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Satellite Navigation 
segments 



❏ Global Navigation Satellite Systems
❏ Horizontal positioning accuracy up to 

5m, anywhere in the world in open sky 
conditions

❏ Nano-second timing
❏ Sovereign capability
❏ Multiple use
❏ Free to use signals
❏ Driver for economic activity
❏ Critical Infrastructure

GPS III BEIDOU

GALILEO GLONASS



Architecture

GNSS satellite systems consists of three major 
components or “segments:

● Space Segment 
● Control Segment 
● User Segment



Basic GNSS Concepts

The above figure shows the steps involved in using GNSS to determine time and 
position then applying the information.



GPS Control Segment

❏ Master Control Station (MCS): satellite control, system operations
❏ Alternate Master Control Station (AMCS, Vandenberg AFB, 2004)
❏ Monitor Station (MS): Collect range data, monitor navigation signal
❏ NIMA Tracking Station (TS): Collect range data, monitor nav signal Ground Antenna (GA): 

Transmit data/commands, collect telemetry



GLONASS Ground Segment



GLONASS Satellite Coverage
GLONASS improves satellite coverage over GPS at higher latitudes due to 
the different inclination.



https://igs.org/

https://igs.org/


❏ Provide world-wide coverage, 24 or more MEO satellites
❏ Rely on timing synchronisation; and ranging
❏ Should be interoperable
❏ Main systems are GPS, GLONASS, BEIDOU & GALILEO
❏ Consist of MEO, GEO, GSO & IGSO



➢ Low Earth Orbit (LEO)
– Altitude of less than 2000 km, ISS, space shuttle, 
cube-sats, EO, mega-constellations, StarLink etc
– Fast ground repeats

➢ Medium Earth Orbit (MEO)
– Altitude above 2000km,
– Typically, navigation
– GPS (20,000km), Galileo (23,000km)
– Global coverage

➢ Geostationary Earth Orbit (GEO)
– Altitude of 32,000km
– Typically Comms, Navigation and EO
– Uninterrupted coverage



www.gnssplanningonline.com



GNSS

Position, Navigation & TIMING

★ Atomic clocks on board GPS satellites are 
stable to within 1 part in 1012

★ An observer would have to watch a GPS 
clock for 10^12 seconds (32,000 years) to 
see it gain or lose a single second.



Satellites - Timing

❏ Multiple GNSS constellations 
❏ GNSS satellites know their time and orbit ephemerides very accurately
❏ Timing accuracy is very important. The time it takes a GNSS signal to travel 

from satellites to receiver is used to determine distances (range) to satellites
❏ 1 microsecond = 300m, 1 nanosecond = 30 cm.
❏ Small deviations in time can result in large position errors



Global Positioning System

● 24Satellites

● 6 Orbital planes

● 55°Inclination

● 20200 km above the Earth

● 12 hour orbits



User segments

❏ A - Gnss antenna
❏ https://geodesy.noaa.gov/ANTCAL/
❏ B - gnss receiver
❏ 1 gnss board 
❏ 2 main board 
❏ 3 gnss firmware
❏ 4 operating system
❏ B - handheld
❏ 1 operating system
❏ 2 field software



Global Positioning System Concept

User measures distance to four satellites

Satellites transmit their positions in orbit

User solves for position (X,Y,Z or Φ, λ, h) and clock error Δt



GPS Standard Positioning Server (SPS)
L1 Carrier Wave, 1.575 MHz

Gold Code 1023 chip period, 1.023 Mchip/s, 1 ms repeat

Broadcast Signal (change of phase)



❏ Two/Three L band carriers 
L1 1575.42 MHz
L2 1227.60 MHz
(L5 1176.45 MHz)

❏ Multiple spectrum modulated timing codes
C/A code 1.023 MHz 1ms   L1 only
P code 10.23 MHz 38 weeks L1 and L2

❏ Navigation message
50 bps
25 pages, 5 subframes



GNSS Signals

GNSS signals are transmitted 
and received at low power in a 
narrow frequency range, they 
only work with a clear sky 
view, and they are easily 
vulnerable to Jamming and 
Spoofing



https://play.google.com/store/ap
ps/details?id=com.android.gpste
st&hl=en

https://play.google.com/store/apps/details?id=com.android.gpstest&hl=en
https://play.google.com/store/apps/details?id=com.android.gpstest&hl=en
https://play.google.com/store/apps/details?id=com.android.gpstest&hl=en




Propagation
❏ GNSS signals pass through the near-vacuum of space, then through the various layers of 

the atmosphere to the earth, as illustrated in the figure below:



Computation
❏ In summary, here are the GNSS error sources that affect the accuracy of pseudorange 

calculation:

❏ The degree with which the above pseudorange errors affect positioning accuracy 
depends largely on the geometry of the satellites being used. This will be discussed later 
in this training.



Code Based Positioning
●  Each satellite transmits a unique “Gold” code or PRN
● Receiver superimposes the code with its own “local code“ (from it’s ALMANAC]
● The receiver compares the code received from the satellite and the local receiver generated 

code to determine the ‘travel time’
● It does this by sliding and comparing the code at intervals

Measure the time difference between two unique elements in the pseudo random noise code (PRN) & 
multiply by the speed of light



Positioning Methods

❏ 2 main observables for positioning 
› CODE 
› CARRIER



Propagation
❏ To determine accurate positions, we need to know the range to the satellite. 

This is the direct path distance from the satellite to the user equipment

❏ The signal will “bend” when traveling through the earth’s atmosphere

❏ This “bending” increases the amount of time the signal takes to travel from 
the satellite to the receiver

❏ The computed range will contain this propagation time error, or atmospheric 
error

❏ Since the computed range contains errors and is not exactly equal to the 
actual range, we refer to it as a “pseudorange”



Propagation
❏ The ionosphere contributes to most of the atmospheric error. It resides at 70 

to 1000 km above the earth’s surface.

❏ Free electrons resides in the ionosphere, influencing electromagnetic wave 
propagation

❏ Ionospheric delay are frequency dependent. It can be virtually eliminated by 
calculating the range using both L1 and L2

❏ The troposphere, the lowest layer of the Earth’s atmosphere, contributes to 
delays due to local temperature, pressure and relative humidity

❏ Tropospheric delay cannot be eliminated the way ionospheric delay can be

❏ It is possible to model the tropospheric delay then predict and compensate for 
much of the error



Propagation
❏ Signals can be reflected on the way to the receiver. This is called “multipath 

propagation”

❏ These reflected signals are delayed from the direct signal, and if strong 
enough, can interfere with the direct signal

❏ Techniques have been developed whereby the receiver only considers the 
earliest-arriving signals and ignore multipath signals, which arrives later

❏ It cannot be entirely eliminated



Reception
❏ Receivers need at least 4 satellites to obtain a position. If more are available, 

these additional observations can be used to improve the position solution

❏ GNSS signals are modulated by a unique pseudorandom digital sequence, or 
code. Each satellite uses a different pseudorandom code

❏ Pseudorandom means that the signal appears random, but actually repeats 
itself after a period of time

❏ Receivers know the pseudorandom code for each satellite. This allows 
receivers to correlate (synchronize) with the GNSS signal to a particular 
satellite

❏ Through code correlation, the receiver is able to recover the signal and the 
information they contain



Position Fixing (Trilateration)



Computation
❏ Due to receiver clock error, the intersecting points between the range of satellite A and B 

do not match with the actual position

❏ Receiver clocks are not nearly as accurate as satellite clocks. Their typical accuracy is 
only about 5 parts per million.

❏ When multiplied by the speed of light, the resulting accuracy is within +/- 1500 meters



Computation
❏ When we now compute the range of the third satellite, the points will not intersect to a 

single computed position

❏ The receiver knows that the pseudoranges to the three satellites do not intersect due to 
receiver clock errors



Computation
❏ The receiver can advance or delay its clock until the pseudoranges to the three satellites 

converge at a single point

❏ Through this process, the satellite clock has now been “transferred” to the receiver 
clock, eliminating the receiver clock error

❏ The receiver now has both a very accurate position and a very accurate time
❏ When you extend this principle to a three-dimensional world, we will need the range of a 

fourth satellite to compute a position



Required Navigation Performance (RNP)
❏ Availability is the percentage of time the position, navigation or timing solution that can be 

computed by the user. Values vary greatly according to the specific application and services 
used but typically range from 95 to 99.9%. We can speak of two types of availability:

› System availability: is what GNSS Interface Control Documents (ICDs) refer to.
› Overall availability: takes into account the receiver performance and the user’s environment. Values vary 
greatly according to the specific use cases and services used.

❏ Accuracy is the difference between true and computed solution (position or time). This is 
expressed as the value within which a specified proportion –usually 95%- of samples would fall 
if measured. This report refers to positioning accuracy using the following convention: 
centimetre-level: 0-10cm; decimetre level: 10-100cm; metre- level: 1-10 metres.

❏ High Accuracy vs High Precision .....



Required Navigation Performance (RNP)

❏ Continuity the ability of a system to perform its function (deliver PNT services with the 
required performance levels) without interruption once the operation has started. It is 
usually expressed as the risk of discontinuity and depends entirely on the timeframe of 
the application. A typical value is around 1*10-4 over the course of the procedure where 
the system is in use.

❏ Integrity is a term used to express the ability of the system to provide warnings to users 
when it should not be used. It is the probability of a user being exposed to an error larger 
than the alert limits without timely warning. The way integrity is ensured and assessed, 
and the means of delivering integrity-related information to users are highly application 
dependent. Throughout this report, the “integrity concept” is to be understood at large, 
i.e. not restricted to safety-critical or civil aviation definitions but also encompassing 
concepts of quality assurance/quality control as used in other applications and sectors.



Other Key Requirements
❏ Robustness relates to spoofing and jamming and how the system can cope with these issues. It is a 

more qualitative than quantitative parameter that depends on the type of attack or interference the 
receiver is capable of mitigating. Robustness can be improved by authentication information and 
services.

❏ Authentication gives a level of assurance that the data provided by a positioning system has been 
derived from real signals. Radio frequency spoofing may affect the positioning system resulting in false 
data as output of the system itself.

❏ Time To First Fix (TTFF) is a measure of time between activation of a receiver and the availability of a 
solution, including any power on self-test, acquisition of satellite signals and navigation data and 
computation of the solution. It mainly depends on data that the receiver has access to before activation: 
cold start (the receiver has no knowledge of the current situation and must thus systematically search 
for and identify signals before processing them – a process that can take up to several minutes.); warm 
start (the receiver has estimates of the current situation – typically taking tens of seconds) or hot start 
(the receiver understands the current situation – typically taking a few seconds).

❏ High precision GNSS systems dramatically improve precision using GNSS correction data to cancel 
out GNSS errors and give a sharply defined solution.



Other Key Performance Parameters
❏ Power consumption is the amount of power a device uses to provide a position. The power 

consumption of the positioning technology will vary depending on the available signals and data. 
For example, GNSS chips will use more power when scanning to identify signals (cold start) 
than when computing a position. Typical values are in the order of tens of mW (for smartphone 
chipsets).

❏ Resiliency is the ability to prepare for and adapt to changing conditions and withstand and 
recover rapidly from disruptions; includes the ability to recover from deliberate attacks, 
accidents, or naturally occurring threats or incidents. A resilient system will change its way of 
operations while continuing to function under stress, while a robust system at the end will reach 
a failure state without being able to recover.

❏ Connectivity refers to the need for a communication and/or connectivity link of an application to 
be able to receive and communicate data to third parties. Connectivity relies on the integration 
with both satellite and terrestrial networks, such as 5G, LEOs, or LPWANs.



Other Key Performance Parameters
❏ Interoperability refers to the characteristic of a product or system, whose interfaces are 

completely understood, to work with other products or systems, in either implementation or 
access, without any restrictions (e.g. ability of GNSS devices to be combined with other 
technologies and the possibility to merge the GNSS output with the output coming from different 
sources).

❏ Traceability can be illustrated by a traceable measurement is one that can be related to national 
or international standards using an unbroken chain of measurements, each of which has a 
stated uncertainty. For Finance applications, knowledge of the traceability of the time signal to 
UTC is essential to ensure regulatory compliance at the time-stamp.

❏ Calibration is a term related to the calibration of a GNSS Timing Receiver. It is the process of 
measuring the different biases of the GNSS signals propagation through the antenna cable and 
equipment hardware in order to characterize them and take them into account when computing 
the timing solution.



GNSS Overview
❏ Real-Time Signal for Navigation 

› Range Measurements

❏ Accurate Timing
❏ Accurate Satellite Ephemeris 
❏ Propagation Delay minimal or estimable
❏ Choice of Frequencies free from Interference
❏ Calibration



Thank you for Your 
Participation

Halmat Atta Ali

https://www.esurveyiq.com/

https://www.esurveyiq.com/

