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1. Fundamentals of Space Technology

The course conveys the fundamentals of space technology.
Space systems engineers need general knowledge in several
technical and programmatic subjects in space engineering.
This knowledge allows them to classify their space projects
with respect to the application area, space history, space
environment, possible orbits, launch vehicle options, and
many other aspects. The module also introduces software
tools that are relevant to space engineers. The students will be
able to use these tools and apply the skills in other modules
and in their careers: Basic astronomy, coordinate systems,
Kepler’s laws, orbital parameters, orbital motion, the two-
body problem, Kepler’s equation, satellite orbits, radiation:
mechanisms and interaction, Earth's atmosphere, Earth's
magnetosphere, plasma physics, solar activity and
geomagnetic storms, sensors and detectors, space debris,
satellite constellations, applications (satellite navigation,
remote sensing, ...).

2. Satellite Communications

Introduction, Basics, Satellite network architectures and
properties, integration with GSM terrestrial system.
Applications of Satellites: Weather Forecasting, Radio and
TV Broadcast, Military, Navigation, Global Telephone,
Connecting Remote Areas, Global Mobile Communication
Frequency Allocation of Satellites, Types of Orbits. Digital
Broadcasting, Satellite radio systems (SDR). Modulation and
multiplexing techniques for satellite links: Multilevel phase
modulation, frequency modulation, QAM, FDMA, and
TDMA. Techniques and framing. SNR, BER and SER
calculations with Applications.
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3. Satellite based navigation & localization systems (NAV)
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Introduction, Signal structure, Satellite search, Basic GNSS
measurements, Atmospheric effects and dual frequency
measurements, Carrier phase positioning, Coordinate systems
and time, Orbits and data message, Navigation solutions.

4. Space Communications Systems

Transmitter, Receiver, Rely Systems, Principle of
Communications and Networking, Earth Station Technology,
Earth Station Design Considerations and Standards, Radiation
effects, Space Environment Satellite communication systems,
Operational Communication Satellite Systems, Network
Planning, Management and Operational Issues. Link budget
calculations and analysis.

5. Research Methodology

Students learn how to carry out different stages of scientific
research starting from the formulation of research idea and
finishing by a write up and presentation of a technical report.
Research types, get starting of research, sources of
information, research-funding data and research design,
questionnaires. Ethical consideration, static's in research,
graphical representation of data, normal distribution and
estimation, the normal distortion testing hypotheses, errors and
tails, referencing, the history and philosophy of research, case
studies. Creativity and Innovation: personal thinking
preferences, everyday creativity and eliminating mental
blocks, creative thinking techniques, idea selection
approaches, teaming techniques for creativity, conditions that
promote creativity, design for interaction, disruptive
technologies, and intellectual property. Building blocks of
innovation. The processes and methods of creative problem
solving: observation, definition, representation, ideation,
evaluation and decision-making. Enhancement of the creative
and innovative thinking skills. The creative and innovative
thinking styles. Teaming, communication, and diversity. Risk
taking, paradigm shift, and paradigm paralysis.
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A. Free Space Optical Communications (FSO)

Optical wireless channel characteristics: Turbulence,
Attenuation, absorption, and noise in free space, and
channel modelling. Light propagation in free space, optical
wireless transmitter and receiver, polarized and
unpolarized light, radio over free space optics (RoFSO).
Millimeter and Terahertz frequency bands and their
applications, and some practical scenarios. Error rate of
information, and outage probability.
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B. Advanced Digital Signal Processing for Space Communications

Digital Signal Processing (DSP) fundamentals: Design
digital filters. Adaptive filters, Real time DSP. DSP in
communication: audio applications, linear scaling / gain
control; addition (mixing); averaging; white noise; real-
time implementation, waveform modulation; waveform
detection/demodulation;  envelope  detection  and
rectification; quadrature frequency translation; decimation;
interpolation; base-band sampling; IF and under sampling.
Adaptive  equalization, interference  cancellation.
Estimation and spectral analysis.

C. Space Sensors and Instruments

This course covers the basics of remote sensing with
spacecraft. Several sensors and instruments in different
wavelengths are highlighted in technical detail. The
module includes a project in which payload for remote
sensing is designed using a systematic approach.

Introduction to Earth observation, electromagnetic waves,
Earth observation system theory, sensor electronics, optical

sladll claiy dadiial) duad ) <l LY dallaa

Agad ) Clad ye avenalr Al 5 )LEY) dallas (g3l
[ Al oSa3 A gaall liplail) (oSl Cilad ya
sba gpall ¢ padill ¢(z jall) aandl ¢ sl il
[ LSS A sall 0 sS5 20 5 €5y 581 Adil) ¢elianil)
¢ il e Jalanl) ¢ gl 5 jallasl) CaiS ¢Aa gall Jaams
femla) Jidaill an 5 ¢l Gladll Clye 24
Adalaiad g 23 il Jysad ¢ médie a3 iy Clil) 3a
Jalaill g sl (Jalaill bl ¢ pel 3 cCaill Ay sl

sl

dailadl) jladiu) <l gai g 5 gl

Alainly axd (e Jledia¥) Glanlul Jadis sald) 528
336aY) e uaall e € 5l ay Agladll LS )
L Jaaaily Ailise Cila go Gl gana 8 @l Y0
Jl.’.a.u.\uzw MMJA;(M w‘.M.WWLEJ-)AiAEh‘jj\(M:."

Anngie Auagia plaaiul el e
Apunlaling s )<l s gall g cia )V A o B Aadia
soeaY) Sl yils g V) Al e allai 4y ki



Mutah University
College of Engineering
Electrical Engineering Department

space sensor systems, infrared sensors, sensors for attitude
determination of satellites, microwave sensor systems,
sensor date processing.

D. Global Navigation Satellite Systems (GNSS)

Definition of global and local coordinate systems,
Relationship between satellite and conventional geodetic
systems, Satellite orbital motions. Current Main
Navigation Systems: GPS Modernization Program,
Russian GLONASS System, Chinese BeiDou System,
Europe's GALILEO Satellite System, Japan's (QZSS).
Augmentations. GPS observables, GPS observables,
Estimation procedures, Propagation medium,
Mathematical model of GPS observables, Methods of
processing GPS data. Applications and examples of GPS
data analysis along with other space geodetic data.

E. Space Weather Effects and Mitigation

Types of space weather, Space weather components,
Impacts of space weather, Space weather scales, Remote
and in-situ monitoring/measurement of space weather,
Modelling, Space Climate: Space climate drivers, solar and
anthropogenic, Measurement of space climate, Impacts of
space climate change, Modelling, Protection, Mitigation,
space traffic management, remediation and space
sustainability. Geophysical consequences of eruptive space
weather, Observation/detection and forecasting space
weather near earth, Effects of space weather on aircraft
operations, Space Weather Agencies.

F. Earth's Atmosphere

Basic concept of different layers of our atmosphere and
their coupling, Composition of troposphere, Lapse rate,
Hydrostatic equation, Basic concepts of Thermodynamics,
Basic concept of radiation, Solar parameters and solar
constant. Composition of Stratosphere, Ozone hole over

5

celadll 4y padl iy dakily o lediny)
3 eals ol yaall caad ZadYL jinny) s eals
Aadaily dicliall jlalYl Caige aaadl ladiuy)
Gl Aallaes gy Soall Gila sl ladany)
iy 5 el

doallad) 4iliadl) dadlall dakaif
O A cddadll 5 dnadlal) Ailaay) Aadasy) Cay yas
A a donlal) dans gall daail) ducliall L)
dadlall AR A ) ddal) deliall LaY)
(GPS)) sallall adl sall aaad HUai Cuaad el
sl BeiDou plai ¢ o5 1l GLONASS s
i 25,55 GALILEO deliall Lyl HUas
S AL il S 32l SLWIQZSS) )
(JEnY) A5 Ay il Silel jaY) (GPS i b
Adai 8 aca )l AL aplaall ol ) 23 sl
il 5 ClinkilIGPS, @by dalae cullid <GPS
Lt s Gk ) ALYl GPS @liby dilas e
A Al

Lgta Ciddil) g plLiadl) A (b} oyl
(Huadll Gl Gba ¢ Alaill ikl g gl
(Hoadll Galll e ¢ Aladll ikl ol il
(@dsall By 2 e Sladll gkl Wl aa
(adl il GlS jane Sl Flial dalal
ol il ¢ ALt L) Gl oA il g dadd)
1) el el dadall o Sladll Sl
) gall  cliadll Aalaiud g ol ¢sliasll 4S
o) B yadiall (Sladll ikl ja) skl 450 58 sl
oY) e il il aklly sy CadS
il clle o il gl
cbadll uilall YIS

oA g sl by
Gl Wdle b ddiadl clidall ulul) o seddll
Jime clid) Apall Fb S5 delalsy
e&d@u\ (.\;\.Q‘AA cw\:\uj‘)é:\@l\ aleall ¢ paladnly
U.m..ﬂ\ Cilalaa ‘tb.a)d ‘;u\.u‘y\ (.s}@i.d\ c'é_)\_)aj\
i oo i) i) S 5 el il



Mutah University
College of Engineering
Electrical Engineering Department

Antarctica and different theories, Atmospheric response
due to different pollutant. Different calamities and Recent
climate change, Basic concept of Lightning activity,
Earthquake, Heat stroke, Thunderstorm, Cyclone and
flood.

G. Remote Sensing & GIS

Fundamentals & Physics of Remote Sensing: Concept and
Scope of Remote Sensing: Definitions, Process and
Characteristics of Remote Sensing System, Advantages
and limitations, Electromagnetic Radiation (EMR), Sensor
materials, Sensor System, Types and Characteristics of
Sensor, Remote Sensor Platforms and Satellite Orbits,
Fundamentals of Geographic Information System (GIS):
Basic Concepts: definition of GIS, Components of GIS,
Variables - points, lines, polygon, Functionality of GIS,
Areas of GIS application, Advantage and Limitation of
GIS, GIS Data .GIS and Digital Cartography, Map Scales,
Measurement of Geographic Variables, Digital Mapping,
Dynamic Mapping, Map Production, Visualization of
geospatial data- 2D and 3D visualization.

H. Aurtificial Intelligence of Space Technology

In this course students will learn how to employ Artificial
Intelligence (Al) in different space applications such as:
Assistants and robots, Intelligence navigation system,
Satellite data processing, Mission design and operations,
Mission strategy. Data analysis using machine learning
(ML), and Deep learning (DL). Machine learning in
relative spacecraft and satellite motion control.

I. 1oT for Space Applications

Introduction and Background to Data Communications,
Internetworking and Routing, Multicast and multicast
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routing, IP Quality of Service, enabling components of loT
systems, wireless standards for short and long M2M
communication, architectures and tools for data storage and
processing, Finally, the course will explore techniques for
the valorization of sensor data and knowledge extraction
from large 10T deployments and crowd-sensing
environments, through the application of machine-learning
and data-analytics techniques (e.g. time-series prediction,
classification, clustering, anomaly detection, etc.). Current
open issues, like scalability, data interoperability (with a
special focus on Web-of Things approaches) and energy-
efficiency.

J. Space Technology Project (Elective)

The space industry is demanding for space systems
engineers with hands-on experience. The course imparts
the basics of the methodical detailed design and test of
space equipment from a hands-on perspective. A focus is
set on applying practical skills in mechanical, electrical,
and software design in the scope of a space project. The
students shall be able to design and test hardware and
software on a component, subsystem or system level.
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K. Information Theory and Channel Coding

General Introduction Information theory: various entropy
definitions and uses, channel capacity, source coding.
Groups, Review of Galois field arithmetic and Vector
Spaces. Data rate, coding rate, coding gain. Linear block
codes. Cyclic codes, error trapping, decoding of cyclic
codes. BCH codes, majority-logic decoding of cyclic
codes, finite geometry codes, burst error correcting codes.
Convolutional codes. Maximum likelihood decoding.
sequential decoding and majority-logic decoding of
convolutional codes. Burst error correcting convolutional
codes. Automatic repeat request strategies. Trellis coded
modulation. Turbo codes. Low density parity check codes
(LDPC). Coding/Decoding in 5G systems. Decode
acceleration. Hardware complexity /cost. Selection of
coding schemes and error performance. Coded modulation
schemes: scenarios.
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	ماجستير في اتصالات الفضاء
	نتائج تعلم الطلاب
	 تقديم معرفة ومهارات متخصصة متعددة التخصصات مطلوبة لمهنة العمل مع تقنيات الفضاء.
	 توفير فرص للطلاب لإظهار معرفتهم وفهمهم وتطبيقهم لمبادئ الرياضيات والعلوم والهندسة.
	 توفير بيئة واسعة من الشركاء في الأوساط الأكاديمية والصناعية ووكالات الفضاء والمنظمات الدولية.
	 توفير  بيئة واسعة من الشركاء في المجالات الأكاديمية، والصناعية، ووكالات الفضاء، والمنظمات الدولية.
	 توفير مجموعة واسعة من التخصصات التي تعزز فرص الوظائف للطلاب.
	 علاقات دولية بحثية بعد التخرج تعزز ترويج مشاريع البحث المشتركة.
	النتائج التعليمية للبرنامج.
	 تطبيق معرفة شاملة في الرياضيات والإحصاء والعلوم الطبيعية ومبادئ الهندسة على حل المشكلات المعقدة في هندسة الفضاء.
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