
6 Journal on Processing and Energy in Agriculture 14 (2010) 1 

Biblid: 1821-4487 (2010) 14; 1; p. 6-10 Review  
UDK:63:004(497.11)  Pregledni rad 

 

GNSS – STATUS AND PERSPECTIVE  
GNSS – STATUS I PERSPEKTIVE  

 

Aleksandar RISTIĆ, Miro GOVEDARICA, Dušan PETROVAČKI 
Faculty of Technical Sciences, 21000 Novi Sad, Trg Dositeja Obradovića 6, Serbia 

e-mail: aristic@uns.ac.rs    

ABSTRACT 
This paper presents the status and perspective of operative Global Navigation Satellite Systems (GNSS): Global Positioning Sys-

tem (GPS), developed in United States; ГЛОбальная НАвигационная Спутниковая Система (GLONASS), developed in Russia; 
GALILEO system, which is under developing by European Union and Chinese COMPASS system. The analysis of results and 
achievements was provided by the participation of the Center for Geoinformation Technologies and Systems in EUPOS (European 
POSition determination system) organization, with its application Detection of Underground Utilities using Ground Penetrating Ra-
dar and D-GNSS Technology. EUPOS, headquarter in Berlin, brings together countries of Eastern and Central Europe on the project 
EUPOS INTERREG IIIc, project part-financed by the European Union. 

Papers are published on the International Symposium on Global Navigation Satellite Systems, Space-Based and Ground-Based 
Augmentation Systems and Applications, held on 11-14th of November 2008, and 30th of November – 2nd of December 2009, in Berlin, 
under the auspice of EUPOS organization (www.eupos.org). 
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REZIME 
U radu se prezentuje stanje i perspektiva aktuelnih Global Navigation Satellite Systems (GNSS) mreža u svetu: Global Position-

ing System (GPS) mreže razvijene u Sjedinjenim Američkim Državama,  ГЛОбальная НАвигационная Спутниковая Система 
(GLONASS) mreže razvijene u Rusiji, GALILEO mreže u razvoju Evropske Unije i Kineske COMPASS mreže. Analiza rezultata i 
dostignuća je prvenstveno je omogućena učešćem predstavnika Centra za geoinformacione tehnologije i sisteme Fakulteta tehničkih 
nauka u Novom Sadu, prikazanim kroz 4 naučna rada, u okviru EUropean POSition determination system organizacije sa sedištem u 
Berlinu koja okuplja zemlje istočne i centralne Evrope u okviru projekta EUPOS INTERREG IIIc, Detection of Underground Utilities 
using Ground Penetrating Radar and D-GNSS Technology, project part-financed by the European Union.   

Radovi su objavljeni na konferenciji International Syumposium on Global Navigation Satellite Systems, Space-Based and 
Ground-Based Augmentation Systems and Applications, održanoj 11-14 novembra 2008, odnosno 30novembra - 02 decembra  2009. 
godine u Berlinu pod pokroviteljstvom EUPOS organizacije (www.eupos.org). 

Ključne reči: GNSS, GPS, GLONASS, Galileo, Compass. 
 
INTRODUCTION 
GNSS systems are global navigation systems which use arti-

ficial Earth satellites as reference points (Allred et al., 2008). 
The division of GNSS developing processes, from the historical 
point of view, includes: 

1. First generation GNSS systems; these systems are no 
longer in use, Doppler Effect was used as a principle for coordi-
nates determination: signal is the strongest when the closest. 
This approach enabled just determination of the surface – 2D 
coordinates, while it was impossible to determine the height 
(McCloy, 2006). GNSS systems of first generation were based 
on launching satellites to Low Earth Orbit, so called LEO con-
cept. The commonly accepted definition for LEO is between 160 
– 2000km above the Earth's surfaceBased on mentioned LEO 
concept’s characteristics, USA launched 6 satellites to the height 
of 1100 km, which formed TRANSIT system (also known as 
NAVSAT - Navy Navigation Satellite System). First TRANSIT 
satellite was launched in 1960, with orbital period of 160 min-
utes. The transit satellite broadcasted on 150 and 400 MHz. The 
two frequencies were used to allow the bending of the satellite 
radio beacons by the ionosphere to be cancelled out, thereby im-
proving location accuracy. Basic accuracy of TRANSIT posi-
tioning was around 200m, 20m with certain corrections, while 
the timely synchronization was with accuracy of 50μs. TRAN-
SIT had been functionally operational until 1991. The former 
Soviet Union developed TSYKLON system, which consisted of 
2 satellite constellations: PARUS – military constellation with 6 
satellites on the 1000 km height and TSYKADA – civilian con-

stellation with 4 satellites on the 1000km height. First launching 
of the TSYKLON satellite was held in 1967 (Kaplan and 
Hegarty, 2006). 

2. Second generation GNSS systems; these systems are cur-
rently in use, and still developing. In second generation systems, 
the positioning is performed based on precisely measured signal 
propagation time. It is possible to determine the spatial coordi-
nates (3D), the receiver’s velocity, and the current time – Posi-
tion Velocity Time (PVT) concept (Enderle, 2009). Active sec-
ond-generation networks consist of GPS (24 operating satellites 
out of 30), GLONASS (18 operating satellites out of 24) and 
GALILEO (0 operating satellites, 2 in the test phase out of 27), 
while the COMPASS network is in the developing/activation 
phase (0 operating satellites, 3 in the test phase out of 30+5). 
Global Navigation Indian System (GINS) is also still in the de-
veloping process, and is planned to be consist of 24 satellites. 
GNSS second-generation networks belongs to the Medium Earth 
Orbit (MEO) concept, which means that the satellites are located 
at an altitude ranging from 2.000km to 35786km (between LEO 
orbits and geostationary heights), except the Compass system 
which is geostationary. The regional systems, which consist of 
the Japanese Quasi-Zenith Satellite System (QZSS) and the In-
dian Regional Navigational Satellite System (IRNSS), with 7 
satellites, are in developing process within the GNSS. QZSS 
predicts 3 additional satellites (expected launch of the first one is 
planned for 2010) which, in conjunction with the GPS, might 
improve the accuracy of positioning in the mountains, and in 
densely populated areas of Japan. The project was initiated in 
2002, and full operational capability is expected in 2013 (Te-
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rada, 2008). IRNSS network is an Autonomous regional satellite 
navigation system being developed by Indian Space Research 
Organization. The requirement of such a navigation system is 
driven by the fact that access to GPS, is not guaranteed in hostile 
situations. The project was initiated in 2006, and full activity is 
expected in 2012 (http://isro.gov.in). 

3. Third generation GNSS systems; these systems do not cur-
rently exist – they are still in the developing phase. Positioning 
is the same as with the second generation systems, the most im-
portant is extension of functionality to the data transfer from re-
ceiver to satellite and then, over satellite, to the control segment 
((McCloy, 2006), (Kaplan and Hegarty, 2006), (Clore, 2009)). 

MATERIAL AND METHOD 
The development and structure of the GPS systems 
GPS is satellite based system for spatial positioning. GPS 

based technology provides data about the position of the object, 
which has a GPS receiver embedded. It allows determination of 
the position, direction, direction and receiver speed, regardless 
of climatic conditions and the position of objects on Earth and in 
the air. The development of GPS was initiated by the American 
Ministry of Defense in 1973, for the US armed forces, with the 
intention of creating a global positioning system that will be ac-
tive continuously 24 hours a day, in all weather conditions. The 
system's official name is Navigation Satellite Timing And Rang-
ing (NAVSTAR). First satellite was launched in 1978, and 
achieved its operational functionality in 1984. 3-Dimensional 
positioning and velocity determination was achieved in 1993, 
with activating all 24 satellites, and reaching its initial opera-
tional capability (IOC) was succeeded in that way. GPS satellites 
are placed at an altitude of approximately 20200km. The system 
has reached full operational capability in 1995, and so provided 
standard positioning, which provided accuracy of 70 m horizon-
tally and 100 m vertically for civilian users.  With the deactiva-
tion of selective accessibility to civilian users, the standard accu-
racy of positioning became 1m, and using the advanced technol-
ogy makes possible to achieve precision even below 1cm ((Pet-
rovački et al., 2006), (Kaplan and Hegarty, 2006)).        

GPS consists of three segments: 
• Space segment - includes satellites and broadcast signals. 
Space segment consists of a system of satellites and emit-
ted/broadcasted signals, which enable determination of the posi-
tion, velocity and time. There are 24 satellites distributed in 6 
unevenly distributed (better coverage of the northern hemi-
sphere) orbital plane (4 satellites in each plane) leaned at an an-
gle of 55° to the equatorial plane (Fig. 1). Each satellite travels 
its orbital path (26560km long) in 11h 58min. They are placed 
so that the GPS receiver on the Earth can always receive signals 
from at least 4 satellites, which is the minimum for the correct 
determination of the position through the trilateration procedure. 
Each satellite continuously broadcasts L1 and L2 signals, which 
contain two codes on two different frequencies. One code is pro-
tected and is used for military purposes. The label of this code is 
P (Precision) or P(Y), and makes Precise Positioning Service 
(PPS). Other code is available to civilian users, the label of this 
code is C/A (Coarse/Acquisition), and makes Standard Position-
ing Service (SPS). Since February of 1994, it is possible to en-
crypt P code, which can be called Y - antispoofing (AS). There 
is a navigation message modulated on both codes. L1 carries the 
C/A and P(Y) code, and L2 carries only the P(Y) code, so only 
L1 is used for SPS service realization, and both L1 and L2 signal 
for the PPS service realization. The United States left the possi-
bility to lower the accuracy of the SPS service, bringing the pre-
cision artificially back to 50 - 100 meters. This signal degrada-

tion was called Selective Availability (SA). Selective availability 
was switched off on the first May of 2000. Since 2005, the C/A 
code was added to L2 signal, and both signals got the new mili-
tary (M) code. M code is used for the implementation of the new 
selective denial concept (SD - Selective Denial). This concept 
allows the denial of the usage of GPS signals, except the M 
code. GPS uses CDMA (Code Division Multiple Access) ((Gre-
wal et al., 2007), (Kaplan and Hegarty, 2006)). 
• Control segment - ground equipment that performs satellites 
monitoring, orbital calculations and control, necessary for daily 
management of the space segment. The control segment is re-
sponsible for maintenance and proper functioning of satellites. 
This includes keeping satellites in their accurate orbital positions 
and monitoring of the situation and accuracy of satellite subsys-
tems. The control segment includes the main control station 
(Master Control Station - MCS), 3 stations for data transmission 
to the satellite and 11 monitoring stations  ((Clore, 2009), 
(http://www.gps.gov)). 
• User segment - full range of equipment and techniques nec-
essary for users. User segment consists of GPS receivers, which 
receive and process signals emitted from satellites, in other 
words - they provide information about the position, velocity 
and time to the user. The receiver characteristics are defined ac-
cording to the usage, and development has gone through several 
stages. There are a number of classifications, one of them classi-
fies GPS receivers to: manual, vehicle-integrated and receivers 
for implementation in other systems ((Riyos, 2000), (Clore, 
2009)). 

 
Fig. 1. GPS satellites in their orbits 

Development and structure of the GLONASS 
system 
GLONASS was developed to provide real-time position and 

velocity determination, initially for use by the Soviet military for 
navigation and ballistic missile targeting. It was the Soviet Un-
ion's second generation satellite navigation system, improving 
on the TSIKLON system which required one to two hours of 
signal processing to calculate a location with high accuracy. By 
contrast, once a GLONASS receiver is tracking the satellite sig-
nals, a position fix is available instantly. It is stated that at peak 
efficiency the system's standard positioning and timing service 
provide horizontal positioning accuracy within 57–70 meters, 
vertical positioning within 70 meters, velocity vector measuring 
within 15 cm/s, and time transfer within 1 µs. Basic GLONASS 
system was developing from 1979 to 1995. GLONASS system 
consists of: space segment, ground control segment and user 
segment (http://www.glonass-ianc.rsa.ru). 
• Space segment will be consisted of 24 satellites at a height 
about 19.100km (MEO), in 3 orbits (the satellites are evenly dis-
tributed) which are separated by the angle of 120° of the geo-
graphical length, 15° in latitude and leaned at the angle of 64.8° 
against the equatorial plane (Fig. 2). Each satellite travels its or-
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bital path (25510km long) for 11h 16min. The basic principle of 
GLONASS satellite constellation system is guaranteed visibility 
of a minimally 5 satellites at any point at any time (Stupak, 
2008). There are currently 18+3 active/operating satellites, 
which is sufficient for full coverage of the Russian Federation. 
Two satellites are in the repair phase. 
• Control segment of GLONASS system consists of 1 control 
center and 5 monitoring stations. 
• User services, provided by GLONASS system 
(http://www.glonass-ianc.rsa.ru) are: 
• Standard Precise Service (SPS) - intended for the civilian us-
age, free service. Positioning accuracy is 5m in horizontal and 
10m in vertical plane. SPS service is officially available for free 
use from 18th of May 2007, which resulted in the development of 
a number of user services that support signals from multiple sat-
ellite systems. Tendency of the SPS service development was 
very similar to services provided by the Galileo system. 

2. High Precision Service (HPS) - for military usage, author-
ized access, coded signal.  

The original design of GLONASS includes signals L1 and 
L2, with codes C/A (Coarse/Acquisition) and P (Precise). There 
is a navigation message modulated on both codes. L1 carries the 
C/A code, and L2 carries the P code, so only L1 is used for SPS 
service realization, and both L1 and L2 signal for the HPS ser-
vice realization (Stupak, 2008). Very soon after the GLONASS 
beginning, it fell into severe financial problems which were 
caused by the situation in the country. An additional problem 
was the satellite life time of 3 years, compared to the GPS satel-
lites that are designed to 7.5 operating years, and were active up 
to 10 years. In December of 2003 a new type of satellite was 
launched. It was characterized by the increased life expectancy 
(up to 7 years) and its possibility to emit C/A code involved in 
L2 signal - which brought GLONASS as the first dual frequency 
GNSS system for civilian usage. Since 2005, the number of pos-
sible frequency was reduced and their new limits were defined. 
GLONASS network uses FDMA (Frequency Division Multiple 
Access) modulation (http://www.glonass-ianc.rsa.ru).   

 
Fig. 2. GLONASS satellites in their orbits around the Earth 

Development and structure of the Galileo 
system 
At the end of the last century, European countries came up 

with the idea of developing their own GNSS, solely for civilian 
usage. Realization of the Galileo system is underway, aiming to 
provide high accuracy system for determining of spatial position, 
velocity and time (Position-Velocity-Time: PVT). Galileo sys-
tem consists of space segment, ground control segment and user 
segment (http://www.gsa.europa.eu). 
• Space segment will be consisted of 27 operating satellites 
and 3 reserve satellites, which will be placed at a height around 
23.222km (MEO), divided in 3 orbits (10 satellites evenly dis-
tributed per plane, 9 operating and 1 backup satellite), with the 

inclination of 56°. Each satellite travels its orbital path 
(30000km long) for 13h 45min.  

• Ground Control segment will be consisted of 2 control sta-
tions, 5 stations for monitoring and transferring the data to the 
satellite, 9 stations for navigation data transferring, and 30-40 
monitoring stations. 

• User (civilian) services, which will be provided by Galileo 
system are (Enderle, 2009): 

1. Open Service (OS), completely open, free service, for the 
standard modes of maritime and land navigation systems, has the 
standard and precise working mode. Guaranteed accuracy in 
horizontal plane is 4m, while in vertical plane it is 8m. 

2. Safety of Life (SoL) has all the functionality of OS ser-
vices, users are authorized, and the continuity of service is guar-
anteed, suitable for navigation in air, land and maritime trans-
port. Guaranteed accuracy in horizontal plane is 4m, while in 
vertical plane it is 8m. 

3. Commercial Service (CS), commercial approach, the in-
troduction of two additional encrypted signals, the level of accu-
racy is sufficient for precision agriculture, surveying measure-
ments, etc. Continuity of service is guaranteed. Accuracy of spa-
tial coordinate’s determination in the CS mode is at centimeter 
level.  

4. Public Regulated Service (PRS), authorized access, en-
cryption signals for PVT, with high priority of continuous ser-
vice use, strategic and secure infrastructure. Guaranteed accu-
racy in horizontal plane is 6.5m, while in vertical plane it is 12m. 

5. Search and Rescue (SAR), the current localization of 
emergency calls, rescue operations, etc. Authorized services 
have the access. 

The Galileo network will use E2-L1-E1 signals (in the same 
range as the GPS L1), E6, E5b and E5a (in the same range as the 
GPS L5). Combining codes with basic signals (CDMA modula-
tion) results with 11 different signals. Six combinations will be 
used for OS and SoL, two just for the CS, only two for the PRS, 
and one exclusively for SAR service (Enderle, 2009). 

Development of the Galileo system is carrying out in 4 
phases (Fig. 3). The assessment of development projects was 
carried out the first phase. The second phase involves the launch 
of 2 test satellites (launched in 2005 and 2008) and analysis of 
results. The third phase is given with the preparation of assets, 
contracts and operating system development, which would last 
until mid-2013. The final stage is the beginning of the system 
exploitation, which includes 16 to 20 operational satellites. The 
availability of the Galileo service for our area should be ex-
pected in the beginning of 2014 (http://www.gsa.europa.eu/). 
The Galileo system has a goal to achieve interoperability with 
GPS, GLONASS, Compass and QZSS systems. 

 

 
Fig. 3. Implementation plan of the GALILEO system, with its 

phases 
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Development and structure of the Compass 
system 
Compass is GNSS in the designing stage, developing by 

China for military and civilian applications. It represents the 
second phase of the Beidou project. The first phase of the Bei-
dou project was development of navigation satellite system with 
4 satellites in geostationary orbit for 2D positioning, over areas 
of China. Four satellites were launched between 2000 and 2007, 
and, according to official data, Beidou 1 provides an accuracy of 
10m by itself, while the accuracy of 0.5m is provided with the 
support of the GPS system. Compass system consists of space 
segment, ground control segment and user segment 
(http://www.beidou.gov.cn). 

• Space segment will be consisted of 35 satellites, 5 of 
them is supposed to be in geostationary orbit (GEO), while 30 
satellites is supposed to be placed in (MEO) at a height of about 
21.500km, divided in 3 orbits (10 satellites per orbital plane), 
with the inclination of 55.5°. 

• Ground segment is currently unknown. 

• User services, which will be provided by Compass system 
are: 

1. Open Service (OS) – for civilian usage, free service, posi-
tioning accuracy is 10m. 

2. Authorized Service (AS) – for military usage, authorized 
access, positioning accuracy of 1m.  

Signals which will be used by the Compass network are E1, 
E2, E5B and E6, and they are overlapping with the Galileo sys-
tem. Overlapping can be convenient in terms of a receiver de-
sign, but on the other hand raises the issues of inter-system inter-
ference, especially within E1 and E2 bands, which are allocated 
for Galileo’s publicly-regulated service. However, under Inter-
national Telecommunications Union (ITU) policies, the first na-
tion to start broadcasting in a specific frequency will have prior-
ity to that frequency, and any subsequent users will be required 
to obtain permission prior to using that frequency, and otherwise 
ensure that their broadcasts do not interfere with the original na-
tion's broadcasts. It now appears that Chinese Compass satellites 
will start transmitting in the E1, E2, E5B, and E6 bands before 
Europe's Galileo satellites and thus have primary rights to these 
frequency ranges. Compass network will use CDMA (Code Di-
vision Multiple Access) (Gibbons, 2008).  

Three test satellites have been launched so far: Compass-M1 
in 2007, at the height of 21500km (MEO), Compass-G2 in 2009 
and COMPASS-G1 in 2010 (both in the geostationary orbit). 
Fully operational system is predicted for 2020. If a Compass sys-
tem becomes interoperative with other GNSS systems, it will 
significantly improve the positioning accuracy for inaccessible 
areas, i.e. mountains and densely populated areas 
(http://www.beidou.gov.cn). 

RESULTS AND DISCUSSION  

Current status of GPS 
As of December 1, 2009, the GPS system had 30 operational 

satellites in orbit to ensure a baseline constellation of 24 satel-
lites (http://www.gps.gov). It consists of 11 Block IIA, 12 Block 
IIR and 7 Block IIR-M satellites. Block IIA/IIR satellites give 
standard and precise service. Standard service includes broad-
casting of single frequency (L1) and coarse acquisition (C/A) 
code navigation, until precise service includes broadcasting of Y 
code (L1 and L2 code) and Y code navigation. Block IIR-M sat-

ellites broadcast the new second civil signal called L2C. L2C is 
designed to meet commercial needs for higher accuracy by pro-
viding a correction for ionospheric distortions using two civil 
signals. It includes broadcasting of M code (L1M and L2M). It is 
available from June 2005, without data message. Currently, all 7 
of Block IIR-M satellites broadcast L2C signal. One of them is 
on orbit testing. A full constellation of 24 satellites will be 
broadcasting L2C by around 2016. Tree additional satellites 
BlockIIR-M series are in residual status and could be activated if 
one of the operational satellites experience a sudden breakdown. 
The next satellite to be launched will be from the new IIF block 
of satellites around June 2010. It will include the third civil sig-
nal L5, which is designed to meet demanding safety require-
ments  (highly protected). A GPS satellite launched in 2009 
broadcasts L5 at the ITU. A full constellation of 24 satellites will 
be broadcasting L5 by 2018. A fourth civil signal L1C will pro-
vide in challenged tracking environments (urban canyons, under 
trees) and more robust navigation across a broad range of user 
applications. This signal has increased accuracy anti-jam power 
and security, assured availability, navigation surety, controlled 
integrity and system survivability. L1C will be broadcast by 24 
satellites around 2021 (Clore, 2009). Developent status of GPS 
is showen in Fig.4.  

 

 
Fig. 4. Development status of the GPS system 

Usage of the services of existing GNSS  
systems in agriculture 
The most important service of GNSS networks that has its 

application in agriculture is a service that includes determining 
the position with high accuracy. Considering the fact that, from 
the position accuracy point of view, the ultimate goal of all 
GNSS systems is 1m, it is necessary to apply correction tech-
niques to determine position by using data obtained from a base 
station network - fixed receivers with the specified location, 
which provides centimeter accuracy (Xu, 2007). The territory of 
Serbia (excluding Kosovo) is completely covered with two of 
such networks. An example of network that covers the whole 
territory of Vojvodina (Petrovački et al., 2006b) is given in Fig-
ure 5. Management and maintenance of network operating con-
dition, as also a distribution of position corrections, is under the 
direct control of the Center for Geoinformation Technologies 
and Systems of Faculty of Technical Sciences in Novi Sad. Base 
stations deliver a correction of current position to a receiver. The 
correction is calculated as the difference of actual position of the 
base station and the position determined by a satellite. The cor-
rection can be applied in real time (during the survey) or post 
processing. The communication between the mobile receiver and 
the base station can be done via radio-modem, General Packet 
Radio Service (GPRS) or Global System for Mobile Communica-
tions (GSM) (Xu, 2007).  
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Fig. 5. Permanent stations network in Vojvodina 

 
Some of the reasons for high accuracy surveying applications 

in agriculture i.e. in the field of precision agriculture ((Ristic and 
Petrovacki, 2005), (Govedarica et al., 2008)) are: 
• Maximize use of resources 

• optimized plowing of crop rows 
• tailored applications of seed, fertilizer, water, pesticides 
• improved management of land, machinery, personnel, 

time 
• greater crop yields and money savings 
• more efficient property management 

• Minimize environmental impacts 
• Localization identification and treatment of distressed 

crops reduces chemical use 
• Precise leveling of fields prevents fluid runoff 
• Disaster management in agriculture (Ristić et al., 2009) 

CONCLUSION 
The analyses of the current status and capabilities of both, 

existing and developing GNSS systems, are summarized in this 
paper. The basic characteristics of each GNSS network, the de-
gree of development, with emphasis on position accuracy and 
availability of such information to civilian purposes, as also the 
possibilities for application in agriculture, are briefly explained. 
The main advantage of GNSS technology applications shows its 
results in multiple time saving, maximum use of resources and 
minimization of influence of environment during the implemen-
tation of standard agricultural operations both in the field reali-
zation and from the processing results and planning point of 
view. It is noted that there is a good availability of data, enabled 
by GNSS technology, with proper position accuracy. It is also 
mentioned that there are networks to support high-accuracy sur-
vey in Serbia. 

It should be noted that the list of possible applications of 
GNSS technology in agriculture is significantly longer, and is 
not final since the fact that it is expandable through new ap-
proaches, projects and experiments. 
 

REFERENCES 
Allred, J., Daniels, J., Reza-Eshani, M. (2008). Handbook of 

Agricultural Geophysics. Taylor & Francis, Boca Raton, FL, 
USA. 

Clore, R. (2009). GPS and worldwide GNSS interoperability. 
The International Symposium on Global Navigation Satellite 

Systems, Space-Based and Ground-Based Augmentation 
Systems and Applications, Berlin, Germany, 37-39. 

Compass official website: http://www.beidou.gov.cn    
Enderle, W. (2009). Galileo/EGNOS. The International 

Symposium on Global Navigation Satellite Systems, Space-
Based and Ground-Based Augmentation Systems and Appl., 
Berlin, Germany, 33-36. 

Galileo official website: http://www.gsa.europa.eu/  
Gibbons, G. (2008). China GNSS 101: Compass in the rearview 

mirror. InsideGNSS, 62-66.  
GLONASS official website: http://www.glonass-ianc.rsa.ru  
GPS official website: http://www.gps.gov   
Govedarica, M., Petrovački D., Ristić A. (2008). GNSS - Based 

Ground Penetration Radar Applications. The International 
Symposium on Global Navigation Satellite Systems, Space-
Based and Ground-Based Augmentation Systems and 
Applications, Berlin, Germany, 93-94. 

Grewal, M., Weill, L., Andrews, A. (2007). GPS, inertial 
navigation and integration-secod edition, John Wiley & Sons, 
Haboken, NJ, USA. 

IRNSS official website: http://isro.gov.in  
Kaplan, E., Hegarty, C. (2006). Understanding GPS - Principles 

and Applications, Second Edition. Artech House, Norwood, 
MA, USA. 

McCloy, R. (2006). Resource Management Information 
Systems: Remote Sensing, GIS and Modelling Second Edition. 
CRC press, Taylor and Francis Group, Florida, USA. 

Petrovački, D., Vrtunski, M., Ristić, A. (2006). Koncept primene 
GPS tehnologije u mapiranju podzemne infrastrukture, 14. 
konferencija Srpskog društva za hidraulička istraživanja, 
Fruška Gora, Srbija, 83-96. 

Petrovački, D.,  Ristić, A., Konjović, Z., Govedarica, M. (2006). 
Akvizicija podataka za GIS bazu gasovodne mreže primenom 
subterestrijalne detekcije. 10. konf. YUNGinfo, Zlatibor, 
Srbija, 3-16. 

Riyos, C. (2000). Principles and Practice of GPS Surveying. The 
University of New South Wales, Sidney, Australia. 

Ristić, A., Petrovački, D. (2005). Georadar i GPS tehnologije – 
primeri primene. 49. kongres ETRAN, Budva, Crna Gora, 289-
292. 

Ristić, A., Petrovački D., Govedarica, M. (2009). Flooding bank 
structure modelling using GPR, GNSS and airborne laser 
scanning technologies. The International Symposium on 
Global Navigation Satellite Systems, Space-Based and 
Ground-Based Augmentation Systems and Appl., Berlin, 
Germany, 99-103. 

Stupak, G. (2008). GLONASS system status. The International 
Symposium on Global Navigation Satellite Systems, Space-
Based and Ground-Based Augmentation Systems and Appl., 
Berlin, Germany, 21-22. 

Terada, K. (2008). Current status of Japanese Quasi–Zenith 
Satellite System (QZSS). The International Symposium on 
Global Navigation Satellite Systems, Space-Based and 
Ground-Based Augmentation Systems and Applications, 
Berlin, Germany, 26-28. 

Xu, G. (2007). GPS - Theory, Algorithms and Applications, 
second edition, Springer, Berlin, Germany. 

 
Received:17.03.2010. Accepted:01.04.2010.

 


