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 A short history of GNSS.

 Components of GNSS.

 How satellite positioning actually works.
▪ Satellite data streams

▪ Receiver calculations
▪ Pseudorange measurement

▪ Carrier frequency measurement

 Latest generation of GNSS receivers

 Comparison of different GNSS receivers



 GNSS (Global Navigation Satellite System) is a term that refers to 
the International Multi-Constellation Satellite System

 It includes GPS (USA), GLONASS (Russia), Baidu (China), Galileo 
(EU), and others.

 For a long time, the American GPS system and its Russian-owned 
counterpart (GLONASS) were the only available satellites. 

 The addition of Europe’s Galileo and China’s BeiDou satellites, 
users and developers are now presented with a broader range of 
signals and all the benefits that this brings with it.



These include:

 Greater reliability as more satellites are available at any given 
time,

 Greater precision as combinations of signals and frequencies 
can help to mitigate effects such as atmospheric interference,

 Greater robustness as receivers using multi-constallations
are less susceptible to errors introduced in the space 
segment, and are harder to spoof/jam.



 Satellites,

 Receivers and

 Ground based radar stations.



The basic data transmitted includes;

 Navigation data: A binary-coded message providing information on the 
satellite ephemeris (Keplerian elements or satellite position and velocity), 
clock bias parameters, almanac, satellite health status and other 
complementary information.

 Ranging (or spreading) code: A pseudo random sequence of 0s and 1s. 
Often referred to as Pseudo-Random Noise (PRN) codes.

 Carrier frequency: Radio frequency sinusoidal signal at a given frequency.

 A multiple access scheme is used to allow the harmonious sharing of a 
frequency band by several satellites.



 The GNSS satellites transmit signals on a number of 

frequencies or “bands”. 



 Each frequency has its own advantages and 

disadvantages with some providing more bandwidth and 

providing a stronger signal for challenging ground 

conditions such as tree cover, buildings, etc

 Different frequencies are also used to carry different 

information for civilian and military use.



 The absolute position of a receiver is calculated by means of 
trilateration.

 From Wikipedia, trilateration is defined as the process of 
determining absolute or relative locations of points by measurement 
of distances, using the geometry of circles, spheres or triangles.

 Not to be confused with triangulation which involves the 
measurement of angles.

 Receivers use spheres and need 3 satellites to provide an accurate 
fix. 





 So to do this the receiver needs to work out the distance 

to the satellites using the transmitted data. 

 Modern receivers use two methods for calculating this 

distance,

▪ pseudorange measurement and

▪ carrier phase measurement.



 The distance to a satellite is obtained by multiplying the time taken for each 
ranging code to reach the receiver by the speed of light. But because there 
will inevitably be accuracy errors in the time measured, the term 
pseudorange is used.

 A GNSS receiver will attempt to measure the ranges of (at least) four
satellites as well as their positions when their positional data were 
transmitted. With the satellites' orbital parameters supplied in the almanac 
within the message, each position can be calculated for any point in time.

 The fourth satellite is used for correcting the time error.

 The pseudorange is an approximation of the distance between a satellite 
and a GNSS receiver and is accurate to about 5m.





 The carrier phase measurement is a measure of the range between a 
satellite and receiver expressed in units of cycles of the carrier frequency.

 The carrier signal, which has a much higher frequency than the pseudo-
random code, is more accurate than using the pseudo-random code alone. 

 This measurement does not provide a total distance but instead provides 
more accurate measurement within the pseudorange error.

 The pseudo-random code narrows the reference then the carrier code 
narrows the reference even more.

 Accuracy increases to about 1m.



Let’s have a think about what a receiver has to do.

 Monitor all the available visible satellites and choose the 4 strongest 
signals

 Receive the signal from one satellite
▪ Decode the signal from the satellite,

▪ Identify the satellite and confirm the data sent is valid,

▪ Calculate the distance to the satellite using pseudorange calculation,

▪ Calculate the distance to the satellite using carrier phase calculation.

 Do the same thing for 3 other satellites at the same time,

 Do all of this every second whilst confirming that these 4 signals are still the 
strongest.



 The size and type of antenna that a receiver uses has a big effect 

on its accuracy.

 Essentially the bigger the antenna the more sensitive it is.

 The closer it is to other electronics the more susceptible it is to 

electronic interference.

 Mounting plate to reduce multi path signals.



 Real Time Kinematic (RTK) receivers are the latest generation of GNSS 

receivers.

 Evolution of differential GPS which utilises a static or base receiver with a 

known position to calculate correction factors.

 These correction factors are then sent to the roving receiver to improve 

accuracy down to the centimeter.

 Both base and rover receivers need to see the same satellites so must be 

within 30km of each other. (Some say it can be up to 50km.)



 On top of all the calculations mentioned previously RTK receivers 

now have to apply the correction data to all of those incoming 

signals from the satellite as well.

 This is why RTK receivers have more computing power than normal 

receivers.



Correction data can be transmitted to the roving receiver by;

 Wired connection

 Wireless or radio communication

 IP network (WiFi, Ethernet, 4G). For this case, a protocol has been 

developed, called NTRIP.



 NTRIP is a language/protocol to distribute RTK corrections over 
internet/local network data IP packets. This allows to expand RTK networks 
with infinite bases and infinite rovers. There are 3 possible elements in a 
NTRIP network:

 NTRIP caster. It’s a server that collects RTK corrections from one or 
several base stations, and distributes them among Rovers.

 NTRIP server. It’s a single physical RTK base station. It’s role is to send 
RTK corrections to a NTRIP Caster, so the Caster can distribute them to 
other clients. In networks with only one base station, it’s quite common to 
have an NTRIP server+caster together. 

 NTRIP client. An RTK receiver that wants to receive RTK corrections. RTK 
Rovers are NTRIP clients.





 Geoscience Australia runs a network of base stations all 
over the country. (Network map)

 It provides NTRIP access to all of these via the Internet 
with free registration.

 Local static sources

▪ Kyneton  (KTON00AUS0)

▪ Gisborne (GSBN00AUS0)

https://gnss.ga.gov.au/network


 GNSS receiver test – Hamish

 GNSS receiver test - Asko

file:///C:/Users/Hamish/Documents/Mapping/GPS/Mapping workshop/GPS test.pdf
file:///C:/Users/Hamish/Documents/Mapping/GPS/Mapping workshop/GPS_Test_Summary_20211022.pdf


 Multiple satellite constellations make up the GNSS including GPS, 

GLONASS, Baidu, Galileo.

 Satellites transmit data to receivers which use the 3 strongest signals to 

calculate their positions and a fourth to calculate the time error.

 Dual band receivers use two types of ranging calculations to improve 

accuracy.

 Separate antennas provide better accuracy.

 RTK receivers with NTRIP improve accuracy to centimetre level


