo meets the frequency-filing allocation and reservation requirements for the 

International Telecommunication Union (ITU). GIOVE-B has a more advanced payload 

than GIOVE-A. After technical problems were encountered, GIOVE-B is now targeted for 

launch at the end of 2007. The GIOVE-A2 satellite will be ready for launch in the second 

half of 2008, to ensure continuous reservation of Galileo frequency use with the ITU. 

These test bed satellites will be followed by four In-Orbit Validation (IOV) Galileo satellites 

that will be much closer to the final Galileo satellite design. 

 

From mid-2006, the GIOVE Mission GIOVE-M segment is exploiting the GIOVE-A satellite 

to provide experimental results based on real data to be used for risk decreasing for the 
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IOV satellites that will take part in the testbeds. The GIOVE Mission will also provide 

experimental results based on GIOVE-B and GIOVE-A2 satellites. 

 

3. Satellite Based Augmentation Systems 

 

Augmentation of a Global Navigation Satellite System (GNSS) is a way to improving the 

navigation system's parameters, such as accuracy, reliability, and availability, through 

including of additional information into the calculation processes. There are many such 

systems available and they are generally named or described depending on how the 

GNSS unit receives the external information. Some systems transmit additional 

information about sources of error (such as clock drift, ephemeris, or ionospheric delay), 

others provide direct measurements of how much the signal was off in the past, while a 

third group provide information from different type of equipment to be integrated in the 

calculation process. 

 

3.1  Satellite Based Augmentation System design 

 

A Satellite Based Augmentation System (SBAS) is a system that supports wide-area 

positioning through the use of additional satellite-broadcast messages. Such systems are 

composed of multiple ground stations, located at points of known coordinates. The ground 

stations collect measurements of different environmental factors which may impact the 

signal received by the users. These measurements are sent as information messages to 

one or more geostationary satellites which broadcast corrections to the end users. 

 

SBAS implementations may vary widely, but general term SBAS refers to any satellite-

based augmentation system. The International Civil Aviation Organization (ICAO) rules 

oblige the SBAS to transmit specific message format on the frequency which matches the 

design of the United States' Wide Area Augmentation System (WAAS). 
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Various Implementations of SBAS around the world: 

 

�  The Wide Area Augmentation System (WAAS), operated by the United States 

Department of Defense.  

�  The European Geostationary Navigation Overlay Service (EGNOS), operated by 

the European Space Agency.  

�  The Multi-Functional Transport Satellite (MFSAT) system, operated by Japan.  

�  The StarFire navigation system, operated by John Deere.  

�  The Quasi-Zenith Satellite System (QZSS), proposed by Japan.  

�  The GPS and GEO Augmented Navigation (GAGAN) system, planned by India. 

 

3.2  Wide Area Augmentation System (WAAS) 

 

3.2.1 System description 

 

The system augments the Global Positioning System (GPS) to provide the additional 

accuracy, integrity, and availability necessary to enable users to rely on GPS within the 

WAAS coverage area. Before WAAS, the U.S. National Airspace System (NAS) did not 

have the ability to provide horizontal and vertical navigation for precision approaches for all 

territory, as ground-based systems are too expensive. 

 

A network of ground stations located throughout North America (Figure 3.1) monitor and 

measure the GPS signal. Measurements from the reference stations are routed to two 

master stations which generate and send the correction messages to geostationary 

satellites. These satellites broadcast the correction messages back to the Earth, where 

GPS units receiving WAAS signal apply the corrections to their computed GPS position. 
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Figure 3.1  WAAS - The Space Segment and Ground Segment, source: Wikipedia 

 

 

3.2.2  Accuracy 

 

The WAAS specification requires to give the position accuracy of 7.6 meters or better for 

both horizontal and vertical measurements, at least 95% of the time. Last measurements 

of the performance of the system have shown that it usually provides the accuracy better 

than 1.0 m horizontally and 1.5 m vertically, throughout most of the U.S. territory and large 

parts of Canada and Alaska. In general, may be assumed that WAAS enhances the 

position accuracy to one-meter level. 
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3.2.3  Integrity 

 

Integrity is the ability of a GNSS system to provide timely warnings when its signal is 

providing misleading data that create potential risk. The WAAS specification assumes 

detecting errors in the GPS or WAAS network and notifying users within 5.2 seconds. 

Certifying that WAAS is safe for flight requires proving that there is an extremely small 

probability that an error exceeding the threshold for accuracy will be undetected. It may be 

considered, that such possibility is equivalent to no more than 3 seconds of bad data per 

year. 

 

3.2.4  Availability 

 

Availability is the probability that a navigation system meets the accuracy and integrity 

requirements. Without the WAAS augmentation GPS could be unavailable for up to a total 

time of 4 days per year. The WAAS specification ensures availability of 99.999% 

throughout the service area. 

 

3.2 5 Ground Segment 

 

The Ground Segment consists of Wide-area Reference Stations (WRS). These precisely 

measured ground stations collect information on the GPS signals, and send the data to the 

two Wide-area Master Stations (WMS) using a terrestrial communications way. The 

reference stations also monitor the signal from the WAAS satellites and provide integrity 

information as well. There are 29 WRS's in November 2006: twenty in the contiguous 

United States, seven in Alaska, one in Hawaii and one in Puerto Rico. 

 

Using the data from the WRS stations, the WMSs generate two different sets of 

corrections: fast and slow. Fast corrections are for errors that are changing rapidly and 

concern the GPS satellites' instantaneous positions and clock errors. Slow corrections 
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include long-term ephemeric and clock error estimates, as well as ionospheric delay 

information. WAAS supplies ionospheric delay corrections for a number of points across 

the WAAS service area. When these corrections are generated, then WMSs send them to 

the two pairs of Ground Uplink Stations (GUS) which transmit them to the satellites, which 

broadcast it to the user. 

 

3.2.6  Space segment 

 

The space segment consists of geosynchronous communication satellites which broadcast 

the correction messages generated by the WMSs. Besides that satellites also broadcast 

the same type of range signal as normal GPS satellites and thus increase the number of 

satellites in this way. Currently, the Space segment consists of two satellites named 

Galaxy XV and Anik F1R, launched in late 2005. 

 

The original two WAAS satellites: Pacific Ocean Region (POR) and Atlantic Ocean 

Region-West (AOR-W) ceased their work on July 31, 2007. From August, 2007, Galaxy 

XV and Anik F1R are in an operational mode, however they are not yet full replacements. 

While new satellites transmit correction messages, their GPS-like signals are still being 

improved. Galaxy XV's ranging data is flagged as "Not Monitored" and Anik F1R's is 

flagged "Non Precision Approach." Both are expected to improve to "Precision Approach" 

in the second half of 2007. 

 

3.2 7  User Segment 

 

The User segment is the receiver, which uses the information broadcast from GPS 

satellites to determine its location and the current time, and receives the corrections from 

the Space segment of WAAS. The two types of corrections (fast and slow) are used in 

different ways. 
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The GPS receiver can immediately apply the fast type of correction, which includes the 

corrected satellite position and clock data, and determines its current location using normal 

GPS calculations. Since an approximate position fix is obtained the receiver begins to use 

the slow correction to improve the accuracy. The receiver computes location where the 

signal pierced the ionosphere and, if it has received an ionospheric delay value for that 

location, corrects for the error caused by the ionosphere. 

 

The slow data can be updated every minute. Ephemeris errors and ionosphere errors do 

not change such frequently, so they are only updated every two minutes and are 

considered valid for six minutes. 

 

3.3  European Geostationary Navigation Overlay Serv ice (EGNOS) 

 

3.3.1  System components 

 

The European Geostationary Navigation Overlay Service (EGNOS) is SBAS system under 

control of European Space Agency, the European Commission and EUROCONTROL. It is 

developed to supplement the GPS, GLONASS and Galileo systems by broadcasting 

messages on the reliability and accuracy of the signals. EGNOS signal is transmitted by 

three geostationary satellites: two Inmarsat-3 satellites: one over the eastern part of the 

Atlantic, the other over the Indian Ocean, and ESA Artemis satellite above Africa. The 

satellites do not have signal generators on board. A transponder transmits signals up-

linked to the satellites from the ground, where the signal processing takes place. The 

ground segment consists of (Figure 3.2). 

 

�  34 Ranging and Integrity Monitoring Stations (RIMS) 

�  4 Master Control Centres (MCC) 

�  6 up-link stations (NLES – Navigation Land Earth Station) 
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�  2 assisting systems: ASQF (Application Specific Qualification Facility) and PACF 

(Performance Assessment system Checkout Facility) 

 

 

Figure 3.2 EGNOS Ground Segment, source: Wikipedia 

 

The RIMS measure the position of each EGNOS satellite and compare accurate 

measurements of the positions of each GPS and GLONASS satellite with measurements 

obtained from the EGNOS satellites’ signals. The RIMS then send this data to the master 

control centres, via communications network.  

  

MCC determine the accuracy of GPS and GLONASS signals at each station and derive 

position inaccuracies due to disturbances in the ionosphere. All the correcting data is then 

arranged into a signal and sent via the communication link to the up-link stations, which 
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are spread across Europe. The up-link stations send the signal to three EGNOS satellites, 

which then transmit it for receiving by GPS and GLONASS receivers with an EGNOS 

option. 

 

EGNOS transmits an information on the reliability and accuracy of the positioning signals. 

It includes accurate information on the position of each GPS and GLONASS satellite, the 

accuracy of the atomic clocks on board the satellites and information on disturbances 

within the ionosphere. The EGNOS receiver de-codes the signal to have a more accurate 

position. 

 

EGNOS is now fully deployed and in pre-operational phase. The system will undergo 

certification for safety-of-life applications before becoming fully operational.   

 

3.3.2  Benefits of the system 

 

The system started its initial operations in July 2005. It shows outstanding performances in 

terms of accuracy (better than 2 metres) and availability (above 99%).  

 

The three satellites send out a ranging signal similar to those transmitted by the GPS and 

GLONASS satellites. These signals with another data serve for users to fix a position. 

They also provide information about the accuracy of position measurements delivered by 

GPS and GLONASS so that a pilot, for example, can assess whether the position is 

accurate enough to rely on. 

 

EGNOS provides the information needed to use navigational signals from GPS and 

GLONASS satellites for safety critical applications. It improves the accuracy of position 

measurements from about 20 metres to less than two metres, informs users of the errors 

in the position and warns of disruption to a satellite signal within six seconds. 
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4.  Ground Based Augmentation System 

 

4.1 Differential GPS 

 

Each of the terms: Ground Based Augmentation System (GBAS) and Ground-based 

Regional Augmentation System (GRAS) describes a system that supports augmentation 

through the use of terrestrial radio messages. GBAS are usually composed of one or more 

accurately surveyed ground stations, which collect measurements concerning the  

GNSS, and one or more radio transmitters, which transmit the correction to the end user - 

Figure 4.1. 

 

Differential Global Positioning System (DGPS) is an enhancement to Global Positioning 

System that uses a network of fixed ground based reference stations to broadcast the 

difference between the positions indicated by the satellite systems and the known, 

precisely  measured positions. Such stations compute and broadcast the difference 

between the measured satellite pseudoranges and actual (internally computed) 

pseudoranges, and the moving receiver may correct its pseudorange by the same amount. 

 

DGPS is based on the correlation of the positioning errors of two near points. The basic 

principle of the most used method of differential GPS is correcting the pseudorange 

measurements of user's GPS receiver. The corrections are generated by reference station, 

which is GPS receiver whose antenna is placed at point with known coordinates. The 

reference station computes its GPS position and compares it with its known, adjusted 

position. The differences between measured pseudoranges and values, which should be 

measured if no positioning error happens, are transmitted to user's GPS receiver and are 

involved into its position computation. The precision of differential position determination 

depends on a distance between the reference station and the user's receiver. The 

precision also depends on the age of corrections. 
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Figure 4.1  The DGPS positioning system chart, source: http://radio.feld.cvut.cz 

 

4.2  Differential Corrections  

 

DGPS corrections may be transferred using different formats, depending on the 

information transferred and on the requested precision. There are several standard 

formats and each of them is intended for different field of applications. Typical example of 

widespread format is  RTCM SC-104 (Radio Technical Commission for Maritime Services, 
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Special Committee No. 104). The RTCM SC-104, originally developed for nautical 

applications, is a typical format for real time, code DGPS measurement.  

 

DGPS corrections must be sent to the user's GPS receiver. A radio data channel is used in 

almost any case. Possible radio data channel is a channel using existing RDS (Radio Data 

System) service of FM transmitters. 

 

 

4.3 RTCM SC-104  

 

The RTCM SC-104 (Radio Technical Commission for Maritime Services, Special 

Committee No. 104) standard supports very high accuracy navigation and positioning 

through a broadcast from a reference station to a group of mobile GNSS receivers. The 

broadcast contains data that augment the information obtained from the GNSS satellites, 

improving the accuracy from a few meters to as little as a few centimeters (RTK) or 

decimeters (DGPS). For conventional differential operation, the data include pseudorange 

corrections that mitigate the effects of ionosphere, troposphere, and inaccuracies in the 

satellite ephemeris data. For higher accuracy real-time kinematic (RTK) operations, the 

data elements are code and carrier-phase observables that support double-differencing 

algorithms in the mobile units. Ancillary data that support these techniques and facilitate 

ease of usage are also broadcast. The broadcast data consists of a selected subset of the 

message types that have been widely used for DGPS services. All real-time positioning is 

done by transmitting RTCM-format messages or proprietary binary messages.  

The use of corrections in RTCM format is especially important for high-end demonstrator, 

where centimeter accuracy is required. For low-end demonstrator the use of RTCM 

corrections is not planned but possible to implement, giving higher accuracy and integrity 

of position determination. Especially part of LPIS update implemented in low-end 

demonstrator would gain while using corrections. 
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Initially the RTCM Version 2 standard was developed with marine DGPS as the target 

application (1984). Not until the beginning of the 1990s did RTK surveying applications 

come into focus for RTCM. The committee drafted new RTK messages based on the 

proven DGPS messages. Although the DGPS messages only contain corrections, the RTK 

messages also allow transmission of raw observables from the satellite signals.  

The RTCM SC104 version 2.3 standard (the most recent version) inherited the legacy of 

the somewhat bulky data structure from previous versions. Despite this however, this 

version is well tested, and the raw observation messages and the correction messages for 

differential phase and pseudorange information are supported by a wide range of GPS 

surveying equipment. In the mid-1990s the desire for shorter, more compact messages 

than the ones denned in version 2 arose and some manufacturers started to establish 

proprietary message structures for RTK operation. One of the motivations for developing 

these proprietary messages was to overcome the throughput limitation of the data links 

typically used in RTK surveying.  

Version 3.0 has been developed with compactness of the messages in mind. The new 

standard avoids inadequate arrangements of the bit structure and ambiguities, while 

improving data integrity by use of a three-byte redundancy check instead of the one-byte 

check of Version 2. With Version 3.x, operators in the field using receivers from a specific 

manufacturer are able to operate confidently with DGPS services based on another 

manufacturer's equipment. Major incompatibilities do not exist as in the past. With the 

current RTCM SC104 Version 3.1 document, an interoperable definition for network RTK 

operation is available for the first time. Using the new standard, network RTK services 

providers can serve their customers with reliable information regardless of the brand of 

equipment their customers are using. 

Currently versions 2.3 and 3.1 are commonly used. Version 3 messages, introduced in 

2004, are not compatible with Version 2.x. Since many receivers have been designed and 

programmed for use with Version 2.x messages, RTCM is maintaining both standards 2.3 

and 3.1 as "current" standards.  
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4.3.1 RTCM Data Structure – version 2  

Each data record contains several message types for various contents.  Each message 

comprises header and body. In the “header” data concerning: message type, time and 

length of message are included. The “body” consists of data for every data type.  

The message types used in RTCM format version 2.0-2.3 are presented in Table 3,  

Table 4.1 RTCM version 2 - message types 

RTCM Message 
Type Description  

1 Differential GPS Corrections 

2 Delta Differential GPS Corrections 

3 GPS Reference Station Parameters 

4 Reference Station Datum 

5 GPS Constellation Health 

6 GPS Null Name 

7 DGPS Beacon Almanac 

8 Pseudolite Almanac 

9 GPS Partial Correction Set 

10 P-Code Differential Correction 

11 C/A Code, L1, L2 Delta Corrections 

12 Pseudolite Station Parameter 

13 Ground Transmitter Parameter 

14 GPS Time of Week 

15 Ionospheric Delay Message 

16 GPS Special Message 

17 GPS Ephemerides 

18 RTK Uncorrected Carrier Phases 

19 RTK Uncorrected Pseudorange 
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20 RTK Carrier Phase Corrections 

21 RTK Pseudorange Corrections 

22 Extended Reference Station Parameters 

23 Antenna Type Defination 

24 Reference Station: Antenna Reference Point (ARP) Parameter 

25, 26 Undefined 

27 Extended DGPS Radiobeacon Almanac 

28…30 Undefined 

31 Differential GLONASS Corrections 

32 Differential GLONASS Reference Station 

33 GLONASS Constellation Health 

34 GLONASS Partial Differential Correction Set 

GLONASS Null Name (N<=1) 

35 GLONASS Radiobeacon Almanac 

36 GLONASS Special Message 

37 GNSS System Time Offset 

38..58 Undefined 

59 Proprietary Message 

60..63 Multipurpose Usage 

 

 

4.3.2 RTCM Data Structure – version 3  

Version 3.0. which was released in 2004. is a completely new standard with new message 

types and structures. It is meant to be more efficient, easy to use and more easily 

adaptable to new situations. The initial release, consists primarily of messages designed to 

support RTK operations. It provides messages that support GPS and GLONASS RTK 

operations, including code and carrier phase observables. antenna parameters and 
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ancillary system parameters. The groups of RTCM 3.0 GNSS RTK messages are shown 

in Table 4. 

Table 4.2 RTCM version 3 - message types 

Group Name  Message 
Type 

Message Description  

1001 L1-only GPS RTK Observables 

1002 Extended L1-Only GPS RTK Observables 

1003 L1 & L2 GPS RTK Observables 

1004 Extended L1 & L2 GPS RTK Observables 

1005 L1 Only GLONASS RTK Observables 

1006 ExtendedL1-Only GLONASS RTK Observables 

1007 L1 & L2 GLONASS RTK Observables 

Observations 

1008 Extended L1 & L2 GPS RTK Observables 

1009 Stationary RTK Reference Station ARP Station Coordinates 

1010 Stationary RTK Reference ARP with Antenna Height 

1011 Antenna Descriptor Antenna 

Description 1012 Antenna Descriptor & Serial Number 

Auxiliary Operation 

Information 

1013 System Parameters 

 

 

5. Common GPS Data Formats 

 

There are several formats and official standards of communication and exchange of 

information between GNSS receivers of different manufacturers, as well as other 

electronic devices and systems. One of them is described in paragraph 4.3 format of 

differential corrections distribution: RTCM SC-104. Among the other, the most popular 

standards and formats we can distinguish: NMEA 0183 Standard for communication with 
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GPS receiver, RINEX for exchange of raw GPS  data and GPX for exchange of collected 

GPS data (polygons, waypoints, etc.) 

The use of common standards is very important for FieldFact demonstrators since they 

should be compatible with existing systems used in agriculture. The NMEA standard is 

necessary for communication with GPS receiver and is used both in low-end and high-end 

demonstrator. RINEX format is important for post-processing calculation and could be 

used for both demonstrators for verification purposes. GPX is a common format used by 

agriculture systems, the measurements made by low-end and high-end demonstrator 

should use that format for easy exchange between other existing systems. 

 

5.1 NMEA 0183 Standard 

 
The NMEA 0183 Interface Standard is a standard released by the National Marine 

Electronics Association which defines electrical signal requirements, data protocol for 

communications between marine instrumentation, and specific sentence formats for a 

4800-baud serial data bus. The standard permits marine electronics to send information to 

computers and to other marine equipment. Version 3.01. which was released in January 

2002, is the latest version of the standard. 

A subset of NMEA 0183 messages is dedicated to GPS and widely supported. Most GPS 

receivers ranging from navigation-grade to geodetic-grade supports the protocol and can 

output NMEA 0183 messages. These messages are limited to navigation information 

though and hence do not allow for differential or RTK GPS operation. NMEA 0183 

messages are in ASCII format, which is often adopted by receiver manufacturers for their 

own ASCII-format protocols. The data is transmitted in the form of "sentences". Each 

sentence starts with a "$", a two letter "talker ID", a three letter "sentence ID", followed by 

a number of data fields separated by commas, and terminated by an optional checksum, 

and a carriage return/line feed.  

There are many sentences in the NMEA standard for all kinds of devices that may be used 

in a Marine environment. The ones that have applicability to GPS equipment (“talker ID” – 

GP) are listed in Table 5.  
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Table 5.1  NMEA-0183 version 3 - message types 

Sentence ID Sentence description 

AAM  Waypoint Arrival Alarm  

ALM  Almanac data  

APA  Auto Pilot A sentence  

APB  Auto Pilot B sentence  

BOD  Bearing Origin to Destination  

BWC  Bearing using Great Circle route  

DTM  Datum being used.  

GGA  Fix information  

GLL  Lat/Lon data  

GSA  Overall Satellite data  

GSV  Detailed Satellite data  

MSK  send control for a beacon receiver  

MSS  Beacon receiver status information.  

RMA  recommended Loran data  

RMB  recommended navigation data for gps  

RMC  recommended minimum data for gps  

RTE  route message  

VTG  Vector track an Speed over the Ground  

WCV  Waypoint closure velocity (Velocity Made Good)  

WPL  Waypoint information  

XTC  cross track error  

XTE  measured cross track error  

ZTG  Zulu (UTC) time and time to go (to destination)  

ZDA  Date and Time  
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5.2 RINEX 

 

RINEX (Receiver Independent Exchange Format) was first proposed by the Astronomical 

Institute of the University of Berne for easy exchange of GPS data during the European 

campaign EUREF’89 which involved more than 60 GPS receivers of 4 different 

manufacturers. Over the year's, it has developed into a mature protocol to exchange raw 

GNSS data for data processing especially between different brands and types of receivers. 

Most professional grade GNSS receivers support RINEX by providing utilities to convert 

from their native binary format to RINEX. Receivers typically do not store data natively in 

RINEX. One of the reasons is because its ASCII-based nature requires large storage size. 

Most GNSS processing software support RINEX as this is a convenient method to 

accommodate data from other brands of receivers. It would take a lot of resources to 

provide support for other manufacturer's data formats and keeping up with the changes in 

those formats. 

Currently version 2.10 of RINEX is the most widely used. Version 2.11 was released in 

December 2005 with the main additions being definitions of Galileo satellite system code 

and frequency numbers and new GPS observables. The first draft for the next version of 

RINEX, Version 3.00, was made available in February 2006. 

Currently the RINEX  format v. 2.11 consists of seven ASCII file types: 

   1. Observation Data File 

   2. Navigation Message File 

   3. Meteorological Data File 

   4. GLONASS Navigation Message File 

   5. GEO Navigation Message File 

   6. Satellite and Receiver Clock Date File 

   7. SBAS Broadcast Data File 

 

Each file type consists of a header section and a data section. The header section 

contains global information for the entire file and is placed at the beginning of the file. 

Because it is designed as a format for file exchange. RINEX is not suitable at all to be 
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used as real-tune transmission protocol. Its ASCII-based nature requires a lot of bandwidth 

and processing power and it does not have any mechanism for integrity check to ensure 

that data was not corrupted during transmission. 

 

5.3 GPX - the GPS Exchange Format 
 
GPX (the GPS Exchange Format) is a light-weight XML data format for the interchange of 

GPS data (waypoints, routes, and tracks) between applications and Web services on the 

Internet.  Unlike other data files, which can only be understood by the programs that 

created them, GPX files actually contain a description of what's inside them, allowing 

anyone to create a program that can read the data within. GPX is an open standard. 

GPX lets the user exchange data with other GPS users, who might not be using the same 

software. The benefits that GPX provides:  

·  GPX allows to exchange data with a growing list of programs for Windows, MacOS, 

Linux, Palm, and PocketPC. 

·  GPX can be transformed into other file formats using a simple webpage or 

converter program. 

·  GPX is based on the XML standard, so many of the new programs you use 

(Microsoft Excel, for example) can read GPX files. 

·  GPX makes it easy for anyone on the web to develop new features which will 

instantly work with your favorite programs. 

 

6. GNSS receiver 

 
GNSS receiver determines four basic variables: longitude, latitude, height and time. 

Additional information like speed, direction of moving object, number of satellites, PDOP, 

area of field, perimeter and many more parameters can be computed on the basis of these 

four components. Although there are many variations in GNSS receiver design, all 

receivers must perform certain basic functions. The basic functions of a GPS receiver are: 

�  To capture the RF signals transmitted by the satellites, 
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�  To separate the signals from satellites in view, 

�  To perform measurements of signal transit time and Doppler shift, 

�  To decode the navigation message to determine the satellite position, velocity and 

clock  parameters, 

�  To estimate the user position, velocity and time 

 

Since at the time of writing the GPS system is the only fully operational system the 

receivers used for low-end and high-end demonstrator will be GPS receivers.  For low-end 

demonstrator a PDA with inbuilt GPS chipset is planned to be used. High-end 

demonstrator will require more sophisticated, dual frequency GPS receiver, since 

centimetre lever of accuracy is needed.  

 

6.1 GNSS receiver structure  

A GNSS receiver consists of a number of basic components: an antenna with optional 

preamplifier, a radio-frequency and intermediate-frequency (RF/IF) "front end" section, a 

signal tracker/correlator section, and a micro-processor that controls the receiver, 

processes the signals, and computes the receiver's coordinates. The receiver will also 

include a power supply and memory devices for storing instructions and data. 

A block diagram of a GNSS receiver is shown in Figure 6.1. 

Antenna.  The antenna's job is to convert the energy in the electromagnetic waves arriving 

from the satellites into an electrical current that can be handled by the electronics in the 

receiver. The antenna's size and shape are very important, as these characteristics 

govern, in part, the antenna's ability to pick up and pass on to the receiver the very weak 

GPS signals.  

A Front End.  A GPS receiver's RF/IF section serves to translate the frequency of the 

signals arriving at the antenna to a lower frequency, called an intermediate frequency or 

IF, which is more easily managed by the rest of the receiver. A receiver component known 

as a local oscillator performs this task by combining the incoming RF signal with a pure 

sinusoidal signal or tone.  

 



 
 

Ref: FIELDFACT-WP5-UWM-DEL-5.3 

Issue: 1.0 Date: 30-OCT-2007 
TECHNICAL SPECIFICATIONS FOR GNSS USE  

IN DEMONSTRATORS – DRAFT REPORT  
Class: RESTRICTED Page 51 / 71 

 

 FIELDFACT  Contract Number: GJU/06/2412/CTR/FIELDFACT 
 

 

Figure 6.1   GNSS receiver block diagram. (source: http://focus.ti.com/) 

 

Correlators.  The omnidirectional antenna of a GPS receiver simultaneously intercepts 

signals from all satellites above the antenna's horizon. The receiver must be able to isolate 

the signals from each particular satellite to measure the code pseudorange and the phase 

of the carrier. Isolation is achieved by using a number of channels and assigning each 

signal to a particular channel. This is not difficult to accomplish, because the unique C/A-

code or portion of the P-code transmitted by each satellite enables easy discrimination of 

the different signals.  

Microprocessor and Memory . A microprocessor controls a GPS receiver's operation. As 

these devices have become more and more powerful, they have taken on more of the 

signal processing tasks in the receiver. The microprocessor's software, that is, the 
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instructions for running the receiver, is embedded in memory either within the 

microprocessor itself or in auxiliary integrated circuits within the receiver.  

 

6.2 Parameters of GNSS receiver. 
 
Accuracy . 

  The position (and velocity, course etc...) calculated by a GPS receiver requires the 

measured delay of the received signal, the current time and the position of the satellite. 

The position accuracy is primarily dependent on the satellite position (satellite geometry) 

and signal delay. Single frequency, standalone receiver accuracy (5-10 meters) seems to 

be sufficient for low-end demonstrator. For high-end demonstrator until Galileo is not 

operational, ground station corrections are essential in obtaining accuracy required -  

better than one meter for spraying and centimeters for most demanding applications. 

 

Number of parallel channels . 

  In most cases signal from seven or eight satellites are available at any given time. 

For this reason today’s receivers typically have at least twelve parallel channels. Some 

channels being used for tracking and remainder for acquisition of new satellites. We can 

observe trend in receiver design to use channels to receive signal from all available 

satellites. The accuracy of a receiver is directly proportional to the number of channels it 

uses to collate data. 

 

Signals.  

  Most civilian receivers are single frequency receivers (access only the L1 

frequency). Dual receivers access both L1 and L2.  Code selections. All GPS receivers are 

designed to use the C/A (Clear or Coarse acquisition) code. Only this code is accessible 

for civilian users. Each C/A-code is unique sequence of 1023 bits, which is repeated each 

millisecond. Under the GPS modernization program, additional navigation signals will be 

broadcast. 
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DGPS/EGNOS (WAAS) capability . 

  Many of the errors affecting the measurement of satellite range can be completely 

eliminated or at least significantly reduced using differential measurement techniques. 

Therefore Differential GNSS is useful technique for improving accuracy of satellite 

positioning. Many important applications require greater than 10 meters accuracy, for this 

reason DGNSS are used. WAAS/EGNOS: Wide Area Augmentation System/European 

Geostationary Navigation Overlay Service is a network of geostationary satellites and 

ground stations that improve the accuracy of location detection. WAAS enabled receivers 

have an accuracy of around 3 meters. 

Other significant parameters :  

- hot, warm and cold start, 

- maximum acceleration, 

- sensitivity, 

- resistance to disturbing signal, 

- Battery life 

- Operating temperature 

- Waterproof/Sand and dust 

- Shock vibration 

As soon as EGNOS is fully operational it should be used by mobile receivers in low-end 

demonstrator giving accuracy of better than 3 meters. 

 

6.3 GPS Chipset  

GPS microcontroller chips are usually found within GPS receivers and are responsible for 

interpreting signals from GPS satellites and deriving a position, based on the time it takes 

radio waves to travel from the satellites to the location of the chip. GPS chips compare 

signals from several satellites to determine position on the earth's surface. A GPS chip 

receives transmissions from a few of the satellites and is able to discern very precise 

positioning data. Different approaches for building a GPS circuit are used in a GPS 

receiver. A large number of components are surface mounted onto a printed circuit board 

(PCB). Since GPS was declared fully operational in 1995, GPS chips have become a vital 
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global utility, indispensable for modern navigation on land, sea, and air around the world, 

as well as an important tool for map-making, and land surveying, agriculture, etc.  

 

GPS chips consist of a GPS receiver chip and a GPS tracking chip. A GPS receiver chip 

calculates current position (latitude, longitude, elevation), and the precise time, using the 

process of trilateration after measuring the distance to at least four satellites by comparing 

the satellites' coded time signal transmissions. A GPS tracking chip uses GPS to 

determine the location of a vehicle, person, or animal and to record the position at regular 

intervals in order to create a track file or log of activities. The track file or log is stored in a 

GPS data logger from which it can be easily read anytime.  

 

GPS chips are used in many applications. The application of the GPS is very broad, and 

as the prices come down the number of uses are increasing. Today portable GPS devices 

are used by fishermen, hikers, farmers, etc. Many new cars are being equipped with GPS 

systems to help drivers with navigation. The military uses GPS to guide cruise missiles to 

pre-specified targets. GPS chips should adhere to various standards specified by 

International Standards Organization (ISO) and Institute of Electrical and Electronics 

Engineers (IEEE). Today there are over 40 companies around the world producing GNSS 

chipsets. The most popular of them are: 

 

6.3.1 SiRF Star  

Among the different companies which make GPS chips, SiRF Technology Inc. has taken a 

clear lead in the world of PDA and PC dedicated GPS solutions with a wealth of GPS 

receivers in mouse, CF and Bluetooth receivers using their chipsets. SiRF’s Technology 

has been integrated into mobile consumer devices, such as automobile navigation 

systems, mobile phones, PDAs, GPS-based peripherals and handheld GPS navigation 

devices, and into commercial applications, such as asset tracking devices and fleet 

management systems. SiRF markets and sells its products in four target platforms: 

automotive, consumer electronics, mobile computing and wireless devices 
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The most modern SiRFstarIII chip is distinguished from earlier SiRF chips and from GPS 

chipsets made by other manufacturers (Garmin or Trimble for example), largely due to its 

faster Time to First Fix (TTFF) and its ability to acquire and maintain a signal lock in urban 

or densely covered forest environments. The enhanced abilities of the SiRFstarIII chips 

are made possible by several features: 

·  The chip supports 20 parallel channels, meaning that the chip can listen to, or 

search for, the signals from 20 different GPS satellites simultaneously. However, 

the current GPS system typically peaks at 12 satellites visible from one location 

plus a maximum of four EGNOS/WAAS satellites. 

·  The chip consumes somewhat more power than SIRFstar II. 

·  The chip can also make use of Assisted GPS to reduce the time needed to 

calculate its location. This feature makes the chip useful for cell phone 

manufacturers who want or need to support location services (such as the E911 

legislation in the United States). 

Reviewers have praised the SiRFstarIII chipset for its superior sensitivity and tracking 

capabilities. GPS receivers based on this chipset have routinely performed better than 

receivers based on other chipsets. 

 

6.3.2 NemeriX  

The NemeriX chipset first appeared in the fall of 2004 in Semsons’ itrek line of GPS 

receivers and stood out with its amazing battery life, 2x that of its SiRF based competitors. 

Users noted its high sensitivity with often a good number of satellites in the fix, but also 

reported "odd behaviour".  The Nemerix chipset does not provide a modified position like 

SiRF does, instead opting to provide user with a "Real" position, or the actual position as 

calculated by the GPS.  This position is not filtered and not modified, it is the most 

accurate position the unit can provide you, based on it's satellite information.  The 

advantage is that it will give true position for better accuracy, even for pedestrian use 

(walking around a new city, geocaching, marking a trial, etc).  This advantage can also be 

used in boating, as the position is more accurate, it may come in handy bringing a boat 
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into a foggy and crowded marina in the middle of the night, or through a shallow inlet. The 

drawback is choppier navigation, as the GPS position may 'jump' to a new position rather 

than smoothly going to it as is done with SiRF.  Choppier navigation, but accurate 

pedestrian (low speed) use. 

 

6.3.3 u-Nav  

u-Nav is a semiconductor company which develops GPS chipsets and software for the 

mobile location-based services market. u-Nav's technology delivers ultra-low power at low 

cost and state of the art performance.  

The first GPS based on the uNav was the Royaltek RFG-1000 Onyx mouse GPS (2004), a 

solid performer but with its "mouse" format when Bluetooth was all the rage and fairly 

standard pricing failed to gain a lot of attention outside some specific markets like 

Germany. The users were impressed by the number of correlators that was unrivalled at 

the time. Today u-Nav offers numerous chipsets that include bundled navigation software. 

The chipsets offer leading edge performance and low power operation that allow the 

development of a complete GPS receiver at a competitive cost. u-Nav provides an 

evaluation kit and reference design for each chipset. 

The technology used in modern u-Navchips enables operation indoors and in urban 

canyons. With the smallest footprint available, the easy-to-integrate GPS chipset is 

targeted for battery powered mobile applications.  

 

6.3.4 Sony 

The announcement of the Sony chipsets (in late 2003) raised quite a bit of interest as it 

marked the arrival of an electronics’ giant in a world of fairly specialized firms so far. The 

first models were not very impressive with long TTFF times, uneven tracks and lost fixes. 

Apparently a new firmware is being worked on to improve performance. 

 

6.3.5 U-Blox 

This Swiss company develops innovative positioning technologies, products and services 

with high customer value. They offer an extensive portfolio of high performance GPS 
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products and services for all kinds of applications. The u-blox 16 channel ANTARIS 4 

positioning engine ensures uninterrupted positioning where previously this was not 

possible. Advanced, built-in algorithms enable to receive even the weakest signals, 

offering uninterrupted navigation through urban canyons and other difficult signal 

environments.  

U-blox’ fifth generation positioning products, u-blox 5, offers GPS & Galileo - ready 

positioning engine,  features 50-channels and over 1 million correlators enabling under 1 

second acquisition performance. The engine boasts a -160 dBm acquisition and tracking 

sensitivity and under 50 mW power consumption, even under weak signal conditions. This 

new generation receivers can simultaneously receive GPS, WAAS, EGNOS and MSAS. 

As soon as Galileo signals become available, the receivers will be able to simultaneously 

receive and track these signals too, via a simple software upgrade. 

 

6.4 Review of GNSS receivers 

The wide variety of GNSS receivers are available on the market. The most common use of 

GNSS receivers in agriculture is measurement of field area. Since on-the-spot checks 

require high accuracy and reliability very rarely the simplest navigational handhelds (ex. 

Garmin) where area measurement is possible however limited in many aspects (limited 

number of records, no “pause” during measurement, etc.) are used by inspectors.  

GNSS receivers most commonly used for field measurements are based on GPS receiver 

combined somehow with PDA with WindowsCE, this includes a large number of more 

sophisticated GIS receivers. Nowadays GIS receivers are very often based on 

WindowsCE platform, offering sophisticated software where filed measurement is just a 

part of system abilities. Using this kind of equipment we can achieve accurate and reliable 

measurements in particular using local DGPS corrections applied to GNSS 

measurements. In this case an additional wireless transmission system (VHS 

radiomedem, FM/RDS, GSM/GPRS/UMTS) is needed. For special needs, like precise 

farming, RTK method could be used giving centimetre accuracy but the cost of the 

equipment is rather high. The evolution of GNSS receiver and EGNOS system leads to 

higher and higher  accuracy of positioning. The systems based mainly on SiRFStar III 
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technology (GPS receiver) and PDA with WindowsCE platform, nowadays offer good 

accuracy for relatively low price. Such systems recently offered with the cable or Bluetooth 

connection are currently all-in-one devices very often with inbuilt mobile phone, camera, 

Wi-Fi, etc. The newest technology allows user the connection to office database directly in 

the field. Advantage of systems based on WindowsCE platform is ability of using endless 

number of software programs. 

 

6.4.1 Trimble R3.  

The Trimble R3 GPS System (Figure 6.2) integrates an L1 survey-grade receiver with the 

popular Trimble Recon Controller, a proven, ultra-rugged PDA. The system includes field 

and office software to provide a complete solution to bring precise, sub-centimeter control 

to survey operations, establish new localized control and collect topographic data. Users 

can perform Static, FastStatic and Kinematic surveys on short to moderate baselines 

quickly and easily.  

The Trimble Recon Controller runs the Microsoft Windows Mobile for Pocket PC operating 

system along with the Trimble Digital Fieldbook software. With familiar software options, 

menus and terminology, even new users can achieve maximum productivity in a short 

time. In addition, the new Trimble Business Center Office software is a sophisticated, user 

friendly solution for postprocessing, analysis, and adjustment of L1 GPS survey data. 

Technical parameters of Trimble R3 are given in Table 6.1.  

     
 

Figure 6.2  Trimble R3 receiver 
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Table 6.1  Technical parameters of Trimble R3 
 

Manufacture TRIMBLE 

Model R3 

Frequencies GPS L1 
Signals GPS C/A, SBAS 
Parallel channels 12 
Frequency of determine position 1 Hz 

horizontal  ±5 mm + 0.5 ppm RMS Accuracy of autonomous 
position vertical ±5 mm + 1 ppm RMS 

horizontal  ±10 cm  Accuracy of differential  
position  vertical ±20 cm 

Time to first fix (TTFF) 30 sec 

Communication standard NMEA 
I/O ports  RS232, USB 
Memory 2 x CompactFlash (64 Mb) 
Display 240 × 320 pixels 65,536 colours 
Buttons 10 buttons + touch screen 
Size (width x height x length) 9.5 cm × 4.4 cm × 24.2 cm 
Weight 0.62 kg 
Receiver software TRIMBLE DIGITAL FIELDBOOK SOFTWARE 
PC software TRIMBLE BUSINESS CENTER 
External antenna (Option) Trimble A3 przez SMB type connector 
Special Features Trimble EVEREST multipath reduction technology 
    Trimble Maxwell GPS technology 
Power external / internal no data / 5 V 
Power consumption 0.6 W 
Battery life 8h 
Operating temperature –30°C to +60°C 
Waterproof/Sand and dust IPX7, IP6X 
Shock vibration MIL-STD-810-F 

 
 
 

6.4.2 Trimble Geo XH. 

The GeoXH handheld (Figure 6.3) is Trimble's top-of-the-line solution for high accuracy 

GIS data collection. Engineered with H-Star technology, the GeoXH handheld delivers the 

subfoot (30 cm) GPS accuracy required by electric and gas utilities, water and wastewater 

services, land reform projects, and other applications where accurate positioning is crucial.  
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The GeoXH handheld comes with a powerful 416 MHz processor running the most 

advanced operating system available—Microsoft Windows Mobile version 5.0 software. 

Windows Mobile is the industry standard open platform for mobile devices, so user can 

choose a software solution to match your workflow, whether off-the-shelf or purpose built. 

Technical parameters of Trimble Geo XH are given in Table 6.2.  

 
Figure 6.3 Trimble Geo XH receiver 

 
 
 

Table 6.2  Technical parameters of Trimble Geo XH 
Manufacture TRIMBLE 

Model Geo XH 

Frequencies GPS L1 
Signals GPS C/A, SBAS 
Parallel channels 12 
Frequency of determine position 1 Hz 

horizontal  ±1cm Accuracy of autonomous 
position vertical ±1 cm 

horizontal  ±20 cm - 30 cm Accuracy of differential  
position  vertical ±20 cm - 30 cm 

Time to first fix (TTFF) 30 sec 

Communication standard TSIP, NMEA (GGA, VTG, GLL, GSA, ZDA, GSV, 
RMC) 
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I/O ports  Bluetooth; 802.11b ; USB v1.1 
Memory 64 MB RAM + SD 512 MB  
Display 240 × 320 pixeli z 65,536 kolorami 
Buttons 11 buttons + touch screen 
Size (width x height x length) 21.5 cm × 9.9 cm × 7.7 cm 
Weight 0.78 kg 
Receiver software Trimble GPScorrect (for ESRI ArcPad)* 
PC software GPS Pathfinder Office software* 
External antenna (Option) Zephyr antenna  
Special Features Windows Mobile version 5.0 
    H-Star technology 
Power external / internal Li-ion 6.8 Ah  / brak danych 
Power consumption 1.5 W do 3.2 W 
Battery life 9 hours 
Operating temperature –10 ºC to +50 ºC 
Waterproof/Sand and dust IP 54 

 
 
 
 
 
6.4.3 Trimble Geo XT. 
 
The GeoXT handheld (Figure 6.4) from the Trimble is a high performance, submeter GPS 

receiver combined with a rugged handheld computer, the GeoXT handheld is optimized to 

provide reliable, high-accuracy location data. 

It's ideal for use by utility companies, local government organizations, federal agencies—or 

anyone managing assets or mapping critical infrastructure who needs accurate, up-to-date 

data to do the job. With EVEREST™ multipath rejection technology onboard, the GeoXT 

handheld delivers consistent submeter accuracy both real-time and postprocessed. The 

GeoXT handheld has a powerful 416 MHz processor running the most advanced operating 

system available—Microsoft Windows Mobile version 5.0 software. Windows Mobile is the 

industry standard open platform for mobile devices, so user can choose a software 

solution to match your workflow, whether off-the-shelf or purpose built. Technical 

parameters of Trimble Geo XT are given in Table 6.3. 
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Figure 6.4 Trimble Geo XT receiver 

 
 

Table 6.3  Technical parameters of Trimble Geo XT 
 

Manufacture TRIMBLE 

Model Geo XT 

Frequencies GPS L1 
Signals GPS C/A, SBAS 
Parallel channels 12 
Frequency of determine position 1 Hz 

horizontal ±1cm Accuracy of autonomous 
position vertical ±1 cm 

horizontal <1 m Accuracy of differential  
position  vertical <1 m 

Time to first fix (TTFF) 30 sec 

Communication standard TSIP, NMEA (GGA, VTG, GLL, GSA, ZDA, GSV, 
RMC) 

I/O ports  Bluetooth; 802.11b ; USB v1.1 
Memory 64 MB RAM + SD 512 MB  
Display 240 × 320 pixels with 65,536 colors 
Buttons 11 buttons + touch screen 
Size (width x height x length) 21.5 cm × 9.9 cm × 7.7 cm 
Weight 0.78 kg 
Receiver software Trimble GPScorrect (for ESRI ArcPad)* 
PC software GPS Pathfinder Office software* 
External antenna (Option) Zephyr antenna  
Special Features Windows Mobile version 5.0 
   Trimble EVEREST multipath reduction technology 
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Power external / internal Li-ion 6.8 Ah  / brak danych 
Power consumption 1.5 W do 3.2 W 
Battery life 9 hours 
Operating temperature –10 ºC to +50 ºC 
Waterproof/Sand and dust IP 54 

 
 
6.4.4 Topcon GMS-2. 
 
The GMS-2  (Figure 6.5) with the ability to be used as a GIS maping system, an L1 static 

survey grade receiver or a field controller for both GIS and high precision survey systems 

is a very interesting solution. Dual constellation satellite tracking (GPS + GLONASS), 

integrated digital camera for linking photos to features, integrated electronic compass for 

bearing information allows using it  for GIS applications and high precision survey 

systems. Digital images, GPS coordinates, compass bearings, and attribute information 

can all be obtained with one instrument in a single trip to the field. The GMS-2 features 

Topcon's TPSCORE GPS chip for 50 channel tracking of both GPS and GLONASS 

satellite systems. This advanced technology can provide signal tracking for meter-level 

GIS mapping tasks or single frequency carrier tracking for high-accuracy static positioning. 

With an optional L1 external carrier phase antenna, the GMS-2 can be used to obtain data 

for post processing and accuracy within one centimeter. Technical parameters of Topcon 

GMS-2 are given in Table 6.4. 

          
Figure 6.5  Topcon GMS-2 receiver 

 
 



 
 

Ref: FIELDFACT-WP5-UWM-DEL-5.3 

Issue: 1.0 Date: 30-OCT-2007 
TECHNICAL SPECIFICATIONS FOR GNSS USE  

IN DEMONSTRATORS – DRAFT REPORT  
Class: RESTRICTED Page 64 / 71 

 

 FIELDFACT  Contract Number: GJU/06/2412/CTR/FIELDFACT 
 

Table 6.4. Technical parameters of Topcon GMS-2 
 

Manufacture TOPCON 
Model GMS-2 
Frequencies GPS L1, GLONASS L1 
Signals GPS C/A, GLONASS C/A ; SBAS, OmniSTAR* 
Parallel channels 50 

horizontal ±3mm + 0.8 ppm Accuracy of autonomous 
position vertical ±4mm +1 ppm 

horizontal ±50 cm Accuracy of differential  
position  vertical ±50 cm 

Communication standard NMEA 
I/O ports  Bluetooth; USB; Serial 
Memory SDRAM 128MB, flash 256 MB + external cardi SD 
Display 240x320 QVGA 3,5” 
Buttons 4 buttons + touch screen 
Size (width x height x length) 19.7 cm x 9 cm x 4.6 cm 
Weight 0.7 kg 
Receiver software TopPad  lub  TopSurv-GIS 
PC software Topcon Tools - GIS 
External antenna (Option) yes 
Special Features Windows CE.5.0 
   digital camera 
    TPSCORE® chip technology 
Power external / internal Li-ion / brak danych 
Battery life 7 h 
Operating temperature –20°C to +50°C 
Waterproof/Sand and dust IP66 

 
 
 
6.4.5 Magellan MobileMapper CE. 
 
MobileMapper CE  (Figure 6.6) is the mobile mapping device from Magellan. 

MobileMapper CE handheld GPS receiver integrates sub-meter positioning with 

embedded Windows CE NET and Bluetooth wireless technology. An open-platform design 

provides support for off-the-shelf Windows CE GIS software and many other mobile 

applications. With a removable 32 MB SD memory card, touch screen technology, field 

replaceable all-day battery and built-in alphanumeric keypad, MobileMapper CE is simple, 

rugged and affordable device with good performance. MobileMapper CE GPS offers 14 

parallel channels, support for WAAS and EGNOS satellite-based augmentation systems, 
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and external RTCM SC-104 differential correction input, to provide real-time, sub-meter 

accuracy. Advanced GPS technology provides superior multipath mitigation, optimized to 

overcome environmental challenges in urban canyons and dense foliage. Technical 

parameters of Magellan MobileMapper CE are given in Table 6.5. 

 
Figure 6.6  Magellan MobileMapper CE receiver 

 
Table 6.5 Technical parameters of Magellan MobileMapper CE  

 
Manufacture Magellan 

Model MobileMapper CE 

Frequencies GPS L1, 
Signals GPS C/A; SBAS 
Parallel channels 14 
Frequency of determine position 1 Hz 

horizontal 30 cm Accuracy of autonomous 
position vertical 30 cm 

horizontal < 1 m Accuracy of differential  
position  vertical < 1 m 

Communication standard NMEA 0183 v 3.0 ; RTCM SC-104 version 2.3 
I/O ports  Bluetooth ; RS232 ;2xUSB 
Memory 128 MB SDRAM + SD card 
Display 320 x 240 ; 262,144 colors 
Buttons 18 buttons 
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Size (width x height x length) 19.5 cm x 9 cm x 4.6 cm 
Weight 0.48 kg 
Receiver software GPS Utilities 
PC software MobileMapper Office 
External antenna (Option) yes 
Special Features Microsoft Windows CE .NET 4.2 
   FCC and CE certified 
    Audio: built-in loud speaker 
Power external / internal 3.7 V Li-ion, 3900 mAh / brak 
Battery life 8 hour run-time with GPS 
Operating temperature -10°C to 60°C 
Waterproof/Sand and dust IEC-529 IPX7 
Shock vibration 1.5 m (4.9 ft) drop on concrete 

 
 
 
 
6.4.6 Magellan ProMark3. 
 
Magellan ProMark3  (Figure 6.7)delivers centimeter, post-processed positioning for 

accurate surveys as well as sub-meter accuracy in real-time for agriculture, GIS/mapping 

and navigation. Magellan Prism technology reduces survey data collection time by as 

much as 33% for a marked increase in productivity. Magellan ProMark3 offers a user-

friendly interface that capitalizes on the acclaimed ease-of-use of ProMark2 to bring 

simplicity to every survey operation. The simple interface, intuitive software, large color 

touch screen and full alphanumeric keypad make deployment a snap. Survey data 

processing is also made easy with GNSS Solutions office software. Rugged and 

lightweight, Magellan ProMark3 offers maximum portability to virtually any job site. It 

enables larger surveys to be performed by a one-man crew with minimal moves and less 

operational downtime. Magellan ProMark3's water resistant design and long-life 

rechargeable battery makes operation safe and easy . USB, Bluetooth wireless technology 

and SD-card compatibility offer easy communication and unlimited expandability. 

Technical parameters of Magellan ProMark3 are given in Table 6.6. 
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Figure 6.7  Magellan ProMark3 receiver 

 
 
 

Table 6.6  Technical parameters of Magellan ProMark3 
Manufacture Magellan 

Model ProMark3 

Frequencies GPS L1, 
Signals GPS C/A; SBAS 
Parallel channels 14 
Frequency of determine position 1Hz 

horizontal 5 mm + 1 ppm Accuracy of autonomous 
position vertical 10 mm + 2 ppm 

horizontal < 1 m Accuracy of differential  
position  vertical < 1 m 
Time to first fix (TTFF)  

Communication standard NMEA 0183 v 3.0 ; RTCM SC-104 version 2.3 
I/O ports  Bluetooth; RS232; 2xUSB 
Memory 128 MB SDRAM + SD card 
Display 320 x 240 ; 262,144 colors 
Buttons 20 przycisków 
Size (width x height x length) 19.5 cm x 9 cm x 4.6 cm 
Weight 0.48 kg 
Receiver software ProMark3 
PC software MobileMapper Office / GNSS Solutions 
External antenna (Option) yes 
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Special Features Prism™ technology 
   Audio: built-in loud speaker 
Power external / internal 3.7 V Li-ion, 3900 mAh / no 
Battery life 8h 
Operating temperature -10°C to 60°C 
Waterproof/Sand and dust IEC-529 IPX7 
Shock vibration 1.5 m (4.9 ft) drop on concrete 

 
 
 
 
6.4.7 Mio A701 
 

This model is planned to be used for the low-end demonstrator. 

The Mio A701 (Figure 6.8) is a smart phone with a fully integrated GPS receiver. It offers 

the ultimate in navigation, communications and entertainment - all from a single product 

that fits into the palm of the hand. It's not only a fully-functional tri-band/GPRS Windows 

PDA phone with a 2.7 inch TFT touch screen, BluetoothT and a 1.3 megapixel camera but 

also a fully-featured navigation system with SiRFstar III GPS receiver. The A701 is one of 

the most complete devices on the market. 

It features 520 MHz Intel processor and the SiRFstar III GPS receiver, 192 MB of internal 

memory with expansion to 2 GB with standard SD or MMC memory cards, 1.3 megapixel 

camera, BluetoothT and tri-band GSM/GPRS mobile phone. It is compatible with most on-

road or off-road navigation software for Windows Mobile 5 and it has ability to text GPS co-

ordinates. Thanks to the new 'Quick Position' feature, the Mio A701 can predict the likely 

location of satellites to pick up signals much faster. The highly sensitive SiRFstar III GPS 

chipset can receive signals from up to 20 satellites for extremely accurate positioning, 

even in the toughest terrain. Technical parameters of Mio A701 are given in Table 6.7. 
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Figure 6.8  Mio A701 smart phone 

 
 

Table 6.7   Technical parameters of Mio A701  
Manufacture Mio 
Model A701 
Operating System   Windows Mobile 5 Edition  
Processor / CPU    520MHz Intel XScale PXA270  
Internal memory     192MB of memory 128MB ROM, 64MB RAM 
Internal storage    SD/MMC Expansion Slot  
GPS Chipset    GPS Built in SIRFstar III  
Display / Size    2.7 inch TFT LCD, 320x240 pixel display, 65K 

colours 
Weight    150g  
Dimensions     107 x 57 x 18.8 mm (2.24" x 4.21" x 0.74")  
Battery     1300 mAh Li-ion 
Battery Capacity    Talktime: 4 hrs,  Charge: 3hrs, Standby: 

200hrs 
Camera   1.3 Megapixel camera, Sizes:1280 x 1024 x / 

1024 x 768 / 640 x 480 / 320 x 240 / 160 x 
120, Digital Zoom: 2X, 4X, 8X  

Video     Record: WHV, H.263 Play:WHV, H.263, 
MPEG4  

Ring Tones    128 Polyphonic Ring Tones  
Headphone    2.5 mm mini jack (stereo)  
Triband    GSM 900 / 1800 / 1900 and GPRS  
Features    Bluetooth V1.0 / V1.2, Windows Media Player 

10  
Applications   Microsoft Office, Word, Excel, PowerPoint 

Viewer, Windows Media Player,Broadcast, 
Quick GPS Positioning 
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7. Conclusion  

 

The report gives an overview and technical specifications of existing GNSS systems, 

signals and receivers which will be used in demonstrators in the frame of FieldFact project. 

The use of satellite systems in demonstrators requires understanding and using the 

signals, formats and receivers presented in this report.  

The applications developed under low-end and high-end demonstrator should use 

common, official standards and  formats for communication and exchange of data. This 

will allow full compatibility with external softwares and systems which might be used during 

demonstrators.  

For low-end demonstrator MIO A701 receiver can be used, due to it’s compactness, 

accuracy, sensitivity and low price. High-end demonstrator for applications concerning 

variable rate application can use the rest of receivers presented in paragraph 6, with 

RTCM corrections, assuring better than 1 meter accuracy. For more precise applications, 

dual frequency receivers with RTK option would be required.  
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