Minor in Satellite Communication Systems
	Semester
	Course code
	Course name
	Credits
	Type of course

	3
	MINOR301SC
	Orbital Foundations and Space Environment
	3
	Theory

	4
	MINOR401SC
	Spacecraft Systems and Mission Operations
	3
	Theory

	5
	MINOR501SC
	Attitude Determination and Satellite Navigation Services
	3
	Theory

	6
	MINOR601SC
	Microwave Circuits and Antenna Theory
	3
	Theory

	7
	MINOR701SC
	Information Theory for Space Links
	3
	Theory

	8
	MINOR801SC
	Satellite Platform Dynamics and Communication Networks
	3
	Theory


Total: 18 additional credits | B.Tech in Electronics and Communication Engineering


MINOR301SC Orbital Foundations and Space Environment
Semester 3 | 3 credits | Theory | 
Course objectives
To establish the orbital and environmental foundations needed to understand communication-satellite missions. To relate orbit choice, launch principles and spacecraft functions to the purposes of a space mission.
Course outcomes
On successful completion, the student will be able to:
CO1. Calculate basic orbital speed, period and transfer quantities for specified two-body cases. 
CO2. Analyse how the space environment influences mission lifetime and spacecraft operation. 
CO3. Compare orbit families and manoeuvres against stated coverage and mission constraints. 
CO4. Explain the roles of launch vehicles, spacecraft power, communication and imaging payloads in a supplied mission example. 
Detailed syllabus
Module 1  Space missions and their context
Spaceflight milestones; agencies and commercial access; applications, exploration and the Outer Space Treaty as introduced in the course.

Module 2  Mechanics and the space environment
Newtonian mechanics, gravitation and conserved quantities; atmospheric transition, magnetic environment, solar activity, radiation, thermal balance, orbital lifetime and debris.

Module 3  Orbital geometry and motion
Gravitational potential, escape and transfer velocities; Keplerian motion, circular and elliptical trajectories; reference frames, orbital elements and time conventions.



MINOR301SC Syllabus and resources
Module 4  Transfers and specialised orbits
Hohmann transfers, plane changes, geosynchronous and Sun-synchronous orbits; nodal regression, Lagrange points, rendezvous geometry and burn effects.

Module 5  Launch and satellite foundations
Intuitive orbital regions; rocket propulsion, staging and the rocket equation; launch location; chemical and alternative propulsion.

Module 6  Payloads and mission purposes
Satellite power, solar panels, communications and imaging; comparison of Sputnik, SWOT and UVEX as examples of different mission purposes.

Books
1. Howard D. Curtis, Orbital Mechanics for Engineering Students, Butterworth-Heinemann (Elsevier), 4th edition, revised reprint, 2020.
2. Peter Fortescue, Graham Swinerd and John Stark (editors), Spacecraft Systems Engineering, John Wiley & Sons, 4th edition, 2011.
Required online courses
Space Mission Design and Operations | EPFL
https://www.coursera.org/learn/space-mission-design-and-operations
Rocket Science for Everyone | Yale University
https://www.coursera.org/learn/rocket-science-for-everyone


MINOR401SC Spacecraft Systems and Mission Operations
Semester 4 | 3 credits | Theory | 
Course objectives
To connect propulsion, attitude, power and reliability with mission operation. To analyse operational cases, including servicing and crewed missions, as examples of spacecraft system interactions.
Course outcomes
On successful completion, the student will be able to:
CO1. Calculate simplified propulsion and interplanetary-transfer quantities using the models introduced online. 
CO2. Analyse the functional relationships among attitude actuation, power generation and reliability. 
CO3. Evaluate operational decisions in a supplied launch, re-entry or servicing case using stated constraints. 
CO4. Explain how training, EVA and robotics support mission execution and spacecraft servicing. 
Detailed syllabus
Module 1  Trajectories and propulsion
Planetary departure and arrival, gravity assists and aerodynamic braking; chemical, electric and nuclear propulsion concepts; ascent and re-entry.
Module 2  Spacecraft supporting systems
Attitude sensing and control concepts; thruster and gyroscopic actuation; electrical power, electrodynamic and other tethers; reliability principles.
Module 3  Vehicle operations and servicing
Space Shuttle operation from launch to landing; selected mission and accident cases; Hubble servicing; ISS operation, crew access and logistics.


MINOR401SC Syllabus and resources
Module 4  Human and robotic operations
EVA and suits; space robotics; astronaut selection and training; lunar, Mars and commercial suborbital mission context.
Module 5  Integrated evaluation
The provider’s final evaluation consolidates the complete EPFL course. Earlier units are revisited for integration, without awarding their semester 3 hours a second time.
Books
1. Peter Fortescue, Graham Swinerd and John Stark (editors), Spacecraft Systems Engineering, John Wiley & Sons, 4th edition, 2011.
2. Howard D. Curtis, Orbital Mechanics for Engineering Students, Butterworth-Heinemann (Elsevier), 4th edition, revised reprint, 2020.
3. Wiley J. Larson and Linda K. Pranke (editors), Human Spaceflight: Mission Analysis and Design, McGraw-Hill, 1st edition, 1999.
Required online courses
Space Mission Design and Operations | EPFL
https://www.coursera.org/learn/space-mission-design-and-operations


MINOR501SC Attitude Determination and Satellite Navigation Services
Semester 5 | 3 credits | Theory | 
Course objectives
To develop mathematical descriptions and estimation of spacecraft orientation. To connect satellite navigation and Earth-observation services with the digital processes through which space systems deliver useful information.
Course outcomes
On successful completion, the student will be able to:
CO1. Transform vectors and attitude descriptions between specified reference frames and coordinate representations. 
CO2. Compare static attitude-estimation methods for supplied observations and error conditions. 
CO3. Analyse why GNSS integrity and monitoring matter in safety-critical air navigation. 
CO4. Evaluate a stated satellite-data service using its data sources, digital workflow and operational risks. 
Detailed syllabus
Module 1  Particle and frame kinematics
Position, velocity and acceleration in moving frames; angular velocity and the transport theorem; coordinate-independent vector reasoning.
Module 2  Rigid-body attitude coordinates
Direction cosine matrices and Euler angles; principal rotation, quaternions and Rodrigues representations; attitude composition, coordinate conversion, differential kinematics and representation singularities.
Module 3  Static attitude estimation
Orientation from direction observations; TRIAD, Wahba formulation, Davenport q-method, QUEST and optimal linear estimation; comparison of assumptions and computational properties.


MINOR501SC Syllabus and resources
Module 4  Digital space systems
Manufacturing and mission workflows; New Space services; changing system-design practices; commercial and strategic considerations and cyber risks.
Module 5  Navigation and integrity
GNSS positioning; conventional versus performance-based air navigation; area navigation, failures, integrity and multi-constellation solution-separation concepts; ARAIM and Galileo context.
Module 6  Digital Earth-observation services
Satellite, airborne, HAPS and UAV data; Copernicus example; data access, archives, cloud-service models and AI-assisted Earth-observation analysis.
Books
1. Hanspeter Schaub and John L. Junkins, Analytical Mechanics of Space Systems, American Institute of Aeronautics and Astronautics (AIAA), 4th edition, 2018.
2. Elliott D. Kaplan and Christopher J. Hegarty (editors), Understanding GPS/GNSS: Principles and Applications, Artech House, 3rd edition, 2017.
3. James B. Campbell, Randolph H. Wynne and Valerie A. Thomas, Introduction to Remote Sensing, Guilford Press, 6th edition, 2022.
Required online courses
Kinematics: Describing the Motions of Spacecraft | University of Colorado Boulder
https://www.coursera.org/learn/spacecraft-dynamics-kinematics
Digitalisation in Space Research | Technical University of Munich
https://www.coursera.org/learn/space


MINOR601SC Microwave Circuits and Antenna Theory
Semester 6 | 3 credits | Theory | 
Course objectives
To analyse microwave networks, antennas and low-noise amplification used in satellite radio systems. To develop paper-based reasoning about matching, radiation, link performance and amplifier stability.
Course outcomes
On successful completion, the student will be able to:
CO1. Calculate transmission-line and passive-network quantities for specified matching and combining problems. 
CO2. Analyse antenna and array behaviour using radiation, impedance and link-budget quantities. 
CO3. Evaluate amplifier alternatives against specified gain, noise and stability requirements. 
CO4. Justify a theoretical RF front-end arrangement from stated component and performance constraints. 
Detailed syllabus
Module 1  Transmission lines and passive networks
Time-harmonic fields; transmission lines, microwave networks, power division and combining. View tool and design demonstrations to interpret methods; do not operate software.
Module 2  Matching and filtering
Smith-chart reasoning, impedance transformation and matching circuits; microwave filter principles and response interpretation.
Module 3  Antenna parameters and radiation
Antenna gain, impedance and link budget; phased arrays; general and far-zone radiation; electric dipoles and wire antennas.


MINOR601SC Syllabus and resources
Module 4  Aperture antennas and modelling principles
Magnetic-source equivalence; horns, reflectors and microstrip antennas; arrays and the conceptual basis of numerical electromagnetics.
Module 5  Active microwave circuits
Amplifier gain definitions, noise and low-noise design; stability conditions; matching and constant-gain-circle reasoning.
Books
1. David M. Pozar, Microwave Engineering, John Wiley & Sons, 4th edition, 2012.
2. Constantine A. Balanis, Antenna Theory: Analysis and Design, John Wiley & Sons, 4th edition, 2016.
Required online courses
Microwave engineering and antennas | Eindhoven University of Technology
https://www.coursera.org/learn/microwave-antenna


MINOR701SC Information Theory for Space Links
Semester 7 | 3 credits | Theory | 
Course objectives
To quantify information and fundamental limits on compression and reliable transmission. To use channel and distortion models when reasoning about communication links with constrained bandwidth and power.
Course outcomes
On successful completion, the student will be able to:
CO1. Calculate entropy, mutual information and related measures for specified probability models. 
CO2. Analyse lossless compression and typicality arguments under stated source assumptions. 
CO3. Determine channel-capacity and rate-distortion quantities for tractable supplied models. 
CO4. Evaluate rate and power allocations for continuous-valued channel models under stated constraints. 
Detailed syllabus
Module 1  Information measures
Course preliminaries; discrete information measures, their properties and inequalities; relationships among joint, conditional and mutual information; I-measure representation.
Module 2  Compression and typicality
Zero-error compression and coding constraints; weak and strong typicality; their use in asymptotic source and communication arguments.
Module 3  Discrete memoryless channels
Channel models, capacity and coding-theorem reasoning; achievability and converse concepts; interpretation of reliable-rate limits.


MINOR701SC Syllabus and resources
Module 4  Rate distortion and numerical optimisation
Lossy compression and rate-distortion functions; Blahut–Arimoto methods for evaluating information-theoretic optimisation problems. Algorithms are analysed mathematically.
Module 5  Continuous measures and channels
Differential entropy and its properties; continuous-valued channels; Gaussian-channel reasoning and power-constrained capacity; channel models developed in the course.
Books
1. Raymond W. Yeung, Information Theory and Network Coding, Springer, 1st edition, 2008.
Required online courses
Information Theory | The Chinese University of Hong Kong
https://www.coursera.org/learn/information-theory



MINOR801SC Satellite Platform Dynamics and Communication Networks
Semester 8 | 3 credits | Theory | 
Course objectives
To relate spacecraft rotational dynamics to the platform supporting a communication payload. To examine radio-link functions and the integration of satellite services with terrestrial 5G networks.
Course outcomes
On successful completion, the student will be able to:
CO1. Derive simplified rotational equations and analyse torque-free spacecraft behaviour. 
CO2. Analyse the effects of gravity gradients and momentum-exchange devices on a specified spacecraft model. 
CO3. Compare point-to-point link options using stated power, bandwidth, distance and reliability constraints. 
CO4. Evaluate NTN payload and network architectures against delay, mobility and integration requirements. 
Detailed syllabus
Module 1  Rigid-body dynamics
Momentum, kinetic energy and inertia; Newton–Euler equations; torque-free motion, polhodes, precession, dual spinners and spin stability.
Module 2  Environmental torque and actuation
Gravity-gradient torque and relative equilibria; linear stability; equations for variable-speed control-moment gyros, conventional CMGs and reaction wheels.
Module 3  Radio-link principles
One-way links and deep-space context; analogue carrier modulation, heterodyning and FDM; digital symbols, pulse shaping, matched filtering and error-control principles. Core communication ideas are prerequisite reinforcement.


MINOR801SC Syllabus and resources
Module 4  Radio-link applications
Voyager and telemetry examples; microwave backhaul and fixed wireless access; comparison of link constraints and the provider’s final synthesis assignment.
Module 5  Satellite internet architectures
Orbit-dependent coverage; GEO, MEO and LEO systems; broadband constellation architecture and the introductory path toward 5G/6G integration.
Module 6  5G and non-terrestrial integration
5G access, transport and core; satellite convergence, loss, delay and Doppler; transparent/regenerative payloads; spectrum, synchronisation, channels and protocol adaptations; random access, HARQ, mobility, QoS and multi-connectivity. View channel simulations as demonstrations only.
Books
1. Hanspeter Schaub and John L. Junkins, Analytical Mechanics of Space Systems, American Institute of Aeronautics and Astronautics (AIAA), 4th edition, 2018.
2. Timothy Pratt and Jeremy E. Allnutt, Satellite Communications, John Wiley & Sons, 3rd edition, 2019.
3. Alessandro Vanelli-Coralli, Nicolas Chuberre, Gino Masini, Alessandro Guidotti and Mohamed El Jaafari, 5G Non-Terrestrial Networks: Technologies, Standards, and System Design, John Wiley & Sons, 1st edition, 2024.


MINOR801SC Required online courses
Kinetics: Studying Spacecraft Motion | University of Colorado Boulder
https://www.coursera.org/learn/spacecraft-dynamics-kinetics
Point-to-Point Wireless Telecommunication Links | The University of Notre Dame
https://www.coursera.org/learn/point-to-point-wireless-telecommunication-links
Satellite Internet and Communications: Fundamentals | Ryan Hu | LinkedIn Learning
https://www.linkedin.com/learning/satellite-internet-and-communications-fundamentals
Non-Terrestrial Network (Satellite) and 5G: Overview, Architecture, Multi-Connectivity | Rahul Kaundal and Itelcotech | LinkedIn Learning
[bookmark: _GoBack]https://www.linkedin.com/learning/non-terrestrial-network-satellite-and-5g-overview-architecture-multi-connectivity
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