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ECE 514E SYLLABUS

Pre-requisites: 

ECE 328 - Principles of Communication Systems, 

ECE 416 - Digital Communication Systems 

Course Purpose: 

To enable students be familiarize with modern 

radar, satellite navigation systems and principles  

of design radio-navigation and location systems, 

as well as radar systems 
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Expected Learning Outcomes: 

Upon completion of this course, a student should be able to: 

(a) explain principles of operation of radar systems; 

(b)  apply theoretical and practical knowledge about principles, methods 

and applications of modern radar systems; 

(c) measure and identify the parameters which determine the performance 

of radar systems; 

(d) explain the function of satellite subsystems;

(e)  apply orbital mechanics formula and tools to spacecraft mission 

design; 

(f) select appropriate launch systems and understand their effect on 

satellite and payload design and performance; vii. design and analyse 

satellite links; viii. evaluate satellite subsystem performance
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Course Content (1)  

Basic Principles of Radar: Antenna parameters, Radar 

equation. Performance parameters, target cross-section,

MTI and Doppler radar: Doppler Effect, CW radar, FM CW, 

Delay line cancellers, Pulse Doppler Radar. 

Scanning, Duplexers and Radar receivers: Sequential 

lobbing, Conical Scanning, Monopulse Tracking RADAR, 

Tracking with surveillance RADAR, Acquisition, Radar receiver, 

Radar Displays;  Duplexers
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Course Content (1)  

Basic Principles of Radar: Antenna parameters, Radar 

equation. Performance parameters, target cross-section,

MTI and Doppler radar: Doppler Effect, CW radar, FM CW, 

Delay line cancellers, Pulse Doppler Radar. 

Scanning, Duplexers and Radar receivers: Sequential 

lobbing, Conical Scanning, Monopulse Tracking RADAR, 

Tracking with surveillance RADAR, Acquisition, Radar receiver, 

Radar Displays;  Duplexers
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Course Content (2)  

Introduction to satellite communication: international 

regulation & frequency coordination, satellite frequency 

allocation & band spectrum, active & passive satellites. 

Orbits and Launching Methods: Kepler’s laws, orbital 

elements, apogee and perigee heights, orbital perturbations, 

effects of non-spherical earth, atmospheric drag, the 

geostationary orbit, antenna look angles, polar mount 

antenna, limits of visibility, earth eclipse of satellite, sun transit 

outage, launches and launch vehicles, power supply, altitude 

control, station keeping, thermal control, transponders, 

antenna subsystem. 
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Course Content (3)  

• Earth station: transmit/receive earth stations.

• Space Segment: Introduction, equivalent 

isotropic radiated power, transmission losses, 

link power budget equation, system noise, 

carrier-to noise ratio. 

• Interference: interference between satellite 

circuits, combined (C/I) due to interference on 

uplink and downlink, antenna gain function, 

pass band interference. 
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Recommended book:

(a) Skolnik M. I, Introduction to Radar Systems, McGraw-

Hill  

(b) Gerard Maral, Michel Bousquet, Satellite 

Communications Systems: Systems, Techniques and 

Technology, ISBN: 0-471-49654-5. 

(c) M. Richharia,, Satellite Communication Systems, 2nd 

Edition, McGrawHill Telecommunication Series, ISBN: 0-07-

134208-7. 

(d) Kadish J.E. and East T.W.R., Satellite Communication 

Fundamentals, Artech House Books, ISBN: ISBN-10: 

1580531369 

9

ECE 514E SYLLABUS (7)



INTRODUCTION TO 

RADAR ENGINEERING

ECE 514E – RADAR & SATELLITE 

ENGINEERING

Wednesday, 10 February 2021

10



11

RADAR  DEFINITION

1. The word Radar

evolved as  an 

abbreviation for:

Radio Detection And 

Ranging.

2. Radar is a system  

that uses 

electromagnetic 

system for the 

detection and 

location of objects. 



ENGLISH DICTIONARY  DEFINITION

• Radar has over time become an English 

language noun.
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SIMPLE BLOCK DIAGRAM OF A RADAR SYSTEM

𝑡𝑑

Time Delay 𝑡𝑑 can displayed 

on a CRO or processed by a 

computer and displayed as 

distance.

The antenna can single 

(Monstatic) or Double 

(Bi-static)

Pulse

Generator

Display can 

be raw or 

synthetic



TARGET PARAMETERS – OBSERVABLE BY RADAR

1. Target range 

2. Target angles (azimuth & 

elevation)

3. Target size (radar cross section)

4. Target speed (Doppler)

14

North



MEASUREMENT OF RANGE
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2𝑅 = 𝐶𝜏

𝑅 =
𝑐𝜏

2

𝑤ℎ𝑒𝑟𝑒 𝑐 = 3 × 108 m/s

𝜏



MEASUREMENT OF SPEED

Speed can be measured by 

a) making many range 

measurements over time 

and evaluating:

𝑠 =
∆𝑅

∆𝑡

b) Using the change in 

frequency of the echo 

signal, i.e Doppler effect
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COMMON RADAR APPLICATIONS



AIRPORT NAVIGATION – AIRCRAFT POSITION 

USING A RANGING RADAR
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a) Used by Air traffic controller to 

control aircrafts (landing and take-off)

b) Used by Aircraft accident 

investigators
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AIRPORT NAVIGATION – DOPPLER WEATHER 

RADAR



EXPLORATION RADAR 
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BLOCK DISAGRAM OF A BASIC MONOSTATIC 

PULSE RADAR SYSTEM
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BASIC PULSE RADAR TRANSMITTER

Transmitter

Creates the pulse to be sent and modulates it 
using Frequency Shift Keying (FSK) to create 
a high frequency pulse train.



23

PULSE RADAR RECEIVER

Receiver 

detects the echo from the target (also called 

scatterer), amplifies it and feeds the signal to the 

display unit. 
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PULSE RADAR DUPLEXER

Duplexer

1. Isolates the transmitter and receiver during 

transmission and reception.

2. Protects the receiver from high power transmitter and

3. Helps use a single transmitter/receiver antenna.



BASIC PULSE RADAR DISPLAY
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1. Raw video displays are simply oscilloscopes that display the detected and 

amplified target return signal (and the receiver noise). 

2. They require a human operator to interpret the various target noise and clutter 

signals.

A ghost is a phony target that usually fades in 

and out and could be caused by birds, weather, 

or other unwanted temporary reflections.



BASIC PULSE RADAR SYNCHRONIZER
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Synchronizer:

1. Provides the time-base to the display (recall display is an oscilloscope)

2. Allows the operator to vary transmitter parameters such as Pulse duration and 

Pulse Repetition Interval (PRT)

Time-Base

Pulse 

Parameters
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HISTORY OF THE RADAR – EARLY YEARS

Heinrich Hertz

German Physicist

1857-1894

• In 1887, Heirich Hertz began 

experimenting with radio 

waves in his laboratory

• He discovered that some 

materials reflected radio waves 

while others absorbed them.

• Today his name is used as the 

SI unit for frequency, i.e the 

Hertz (Hz)
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HISTORY OF THE RADAR – EARLY YEARS

• In 1904, Christian Huelsmeyer, 
developed a system to avoid collisions 
of ships and boats using the 
telemobilescope – a rudimentary radar 
system that could detect ships up to 3 
kms.

Christian Huelsmeyer

German Engineer

1881-1857
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INVENTION OF THE MODERN RADAR

1. Sir Robert Watson-Watt published a paper in 
1935 entitled ‘Detection of Aircraft by Radio 
Methods”

2. In the same year, a German Company called 
GEMA demonstrated the first commercial radar 
system.

3. Similar developments were taking place in USA 
and Britain.

4. Britain was the first country to exploit the 
system for air defence during the 2nd World 
War.
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CHAIN HOME SYSTEM (1)

1. The volume of sky to be kept under 
surveillance was literally 'floodlit' 
with r.f. pulsed energy at 
6/20/50MHz.

2. The back-scattered pulses or 
echoes' from all aircraft within this 
volume are received back at the 
ground station by a set of crossed-
dipoles connected to a low-noise, 
high-gain receiver and displayed 
as a Y-deflection along the time 
base of a CRT.

3. The aircraft range was simply a 
precise measurement of the 
elapsed time between the 
transmitted pulse and the 'echo'
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CHAIN HOME SYSTEM (2)

1. The bearing is a measurement of 
the ratio of 'echo' strengths of the 
X- and Y-components of the 
crossed-dipoles.
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PLAN-POSITION INDICATOR

1. In 1941 Ground 
Controlled Intercept 
Stations were developed 
where the antenna was 
rotated mechanically and 
signals displayed on a 
CRT screen  in a pattern 
call the Plan Position 
Indictor.

2. This simplified the 
amount of work 
performed by operators  
to track a target


