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Module Overview:

This course provides a conceptual overview and hands-on experience with Global Navigation
Satellite System (GNSS) including GPS theory, techniques, and field data collection using
various GPS technologies.

Learning Outcomes and Academic Skills

By the end of the course, students should be able to:

e Describe the principles of GNSS based positioning methods

e Describe the main components in a satellite navigation system and their functions
e Describe the satellites and signal structures used in the GNSS systems

e Explain the measurements, methods, related errors and mitigation approaches

e Explain and apply differential correction and precise positioning concepts

e Plan, perform and process GNSS measurements

e Use different GNSS positioning methods for surveying

Assessment

Assignments 40 %
Reports/Presentations 40 %
Final Exam 20 %

Teaching Organization

TEACHING ACTIVITY SEMESTER WORKLOAD (HOURS)
lectures 30 hours
exercises / assignments 5 hours
final examination 1 hours
other (specify):

Preparation - Student Centred
Learning activities 25 hours

Field/Lab Practical activities

15 hours
Self-Learning (Library & Internet)

38 hours
Field reports and presentations 6 hours
total number of hours 150 hours
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https://www.glonass-iac.ru/en/
https://ec.europa.eu/growth/sectors/space/galileo
http://www.esa.int/Our_Activities/Navigation/Galileo/What_is_Galileo
https://www.esa.int/Applications/Navigation/Galileo/Galileo_satellites
https://www.esa.int/Applications/Navigation/Galileo/Galileo_satellites#:~:text=The%20Galileo%20Space%20Segment%20will,signals%2C%20ephemeris%20and%20other%20data
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Summary of sa(ellites,s of 23 June 2020
Launch Satellite launches Currently in orbit
period Success Failure Planned and healthy
2000-2006 4 o 0 [}
2007-2019 20 o 0 12
2015-present 35 o 0 30
0 o
=

Total 59
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http://en.beidou.gov.cn/
http://qzss.go.jp/en/

Other GNSS

Quasi-Zenith Satellite System (QZSS)

Replacement for Qz5-1 QZ5-1R  launched on 26.10.2021

Current C
Name Launch date Status Notes

Qz5-1 (Michibiki-1l) | 11 September 2010 | Replaced by QZS-1R
Qz52 (Michibik-2) | 1June 2017 Operational Improved solar panels and increased fuel
azss i) I 25 Resert 2017 oa—— Heavier design with additional S-band antenna
Qz5-4 (Michibiki4) | 10October 2017 | Operational Improved solar panels and increased fuel
QZS-1R (Michibiki-1R) | 26 October 2021 | Operational
Future 7 satellite Constellation

Name Planned launch date Status
azss 203 Future
azs6 203 Future
azs7 2024 Future
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https://en.wikipedia.org/wiki/Geostationary_orbit
https://en.wikipedia.org/wiki/QZS-1R
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http://www.isro.gov.in/irnss-programme
http://www.isro.gov.in/irnss-programme
http://www.isro.gov.in/irnss-programme
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wfe’ Positioning Service (PPS) 4
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»Receivers at fixed and known location
can determine ranging error

#True range — measured range= range
correction

»Correction can be sent to user near
the fixed receiver

»User applies correction and gets
better position accuracy

»But what about integrity, continuity,
availabilty
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https://geodesy.noaa.gov/CORS/resources/gpscals.shtml
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data bit
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spectrum signal

.= 1/T, = chipping rate (chips/s) R~ /T, = data ate (bits's)
= 1.023 MHz (€/A), 10.23 MHz (P/Y) =50bps

f,= /T, = camier frequency (Hz)

= 1575.42 MHz (L1), 1227.6 MHz (L2)
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range measurement
‘With an imperfect user
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[ ? transit time 2> 70 t0 90 ms
[
2
t? true GPS time at which code is received
ts (I — T) emission time (imprinted on signal)
7, (I ) measured arrival time (clock reading)
pt) = c[tu (t) - (I - z’)] pseudorange
= = = \‘“‘\ N ]
Tids P

Et’s Pseudorange Model

Deviation from GPS time limited to &1 ms:

« continuous clock steering

« reset (clock jump!) when certain
threshold is reached
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» Phase measurement + whole number of cycles traveled - range

- Observation model

measure distance?
A .
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Code measurement

Carrier phase measurement

Time required

Short observation time (seconds)

Short to long observation time (few
seconds to hours), depending on

Receiver

Simple GNSS receivers

Advanced GNSS receivers

Measurement
uncertainty (in plane)

Tens of meters at absolute
positioning. Meter level at relative
positioning

Centimeter level at relative
positioning with determination of
integer phase ambiguities.

Sensitivity to signal
interruption

Less sensitive, as the measurement
period is short.

More sensitive, as determining
integer phase ambiguitites requires
uninterrupted measurement
(sometimes over a long period of
time).
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https://igs.org/formats-and-standards/
ftp://cddis.gsfc.nasa.gov/gnss/products/
ftp://igs.ensg.ign.fr/pub/igs/products/
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https://cddis.nasa.gov/Data_and_Derived_Products/GNSS/station_position_products.html
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