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POSITIONING AND GNSS

 Brief analytics “primer” associated with 
GNSS (Global Navigation Satellite System) 
based PNT (Position, Navigation, Time)

 Positioning - background

 Specific analytics for GNSS

 Applications in GNSS – group discussion about 
opportunities



HOW DOES GNSS WORK? (1)

Velocity x Time = Distance 

Radio waves travel at the speed of light 299 792 458 m/s 
(i.e., around 3*108 m/s)

If it took, for example, 0.067 seconds to receive a signal 
transmitted by a satellite floating directly overhead, the travel 
distance of the received signal can be calculated using the 
below formula:

Travel distance: 299792458 m/s x 0.067 s = 20086094.69 m

~20086 km

Precise position of the satellite at the time of signal transmission 
and the signal travel time must be resolved!
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HOW DOES GNSS WORK? (2)

3D 
trilateration



STRUCTURE OF A GPS SIGNAL

Source: European Space Agency, Navipedia

C/A = coarse/acquisition



GNSS SYSTEM ARCHITECTURE

 All GNSS systems are based on the same 
architecture (3-segment architecture):

 Space segment: satellites

 Control segment: monitoring, controlling and 
uploading stations => a heavy ground infrastructure 
required in order to deliver the right signals with the 
right parameters to the users.

 User segment: user community/GNSS receivers

 The number of satellites and monitor stations 
differ according to the GNSS system (GPS, 
Glonass, Galileo, BeiDou,...)



THE THREE SEGMENTS OF GNSS

Ground
antennas
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INTRODUCTION TO GNSS POSITIONING (1)



INTRODUCTION TO GNSS POSITIONING (2)

Principle of 
satellite

navigation

RTKLib OS SW
gLAB OS SW

http://www.rtklib.com/
https://gage.upc.edu/gLAB/


UNCERTAINTY IN SATELLITE-BASED POSITIONING

Poor geometry Good geometry

 PDOP (position dilution of precision) reveals the user-satellite geometry

 Typically: < 3 = optimal and > 7 = poor geometry

11

Poor geometry
enlargens the
effect of ranging
signal errors



ERROR SOURCES

Satellite measurements are 
noisy and erroneous since the 
signals attenuate on their way 
from the satellite to the receiver 
and bounce off e.g. the ground 
and buildings

Satellite related errors:

Satellite clock errors

Ephemeris errors

Atmospheric related errors:

Ionospheric delays

Tropospheric delays

Receiver and its surrounding:

Receiver noise

Multipath



Navigation; code measurement; one receiver

DGNSS; code measurement + base station

Carrier phase observations + base station

Static positioning; phase observations, network           of 
base stations, post processing

Permanent stations; time series

10 m

1 m

0.1 m

0.01 m

0.001 m

Issues affecting GNSS accuracy:
• Receiver technology used
• Location and environment of the antenna
• Weather conditions

GNSS ACCURACY
Accuracies obtainable:
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NEXT GENERATION GNSS



GNSS APPLICATIONS

Applications can be summarized into five broad categories:

 Location = determining a basic position (e.g., emergency calls)

 Navigation = getting from one location to another (e.g., car 
navigation)

 Tracking = monitoring the movement of people and things (e.g., 
fleet management/logistics, workforce management, lost 
child/pet tracking)

 Mapping = creating maps of the world

 Timing = bringing precise timing to the world



Source: EU’s GSA GNSS Market Report 2019



The many uses of satellite navigation today and tomorrow

Video: https://www.youtube.com/watch?v=7SU5ptMYy9s

https://www.youtube.com/watch?v=7SU5ptMYy9s


Source: European GNSS 

Agency’s GNSS 

Market Report 2019
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ANDROID GNSS RAW MEASUREMENTS

 Try it yourself:

 2016 Google opened APIs for GNSS
raw measurements 
https://developer.android.com/guide/topics/sensors/gnss

 Depending on the device:

 Pseudorange and pseudorange rate

 Navigation message

 Android devices providing the 
measurements may be
found from Google’s 
webpage mentioned above

EU GSA workshop: 27-28.5.2020

https://developer.android.com/guide/topics/sensors/gnss
https://www.gsa.europa.eu/newsroom/news/raw-measurements-workshop-registration-now-open


LOCATION AND MEASUREMENT APIS

 Future applications enabled by consumer-grade precision positioning

Source: Frank van Diggelen, Google



DUAL FREQUENCY GNSS –PRECISIONPOSITIONING

Source: Frank van Diggelen, Google



SAMPLE APPLICATIONS

 Future applications enabled by consumer-grade precision positioning

Source: Frank van Diggelen, Google



APPLICATIONS IN GNSS – GROUP 

DISCUSSION ABOUT OPPORTUNITIES

 EO and GNSS
 GNSS in limiting global warming
 GNSS and climate change monitoring
 GNSS in supply chain logistics
 Location based services
 Vessel traffic services
 Precision agriculture
 Road
 Landing / aviation



EARTH OBSERVATION & GNSS

 Earth Observation (EO) is often used in tandem with GNSS to enable
added value services for users in many different markets across the
globe.

 EO is used to analyze the properties of a given area, whereas GNSS
enables efficient navigation, positioning and tracking of objects or
people within this area.

 The joint exploitation of the unique features of EGNSS and Copernicus,
gives rise to a wide variety of integrated applications.

 GNSS Reflectometry (GNSS-R) can be used together with EO data for
applications such as farm management and prospecting of wind and
solar farms.



GNSS IN LIMITING GLOBAL WARMING

 Reduced fuel consumption:

 GNSS enables optimal routes for cars, buses, boats and airplanes by providing
accurate positions. This allows significant reduction of the fuel required to go
from A to B and thus contributes to the reduction of CO2 emissions.

 Sustainable agriculture:

 As the centrepiece of precision farming, use of GNSS reduces the need for
fertilisers. In turn, this means a reduction of greenhouse gases such as CO2 ,
nitrous oxide and ammonia in the atmosphere.

 Smart Cities:

 Connectivity and efficiency are fundamental concepts in the context of smart
and more sustainable cities. GNSS contributes to the Internet-of-Things and
empowers efficient urban public transport, eventually contributing to
environmentally-friendly solutions



GNSS IN CLIMATE CHANGE MONITORING

 As GNSS signals travel from the satellites to ground stations, they
pass through the different layers of the Earth’s atmosphere.

 Its lower part – the troposphere – contains water vapor, which
introduces delays in the propagation of GNSS signals.

 These delays result in an offset of spatial accuracy.

 By processing and analyzing these effects, the Integrated Water
Vapor quantity and the Zenith Total Delay can be evaluated.

 As water vapor is the most abundant greenhouse gas in the
atmosphere, the estimation of its concentration is important for
weather forecasting (both long-term and nowcasting) and for climate
change monitoring.



GNSS IN SUPPLY CHAIN LOGISTICS

 Supply Chain Logistics is one area where combining GNSS data with
Blockchain allows the end user or the manufacturer to trace their
product through each production stage consistently without any
gaps.

 This allows the end customer or manufacturer to check the location
of the product at regular intervals and see through which production
stations the product has passed.

 In addition to the tracking of a product through its manufacturing,
warehousing and distribution, the technology also provides a
measure against counterfeiting and a method for inventory control.



LOCATION BASED SERVICES

 Almost 3 billion mobile applications currently in use rely on
positioning information.

 European GNSS applications are supported by several categories of
devices, mainly smartphones and tablets, but also specific equipment
such as

 Tracking devices

 Digital cameras

 Portable computers

 Fitness gear



VESSEL TRAFFIC SERVICES

 GNSS is used for position information by AIS (autimatic identification
system) and for ship navigation.

 Terrestrial or space-based services might be used to augment the
GNSS positioning.

 In maritime, integrated EO and GNSS applications, are deployed to
enable more efficient and environmentally friendly ship routing. This
is achieved by combining EO data (including oceanographic and
weather information) with GNSS-enabled vessel navigation.



PRECISION AGRICULTURE

 Precision agriculture is a highly effective farming strategy that allows 
farmers to better allocate inputs (e.g. seeds and fertilisers) and 
increase productivity, while lowering costs and minimising environ-
mental impact.

 Reduction of waste and over-application of fertilisers and herbicides

 Reduced of seed consumption

 Fuel savings

 Time savings

 Reduced fatigue

 Extended equipment life due to an optimised usage

 Optimisation of crop yields.



ROAD

 European GNSS, including EGNOS, is making everyone's life on the
road easier by significantly reducing congestion and, consequently,
CO2 pollution, improving the efficiency of road transportation
through navigation, fleet management opportunities and satellite
road traffic monitoring.

 Satellite free flow tolling.

 For toll collection in free-flowing traffic, applying a variety of technologies
and combining them into smart systems.

 In addition to high operational performance, these fully automated
solutions help customers to ensure mobility, thus assisting in preventing
congestion and reducing pollution.

 Satellite tolling, mobile tolling, multi-lane free flow tolling



LANDING WITH SATELLITE NAVIGATION

 The commercial aviation sector is also more and more dependent on
GNSS

 For example Airbus is equipping its A350 XWB with a satellite-based
augmentation system (SBAS) receiver, providing their customers with the
capability of landing without navigation ground infrastructure and
providing a geometric vertical guidance, free of temperature and
barometric setting errors
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