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Synopsis
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: 03
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: This course introduces students the fundamental aspects of

Satellite Based Positioning & Navigation, and is meant for
students entering the industry as well as interested in pursuing
higher studies in Global Navigation Satellite System (GNSS).
This module explains the theoretical and essential practical
understanding of the use of GNSS to obtain a position on Earth
required by diverse fields related to Earth observation Science.




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

. Programme Assessment
No. | Course Learning Outcome Outcome Methods
Describe the basic concepts of Global
Navigation Satellite Systems (GNSS)
and how they are used for positioning on . .
Earth. P01, P02, P03 & | Multiple Choice
1. POS quizzes & Final
Describe the main components of a Exam
satellite navigation system and their
functionality.
Understand how traditional surveying
principles are applied in GNSS
positioning. . )
, ponpo, oy | M o
| Explain the principles of trilateration (in P05 4 Exam
2D) used in GNSS based positioning
Identify GNSS satellites and understand
the signal structures used in GNSS
systems.
3 Explain how the receiver determines the| P01, P02, P03, M;glzlzlse 8(511:1;)111;16
* | identity and location of each satellite & POS d
. .. . Exam
using navigation messages and signal-
matching.
Explain the process for estimating
pseudorange  using PRN code
synchronization. P01, P02, PO3, Ml'lltlple Chglce
4. & P05 quizzes & Final
Explain how estimated positions are Exam
calculated using pseudorange
(trilateration in 3D).
Understand how the physical properties
of radio waves are used to improve the
precision of pseudorange estimation.
Desc.rlbe. the use of wavelengths for P01, P02, P03, Mqltlple Chplce
5. | precise distance measurement. quizzes &Final
&P05 Exam

Explain the use of phase measurement
and integer count to obtain precise
distance from receiver to the satellite




Describe different potential error sources
in GNSS operation and how they are
mitigated.

Describe the multiple error sources
Explain the need of extended observation

time to increase the accuracy of GNSS-
deduced position

P01, P02, P03,
&P05

Multiple Choice
quizzes &Final
Exam

Explain the mathematical concept of
differencing (single and double) to
mitigate the errors

Explain the use of continuous GNSS
active relative positioning (CORS) and
GNSS Augmentation

P01, P02, P03,
P05, P10 & P11

Multiple Choice
quizzes &Final
Exam

Explain the process of converting
between Cartesian coordinates and
positions in an ellipsoid and orthometric
reference frame

Explain a reference frame (Datum) and
how it is used in GNSS

Explain the process of converting
between Cartesian coordinates (X,Y,Z)
and positions (latitude, longitude,
ellipsoid height).

Explain why the impotence of the
conversion of heights from an ellipsoid to
an orthometric reference frame.

P01, P02, P03 &
P05

Multiple Choice
quizzes &Final
Exam

Explain the applications of GNSS based
positional measurements in land and
hydrographic ~ surveying, = Geodesy
Remote Sensing, GIS and related fields

Describe the advanced process of GNSS
and Its Applications

P01, P02, P03,
P06, P10 &
PO11

Final Exam




Ability to apply the knowledge and skills
to conduct GNSS observations in the
field to determine the position for land
surveying and relevant applications.

Use different GNSS positioning

methods for establishing a geodetic Field and Lab
10 | control network and topographic practical reports
surveys. / presentations

Ability to use the techniques and skills
to understand the modernizations in the
field of GNSS and to flexibly adopt to
them.

STUDENT LEARNING TIME (SLT)

TEACHING METHODOLOGY

Lectures

Multiple Choice quize / Assignments if necessary
Field and lab reports

Group presentations

WEEKLY SCHEDULE

Week 1 1.0  Introduction to Principles of Global Satellite Navigation

1.1 Introduction to GNSS

1.2 History and Traditional Surveying Principles in
GNSS Positioning

1.3 Concepts of Trilateration in Two Dimensions




1.4  Mathematical solution of Trilateration (Using Least
Squares)
1.5  How Trilateration works with GNSS
1.6  Segments of GNSS
Week 2 2.0 GNSS Computational Methods I — Pseudorange
measurements
2.1 Identifying the Satellite and Its Position
2.2 Satellite Orbital Information: Ephemerides
2.3 Using Signal-Matching to Identify and Lock onto a
GPS Satellite
2.4  Determining the Pseudorange from the Satellite using
Week 3 2.5  Pseudorange: Definition and Limitations
2.6  Estimating the Position from Pseudoranges
2.7  Mathematical Solution of Trilateration in Three
Dimensions (Using Least Squares)
Week 4 3.0 GNSS Computational Methods Il — Carrier Phase
measurements
3.1 The Role of Signal Wavelength
3.2 Estimating the Range based on GPS "Carrier"
Frequencies
3.3  How GPS Information is Encoded in the GPS Signal
Week 5/6 3.5  Computation of GPS Wavelengths
3.6  Phase Measurement
3.7  Counting the Number of Signal Cycles (The Doppler
Effect)
3.8  The Role of Combining Wavelengths in Signal
Processing
Week 6/7 4.0  GNSS Positioning and Error Sources
4.1 GPS Satellite and Receiver Clock Errors
4.2 lonospheric Delay
4.3 Satellite Orbital Errors
4.4  Tropospheric Error
4.5  Multipath Errors
Week 8 4.6  Increasing Accuracy with Increased Observation
Time
4.7  Differencing techniques
4.8  Role of Continuous GNSS Active-Relative
Positioning Systems such as CORS and VRS
4.9  GNSS Augmentation
4.10 Methods of GNSS positioning (Static, RTK, PPK,
Network RTK, Stop and Go)
Week 9

5.0 Converting GNSS Raw Data into Position

5.1

5.2
53

Limitations of GPS Positions inan X, Y, Z
Coordinate System

Expressing Positions in an Ellipsoid Model
Expressing Positions in an Orthometric Reference
Surface




Week 10/11 6.0 Augmentation Systems and Differential GNSS (DGNSS)

6.1  Global and Local Augmentation Systems
6.2  Differential and Relative GNSS-Based Positioning

Week 12 7.0  Applications of GNSS and the Role it plays in Sustainable
Development
7.1  Application of GNSS for Land Surveying, GNSS
Levelling
7.2 Use of GPS/GNSS for Civil Applications
(Navigation)
Week 13/14 8.0  GNSS Data Processing
8.1 Introduction to raw GNSS data file structure
8.2  Post-Processing of GPS Location Data using online
services
8.3  Hands-on Lab Session using RTKLIB Software
8.4  Processing Sample GNSS Data
Week 15

10.0 Open Discussion of GNSS in basic applications and
GNSS Modernization (Students Presentations)

Week 16 — 17

Self-learning and Exam preparation

GNSS data collection and processing (Land Surveying practical ....... GEOQOP 03):

No. of Hours Practical Task




06 hours 2. Basic Measurements with GNSS
2.1  Basic measurements with different available GNSS
receiver types.
2.2 Understand the practical and functional capabilities
of different available GNSS receiver types.
18 hours 3. DGPS observations and processing
3.1 Practice the differential correction task.
3.2  Establishment of a geodetic control network
3.3  Perform GNSS data post-processing for single
baseline and network
06 hours 4. Real-time Kinamatic observations
4.1 Practice the real-time Kinamatic correction task.
4.2  Use RTK for practical applications
Field and Lab practical presentation
10 hours 5. GIS data collection (GNSS for mapping)
5.1  Apply GNNS techniques for GIS data collection and
prepare GIS maps
Field and Lab practical presentations
REFERENCES

e Strang, Gilbert (1997), Linear Algebra, Geodesy and GPS
» Leick, Alfred (2004), GPS Satellite surveying

» Sickle, Jan Van (2001), GPS for Surveyors

e Seeber, Gunter (2003), Satellite geodesy

GRADING
Class: Multiple Choice quizzes (x2) 20%
Field and Lab practical reports / presentations (x2) 30%
Final Examination 50%

Total 100%
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., »Receivers at fixed and known location
H can determine ranging error

#True range — measured range= range
correction

»Correction can be sent to user near
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