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Topics Discussed

Electromagnetic waves, Radio waves, Radio wave types
Relation between: Frequency, Period and Wavelength

Relation between Carrier Signal (Metadopéac 2npatog), Modulation
(Alapopdwon Znuatocg), Carrier Frequency (Zuxvotnta Metadopéa) and
Bandwidth (Ebpog Zwvnc)

Decibel (dB), dBm, dBw

Noise, SNR, Interference, SINR
Radio Propagation

Delay Spread

Doppler Effect or Doppler Shift
Signal Attenuation, Path loss

Antennas



Electromagnetic Waves
HAektpouayvntika Kupota

Heinrich Hertz was the first person who successfully
demonstrated the presence of electromagnetic waves
(amedelée tnv mapovoia Twv NAEKTPOHAYVNTIKWY KUMATWV),
by building a device (antenna) that could produce and detect
radio waves (around 1888).

His undertakings earned him the honor of having his surname
assigned to the international unit of frequency (Hertz)

Hertz: How many times the wave is repeated (oscillated —
talavtwvetat) in 1 second ok

Example: 1Hz 2> 1 A
complete oscillation of l

the wave in a periOd of 0,2 0.4 0,6 0.8 1
1 second

tls]



Electromagnetic Waves
HAektpouayvntika Kupota

The electromagnetic wave always propagates in a direction (Z) that is
oriented by the vibrations (diadidetar oe katrevBuvon Z n omoia
npoooavatoAiletat and tig taAaviwoelg) of both the Electric (E) and
Magnetic (B) oscillating field vectors.

The Electric Field (E) and Magnetic Field (B) vectors of the wave are in
directions perpendicular (i.e., at right angle - kdBeta) to the direction of
wave propagation (2)
The Electric Field (E) and Magnetic
Field (B) are also perpendicular to each
other and vibrate in phase (taAavteUovtou
gxovta¢ tnv ibwa ¢aon) following the
mathematical form of a Sine wave.

Propagation of an Electromagnetic Wave

Electromagnetic
Wave

For simplicity reasons, the two vectors W s

representing the electric and magnetic Digcha{ging } ?’d
. . . . ark or eclors
oscillating fields of electromagnetic waves og‘émaung

Molecular E'fiﬁf&'c

are often omitted (mapaAeimovrat), and Dipole
assumed that there is onlv one vector.

Vectors



Propagation of an Electromagnetic Wave

Electromagnetic Waves N
HAektpopayvntka Kupoto 7

Discharging _ Fleld

OSp‘alikt?r Vectors .
scillatin

Molecula? Eg‘ig}gc

Dipole Vectors Figure 1

._ ) Electromagnetic

Wave

The electromagnetic waves are created by the vibration
(taAaviwon) of an electric charge. This vibration creates a
wave which has both an electric and a magnetic field and
have the ability to propagate through space.

The speed of the electron vibration (n tToyUTInTQ
taAavtwong twv nAsktpoviwv) determines the wave’s
frequency (measured in hertz).

Parameters that describe electromagnetic waves include
Frequency (f), Period (T), Amplitude (A) and Wavelength (A).



Electromagnetic Waves
HAektpouayvntika Kupota

Frequency (f) (Zuxvotnta), is the number of complete oscillations (or cycles) which
take place in a second. 1 1
f== and T=-
r /
Period (T) (Mepiodog) is the amount of time required for one oscillation (cycle) and
is measured in seconds.

Measured in hertz .

Amplitude (A) (MAatog) is the value or strength (power) of the signal over time. It is
measured from the middle point until the peak point of the oscillation. The higher
the amplitude the more the energy the radio ware is carrying. It is typically
measured in watts or volts.

wa\.fel ength

Wavelength (1) (MAkog¢ Kbpartog) is the distance

occupied by a single oscillation of the signal, and .
is usually measured in meters [poveer)
Or, the distance between two points of fime

corresponding phase of two consecutive
cycles (6Uo avtiotoyywv d¢aocswv buo :
SLado)kwv TaAavIwoewv).

m .

one oscillation




Electromagnetic Waves
HAektpouayvntika Kupota

All electromagnetic (radio) waves travel at the speed of light
C : Speed of Light (m/s) = (3x108 m/s or 300,000,000 m/s)
In vacuum (e.g., the air), all electromagnetic waves travel at this
speed .
In copper or fiber the speed slows down to about 2/3 of this value.

Relationship between the Speed, the Frequency and the Wavelength
of the radio wave:
Speed (C)= Frequency (f) x Wavelength (A)
Speed (meters/sec)
Frequency (oscillations per second; in Hz/second)
Wavelength (in meters)



Electromagnetic Waves
HAektpouayvntika Kupota
Speed (C)= Frequency (f) x Wavelength (A)

- Wavelength (A) = Speed (C) / Frequency (f)
- Frequency (f) = Speed (C) / Wavelength (A)

Frequency Wavelength
60 Hz 5,000 km
100 MHz 3 m

800 MHz 37.5 cm

20 GHz 15 mm




Electromagnetic Waves
HAektpouayvntika Kupota

Relationship between the Frequency (f) and the Period (T) of the
wave:

Frequency (total number of oscillations performed in one second)

Period (time required for one complete oscillation)

Period (T)= 1/Frequency (f)

Examples:

Period = 0.0166 seconds
Period = 1 x 10® seconds
Period = 1.25 x 10 seconds

Period =5 x 1011 seconds

Frequency = 60 Hz
Frequency = 100 MHz
Frequency = 800 MHz

N2 I 7

Frequency = 20 GHz



Electromagnetic Waves — Sine Wave

General Sine Wave:
s(t ) = Asin(2rft + ) > A: Amplitude, f: Frequency, ¢: Phase
Note: 21t radians = 360° = 1 Period

sinlx),

>

The picture in the next slide shows the effect of varying each of
the three parameters (A, f and ¢)

(Q)A=1,f=1Hz, ¢ =0; thusT=1s

(b) Reduced peak amplitude; A=0.5,f=1Hz, ¢ =0

(c) Increased frequency; A=1,f=2Hz, ¢ =0; thus T =0.5s
(d) Phase shift; A=1, f=1 Hz, ¢ = n/4 radians (45 degrees)



Electromagnetic Waves — Sine Wave
s(t ) = A sin(2nft + ¢) N {/\

IVANEERVA

1550

NN AT NN

Ssee



The Electromagnetic Spectrum
To HAektpopayvntiko Qaopa

The "electromagnetic spectrum®” is a term used to describe the entire
range (medio) of frequencies of electromagnetic radiation
(nAexktpopayvntikic ekmopnic) from zero to infinity.

Spectrum (Daopa) represents a spread (range) of frequencies.

AMEM Wireless Satellite Heat Lamgp i} Medical

Radiofrequency (RF) and Microwaves Irifra-Fied Uﬂ“ AT 1y
Mon-lonizing Electromagnetic Fields Optical Radiation 3 lonizing Radiation
Inchaced Currents Heating Surface Heat W’ Broken Chemical Bonds
N
[\
| EERNRRRER
Frequency 3l Hz 1 MHz 00 MRz 1 sHz 10sHz i {5Hz ol THz 4 PHz 300 FHz

Wavelength GO0 ko 300 m B0 cm 30 e 3em 10 pmi 500 parr 104 i




The Electromagnetic Spectrum

To HAektpopayvntiko Qaopa
13
THE ELECTROMAGNETIC SPECTRUM
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Low Frequencies Vs High Frequencies
XapnAgc Zuyvotntec Vs WnAeC ZuxvoTnTeC

High frequency = short wavelengths

7 Lower frequency waves have better penetration (KoaAUtepn

Awamepaon), meaning they pass through objects such as walls
with less attenuation (Awotepn e€aocBfvion), and also can
propagate longer distances (dtadidovtal o€ MEYAAUTEPEC
OLTLIOOTAOELC).

However, higher frequency waves are easier to radiate
(eukoAotepo va ta eskméppoupe) as they require smaller
antennas (the antenna size is proportional to the % of the signal
wavelength) to transmit and receive, and can support higher
bandwidths (and thus higher data rates) than lower frequency
waves.



Low Frequencies Vs High Frequencies
XapnAgc Zuyvotntec Vs WnAeC ZuxvoTnTeC

Frequency Vs Coverage (Zuxvotnta Vs PadliokaAuvyn)

KaBwe n ouyxvotnta ouvfAvetal, OL OMWAELEC TOU
npokaAovvtol Aoyw amoppodpnonc tng EVEPYELDL TOU
ONMATOC OO TNV atpoodoaipa N and aAla pEoa ta
onoila dtamepva to onpa avéavovtol, oL OTOLEC UE TN

OELPA TOUC MELWVOUV YPNYOPOTEPO TNV EVEPYELOL TIOU
HETOLDEPETOL.

To TeALKO amotéAeopma ival o pkpn padtokaAvn.
AuTOC eival o KUpLog Aoyoc ou eva onpa WLAN 5 GHz,
TTOU XPNOLUOTIOLEL TNV 1Ol LoYU EKMOUMAC Kol KEPOOC
kepatac pe €va WLAN onua twv 2.4 GHz, €xel
HMLKPOTEPO EVPOC.



Radio Waves (PadlokUpota)

Radio waves are electromagnetic waves with wavelengths
above 1 mm. (All electromagnetic waves at frequencies
less than 300 GHz).

In this range, Radio waves are suitable for
communications.

Broadcast (audio) Radio, Television, Mobile Phones,
Satellite links.

Most forms of wireless communication involve radio
waves, and the words ‘wireless’ and ‘radio’ are often
synonymous.



Radio Waves Types

Ground Wave (<2 MHz): Waves with low frequencies that follow the
earth’s surface and can propagate long distances

AM Radio (Low Frequency, Medium Frequency)

Sky Wave (2-30 MHz): Waves that are reflected (avtavakAwvtat) at the
ionosphere.

Bounce (Avamndouv) back and forth between the ionosphere and the
earth’s surface, travelling around the world.

International Radio Broadcasts, Military Communications, Long
Distance Aircraft and ship communication

Space Wave (>30 MHz): Waves having high frequencies (>30MHz) and
travel either directly or can travel after reflecting (avtavakAoon) from
earth’s surface to the troposphere surface of earth.

VHF, UHF Television, Cellular phone systems, Satellite systems, Radar.



Radio Waves Types

Ionosphere
(80 - 720 km)

Mesosphere
(50 - 80 km)

Stratosphere
(12 - 50 km)

Space wave

Ground wave

Troposphere
(0 - 12 km)



Radio Frequency Bands

Classification Band | Initials | Frequency Range Characteristics
Extremely low ELF < 300 Hz

Infra low ILF 300 Hz - 3 kHz Ground wave
Very low VLF 3 kHz - 30 kHz

Low LF 30 kHz - 300 kHz

Medium MF 300 kHz - 3 MHz Ground /Sky wave
High HF 3 MHz - 30 MHz Sky wave
Very high VHF 30 MHz - 300 MHz

Ultra high UHF 300 MHz - 3 GHz

Super high SHF 3 GHz - 30 GHz Space wave
Extremely high EHF 30 GHz - 300 GHz

Tremendously high THF 300 GHz - 3000 GHz




NOTICE:

In this course, we are primarily concerned
Space waves, and we discuss the propagation
properties, path losses, and other
characteristics in these areas.

We are interested N propagation
characteristics for waves with frequency in
range: few hundred of MHz to a few GHz



Carrier Signal, Modulation, Carrier
Frequency and Bandwidth

Carrier Signal (or Carrier Wave) is a waveform (kupatopopdn)
oscillated in a certain frequency (f) (Carrier wave frequency) that
will be used to carry the data (i.e., 1 or 0).

However, to carry data, the carrier wave have to be modulated in
some way in order to produce the signal that will carry the data. This
process is called Modulation.

Message Signal

(Data to be transmitted) 1 0 1 0
i I, 1, ™
i I 1
1 I N
1 I 1
I 1 I
il I v vV 4
; i i l A AN i
Controlling the ,. f\ N\ ¢‘| i\ A /
% Amplitude of the '.l'n,"".r\ \/(\ "" "0’.!"Iu'r\,\/\.'\/
g) carrier signal (ASK) v
7] Controlling the ‘v"|| ,‘. 'n "' | f, .\| . ||, , : ‘ ,"‘ 'll |"ﬂ ‘I f I
® Frequency of the \ ‘o '.,' |! ” v U\l i .. u‘ l' 'u'\H ””/ U
® carrier signal (FSK) v ‘" \ i ARARAR
= § - -
g Controlling the ‘o"\ N ‘n ,'! i f\ ,". ‘n ,L". f‘n ,", ||| A\ ‘f'b. I\ '4 \
J
= Phase of the \/ k‘l \u' ‘tl v‘ \','| .. l, "I '.j\n‘ V "." "4

carrier signal (PSK) v
| I



Carrier Signal, Modulation, Carrier
Frequency and Bandwidth

The Bandwidth (i.e., the frequency band) that needs to be allocated
to send the data it strongly relates to the data rate that needs to be
achieved (measured in bits per second (bit/s))

Usually if the Data Rate = R bps, then the Bandwidth that should be
allocated for the transmission should be equal to 2 x R (two times
greater) so as to be able to carry the data with the specific data rate.

However this also strongly depends on the Modulation
Technique that will be used.

The frequency band (Bandwidth) that will be
allocated will be in the range from (f. = f,) to (f. + f,)
having the carrier frequency (f;) in the middle. [+ pandwiatn |

Bandwidth = fuax — faav 1.

frequency —




Carrier Signal, Modulation, Carrier
Frequency and Bandwidth

For example, if a radio station that radiates at 107.6
MHz (Carrier Frequency), if it transmits a 50 Kbps
audio, it will require 100 KHz bandwidth!

Thus it will use the frequency band from 107.55
MHz to 107.65 MHz to transmit the audio.

The larger the bandwidth, the more data that can be
conveyed (va petadepBouv) through the channel.



Carrier Signal, Modulation, Carrier
Frequency and Bandwidth

Metaphorically speaking, imagine a Train that carries mail
letters:

The Carrier Signal (or Carrier Wave) can be described as a
“Train”.

The Carrier frequency can be described as “The rail that the
Train will follow” to reach its destination.

Modulation can be described as the Person Responsible for
putting the “letters” in the “Train Wagon”.

The Bandwidth can be described as the “number of Wagons
allowed to be carried by the Train”.

The greater the “number of wagons allowed” to be carried
by the train, the more the letters that can be carried at a
given point in time.



Decibel (dB)

Decibel (dB) is a logarithmic unit that is used to describe a ratio
(mepypadn pacg avalioyiag).
Let say we have two values P1 and P2. The ratio between them
can be expressed in dB and is computed as follows:

10 x log,, (P1/P2) dB
Example: Transmit power P1 = 100W, Received power P2=1W

The ratio is 10 x log,,(100/1) = 20dB. = P1 is 20 dB stronger
than P2

dB unit can describe very big ratios with numbers of modest size.
Example: Transmit power = 100W, Received power = 1ImW

Transmit power is 100,000 times of received power

The ratio here is 10 x log,,(100/0.001) = 50dB —> Transmit
power is 50 dB stronger than Received power



Decibel (dB)
Decibel Conversion Table to Ratio

Decibel Conversion Table

dB X X dB X
10 dB 10 10M 3 dB 2

20 dB 100 1002 6 dB 4

30 dB 1,000 1073 9 dB 8

40 dB 10,000 1004 12 dB 16

50 dB 100,000 1075 15 dB 32

60 dB 1,000,000 (1076 18 dB 64

70 dB 10,000,000 (10A7 21 dB 128
80 dB 100,000,000(1078 24 dB 256

MNegative Decibels

dB X dB X
-10dB 1/10 -3dB 1/2
-20 dB 1/ 100 -6 dB 1/4
-30 dB 1/1000 -9dB 1/8
-40 dB 1/ 10000 -12 dB 1/16




dBm and dBW

dBm is used to denote a power level (€évtaon woxuc) with respect to
1mW (milliwatt) as the reference power level.

Question: Let say transmit power of a system is 100W. What is the
transmit power in unit of dBm?

Answer: Transmit_Power(dBm) = 10log,,(100W/1mW) =
10log,,(100W/0.001W) = 10log,,(100,000) = 50dBm

dBW is used to denote a power level with respect to 1W as the
reference power level.

Question: Let say that the transmit power of a system is 100W.
What is the transmit power in unit of dBW?

Answer:  Transmit_Power(dBW) =  10log,,(100W/1W) =
10log,,(100) = 20dBW.



dBm and dBW
Conversion Table to Watt

Power (dBW)

-30 dBW
-20 dBW
-10 dBW
-1 dBW
0 dBW

1 dBW
10 dBW
20 dBW
30 dBW
40 dBW
50 dBW
60 dBW
70 dBW
80 dBW
90 dBW
100 dBW

Power (dBm)

O dBm
10 dBm
20 dBm
29 dBm
30 dBm
31 dBm
40 dBm
50 dBm
60 dBm
70 dBm
80 dBm
90 dBm

100 dBm
110 dBm
120 dBm
130 dBm

Power (Watt)

1T mW

10 mW

100 mW
0.794328 W
1.000000 W
1.258925 W
10W

100 W

1 kW

10 kW

100 kW

1T MW

10 MW

100 MW

1 GW

10 GW



Noise

Noise is an error or undesired random disturbance (averi®0untn

tuxaia oavatapoyxn) of a useful
communication channel.

information signal

in a

Is a summation of unwanted or disturbing energy from natural
(i.e., thermal noise; generated by random motion of free electrons
in the atmosphere, light, pressure, sounds, etc.) and sometimes

man-made sources (i.e., microwave ovens).

10
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Signal to Noise Ratio (SNR)

Compares the power of a desired signal to the power of
background noise. It is defined as the ratio of signal power to
the noise power, often expressed in decibels.

A ratio higher than 1:1 (greater than 0 dB) indicates more
signal than noise.

This value is typically measured at the Receiver

P..
SNR , = IOIOgIO{—PS’gMJ

Noise
A high SNR means a high-quality signal.

If the SNR is low the Receiver may not be able to decode the
signal correctly (resulting in data losses).



Signal to Interference Plus Noise Ratio
(SI N R) SINR ;5 = 1010g10{ Fsigna }

+ P

Noise Interference

SINR is defined as the power of a certain signal of interest divided by the
sum of the interference power (from all the other interfering signals) and
the power of the background Noise.

Interference typically refers to the addition of unwanted signals to a useful
signal that modifies, or disrupts a signal as it travels along
a channel between a source and a receiver.

Co-Channel Interference (i.e., interference caused from other channels
that uses the same frequency band)

Adjacent Channel Interference (i.e., interference caused from other
channels that uses the adjacent frequencies)

Transmitted Transmitted

Self-Interference: Inter-symbol puie

Interference and  Multipath ﬂ

(Fast) Fading (i.e., interference i1ssymbol 2 symbol T
caused by Multipath ~ G  ©Gona)

LOS pulse m ltip th LOS pu.lse mul lhlgeth

Propagation — due to Delay ﬂ "
Spread) M




Radio Propagation
Acuppatn Atadoaon ZAUATOG

Radio propagation is the behavior of radio waves
when they are transmitted, or propagated from one
point on the Earth to another, into the atmosphere
(AcUppatn Awddoon eivat n ouumepldopd TWV
onuatwyv  (padlokvpatwyv)  kaBweg  dadidovrtoal
ocuUpHaTa OTNV ATHOodaLpa ATIO EVa CNHELO NG YNG
o€ €va aAANO).

We will focus on how radio signals travel

(propagate) from one transmitting antenna to
another receiving antenna.



Radio Propagation
AcUppoatn Atadoon ZAMATOC

Radio Propagation includes:

Line of Sight (LOS) Transmissions (Ymdpyxel ypoppl opatotntog HeTay
Transmitter kot Receiver): There is a direct path (Ymdpyet ameuBeiog
novoratt) between Transmitter and Receiver (no obstacles in the way).

Non-Line of Sight (NLOS) Transmissions (Agv UMAPXEL YPOUL] OPOLTOTNTOC
petafd Transmitter kot Receiver): Not a direct path (Asv unapyxet
arnevBeiag povonart) between Transmitter and Receiver (obstacles in the
way). When the radio waves reach close to an obstacle (6tav ta padltokUpata
Bpouv eva eumnobdlo), the following propagation phenomena do occur to the
waves: A

Shadowing (or blocking, Emiokiaon)
Refraction (AtaOAaon)

Reflection (AvtavdkAaon),
Diffraction (MepiOAaon),

Scattering (Ataokopmion)




Radio Propagation Phenomena
Dawopeva Acvppatnc Aradoonc

Radio Propagation Phenomena (l):
Shadowing (or blocking, emwokiaon): The signal can

be blocked due to large obstacles. The signal may =
not reach the Receiver.

Refraction (AuwaOAawon): Signals that travel into a
denser medium (o€ mo TuUkvO HECO) not only
become weaker (g€aocbevolv) but also bents
towards the medium (Avyilouv poc¢ 10 pHEoO)

23 = _Scattering




Radio Propagation Phenomena
Dawopeva Acvppatnc Aradoonc

Radio Propagation Phenomena (ll):

Reflection (AvtavakAaon): The signal can be reflected on
buildings. The reflected signal is not as strong as the
original as objects can absorb some of the signal’s energy
(To avakAwpevo onua 6ev Ba eival toco duvatd 600 1O
apXLKO €MELON KaTA TNV avakAoon amoppodatal UEPLKN
armo TNV EVEPYELA TOU CAMATOG).

Scattering (Ataokdpriion): The incoming signal is scattered
into several weaker outgoing signals.

Diffraction (MepiBAaon): Signals can be deflected
(amootpakiovtal) at the edge of a mountain (or other
surfaces with sharp irregular edges) and propagate in
different directions (Waves bend around the obstacle and
move in different directions). A

Reflection, Scattering and Diffraction
helps transmitting a signal to the
receiver if NLOS exists!




Radio Propagation Phenomena
Dawopeva Acvppatnc Aradoonc

Reflection (AvakAaon): Occurs when a

propagating  electromagnetic  wave iy

meets an object that is much larger than R

its wavelength (cupBaivet o6tav To i

eUTOOL0 €xeL pEyeBOC peyaAUTEpPO ATO ) N

TO MAKOC TOou KUupatog). - e.g., the L

surface of the Earth, buildings, walls, etc. <:f3%
Reflection, Scattering and

Scattering (Awaokopmion): Occurs when Diffraction leads to

a propagating electromagnetic wave Multipath Propagation!!!

meets an object that is smaller than its Oényouv otnv

wavelength (cupBaivel 6tav to eunodlo  MoAvdiabdpouikn Metradoon!

EXEL MEYEDOC UIKPOTEPO OO TO WNKOG Many copies of the same

TOU KUpatog) - e.g., foliage, street signs,  signal will reach the Receiver

lamp posts. from many paths of different

lengths!



Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Transmission paths between Sender and Receiver could be:

Direct Paths (AnsuBsiac Movonatia) = LOS between Transmitter
and Receiver.

Indirect Paths (Eppeoa Movonatia) - Resulted by Scattering,
Diffraction and Reflection by buildings, mountains, street signs,
foliage, etc.

scattering

o

H B
— (I NC
irect Signal B

—

Reflected
Signal

Diffracted

Signal @ | h.

d
Transmitter Receiver




Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Thus, the Received signal is made up of several paths which
can be classified as:

1. Direct Path . -
2. Reflected Path ) . —
3. Scattered Path i, ™ e
4. Diffracted Path —— | shesl
h, THN
sas|
- IR @ [ b,
d
Transmitter Receiver

In this case, the Receiver will receive four different copies of
the same signal (due to Multipath Propagation).



Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Propagation results in:

Delay Spread (Awaokoprmion onpato¢ AOyw  KoBuoTtepnUEVWY
LLOVOTIOTLWV)

Multipath Fading (referred also as Fast Fading) (=eBwplaopa onpatog
AOyw constructive (emowkodopntik) or distractive (kataotpodiki)
interference mou npokaAeitat amd ta moAAanAd (kaBuotepnuéva)
LLOVOTIATLOL TTOU aKOAouBel To onpa amod tov Transmitter yla va dtaoel
otov Receiver)

Inter-Symbol Interference (IS1) (MopepPolréc petaév Vo SlodopeTIKWY
onUATWV/cuUUPOAWV TO. omola oTEAvovtal oto (Olo KavaAl (amo tov
Transmitter otov Receiver), pe pwa pikpn dtadopd xpovou.

Although the effects caused, Multipath Propagation is what makes reception
of the signal in Non Light Of Sight Conditions possible!!!

Napd T emumtwoelg tng, €ivon n NoAvdiadpouky Atddoon nou Kavelr dSuvati
N 61adoon TOU GMATOC OE MEPLITTWOELG TTOU SEV UTTAPXEL YPOLHLL] OPATOTNTOG
pnetaéL tou Transmitter kot tov Receiver!!!



Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Delay Spread

When a signal propagates from a transmitter to a receiver, the
signal suffers one or more reflections (to oqua avtavakAdrtot
OLPKETEC POPEC).
This forces radio signals to follow different paths (Multipath
Propagation).

Since each path has a different path length, the time of arrival for

each path is different. o The signals from
/ proximal reflectors

The spreading out effect of the
signal (To amotéAleocpa auto
NG SlooTIoPAC TOU OAMATOC) is
called “Delay Spread.”

The signals from

i, / intermediate reflectors
/ L“
! i

Signal strength

The signals from
. . distant reflectors

The Delay Spread is what it "

causes the Multipath Fading

and InterSymbol Interference.

Delay



Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Fading (Known also as Fast Fading)

Each signal copy will experience differences in attenuation
(e€aocB<vion), delay, and phase shift while traveling from the source
to the receiver.

At the receiver, these signals will be combined (Ba mpooteBouv),
resulting in either constructive (emowodopntikn) or distractive
(kataotpodiky)  interference, amplifying or  attenuating
(evioxVovtacg eite etaoBevwvtac) the signal power seen at the
receiver.
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Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Fading - Signal Properties, the phenomenon of interference

When two or more waves propagates at the same space using the
same frequency band, the net amplitude at each point is the sum of
the amplitudes of the individual waves (i.e., these two waves are

c coTb":,Ed)' Destructive
I:tgsrf:::r:‘c’: Interference Signals are slightly out
, , Signals are completely of phase
Signals are in phase out of phase
g,T JANVANVANN JANYANYA NN
VARV VvV vV \V i ‘
%T/\/\/\> /N /\_/\ ANVANYA NN
\VARVARN VvV VvV +« /J UV UV \ ¢
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Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Fading (Known also as Fast Fading)

Strong destructive interference (Apaotikd  KOTOOTPOPLKEC
napeuBorec) is frequently referred to as a deep fade (mpokaAouv
ueyain e€acBbevion oto onua) and may result in temporary failure of
communication (mpoowpvr) amotuxia tnN¢ emkowvwviag) due to a

severe drop in the channel Signal to Interference plus Noise (SNIR)
ratio.

SNIR

Fading Amplitude (dB)




Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Inter-Symbol Interference (ISI)

Due to Delay spread, the energy indented for one symbol splits over
to an adjacent symbol (H evépyela mou mpoopllotav ywa £va onua,
SlaokopmileTal Kol €Vl LEPOC TNC CUMTIUTTEL E TNV EVEPYELA EVOC
aAAovu onuatoc) (appeared as Noise).

Due to this interference, the signals of different symbols can cancel
each other out (onuata Siadopetikwv CUUBOAWV HOpoOUV va

efouvdetepwBouv petaéy toug), leading to misinterpretation
(mrapeppivevon) at the receivers and causing errors during

decoding.
Transmitted Transmitted
puise pulse
IL l Transmitter
1t symbol 24 symbol Time~— LoS puises "pujees

(signal) (signal) A
Rleceived ‘1:3::;;:":3‘ Received ﬁm;’:&l A
LOS pulse pulses LOS pulse pulses

—————t— Signal at Sender M
[—\ ﬂ Rec eiver Signal at Receiver

Time




Slow Fading

This fading is caused by phenomenon of Shadowing (blocking).

Usually associated with moving away from the transmitter and
a big obstacle gets positioned between the wireless device and
the signal transmitter, blocking (shadowing) the signal.

Typically, senders can
compensate (pumopouv
va aviiotaduiocouv) for
slow fading by
increasing transmission
power so that the
received signal always

o o o Signal
stays within certainswengs
Iimits (dB) Path Loss

T!\J\"\ M\ N Fast Fading (Short-term
W " fading)

Slow Fading (Long-term
fading)

Distance



Doppler Effect

The Doppler effect (or Doppler shift) is the change in the frequency (and
thus the wavelength) of a wave for an observer (i.e., Mobile Station (MS))
moving relative to its source (i.e., Base Station (BS)) (Eivat n aAAayn otn
oUXVOTNTOL TOU ONMATOC TIOU OLOKPLVEL €vaC KIWWOUMEVOC TopOTtnPNTiC
KIVOULEVOG O€ OXEON ME TRV TTRYN TOU ONHLOTOC).

In a wireless and mobile system, the location of the BS is fixed while the
MSs are mobile.

Therefore, as the receiver (i.e., the MS) is moving with respect to the
wave source (i.e., the BS), the frequency of the received signal will not
be the same as the one transmitted by the source (o receiver 6a
avTtihappavetal StadopeTIK CUXVOTNTA ATIO EKELVN TTOU EKTTELTTETOL ATTO
Ttov Transmitter).

Compared to the emitted frequency (ZUYKPLTIKQ HE TNV EKTIEUTIOMEVN
ouvyvotnta), the received frequency is higher during the approach
(mpoogyyion) and lower during the recession (amopdkpuvon) from the
source.

Also, the speed (v) of the receiver and its direction (0) relative to the
source, matters.



Doppler Effect

The frequency (f,) that the moving user (the Receiver) will
experience is f,=f. + f,

Where: f, is the emitted (from the source) radio wave carrier frequency and
f4 is the Doppler frequency or Doppler shift

.
Doppler frequency or Doppler shiftis f; = — cos 6

Where: f,is measured in Hertz 4
v is the moving speed (in meters/sec) and )
A is the wavelength of the carrier (in meters) 44
When 0 = 0° (MS moving towards the BS) < n
When 0 = 180° (MS moving away from the BS) /




Doppler Effect

Received signal, fD
Scattering object is:
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Transmitted
pulse, f
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Doppler Effect ¢, — % cos 0

An example:

Radio wave Carrier Frequency (f,) = 100 MHz (100,000,000 Hz)
- Wavelength (A) = C/f = 300,000,000 /100,000,000
= A = 3 meters

Speed of the User (v) 60 Km/h 2 v = 16.6666666 meters/second
We assume that the MS is moving towards the source (6 = 0° )

f,=(16.66666666/3 ) cos 0° > f, = 5.5544Hz

f,=f.+f,=100,000,000 Hz + (5.5544Hz) = f, = 100,000,005.55 Hz



Doppler Effect

Lets prove it!!! Is the equation correct?!!

Wave parameters:
Frequency = 100 MHz (100,000,000 Hz) = Wavelength = C/f = 3 meters
Period (T) = 1/f =2 Period = 0.00000001 second

Speed of the User 60 Km/h = 16.6666666 meters/second
We assume that the MS is moving towards the source (6 = 0° )

In a Period (T), which is 0.00000001 second, the MS based on its speed will move
0.00000001666 meters towards the BS

Thus the user will experience a wavelength of (3 meters - 0.00000001666 meters) instead of
3 meters.

Thus Wavelength’ = 2.9999998334 meters

As W=C/f ‘= f" = C/W’
Thus the new observed frequency (f’) will be 300,000,000/2.9999998334 = 100,000,005.55 Hz
Therefore we will have a 5.55 Hz Doppler Shift



Antennas

The first antennas were built in 1888 by German physicist
Heinrich Hertz in his pioneering experiments to prove the
existence of electromagnetic waves.

An antenna is an electrical device which converts oscillating
electric currents into radio waves (petaTpEMEL
TaAavtevopeva NAEKTpLKA doptia og padlokupata), and vice
versa.

Transmission: Radiates (exmeumnel) electromagnetic energy
into space.

Reception: Collects electromagnetic energy from space.

In two-way communication, the same antenna can be used
both for Transmission and Reception.



Antennas

Typically an antenna consists of an arrangement of metallic
conductors (“antenna elements”) (pia Stdtaén petaAAkwv
aywywv), electrically connected (using a cable) to the Receiver or
the Transmitter.

In Transmission:

The Radio Transmitter applies a modulated oscillating electric
current to the antenna.

This oscillating electric current will create an oscillating
magnetic field around the antenna elements, while the charge
of the electrons (to ¢doptio Twv nAektpoviwv) also creates an
oscillating electric field along the elements.

These time-varying fields (petaBaAlopeva oto xpovo media)
radiate away from the antenna into space as a moving
electromagnetic wave (radio waves).



Antennas

In Reception:

During Reception, the oscillating electric and
magnetic fields of an incoming radio wave exert
force on the electrons (aokoUv pwa duvaun ota
nAektpovia) in the antenna elements, causing them
to move back and forth, creating oscillating electric
currents in the antenna

The produced oscillating electric current is applied
to the Radio Receiver to be amplified and
demodulated so as to extract the information
included.



Antennas

According to their applications and technology available,
antennas generally fall in one of two categories (Omni-
Directional and Directional):

Omni-directional (Opolo-katevuBuvtikéc) which receive
or transmit (radiate) radio waves equally more or less
in all directions (Two types are the Isotropic
(lootporikeg kepaieg) and Dipoles (Kepaiec AutoAwv)).
Employed when the relative position of the other
station is unknown or arbitrary (avBaipetn, Tuxaia).

Omni-directional antennas have shorter range
(Likpotepn epPEAcla) than Directional antennas, but
the orientation (mpooavatoAiopog) of the antenna
is relatively inconsequential (aofiuovtog).




Antennas

Isotropic Antenna (lootporukn kepaia)
EKMEUMEL TO onNua He TtV WBla duvapn oe OAeC TIG
KatevuBuvoelg (odatpka)

Dipole Antenna (Kepaieg AunoAwv)
OL kepaiec OUTOAWV £xouv €va OLAPOPETIKO Slaypappa
OKTWVOBOALOC CUYKPLVOUEVEG LLE ULOL LOOTPOTILKN KEPOALQL.
To O&waypappa aktivofoAiog SumoAwv sival 360° oto

opulovtio eninedo kal ouvnBwe mepinov 75° oto KAOETO
eninedo (umobetovtac ¢uokd OTL Tto OUTOAO OTEKETOL

Katakopuda)
i ati AT RN R
Radiation Pattern tr1H,r~_ e PEass 2o
Aidypappa AktivoBodias  \s=E=Y R
= N =
R ST e g
Isotropic Dipole



Antennas

Directional antennas (KateuBuvtikec Kepaiec) transmit
(exkméumovuv) radio waves in a particular direction
covering a specific sector and receive radio waves from
that direction/sector only.

m Directional antennas have the advantage of longer
range (peyoaAutepn padiokaAvyn) and better signal
quality (kaAUtepo onuma), but must be aimed
carefully in a particular direction

Radiation Pattern e
Aidypappa AKTIVOBOAiaG S e e e
Directional Antenna




Antennas

For example:

Directional antenna: A dish
antenna (receiving a TV signal) must
be pointed to the satellite to be
effective.

Omnidirectional antenna (isotropic
or dipole): A typical Wi-Fi antenna
in @ smartphone (isotropic) or in an
Access Point (isotropic or dipole).
As long as the Base Station is within
range, the antenna can be in any
orientation in space.

N

\

k/”’/

Focuses signals in a narrow range
Signals can be sent
over longer distances

Must point at receiver

g

Signal spreads in all directions
Rapid signal attenuation

No need to point at receiver
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Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Fading (Known also as Fast Fading)

Strong destructive interference (Apaotikd  KOTOOTPOPLKEC
napeuBorec) is frequently referred to as a deep fade (mpokaAouv
ueyain e€acBbevion oto onua) and may result in temporary failure of
communication (mpoowpvr) amotuxia tnN¢ emkowvwviag) due to a
severe drop in the channel Signal to Interference plus Noise (SNIR)
ratio.

When there are multiple indirect paths (otav undpyouv
noA\amAeg eppecec Stadpopecg) between transmitter and receiver
and NO distinct dominant path (kat 6ev umdpyel amevBeiag
Hovomatt petaéy tou Transmitter kot tou Receiver), such as a LOS
path, this kind of fading is known as Rayleigh Fading

When there is a direct path in addition to a number of indirect
multipath signals (otav umdpxet kot amevBelag povormaTtt
ETUMPOOBeTA PE TIC TIOANATIAEG Eppeoeg Stadpopgg), this kind of
fading is known as Ricean Fading.



Multipath Propagation Effects
Ertuttwoelc MoAvdtadpopuikne Atadoonc

Multipath Fading and InterSymbol Interference can be
mitigated (nmopouv va petplactouv) by using for example:

Multiple Input, Multiple Output (MIMO) technologies: Smart
antenna technology. Use of multiple antennas at both the
transmitter and receiver to improve communication performance.

Orthogonal Frequency Division Multiplexing (OFDM): A method of
encoding digital data on multiple carrier frequencies (multiple
channels).

Rake Receivers: Uses several sub-receivers (correlates), called
fingers, each assigned to a different multipath component (oto kaBe
gva amo auta avatiBetat Eva SladpopeTIKO CUOTATIKO/LOVOTIATL Ao
Taa  OSwadopa povomatia TOU  Snuwoupyouvtat). Each finger
independently decodes a single multipath component which then
the contribution of all fingers are combined in order to make the
most use of the different transmission characteristics of each
transmission path.



Antenna Gain (G) — Képbdoc Kepaiac

Képdoc Kepaiag (G) eivatl Evac oxeoLlakoc TPOMOC HETPNONG YLa va
ka@opiocoupe 1O TMOCO AULENONG OTNV LWOYXU TIOU MLl KEpaia
endaviletol va tpocBetel oe eva onua RF (Radio frequency; is any
of the electromagnetic wave frequencies that lie in the range

extending from around 3 kHz to 300 GHz) . G — Divectiona
P

To Poaolkd KEPOOC Kepalwwv ouvnOwC E€XEL OXEOn ME TNV
KOTEVOUVTIKOTNTA TNC KEPOLOG KOl EKTLUATOL OE OUYKPLON UE TLIC
LOOTPOTILKEG KEPOLLEC OL OTIOLEC UTTOOETIKA EKTTEUTTOUV TO CAUOL HE
TNV e duvaun oe OAeC TIC KATELOUVOELC XWPIC va €xouv
OTTWAELEG.
H povada mou XpnOLUOTIOLELTAL Yl VO OUYKPLVEL TO €mimedo
LoXUoG pLoc 6e60MEVNC KEpALOG LE TN OEWPNTIKN LGOTPOTILKN
kKepaia eivol to dBi (€tol mpokUTtEL N Xpnon tou i oto dBi;
(Decibels relative to an isotropic radiator; decibels-isotropic))

H wootpomikn kepaia Asystol OTL €XEL ektipnon woyxvoc 0 dBi.




Antenna Gain (G) — Képbdoc Kepaiac

Kepaiec AumoAwv (KEpdog):
Eredn n aktiva ouykevipwvetal eEAadppwc oto KAOeTo enminedo
(auTO 0ONYEL OE MEPLOCOTEPN CUYKEVIPWON EVEPYELQC ATIO OTL OL
LOOTPOTILKEG KEPALEC), OL KEPALEC SUMOAWV AEYETOL VAL £XOUV EVal
kKEPO0C 2.14 dBi o cUYKPLON LLE TLC LOOTPOTILKEC KEPOLLEC.

KatevBuvtikéc Kepaieg (KEpdoc):

Erteldn] n aktiva OCUYKEVIPWVETAL KOTA TTOAU KOl 0TO KAOETO Kot
oto opuovtio emninedo (autd obnyel oe MOAU mePLOCOTEPN
OUYKEVTPWON EVEPYELOC amoO OTL oL Kepaieg OutoAwv), ol
KATEVOUVTIKEC Kepaieg Agyetal va €xouv eva kEpdoc 10 dBi oe

oUYKPLON LLE TLC LOOTPOTILKEC KEPALLEG.
A SN N

Isotropic (0 dBi)  Dipole (2.2 dBi) Directional (10dBi)



Antenna Gain (G) — Képbdoc Kepaiac

As a transmitting antenna, the Antenna Gain describes how well the
antenna converts power received from the transmitter(Tx Power)
into radio waves headed in a specified direction.

Effective Radiated Power (ERP)
= Tx Power of RF + Antenna Gain — Feed line Losses

As a receiving antenna, the Antenna Gain describes how well the
antenna converts radio waves (Rx Power of RF) arriving from a
specified direction into electrical power.

Received Signal Power =
= Rx Power of RF + Antenna Gain — Feed line Losses

* Feed Line Losses: All the energy that the Transmitter generates, travels to the antenna
through the feed line. By the same token, all the signals picked up by your antenna must
reach the Receiver through the same feed line. The most common type of feed line is coaxial
cable. The problem with any feed line is that it isn’t perfect—it always loses a certain
amount of the energy.



Antenna Gain (G) — Képbdoc Kepaiac

The receiving antenna is characterized by its Effective
Aperture (AmoteAecpatikdo Awadpaypa) A which
describes how well an antenna can pick up power
from an incoming electromagnetic wave.

For the receiving antennas, the Effective Aperture
can be loosely defined as a ratio of the Power
absorbed (P,) (loxug mouv amoppoddartar) by the
antenna, to the Power occurring (P;) (loxU¢ mou
edpappoletat) on it by the radio wave.

At = A/ Po



Antenna Gain (G) — Képbdoc Kepaiac

Relationship between antenna gain (G) with A and
Carrier frequency (f)

_ 474, _ Anf-A,

-

- 2 2z
A C

G

A Effective aperture of absorption (Related to physical
size and shape of antenna and antenna pattern)

Higher for Directional Antennas

f: Carrier frequency (in hertz)

The higher the frequency the more the power that can be
absorbed by the antenna

c: Speed of light (= 3x108 m/s or 300,000,000 m/s)
A: Carrier wavelength (in meter)



Radio Propagation Model

A radio propagation model is used to predict (mpoBAcPel)
the received power or the path loss, based on the
propagation environment. (Eva povtédo aocUpUATNC
dtadoonc xpnotlporoleital ywa va mpoPAEPeLl noco Oa
elval To received power n moon Ba €ival n anwAegLla otn
duvaun Tou onupatog, avaloya HeE TOo TEPLBAAAOV oOTO
ortoio dtadidetal to onua)

Path loss (anmwAsla Stadpopunc; or path attenuation) is the
reduction in power density (attenuation; e¢acbgvion) of
an electromagnetic wave as it propagates through space.

Path loss may be due to many phenomena, such as free-
space loss, refraction, diffraction, reflection, absorption,
etc.



Radio Propagation Model

A Radio Propagation Model can be used by a Mobile Network Operator
for Radio Network Planning (KaBoplopog diadopwv mapapeTpwy yla
TOV OXEOLOOLLO TOU QLU PHTOU PEPOUC ToU AlkTuou). E.g.:

Determining the network design parameters
Define the number of transmitters and their location in the area

Define Antenna type (i.e., Isotropic, Directional, etc.) size and
height

Determining the radio coverage area of a Transmitter (a BS)
Determine the transmitter power requirement
Determine the battery lifetime (of the Terminal)

Determining link performance
Finding modulation and coding schemes to improve the channel
quality
Determine the maximum channel capacity



Radio Propagation Model

e 4
- Different types of propagation models

1 Free (Open) Space Propagation Model
o Land Propagation Model
o Empirical Models

MpoaocTiakég AypOTIKEG
AoTikég MNeploxég Mepioxég Mepioxég
Urban Suburban Rural

S EEER ey W



Free Space Propagation Model

Used to predict the received signal strength when the transmitter
and receiver have a clear, unobstructed (xwpic sunodia) Line-Of-

Sight (LOS) path between them.

The free space model predicts that received power decays as a
function of the Transmitter-Receiver separation distance (d) raised to
some power (e€aocBevel w¢ ouvaptnon tng amootaong (d) petalu
Tou Transmitter kat tou Receiver avénuévn oe kamola Suvaun).
Power falls off :

Proportional (avaioywa) to d?
Inversely proportional to A2 (proportional to f?)

Distance d

Transmitter Receiver



Free Space Propagation Model

The Free space power received by a receiver antenna separated from
a radiating transmitter antenna by a distance d is given by Friis free
space equation:

P.: Signal power at receiving antenna

P,.: Signal power at transmitting antenna G G J 2
b

A: Carrier wavelength in meter PF* — P, A >

G,: Transmitter antenna gain ( 4 rd ) L

G,: Receiver antenna gain
d: Separation distance between antennas (T-R) in meter (>0)

L: Is System Loss Factor (ZuvteAeotni¢ anwAsia¢ Zuotipatog) due to
transmission line attenuation, filter losses, and antenna losses in the
communication system not related to propagation (L >= 1)

L = 1 indicates no loss in system hardware (in case of free space only).

Assuming that the radiated power is uniformly distributed
over the surface of the sphere



Free Space Propagation Model —
Path Loss Model

o Free space path loss (L,;) with ideal isotropic antenna (unity gain) can
be calculated as: L P (4rd)L
Notes: " P GGA
* For ideal isotropic antenna
2 G =G-=1
P t r
LPF = = (472-?1 ) * For free space L =1
) A°
| B drd Anfd
Lo = lOlogFr = 20105,{ =20log i
: L &

L,.(dB)=32.45+20log,, f.(MHz)+20log,, d(km)

Math Reminder: 10g, (br _): c-log, b, log,(b)= log log_(b-c)=log, b+log, c
og.a




Free Space Propagation Model —
Example of Path Loss Model

L,.(dB)=32.45+20log,, f.(MHz)+20log,, d (km)

Path Loss in Free-space

130
o 120
=,
o« 110
—
100
o0 -
a0

0 5 10 15 W %X A

——fc=150MHz
i f=200MHz
fe=400MHz
fe=800MHz
——fc=1000MHz
—— fc=1500MHz

Path Loss

Distance d (km)

It is clear from the figure that the Path Loss increases when the
Transmitter-Receiver separation distance (d) increases and also when
the carrier frequency increases.



Land Propagation Model

A land mobile radio channel is characterized as a multipath
propagation channel with fading (moAUSdiadpouika SiadLdopevo
kovaAL pe e€acO€vion) as it propagates from the Transmitter to the
Receiver.

That it is, the signal reaches the destination using many different
paths, because of diffraction and reflection from various objects
along the path of propagation.

The signal strength and quality of received radio waves vary
accordingly, as well as the time to reach the destination changes.

This implies that the wave propagation in the multipath channel
depends on the actual environment, including factors such as the
antenna height, the profile of the buildings, roads, and the terrain

(dLapopdpwon tng mepLloxng).



Land Propagation Model

GG.P
L

The received signal poweris: P. =

7

In contrast with free space environment wave, land mobile radio

channel propagation is characterized by three aspects: path loss,
slow fading (shadowing), and fast fading.

L=1LLs L
P,: Signal power at receiving antenna ] T_ Fast fading
P,.: Signal power at transmitting antenna Slow fading
G;: Transmitter antenna gain Path locs

G,: Receiver antenna gain



Free Space and Land Propagation
Models - Problems

Simple theoretical models, do not take into account many
practical factor, thus resulting in bad accuracy. E.g.:

Rough terrain (Aoxnun popdoloyio edadouc),
Buildings, Refection, Moving vehicle, Shadowing, etc.

Solution: Empirical Model (Epuneipikad MovtéAa)

The word empirical denotes information acquired by
means of observation (mapatnpnoeL) or
experimentation (measurements) (nelpapatiopovc Ko
LLETPNOELG).
Empirical data are data produced by an observation or
experiment.



Empirical Models

Empirical models are based on combination of measurement and
theory (otnpilovtatl o€ éva cuvduaond PETPNOEWV Kol Oewpio).

Correction factors are introduced to account for (Eltocayovtal
AlopBwTtikol ZuvteAeoteg yla va AaBouv utogn):

Terrain (yewypadikn mepioxn) profile, Antenna heights, Building
profiles, Road shape/orientation, Lakes, etc.

Empirical Models for outdoor environments (Commonly used in
cellular system simulations)

Okumura model
Hata model

Empirical Models for indoor environments
Saleh model
SIRCIM model



Okumura Model

The Okumura model is a Radio propagation model
that was built using the data collected in the city of
Tokyo, Japan.

The model is ideal for using in cities with many Urban
structures but not many tall blocking structures.

Predicts average (median) path loss with an accuracy
within 10-14 dB in Urban and Suburban areas.

l.,e., Common standard deviations (Kowé&c Tturikec
amokAioelg) between predicted and measured path
loss values are around 10 dB to 14 dB.



Okumura Model

The Okumura model is formally expressed as:
L = LF.‘SL + -'1.'\!(.-' _ HMG - HB’(:' - th('():*:'r'('tima

Where:

L = The median path loss. Unit: Decibel (dB)

L., = The Free Space Loss. Unit: Decibel(dB)
A, = Median attenuation. Unit: Decibel(dB)
H,,c = Mobile station antenna height gain factor.
Hy; = Base station antenna height gain factor.

Keorrection = Correction factor gain (such as type of
environment, water surfaces, isolated obstacle etc.)



Hata Model

The most widely used radio frequency propagation model
for predicting the behavior of cellular transmissions in built
up areas.

Also known as the Okumura-Hata model for being a
developed version of the Okumura Model.

This model incorporates the graphical (plot) information
(evowpotwvel TIc yoptoypadlkec TmAnpodopieg) from
Okumura model and develops it further to realize the
effects (va mpooopowostl tig¢ semumtwoelg) of diffraction,
reflection and scattering caused by city structures.

This model also has two more varieties for transmission in
Suburban Areas ([Mpooaotiakec Meploxec) and Open Areas
(e.g., Rural Areas; AypoTtikec NeployEc).



Hata Model

81 |
- Hata Model for Urban Areas is formulated as:

Ly = 6955+ 26.16 log f - 1382 log hg — Cy + [149 - 635 loghy] logd

Where:
For small or medium sized city: Cy = 08 + (11 logf — 0.7 ) hy — 1.56 log f

- 8.29 (log(1.54hy))? — 1.1 ,if 150 < f < 200
For large cities: Cg = 1

3.2 (log(11.75hy))> — 4.97 | if 200 < f < 1500

L;; =Path loss in Urban Areas. Unit: decibel (dB)

h p = Height of base station Antenna. Unit: meter (m)
hM = Height of mobile station Antenna. Unit: meter (m
f = Frequency of Transmission. Unit: megahertz(MHz).

'y = Antenna height correction factor



Hata Model

Hata Model for Suburban Areas is formulated as:

Ly (dB) =Ly, (dB) 2{]‘3910 ff(i;i;H:)} 54

Hata Model for Open Areas is formulated as:
L,,(dB) = L,,(dB)—-4.78|log,, f.(MHz)|" +18.331og,, f.(MHz)—40.94

Hata Model Limitation: Although based on the
Okumura Model, the Hata model does not go beyond
1500 MHz while Okumura provides support for up to
1920 MHz.



