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Prerequisites

Even though there are no formal prerequisites to enroll this course, it is recommended that the student has
good knowledge of fundamentals of signals and systems, digital signal processing and design of digital
receivers.

Objectives and Contextualisation

A telecommunication system is composed of three main blocks: transmitter, communication channel and
receiver, through which the exchange of information between the source (transmitter) and destination
(receiver) is carried out. In previous courses the student has acquired the knowledge and tools for the design
and analysis of these blocks, typically in an independent manner. This course intends to provide an end-to-end
view focusing on a particular application of telecommunications, such as satellite-based positioning. For this
purpose, the course will address in detail the so-called global navigation satellite systems (GNSS), among
which we can find the American GPS system and the European Galileo system.

The objectives of this course are:

® To know the fundamentals of satellite-based positioning.

® To know the GNSS system architecture.

® To know the signals adopted by GNSS systems, putting emphasis on GPS and Galileo.

® To understand the operation of a GNSS receiver at signal processing and observable level.

® To be able to solve the user's position based on the observables provided by a GNSS receivers.



® To understand the operation of a GNSS software receiver and to be able to modify the source code to

add functionalities.

® To process both real signals and GNSS observables, and to analyze the results.
® To know the fundamentals of precise positioning.
® To know the possible applications of GNSS systems, both at commercial and scientific level.

Competences

® Communication

® Develop ethics and professionalism.

® Develop personal attitude.

® Develop personal work habits.

® Develop thinking habits.

® Draft, develop and sign projects in the field of telecommunications engineering that, depending on the

speciality, are aimed at the conception, development or exploitation of telecommunication and
electronic networks, services and applications.

® [earn new methods and technologies, building on basic technological knowledge, to be able to adapt to

new situations.

® Resolve problems with initiative and creativity. Make decisions. Communicate and transmit knowledge,

skills and abilities, in awareness of the ethical and professional responsibilities involved in a
telecommunications engineers work.

® Work in a multidisciplinary group and in a multilingual environment, and communicate, both in writing

and orally, knowledge, procedures, results and ideas related with telecommunications and electronics.

® Work in a team.

Learning Outcomes

1.

2.

13.

14.
15.
16.
17.
18.
19.

"Reason inductively and deductively; i.e. infer general conclusions from private observations, and take
on board the general concepts covered in other courses for specific applications."

Apply conceptual, theoretical and practical telecommunication tools, as well as those of
telecommunication systems and services to the development and exploitation of applications in a
variety of different areas.

Communicate efficiently, orally and in writing, knowledge, results and skills, both professionally and to
non-expert audiences.

Communicate solutions to problems in a thorough and concise manner. Write using formal
mathematical language.

Critically evaluate the work done.

Demonstrate a pragmatic and flexible attitude for efficient implementation of telecommunications in
developing and operating in areas of various kinds.

Develop critical thinking and reasoning.

Develop curiosity and creativity.

Develop independent learning strategies.

Develop, as part of a group, an innovative telecommunication application project.

. Efficiently use ICT for the communication and transmission of ideas and results.
. Evaluate the advantages and disadvantages of different conceptual and technological options for

different telecommunication applications.

Generate ideas about new telecommunication applications and the techniques on which they are
based.

Justify before an audience the feasibility of a new idea for a telecommunications application.
Manage available time and resources.

Mathematically formulate a problem from the basis of a descriptive statement.

Respect diversity in ideas, people and situations.

Work autonomously.

Work cooperatively.

Content



1. Introduction to GNSS systems

® Motivation.
® Arquitecture and segments.
® Applications.

2. User position computation

® Observables.

® Navigation equation and error sources.
® Navigation solution.

® Performance.

® Differential positioning.

3. GNSS signals

® Fundamentals of spread spectrum modulation.
® Characteristics of GNSS signals.

® Navigation message.

® Modernized signals.

4. GNSS receivers

® Receiver architecture.

® Signal conditioning.

® Acquisition of visible satellites.
® Tracking.

® Demodulation.

5. Scientific applications

® |nternational GNSS Service (IGS).
® Survey and geodesy

® Reflectometry.

® Radio-occultation.

Methodology

The work of the student will be reflected in different activities such as tests, writing laboratory reports,
generation of matlab code, oral presentations or other type of activity previously agreed at the beginning of the
subject. These activities are:

® Autonomous activities:

1. Students' individual work: Study of the theoretical and practical contents of the subject. Preparation
of problems and exams. To carry out this task the student will have at his/her disposal an extensive
bibliography as well as the possibility of tutorials with the professor to solve their doubts and / or
extend their knowledge of the subject.

2. Solution to case study: In order to promote creative and team work, a series of projects will be
carried out, to which the different team members will contribute in a specific way. These projects
will be resolved independently by the different teams. At the end of the project, the different teams
will present their results in order to compete among themselves.

3. Laboratory reports: Throughout the course, different laboratory sessions will be held in order to
apply the concepts learned in the lectures in different practical situations. Specifically, there will be
4 laboratory sessions splited into 2 different practices. The student must dedicate time to finish the
work of the laboratory sessions and prepare the corresponding reports.

® Teaching activities:



1. Expository lectures: The student will acquire the basic knowledge during the classes scheduled
during the course. The classes will consist mainly of theoretical sessions taught by the teachers of
the subject. When the syllabus requires it, the teachers will solve some practical problem in the
classroom.

2. Laboratory lectures: The student will perform the various laboratory sessions scheduled during the
course. The teacher will be available in these sessions to guide and supervise the work of the
students.

3. Case studies: Activity dedicated to the introduction of the projects that will be treated in the different
case studies considered in the course.

® Supervised activities:

1. Tutoring: Some of the hours scheduled during the course will be devoted to the preparation of the
different study cases to be investigated in the subject. The teacher will be available to answer any
questions and guide the students in order to successfully complete the study cases.

Activities

Title Hours ECTS Learning Outcomes

Type: Directed

Case study 2 0.08 2,5,12,6,10,8,7,13,15, 14, 17,19, 18
Expository lectures 34 1.36 1,2,12,6,8,7, 16,13
Laboratory lectures 12 0.48 1,2,5,12,4,6,9,8,7, 11,16, 13, 15, 19, 18

Type: Supervised

Tutoring 10 0.4 1,2,5,4,9,8,7, 16, 15,18

Type: Autonomous

Laboratory reports 24 0.96 1,2,5,12,4,9,7,11, 16, 15,19, 18

Solution to the case study 16 0.64 2,5,12,3,4,6,10,8,7, 11,16, 13, 15, 14, 17,19, 18

Student's individual work 50 2 1,2,5,12,4,6,10,9,8,7,16, 13, 15, 14,17, 18
Assessment

The course is based on four evaluation activities:

® PLAB: Laboratory (40%).

® CE: Case study (30%).

® PP1: Intermediate test 1 (15%).
® PP2: Intermediate test 2 (15%).

The laboratory will be evaluated based on the reports that will be delivered by the student at the beginning
and/or the end of the laboratory sessions, on the work carried out during these sessions and on possible
additional activities. Due to the practical orientation and the use of specific equipment, the laboratory sessions
cannot be recovered later on.

On the other hand, the intermediate tests 1 and 2 are short tests that intend to assess whether the student is
successfully progressing in his learning process. The first test will be carried out around the mid point of the
semester while the second test will be carried out at the end of the semester. The average mark of both tests
should be >= 3.5 for the student to be eligible to have all his/her marks averaged out.



The final mark of the course will be computed as follows:

if (Mark_PP1 + Mark_PP2)/2 >= 3.5 --> Final_Mark = 0.4 x Mark_PLAB + 0.3 x Mark_CE + 0.15 x Mark_PP1 +
0.15 x Mark_PP2

if (Mark_PP1 + Mark_PP2)/2 < 3.5 --> Final_Mark = (Mark_PP1 + Mark_PP2)/2

Second chance

In order to pass the course it is required that Final_Mark >= 5. Students whose Final_Mark < 5 can attend a
second chance exam that will be carried out within the calendar of exams published by the School. Except for
the laboratory sessions, for which there is no second chance, the student can recover the remaining 60% of
the course mark by doing the second chance exam. It will consist of two parts, the first one related to the
intermediate test 1, and the second one related to the intermediate test 2. Students can decide which part to
answer according to the part of the course they need to recover.

Consideration of "Not evaluable"

Students who do not attend the two intermediate tests, nor the case study, nor the second chance exam, will
be declared as "not evaluable".

Additional considerations

Without prejudice of additional disciplinary measures that may be deemed, and according to the current
regulations, any irregularity conducted by the student within the scope of an evaluation activity will lead to this
activity to be qualified with a mark equal to zero. Therefore, copying or letting other copy a laboratory exercise,
report, or any other activity will imply to fail that activity with a mark equal to zero. For those activities with a
minimum required mark, this means that the course will be failed.

Assessment Activities

Title Weighting Hours  ECTS Learning Outcomes

Case study 30% 0 0 2,5,12,3,4,6,10,8,7, 11,16, 13, 15, 14,17, 19

Intermediate test 1 15% 1 0.04 1,4,9,8,7,16, 15, 18

Intermediate test 2 15% 1 0.04 1,4,9,8,7,16, 15, 18

Laboratory 40% 0 0 2,5,3,4,6,8,7,11,15,19, 18
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