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AcUPUATO KOVAAL
2 |

o H nAekTpouayvNnTIKA EVEPYEIQ EKTTEUTTETAI OTO HECO ME KEPAia

o [a atrodoTikr) akTivoBoAia atraiteital kepaia pakputepn atrd 1o 1/10 Tou
MKOUG KUNATOG

o Tutrol 01adoonc (propagation)

1. Aiadoon kupaTog edagouc (ground wave propagation)
oTig VLF n yn dpa wg Kupatodnyog

= Ta ofuata diadidovTal yupw atrd TNV yn

= TO OI0B£01UO EUPOG PACUATOS PIKPO

m  eKTTOUTI ME Xprion AM i FM uéxpr 100 pihia

2. Aiddoon KuhaTog xwpou (sky wave) ue
avakAaon atro Tnv Iovoogalpa
= Atoppd®non CUXVOTATWY KATW TWV 2
Hz
= Tn vuxTa 1a orjuata AM pttopouv va
TAgIOEWOUV UEYAAEC ATTOOTAOCEIC DIOTI N
TTUKVOTNTA TWV NAEKTPOVIWV TTEPTEI

= lMavw atrd ta 30 MHz diatrepva TV
Iovoogalpa
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ACUPUOTO KAVAAL
-3y

3. Ommkng Etraeng (LOS: Line Of Sight)

Avw Twv 30 MHz —Aopu@opIkEC TTIKOIVWVIEG / TV KATT
[Meplopiopoi AT TNV KAPTTUASTNTA TNG YNG

210 2.4 GHz ouvrtovifeTal TO HOPIO TOU VEPOU

Mavw a1é Ta 10GHz o1 aTpoo@aIpIKEC OUVOAKEC AOKOUV ETTIPPOEG

(P Satellite

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



Acvppatn Atadoon

Baoika MNpoBAnuaTta Acupuatng Aiadoong
@0b6pufog
[MTapePPOAEC (OMODIAUAIKES KO YEITOVIKWY DIAUAWY)

[MapeutTddIoNn Kal CacBEvnon aTTd AvOPWTTIVEG KAl PUOIKEG
KATAOKEUEG

[ToAudiadpopikr) Aiddoon (multipaths)
Ta TTapatrdvw BETouv 6pIa
2TNV EKTO0N TG KAAUWNGS
2TOV PpUBUO peTadoong
2TNV ACIOTTIOTIA KAl TTOI0TATA ETTIKOIVWVIAG

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Acvppatn Atadoon

_ 5|
H arudéo@aipa gival To JEOO PETADdOONG
o Aiddoon H/M KupdTtwy Kal HETAPOPA CriUATOC TTANPOPOPIaC

270 aoUpuaTa OUCTAPATA XpnolpoTrolouvTtal Kupiwg ol {wveg VHF
(30MHz-300MHz), UHF(300MHz-3GHz) ka1 SHF (3GHz-30GHZz)

o Y1rapxouv d1a@opol TUTTOI PAdIOKUNATWY avAaAoya JE TOUG
LUNXQVIOHUOUG TTOU CUPMETEXOUV OTN padiodiadoan

0 2T0 aoUPPATA CUCTAMATA KUPIWG XpNOIJOoTTolouvTal Ta KUPATA
XWPOU (space waves

radic
UHF television, astronomy,
maritime radio, miobile phones, satellite com-
navigation shortwave radio GP3, Wi-Fi, 4G munications

100 km 10 km 1 km 100 m 10 m im 10 cm 1em 1 mm
- increasing wavelangth I e
3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz JGHz 30 GHz 300 GHz
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Atapolpacpoc Gaocpoatog

Almost every wireless technology - from cell phones to garage door openers - uses radio waves to communicate.
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area.

Most of the white
areas on this chart

But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday deviceSire reserved

Auctioned
spectrum

U

2.4 GHz band
Used by more than 300
consumer devices, including

for military, federal
government and
industry use

Garage Wireless microwave ovens, cordless
BroadcastTV  door cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones networks (Wi-Fi and networks TV alarms
— Bluetooth) |
3 500 1 L5 2 3 4 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz GHz
PR . L I I T T ' —_—
N ] . —
\_‘ | | ‘ |—| Signals in this
0 } zone can
J X ) N only be
AMradio  Remote- BroadcastTV GPS Satellite Weather CableTV Highway Police  gantshort
535 kHz controlled UHF channels (Global positioning radio radar satellite toll tags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions g
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE [ LINE-OF-SIGHT ZONES |
Frequencies in this range are considered Diffcult for signals
more valuable because they can penetrate to penetrate dense ) N
dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
Visihle
Microwaves Infrared light Ultraviolet  X-rays Gamma rays .
Lowest § 1 1 e i e SL
ies frequencies
frequencie RADIO WAVE SPECTRUM :
3 kHz wavelength 300 GHz wavelength

The electromagnetic spectrum

Radio waves occupy part of the electromagnetic
spectrum, a range of electric and magnetic waves

Lower
frequenc

of different lengths that travel at the speed of light;

other parts of the spectruminc

lude visible light and

x-rays; the shortest wavelengths have the highest

frequency, measured in hertz

Higher
frequency

Wavelength

Distance from crest to crest

2uoTnpata WYnelakng EUpUEKTTOUTTAG

What is a hertz?

One hertz is one cycle per

second. For radio waves, a cycle

is the distance from wave crest to
crest

1 kilohertz (kHz) = 1,000 hertz

1 megahertz (MHz) = 1 million hertz
1 gigahertz (GHz) = 1 hillion hertz

m)\empouavvnm«') KO \
glval n tautoyxpovn dtadoon
EVOC NAEKTPLKOU KOl EVOC
HolyvnTtikou mediov. Ta
NAEKTPOUAYVNTLKA KUpOTO
Sladidovtal oTo KEVO PE TNV

anbtnta ToU dWTOC. /

Electromagnetic Wave

* Magnetic Field

Electric Field

Mnkog KOpatog A (m): H
amootoon novu petadidetal
TO onpa o€ xpovo T

Q



Atapolpaocpoc Qaocpoatog

Almost every wireless technology - from cell phones to garage door openers - uses radio waves to communicate. Most of the white
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area. areas on this chart
But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday devicesire reserved

for military, federal
government and
industry use

Auctioned
spectrum

2.4 GHz band
Used by more than 300
consumer devices, including

Garage Wireless microwave ovens, cordless
BroadcastTV  door Cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones  networks (Wi-Fi and networks TV alarms
Bluetooth) —
3 3 4 5 50 300
kHz GHz GHz GHz GHz GHz

W I—‘ Signals in this
% Zone can
i ; . ) only be
AM radio Remote-  BroadcastTV GPS Satellite Weather CableTV Highway Police sent short.
535 kHz controlled UHF channels (Global positioning radio radar  satellite tolltags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions g
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE | LINE-OF-SIGHT ZONES |
Frequencies in this range are considered Diffcult for signals
more valuable because they can penetrate to penetrate dense . L
dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
Visible
Microwaves Infrared light Ultraviolet X-rays Gamma rays )
Lowest e S e
frequencies RADIO WAVE SPECTRUM frequencies
3 kHz wavelength 300 GHz wavelength

What is a hertz?

One hertz is one cycle per

second. For radio waves, a cycle

is the distance from wave crest to
crest

1 kilohertz (kHz) = 1,000 hertz

1 megahertz (MHz) = 1 million hertz
1 gigahertz (GHz) = 1 hillion hertz

The electromagnetic spectrum

Radio waves occupy part of the electromagnetic
spectrum, a range of electric and magnetic waves
of different lengths that travel at the speed of light;
other parts of the spectrum include visible light and
x-rays; the shortest wavelengths have the highest
frequency, measured in hertz

Lower
frequenc

Higher
frequency

Wavelength
Distance from crest to crest

2uoTnuaTa WYneiokng EUpUEKTTOPTTNG

Wavelength (nm)
T T

3-300m
500 103-100 10°Hz

Radio Wave Mi
100 100 10 10
1 1

FM 875 91 95 100

105 108 MHz
AM 522 750 950 1150 1300 1500 1710 KHz

(nm)
1 T T T T T 1
Wave Microwave Infrared ||U
10 10' 3 :

10 1 10 10" 10°
1 1

1nm
2.4 10°H:




Atapolpaocpoc Qaocpoatog

Almost every wireless technology - from cell phones to garage door openers - uses radio waves to communicate. Most of the white
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area. areas on this chart
But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday devicesire reserved

for military, federal
government and
industry use

Auctioned
spectrum

2.4 GHz band

Used by more than 300
consumer devices, including
microwave ovens, cordless

Garage Wireless N
BroadcastTV ~ door Cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones  networks (Wi-Fi and networks TV alarms
1 Bluetooth) —
3 500 1 15 2 3 4 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz GHz
L

| | ‘ I—‘ Signals in this
=] % Zone can
_ . ) - only be
AM radio Remote-  BroadcastTV GPS Satellite Weather CableTV Highway Police sent short.
535 kHz controlled UHF channels (Global positioning radio radar  satellite tolltags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions g
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE | LINE-OF-SIGHT ZONES |
Frequencies in this range are considered Diffcult for signals
more valuable because they can penetrate to penetrate dense . L
dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
hle
Microwaves ntrared [@ighl| Ultraviolet X-rays Gamma rays
Lowest m

Highest
frequencies

frequencies —

RADIO WAVE SPECTRUM

3 kHz wavelength 300 GHz wavelength

The electromagnetic spectrum

Radio waves occupy part of the electromagnetic
spectrum, a range of electric and magnetic waves
of different lengths that travel at the speed of light;
other parts of the spectrum include visible light and
x-rays; the shortest wavelengths have the highest
frequency, measured in hertz

What is a hertz?

One hertz is one cycle per
second. For radio waves, a cycle
is the distance from wave crest to
crest

Lower
frequenc

Higher
frequency

1 kilohertz (kHz) = 1,000 hertz
1 megahertz (MHz) = 1 million hertz
1 gigahertz (GHz) = 1 hillion hertz

Wavelength
Distance from crest to crest

2uotiuaTta WYnolokng EUPUEKTTOUTIAG

10%nm

300 10°-430 102 Hz

Microwave Infrared | |UV| X-Ray
) 1 10° 10° 10° 10 10" 10"
L 1 1 1 1 1 1 L
Visible
] T L] L] ] T ]
Microwave Infrared | JUV| X-Ray C
1 10° 10' 10° 1 10" 10"
1 1 1 1 1 1 1

10°°nm

400 10'2-790 10*? Hz



Atapolpacpoc Gaocpoatog

Almost every wireless technology - from cell phones to garage door openers - uses radio waves to communicate. Most of the white
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area. areas on this chart
But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday devicesire reserved

for military, federal
government and
industry use

Auctioned
spectrum

2.4 GHz band
Used by more than 300
consumer devices, including

Garage Wireless microwave ovens, cordless
BroadcastTV ~ door Cell medical Cell phones and wireless Wi-Fi  Satellite Security
Channels 2-13 openers phones telemetry phones  networks (Wi-Fi and networks TV alarms
1 Bluetooth) —
3 500 1 15 2 3 4 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz GHz
L ) 1 MR N1 A T A PRI S PP ST N B S |
| : |
| | ‘ I—‘ Signals in this
=] % zone can
_ . ) - only be
AM radio Remote-  BroadcastTV GPS Satellite Weather CableTV Highway Police sent short.
535 kHz controlled UHF channels (Global positioning radio radar  satellite tolltags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions g
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE | LINE-OF-SIGHT ZONES |
Frequencies in this range are considered Diffcult for signals
more valuable because they can penetrate to penetrate dense . L
dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but

could be blocked by trees
and other objects
Visiblg
Microwaves Infrared  light|

Gamma rays
Lowest

Highest

g I .
frequencies RADIO WAVE SPECTRUM frequencies

3 kHz wavelength 300 GHz wavelength What is a hertz?

The electromagnetic spectrum o T o

Radio waves occupy part of the electromagnetic LS : " g

spectrum, a range of electric and magnetic waves frequenc frequency 'CS etI;f distance from wave crest to

of different lengths that travel at the speed of light; d :

other parts of the spectrum include visible light and 1 kilohertz (kHz) = 1,000 hertz

x-rays; the shortest wavelengths have the highest . Wavelength 1 megahertz (MHz) = 1 million hertz

frequency, measured in hertz Distance from crest to crest

1 gigahertz (GHz) = 1 hillion hertz

2uoTnuaTa WYneiokng EUpUEKTTOPTTNG

108nm
750 1012-30 101°Hz

-

ave Infrared [ |UV| X-Ray Gamma
10° 10' 10° 10 10" 10" 10"

VAL BA RALMAARALLALLALLAA
Infrared | |UV| X-Ray Gamma Ray
10' 10" 10) 10" 10" 10" 10"

10 1% m

301015 - 30 10'8 Hz
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Atapolpaocpoc Qaocpoatog

Almost every wireless technology - from cell phones to garage door openers - uses radio waves to communicate.
Some services, such as TV and radio broadcasts, have exclusive use of their frequency within a geographic area.

But many devices share frequencies, which can cause interference. Examples of radio waves used by everyday devicesire reserved

Auctioned
spectrum

phones

2 3 4
GHz GHz GHz
I I T ST A T T L

2.4 GHz band
Used by more than 300

consumer devices, including

microwave ovens, cordless
phones and wireless
networks (Wi-Fi and
Bluetooth)

Wi-Fi

for military, federal

government and
industry use

Satellite Security

networks TV alarms
5 50 300
GHz GHz GHz

Most of the white
areas on this chart

Garage Wireless
BroadcastTV ~ door Cell medical
Channels 2-13 openers phones telemetry
1
3 500 1 15
kHz MHz GHz GHz
L ) 1 L
AM radio Remote-  BroadcastTV GPS
535 kHz controlled UHF channels (Global positioning
to 1,700 kHz toys 14-83 systems)

PERMEABLE ZONE

Frequencies in this range are considered
more valuable because they can penetrate

L

Satellite Weather Cable TV
radio radar  satellite
transmissions

SEMI-PERMEABLE ZONE

Diffcult for signals
to penetrate dense

Signals in this
% Zone can
. ; only be
Highway Police sent short,
tolltags  radar nopstructed
distances

frequencies

dense objects, such as a building made objects Signals in this zone can
out of concrete travel long distances, but
could be blocked by trees
and other objects
Visible
Microwaves Infrared light Ultraviolet X-rays l Gamma rays l )
Lo, e —— (|
e RADIO WAVE SPECTRUM
3 kHz wavelength 300 GHz wavelength What is a hertz?
The electromagnetic spectrum o T o
. . wer - s
Radio waves occupy part of the electromagnetic frequenc frequency s the distance from wave crest to

spectrum, a range of electric and magnetic waves
of different lengths that travel at the speed of light;
other parts of the spectrum include visible light and
x-rays; the shortest wavelengths have the highest
frequency, measured in hertz

Wavelength
Distance from crest to crest

2uoTnuaTa WYneiokng EUpUEKTTOPTTNG

crest
1 kilohertz (kHz) = 1,000 hertz

1 megahertz (MHz) = 1 million hertz

1 gigahertz (GHz) = 1 hillion hertz

I
Uil

I

JV| X-Ray

1
1

Gamma Ray
10 10" 10" 10"
1 1

101%nm
300 1018 Hz

|

i



Acvpuotn Awadoon

MaTti VHF kot UHF?727?
AueAnTEa 1ovoo@aipikr) diddoon Adyw uwnAng
ouUXVvOTNTAG
MIKpO HEYEBOC KEPAIWY KOl TOTTOBETNON TOUC APKETA
UNKN KUPJOTOC TTAVW ATTO TO £0A@POC O€ I0TOUC
Agv atTAITEITAI KAT AVAYKN OTTTIKN ETTAPN
MIKpO KOOTOG £COTTAIOUOU

EmBupunTEg o1 atrwAeieg diadoong yia AsiToupyia
KUWPEAWTWY CUCTNUATWY

2uoTtnuata Wneiakng EupuekTTouTIAG



Mnyxaviopot Atadoonc

o ATreuBeiag ouvioTwoa

o AvakAaon (Reflection)

H/M kupata TpooKPoUOUV O AEIEG ETTIPAVEIEG PE TTOAU
MEYAAEG OIAOTACEIG WG TTPOG TO PNKOG KUpaTog Tou RF
OnMaTOC

0 [MepibAaan (Diffraction)

KaptruAwaon padloKUPATWY YUPW aTTO QUOIKA N TEXVNTA
EUTTO0IA, AOYW EPPAVIONG OEUTEPEUOVTWY KUUATWY CUUPWVA
ME TNV apxn Tou Huygens. INoAAEC PopEC KaAgiTal Kal oKiaon

Diffraction

Reflection

2uaTtnuata ¥Yneiokng EupuekTTOuTING




Mnyxaviopot Atadoonc

13
0 2Kedaaon (Scattering)
[Mpbokpouon H/M Kupatwy o€ neyaAn 1paxid eTQAVEIQ | O€
ETTIQAVEIA JE DIAOTACEIC OUYKPIOIUES TOU PAKOUC KUUATOC KAl
OIAOKOPTTIONOC TNG EVEPYEIOC O OAEC TIC KATEUOUVOEIC

2uaTtnuata ¥Yneiokng EupuekTTOuTING



Mnyxaviopot Atadoonc

o Amtoppopnon (Absorption)

Meiwan Tou TTAdTOUC (EvTaong TTediou) evOg padIiOKUUATOC
AOYW AUETAKANTNG METAPOPAC HEPOUC TNG EVEPYEIOC TOU
KUMOTOG OTO HECO d1adoong

o AidBAaon (Refraction)
AAAayry oTnv kateuBuvon d1adooncg evog padioKUNATOC, AOYyw

NG XWPIKAC METABOAAC Tou OcikTn d1ABAaoNC Tou JEoou

d1adoaong Refraction

Absorption %

*
el
-

2uatnpata ¥Yneiokng EupueKTTOUTIAG



Mnxoaviopotl Atadoong

d| l'.'lz -l |:| |:| dz
d

Reflection [ firaction Multiple diffraction
d
|
. |
Seattering Absorption cuided wave

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Dawopeva Atadoonc yla To

PadlobilauAo
o

o ECaoBevion TAdTOUC TOUu orjuatoc (path loss)

XapakTtnpilel TNV €cApTnoN TNG MEIWONG TNG MEONG AaNBavVONEVNG
I0XUOG ATTO TNV ATTO0TAON TTOUTTOU-OEKTN.

0 2Kiaon (shadowing)

XapakTnpicel TN OTATIOTIKA KATAVOUA TNG HEONG TIUAG TNG Aaufavopevng
10XUO0C, ONAQdN TN CUNTTEPIPOPA CUVAPTACEI TOU TTEPIBAAAOVTOC.

o [MoAudiadpopikr) diadoon (multipath)

XapakTtnpilel TI dIaA&iYeIC TOU TTAATOUC TOU OPATOC AOYWw aBpoIoTIKAG
KAl aQaAIPETIKAC OUMPBOANRC.

o [MapeuPoAéc (interference)
OMOOIAUAIKEG Kl YEITOVIKWY DIAUAWV.
o AlaoTtropd 2uxvoTtntag (Frequency Dispersion)

AAAayr) oTn ouxvoTNTA Kal TN @ACn TWV CUVICTWOWYV TTOU aTTapTiouv
éva onua eupegiag {wvng Aoyw dI00KOPTTIOTIKOU HECOU (£CAPTNON TWV
OUVTOKTIKWY TTAPAUETPWY ATTO TN oUuxXVvOoTNTA)

2uatnpata ¥Yneiokng EupueKTTOUTIAG



Eldn AtaAelpewv

s

A Emmidpaon MeydAng KAipakag (AmwAeies diadpouric)
Emidpaon Meoaiag KAipakag (Skidoeig)
Emidpaon Mikpri¢ KAipakag
Slow
P V

ery slow

\ %

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



Eldn AtaAeipewv

Free Space Path Loss
22

Amplitude A
(dBm)

Receive Aperture

Frequency Related:
-40dB in the first meter (2.4GHz)
-47dB in the first meter (SGHz)

Inverse Square Law
Distance Related: -6dB every time the distance from the source is doubled

i -58dB
: H -64dB
: 71dB
6B | 6dB i -6dB : -6dB
- - - i >
0 m 2m 4m 8m 16m Distance (m)

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



Eldn AtaAeipewv

Large Scale Fading

."- ----
- -
F -
'l -
&
L4 -
& L
i L

' L]
[ L]
v L]
' «:» '
L] L ]
' '
¥ [
L] L]
L] "

w '

LY r

L #
. ’
L] *
.. L
-
- .‘l'.-. .........
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Eldn AtaAelpewv

AlaAgiyeic Meyaing KAipakag (Large Scale/Long Term
Fading): EptrepiExouy TIC atTwAEIEC dDIAdOONC KAl TN
okiaon.
Ekgpdalouv Tn peon egacBevnon Tng I0xUOG Tou AapBavouevou
ONUATOG AGYW PEYAAWY PETATOTTICEWYV (TTOAAEG EKOTOVTAOEG N Kal
XIANIAOEC UKN KUUATOC)

A@popa OAa ekeiva Ta Qaivoueva TTou eP@avidovral KAata JECO O0pOo
o€ €vav OAKTUAIO yUpw a1ro éva otaBuo Bdaoncg (base station)

Me Baon autr Tnv egaoBevnon kabopidovTal 1o peyebog TG
TTEPIOXNG KAAUWNG Kal apa To NEYEBOC Twv KuyweAwv (cells),
kaBwc¢ kal To SNR Tou Aapavopevou OAPATOC OTNV TTEPIOXI QUTA

Mo TN peAETN TNG €6acBevnong peyaAng KAiakag £xouv
avaTrTuxOei diagopa PHovTeAa (TT.X. EAeUBEPOU Xwpou,
QVTIOTPOPNS N-00THC dUVAUNG, KATT.)

2uoTtnuata Wneiakng EupuekTTouTIAG



Acvppatn Atadoon

[ToAudiadpopikn diadoon (multipaths): n evepyeia
KOTOQOAVEI OTO OEKTN ATTO OIAPOPETIKA JOVOTTATIA,
ONAaodn A@ign TTOAAATTIAWY EKOOCEWY TOU EKTTEUTTOUEVOU

OrNMOTOC OTO OEKTN

KaBe agpikvouuevo padlioKUuha KATa@OAavel
ATTO DIQQOPETIKI KATEUBUVON
Me dI1a@OPETIKA XPOVIKA KaBuoTEpnon
AIQ@OPETIKO TTAATOC Building

BS
Line of sight (LOS) path

Building

\ 1
\
\
N
\
\ al
\ .
\ Mobile
\
\

2uatnpata ¥Yneiokng EupueKTTOUTIAG



Acvppatn Atadoon

o Alavuouartiki aBpoion aTnv Kepaia Tou EKTN Kal apa
aBpOIOTIKNA N APAIPETIKN) GUUBOAN avaioya Pe TIG QATEIG
TWV ETTINEPOUC KUPMATWYV

N=1
y(t) = h(t) = Y pue’nd(t — 1)

n=0
Building
BS
~ Line of sight (LOS) path
o Building
\
\
\ >

\ —~

\ —

\\ a0

2uaTtnuata ¥Yneiokng EupuekTTOuTING



Received Signal Power (dBm)

-80

Dawopeva Atadoonc yla To

PadlobilauAo

0 AlaAgiyeig (fading): n peTaBoAn Tou TTAGTOUG R TNG I0XUOG KAl TNG
@Aaong Tou AauBavOouEVOU OrUaToG.

50 1 DECT Measurements (1890 MHz) in Kavala City

h |
_ l l m
70 I

-80 —

| ! I ! | ! I ' |
100 102 104 106 108 11
Distance Covered (m)

2uaTtnuata ¥Yneiokng EupuekTTOuTING

O1 AloAgiyeic diaxwpilovTal O€:
> ermritredec (flat fading): Tuxaieg
METABOAEC oTO TTAGTOC

Flat

Freq



Received Signal Power (dBm)

B0 —

PN

-80 —

Dawopeva Atadoonc yla To

PadlobilauAo

o AlgAgiyeig (fading) : n peraBoAn Tou TAGTOUG 1 TNG 1I0XUOG Kal TNG
@Aaong Tou AauBavouevou oHuaToC.

50 1 DECT Measurements (1890 MHz) in Kavala City

h |

T T 717 T T T T T

100 102 104 106 108 11
Distance Covered (m)

2uaTtnuata ¥Yneiokng EupuekTTOuTING

O1 AloAgiyelg diaxwpidovTal O€:

» ETTIAEKTIKEG WG TTPOG TN OUXVOTNTA
(frequency selective fading):
d1a0UMBOAIKN TTapeuBoAr (I1SI)

Freq Selective




Movtelomoinon PadlodlouAou

O diaulog cival yevikd Eva DiATpo
Oewpoupe 611 gival ['pappikd PiATpo

Eival Xpovikd MetaaAAduevo, TOo0 AOyw TNG Kivnong evog
OEKTN o€ TTEPIBAAAOV oKEDAOTWYV, AAAG KAl AOYw TNG
METABOANG TWV XAPAKTNPIOTIKWY TOU TTEPIBAAAOVTOG (TT.X.
Kivnon TOTTIKWYV OKEDAOTWYV)

Eival Tuyaia ypovika
UETABAAAOPEVO YPAPUIKO = W9 L
(PIATPO, YEYOVOG TTOU
ePapuvel TN padiodiddoon " e »

YTTapXouv OUVAPTAOEIG f ﬂ, \
METAPOPAG KAl KPOUOTIKEG B s 0 B T

QATTOKPICEIG TTOU TO
TTEPIYPAPOUV IKAVOTTOINTIKA —,u—/ N\ —3 Ls J\_
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Eldn AtaAelpewv

AlaAsgipeic Mikpnc KAipakac (Small Scale/Short Term
Fading): EutrepiExouv TIC aTTWAEIEC d1adooNC.

[Mepiypdgpouv TN HETABOAN TTAATOUC KAl pAONG YIA UETATOTTIOEIC

NG TAENG TOU A/2.

Ecetageral n d1ddoon Tou NAEKTPOUaYvVNTIKOU KUPOTOG O€
HIKPOTEPN KAIHOKO OTTOU EPPAVICOVTal GNUAVTIKEG ATTOKAIOEIG
OTNV 10XU TOU, O€ TTEPIOXEG OUYKPIOIPEG PE KAAOUOTA TOU UNKOUG

KUHGTOQ 30

‘Exoupe | sf
Kal paon g.m‘
va pOdo« T

O1 dIaAeil E.sn

TToAudIac B-ss

OIAUAOU ; Z-sof

TTOU OUMJ| -5
70 L~

|
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14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
T-R Separation (meters)

NUOTOG O€ TTAATOG
MOU, TTOU JUTTOPOUV

A TOU ONMATOC
ETABOAN TOU
1 TWV OKEOAOTWYV



Eldn AtaAelpewv

AlaAeipeic Mikpn¢ KAipakag (Small Scale/Short
Term Fading) :

2.UVNOWC £TTEION XPNOIUOTIOIOUME EVa TTEPIBWPIO
I0XU0G (margin) aTo link budget Tn¢ 1a¢ng Twv 10-
20dB, o6tav n didAeiwn 10 UTTEPPEI, avaPePOUAOTE O€
Ioxupn OIGAEIYN.

ATToTéEAECUA gival N dpauaTikn emdsivwon Tou BER
KATA TN OIAPKEIA IOXUPWYV OIAAEIPEWV.

‘Exoupe pITTEC oPaAuATWY (O1000XIKA bits eapaAuEva).

AVTIUETWTTION: KWOIKOTTOINON-OIEUTTAOKN, DIAPOPIKN
ANWnN, TTPOCAPHOCTIKEC TEXVIKEC DIANOPPWONG.

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Xpovikn Ataomopa kot IS|

@ewpPOUPE 2 HOVO CUVIOTWOEG OTOV DEKTN
h(t)y=Ao(t—7,)+Ao(t—1))

2. NUAVTIKI TTAOPAMETPOC €ival n dlapopa TwvV
KaBuoTePNOEWV T=T,-T,, TTOU KOBOPIfel TO PEYEBOG TNG
XPOVIKN ¢ diaoTropdc (delay spread)

AucavopEvng TN dIaPopac aucavertal n dlacupBoAIKN
TapeppoAn (I1S1)

h(t) = 2; 4; 8(t —7:(1)

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Xpovikn Altaortopa kat S|

Muwpos
Adyog : /T

Eilgodog Awadid.ov

Meyaiog
Aoyog : /T

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG

4

‘EZ0d0g Awdirov

KaBuoTepnuévn
ékdoon 1°v
ouuBOAou

\ Muwpo ISI
=

2T

KaBuoTepnuévn
ékdoaon 1ov
ouuBoAou

Meyadro ISI




Xpovikn Ataomopa kot IS|

Emritredeg AlaAsipeig: OAiobnon Tou BW ToU orjuatog wg
TTPOG TN OUVAPTNON METAPOPAC Kal Apa N ecacBévnon Ba
METABAAAETOI

AloAgiWeIC ETTIAEKTIKEC WC TTPOC TN 2ZuyvoTnTta: MNa peyaio
BW, dU0 cuxvOoTNTEC TTOU ATTEXOUV APKETA OTO £UPOG {wvng,
Ba ugioTavral dIaPoPETIK) eCacBEvnon

2 NUAVTIKA N OXE€an eUpoug {wvng Kal XPOoVIKAG dIaoTToPAg

AKOUN KAl HeyaAo 1, av 0 AOYOo¢ TwvV TTAATWYV Eival HIKPOG, TOTE
eV UTTAPXEI ONUAVTIKO TTPORANMA DIOAEIYEWV

T
. ?small = flat fading

H(f)

/\/H’V\/\

2uoTtnuata Wneiakng EupueKTTOUTING




OALoOnon Doppler

H oAicBnon Doppler gival n oAicBnon Tng ouxvoTnTag
TTOU TTapaTnPEiTal aTo AapBavouevo onua, oTav
UTTAPXEI OXETIKN Kivnon TOU OEKTN WC TTPOG TOV TTOUTTO.

ATTOoTEAEO A
Aucnon Tou EUPOUC PACHUATOG TOU CHUATOC
H ouxvoTtnTta auéavetal otav KIVOUUAOTE
TTPOC TOV TTOUTTO
H ouyxvoTtnta eAQTTWVETAI OTAV ATTOUAKPUVOU
aTTO TOV TTOPTTO. !

2uoTnpata WYnelakng EUpUEKTTOUTTAG




OALoOnon Doppler

Kivnto pe taxutnta v diavuel atrootacn d
Alagpopd diadpounc Al og xpovo At

Al =dcosa =uAtcosa

MeTaBoAn eaong Aoy — 27Nl 27uAt

0 P cosa
OAiobnon Doppler
f — L% — ﬁcosa L
O 2m At

EvdeikTika: yia f, = 1850 MHz eivai Al
A=0162m. Eotwa=0° v=90Kmh )

X d

i
b |

90x103n/
0.162m
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AntwAelec Atadoong

AtrwAeieg Aladoong (Path Loss): O Adyog Tng
EKTTEUTTOMEVNC TTPOC TN Aauavopevn 10U, yia OeDOUEVO
TePIBAAAOV 01Gd0OONG.
Eival cuvapTtnon Kupiwg TG atmooTaong.
YTrapxouv TTOAAG JOVTEAQ UTTOAOYIOHOU TWV HEOWV
ATTWAEIWY, avaAoya PE TO TrEPIBAAAOV 01Gd0aNG Kal TNV
eQApPUOYN.
Y1rapyouv 3 BACIKEC KATNYOPIEC HOVTEAWYV Kal Ol
QVTIOTOIXEC UPBPIOIKEC UNOTTOINOEIC.

EuTTEIpIKG (TTPOCAPPOYEC O DEDOUEVA NETPHOEWV)

AvaAuTIKA (XpAon YvwoTwyv peBddwyv H/M diadoong, 1r.x. GTD,
PO, UTD, kATr.)

2TOTIOTIKA-QUOIKA (KATAVOUEC KOl avOAUTIKEC HEBO0DOI)

2uoTnpata WYnelakng EUpUEKTTOUTTAG



AmtwAelec otov EAevBepo Xwpo

H nAekTpopayvnTiky akTivoBoAia diaxEeTal kaBwg diadideTal

H évraon tng eival avTioTpoPwg avaAoyn Tou TETPAYWVOU TNG
amrdéoTacng amo Tnv Tnyn

2.€ arroéoTaon r, n déoun TTepvAcl atrd yia Tepioxn A
2.€ ATTO0TAON 2r, N 00N TTEPVAEI ATTO ia TTEpIoXn 4A
2.€ arroéoTaon 3r, n 0Eoun TTEPVAEl aTTo ia TTeploxn 9A

H 1Teplox) au€averal ye 1o TETPAYWVO TNG ATTO0TACNG

flux density at
surface of sphere

sphere radius,

Py

transrmitter
[OwEr

sphere area
4nr2

[ The Inverse Square Law j

2uoTnpata WYnelakng EUpUEKTTOUTTAG



AmtwAelec otov EAevBepo Xwpo

Eav dev uttdpxel atroppo@non TnG eveépyelag NG dEoung, n idia
I0XUG TTEPVAEI ATTO KABDE ETTIPAVEIQ

Apa o€ amréoTaon 2r, UTTAPXEl JOVO TO 72 TNG I0XUOC TNG dE0UNG
Apa n TTukvoTnTa porg Ioxuog (power flux density), dAd n 10XUC
ava Jovaoda €TTIPAvVEIAS, gival avTIoTPOPWS avaloyn Tou
TETPAYWVOU TNG aTTO0TAONG

flux density at
surface of sphere

transrmitter
[OwEr

sphere area
4mre

[ The Inverse Square Law j

2uoTnpata WYnelakng EUpUEKTTOUTTAG



AmtwAelec otov EAevBepo Xwpo
_ 36 |

o Alaypdpparta akTivoBoAiag piag kepaiag gival ypagikn mapacToon
TOU TPOTTOU OKTIVOBOAIGG HIOG KEPAIAG YIOa DIAPOPETIKA ONEia

TTAPATAPNONG WG TTPOG TIC CUVTETAYMEVEG B (Ywvia aviuywaong) Kal
¢ (adipouBiakn ywvia).

0 2UVNBwCS XpNOIYOTIOIEITal TTOAIKO CUCTNHUA CUVTETAYUEVWY

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AmtwAelec otov EAevBepo Xwpo

Otav n ekTropT Piag Kepaiag aTmo va onUEIo YiveTal opoIopopPa
TTPOG OAEG TIC KATEUBUVOEIG e TNV i0Ia €vTaan, TOTE EXOUUE
ICOTPOTTIKNA (] TTAVKATEUOUVTIKN)) EKTTOUTTA (isotropic (or
omnidirectional) radiation)

To KEPOOC TNG I00TPOTTIKNG EKTTOUTING €ival 0dB

H BeAtiwon tTou €mQEpEl pia véa KEpAia ouyKpiveTal TTAVTA JE
EKEIVN TNG I00TPOTTIKNG EKTTOUTTNG

2uatnpata ¥Yneiokng EupueKTTOUTIAG



AmtwAelec otov EAevBepo Xwpo
_ 38 |

o [a N BeATiwon TG atrddoong TwV KEPAIWY €XOUV dnuioupynoei
KATEUBUVTIKEC KEPAIES

0 2Z€ QUTEC, N EKTTOMTTA (N N ANWN) €€l MEYAAUTEPO KEPDOC TTPOC [ia
KaTeubuvon

0 H eKTTOUTI TTPAYMATOTIOIEITAI OE OEOUEG, OTAV XPEIAETAl va
TTPAYMATOTTOINOEI HEYAAUTEPN CUYKEVTPWOTN AKTIVOBOAIAC TTPOG Mia
KaTeubuvon

270°

side lobe
vl
[
|

/
\

N~

— -

90° antenna faces to 0°

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AmtwAelec otov EAevBepo Xwpo
_ 39 |

Evipydg Empdvea
Kepaiag Afung < Reff

Mpeyparike Kepoic
e Méyiamo Képdog

Ereped Muwvia ( A Reft Dl . )

lowie Tpopobooiag
P T

loyie ava povada loxig avd povada Aappavopevn loxis
Irepede Muviag yia v Z1epedag MNwvigg yia my oy Kepaia Afwng
loorpomer Kepaia Npaypankr Kepaia
i P_T(_; |
T
47 4 \ 4?3' A )
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AmtwAelec otov EAevBepo Xwpo
o4y

(PG\[ 4, )
Pr(d):k 47[JL de Watts

Mukvotnta Pon¢ loxuog: CI)(d):‘f’av(d)‘: L. (Watt/mz)

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



AmtwAelec otov EAevBepo Xwpo

41|
o H AappBavouevn 10xXUC o010 OEKTN Eival

. Trasmitted Power "Transmitter Antenna Gain ~ Receiver Gain
Received Power = (Watt)

Path Losses

o 'H o€ AoyapIBuIKEC HOVADES

P =P+G +G. - L, =EIRP+G,— L, (dBW)

Equivalent isotropic radiated power
lcoduvaun, 100TpoTTa OKTIVOBOAOUMPEVN 1I0XUC

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AmtwAelec otov EAevBepo Xwpo

dB = 10 log,,(x)

P(dBw) =10 Jog,, [_/:V]

P

P(dBm)=10 log,, [me

2uaTtnuata ¥Yneiokng EupuekTTOuTING

1

P=100W->P(dBW)=20dBW
P=10mW->P(dBW)=-20dBW

P=100W->P(dBm)=50dBm
P=1mW->P(dBm)=0dBm



AmtwAelec otov EAevBepo Xwpo

x = 1010
dBW
x =10 10
dBm-—30
x =10 10

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG

P(dBW)=20dBW-> P=100W
P(dBW)=-20dBW-> P=10mW

P=100W->P(dBm)=50dBm
P=1mW->P(dBm)=0dBm



AmtwAelec otov EAevBepo Xwpo

44
P _(47[61\2
Les(d)= P(d) .
( P ) (4rd)’ (4rd )
PL(dB) = 10logk P(d)J = lOlongJ = ZOlongJ

(2Y ()
:—lOlongJ :—2010gka

=—-20log(A)+20log(47)+20log(d)
=22—-20log(A)+20log(d)
Kavovag: 20 dB/decade

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AntwAelec otov EAevBepo Xwpo

[1a KABe dekatTAaoiaouo TNG atrdéoTaonc, Ol
ATTWAEIEC aucavovTal Kata 20dB, dnAadn o
KAVOVOG TTOU TTPOKUTTTEI Eival ATTWAEIEC
20dB/decade

[1a KaBe diITTAacIaouo TNS ATTOOTACNG Ol
aTTWAEIEC Dl1AdoOoNC aucavovTal KATA TTEPITTOU
6dB. ETTiong yia KaBe ditAaciaouo 1nG
OUXVOTNTAG EXOUUE aUENON TWV ATTWAEIWY
d1adoon¢ kata 6dB

2uoTtnuata Wneiakng EupuekTTouTIAG



AmtwAelec otov EAevBepo Xwpo
_ 46|

PL(dB) = 22 —201og(A) + 20log(d)

22— 20log(~ 22y 20log(d, -1000)

MHz

=20log( f,4. ) +20log(d,, ) +32.45

~N| O

21N BiIBAIoypagia Ba Bpeite kal AANEC EKPPATEIC AVAAOYQ UE TIC
MOVAOEC TWV MEYEBWYV ouXvOTNTAG KAl ATTOOTAONG.

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AntwAelec Atadoong

2UVNBw¢ ek@palouue TN AauBavopevn 1I0XU N TIC ATTWAEIEC
d1ado0oNG O€ ATTO0TACN d, CUVAPTNOEl TWV AVTIOTOIXWV JEYEBWY O€
JIa aTTO0TACN Ava@opag d.,.

H 10xUG oTnVv ammooTaon auTr PTTOPEi va TTPOKUYEI ETE ATTO
UETPAOEIC €iTE AQTTO TNV £Cicwan Tou Friis.

[Np&trel N arooTaon AUTH va gival 0To HOKPIVO TTEdIO, OAAG
TAUTOXPOVO OPKETA PIKPF) O€ OXEON UE TMBAVEG ATTOOTACEIG
AEITOUPYIAG TOU CUCTAMATOG KAl UTTOAOYIOHMOU TWV OTTWAEIWV.

To pakpivo TTedio JIag KepAiag, N
TIEPIOXN TTOU TO JETWTTO TOU NEAR FIELD FAR FIELD
KUPATOG UTTopEi va Bewpeital
EMITTEdO, €ival N TTEPIOXN TTEPA ATTO: .- o S

~ ~ .\ \ \ AN KN N
2D2 / NOAK ;(‘v Voo SO NN
d > /

61ou D gival n PEYIOTN YPOAUMIKEA | oo’ “OIXO /o ’
dIA0TACN TNG KEPAIQG. <L

2uoTtnuata Wneiakng EupuekTTouTIAG



AmtwAelec Aradoonc

[MNaparnpoupe TTwWG av yvwpifoupe (PMOvo) TNV IoXU o€ ammooTtaon d.,
TOTE UTTOPOUME VA UTTOAOYIOOUME TNV I0XU O€ atrooTaon d atrAd:

B(d)=e(do)-(%]2

P(d)(dBm)=P.(d,)(dBm)+ 10@{%} =

=P (do)(dBm) — lOlog(di}

PL(d)(dB) :PL(dO)(dB)JrlOlog(dijz

o

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Movtelo AntAnc KAlonc

2.€ TIPAYMOTIKEGC OUVONKEC TO JOVTEAO EAEUBEPOU XWpPOU
OEV €ival IKAVOTTOINTIKO.

‘Eva atTAO euTTEIPIKO MOVTEAO YIa TN AauBavouevn 10U
Kal TIC ATTWAEIES O1AdOONG €ival TO £CNG

P(a)=2(a,)-10mog ©

PL(d)(dB)=PL(d, )(dB)+10n log(di)

o

OTTOU N 0 OUVTEAEOTNC aTTWAEIWY diladoonc (path loss
factor), o otroio¢ yia FSL gival n=2.

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Movtelo AntAnc KAlonc

0 2UvABWC KUMaiveTal atro 2 we 4 YIA TUTTIKEG AOTIKEG TTEPIOXEC UE
MAKPOKUWEAEC Kal aTTO 1.6 WG 8 yIa PIKPOKUWEAWTO TTEPIBAAAOV.

270
)| A OO O B L SO SO JO S O B S SIS YO gt N SN
R A U O 15 1 A S U T O L O O POl AU S IO = iy
n=sn
T U A A SRR S U SR SO S R il -
-— : o : e N P :
m !
ENEI | A : R : e o
E : 1 1 1 1 : 1 :: 1 1 1 1 : n= 1 1 1 : : LI
Q
l
€A .
I:IT n=d .
100 |- - - -
n=2
a0 | - il - .
R B S R M M
41 A : R P
Tug 10’ 10° 10°

Distance({m)
2uoTtiuaTta WYnolokng EUPUEKTTOUTTNG



Movtelo Emntinedne 'nc

T (Mopmog)

i 1 h{_IF

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG

To KUPIOTEPO TTPAYUATIKO
TTPOBANUA TTOU EICAYETAI
OTO MOVTEAO TWV OUO
QKTIVWV €ival n diagpopa
@AaonNG Twv OUO AKTIVWV.

[ va yivel auTo TTPETTE
va peAeTnOei o H/IM
TTE0IO WG TTPOG TNV
evraon Kai 6x1 Tpog TNV
IoXU TOU.

AuUTO vIaTi N €vTOaon TOu
KaBopilel TGon KaTA
METPO KAl pAaon oTnNV
KEpaia Ayng.

[EWMPETPIKNA OTITIKN




Movtelo Emntinedne 'nc

TPOGEYYIOTIKY)
d* oYEoM

PL(dB)=40log(d)—-10logG, (Ht,got ) —10log G, (Hr,gor)—2010g h,—20logh,

: /\\
B A . 27Z'hthr ADPIG
Pr(d)_Pf°G’(9”(pf)°Gr(6’r’¢”)(4—7m'j .émz( Ad j mposéyyion
~__~
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Movtelo Emntinedne 'nc

| [—zmmes | Breakpoint
i, | = Free Space Loss ||

- Y
-Fli'TS}!:H 2 d=——"| < kA=rx
P e =T6m ;111 A
! é:,;.:f*?ﬂf}'.ﬂfH:_ . i

27hh,  kr k=2v+1,v=12,3,..., max
2 |k=2v,v=1,2,3,....,min

Received Power Relative to 1m (dB)
3

10’ 10° 10° 10*

Distance (m)

-110 pipiily ¢ ¢ Bilieli — |\ 5= 4sin’| ——
- i
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Movtelo Emntinedne 'nc

T
O Kspéog YLpoug Kspouag

=== Horizontal Polarization
= Képdog trepitrou 6dB
yia Ka0e ditTAaciacuo
-50 | ’ ,
5 TOU Uyoug TNG KEPAIAG
% =l : | TTOMTTOU 1) OEKTN
3 i A 7
i S0k rG =33333 \ 3
I-.ar ~Lm | Y !
E e =13 v
55+ o001 | O
=2 i Rld)=F-G(8:0)G(0:0)
.
t A 21:}: f
75 i i i i i i i E '[_ 4 Sln a
0 10 20 30 40 50 B0 70 80 30 100 4 rd
Transmitter Antenna Height (m)
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Movtelo Emntinedne 'nc

Aagifavopievy Teyo
e
v
—_
U
~
Il
Bk
Q
. N~
I A
4. S
=% N
Q
SNICN
oy
N— S
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AvakAaon kat 2kedaon amno Tpayla

Eruuidavela

0 ATTOTEAEOUA TNC TPAXUTNTOC TNC ETTIPAVEIAC Eival
n 0IAXuan TNC avakAaonG O€ TTOAAEC
KATEUBUVOEIC 1] OTTWC OTTOKAAEITAI OKEQOON

Mpoowtxrov Ateryven - Lrédnan

(Scattering) Avarioueve
f,f (Specular Componeni)
/ v
.I'K-..I
e — —
A TN T e ;MM“\

Tpeyna Emoaveia

2uaTtnuata ¥Yneiokng EupuekTTOuTING



AvakAaon kat 2kedaon amno Tpayla
Ertudpavela

Ortav n emavelia gival Tpaxutepn, To KUPA avakAAQTal
(okedadleTal) atro Eva PeYAAO apIiBuo onuEiwy £TTi TG
ETTIPAVEIAG, dlEupUVOVTAC £TOI TNV KATEULBUVON OTNV OTTOIx
ueTadideTal/okedALETAI N EVEPYEIQ

AuTn n d100IKACIa PEIWVEI TNV EVEPYEIA TNG KATOTITPIKNAG
avakAaong / kateubuvong

O BaBuog okEdaoNG capTaTal ATTO TN YWVid TIPOCTITWONG
KAl TNV TPaxUTNTa TNG ETTIPAVEIAC OE OXEON ME TO NAKOG
KUMOTOG. Specular

& . Direction
K/ K
Smooth Rough Rougher

2uoTnpata WYnelakng EUpUEKTTOUTTAG



Kupoatika Metwma
_ 59 |

loopuowes Emodvelss = Kupatikd Métomo

Fr
o8

0 2€ MEYAAEC ATTOOTACEIC ATTO TN ONMEIAKN TTNYN TO OPAIPIKO KUMATIKO
METWTTO TEIVEI VA YiVEl ETTITTEDO

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



Apxn tou Huygens

KaBe onueio o€ Eva TTpwTeUoV
KUMJATIKO JETWTTO ATTOTEAEI TTNYN
OEUTEPEUOVTWY CPAIPIKWYV
KUMOTIKWYV JETWTTWV Kal QuTA T
OEUTEPEUOVTA KUUATIKA HETWTTA
ouvdouadlovTal Kal TTapayouv £va
VEO ETTITTEOO0 KUMATIKO METWTTO
oTnV KateuBuvon d1adoong Tou
KUMQTOC.

@ Apxn Tou Huygensj

2uoTnpata WYnelakng EUpUEKTTOUTTAG




MepBAaon og Ayun

AG UTTOBE00UE OTI EXOUUE Hia

‘4, J‘D.l {:.. EKTTOMTIN) OTNV OTTOIA £va
. . _ EMUTTOOIO TEAEIWG ATTOPPOPNTIKO
EICEPYETAI OTNV KATEULBUVON
> > d d1ad00NC TOU KUUATOG.
> N Me Bdon TN YEWMPETPIKA OTITIKA,
- - ; n otroia Aauavel uttdown NG
N Pl uovo TNV aTTeuBeiag ouvioTwod
BB i Kaewg, Kal TIG aquAwpsvsg N
T \ . OIABAWMEVEG OKTIVEG,
— 5 UTTOBEIKVUEI OTI OTN OKIAOHEVN
E§§§ Heproyn 1T£p|0)(r'] loIAY; U1T(']p)(£| H/M
A E§§§ LKTaons TEOIO
Eumooio EEEE

2uoTnpata WYnelakng EUpUEKTTOUTTAG



MepBAaon og Ayun

Ta KUAIVOPIKA KUPOTO TTOU

A B e ) !
- - - EKTTEPTTOVTAI ATTO TIC
- N . OEUTEPEUOUDEC TTNYEG TOU
R R R KupaTIKoU petwTtrou BB’, Ba
€I0EABOUV OTN OKIAOMEVN
g 1N TTEPIOXN Kal TO TTedio o€ KABE
g 2 S OonNMEio auTng TNG TTEPIOXNS Ba
> S TTPOKUWEI WG UTTEPOEDN TWV
. BEC .,5:; ~ KUAIVOPIKWY QUTWYV KUPATWY. H
I KAPTTUAWON TWV POADIOKUUATWY
- " % ’ ’ ’
2 e YUPW OTTO TNV AIXUA TOU
eproyn . . ,
A swicone  EMTTOOIOU KAAEITAI TTEQIOAQON,.
Eumooio EE§E
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MepBAaon og Ayun

2.€ UPNAEC OUXVOTNTEC TO PAIVOUEVO TNG
TEPIBAAONG OTTWC KAl EKEIVA TNG AVAKAAONG KAl
NS d1ABAaoNC, ival TOTTIKA KOl ECOPTWVTAI OTTO:

TN YEWMETPIA TOU QVTIKEINEVOU OTO GNMEIO TNG
TEPIBAaoNC (T7.X. oPnva, akKun, KAPTTUAN €TTIPAVEIQ,
KATT.)

TO TTAATOG, TN PACN KAl TNV TTOAWGN TOU
TTPOCTTITITOVTOG TTEQIOU OTO ONMEIO TNC TTEPIBAAONC.
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EAAewWpoedn kot Zwvec Fresnel
_ 64|

o EAAEIYOEION €K TTEPIOTPOPNG YUPW ATTO TNV £UBEia TTOU
OUVOEEI TTOUTTO Kal OEKTN.

0 Otgwpouue OTI; ;
POLK EM+MR:TR+H§
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EAAeWpoedn kot Zwvec Fresnel
_ 65 |

IR=d +d,

TM =Jd} +I* = /1+? 7 (h<d,)

dy +h’ =d, md + (h<d,)
\I ag ’ 2d§ ’

Ala@opd OpOpwWY  |[A=n—

Alggopd @daone |¢=kA=—n—=nrx
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EAAeWpoedn kot Zwvec Fresnel
_ 66 |

i, .t
r.-' I..r M ""-.._.:1 1.\
T F] | Y --q\"‘--\.._\
)k Lo
= !
| " I
L - L.
T L '

Lo j |
'I""-.\ hl‘xhx“xh_’_‘f:;:rﬁ I'IFJ
W \\ ..af ¢
"'-.xh - =™ ;r."r R‘L — ’q' dldﬁ
>2m” d, +d,

. , . h
2UvTeAEOTAG MNepiBAaong Fresnel-Kirchoff: | =2 —
1
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EAAewWpoedn kot Zwvec Fresnel

["evikeuovTag TN Bewpnon TNS TOUNC TwV EAAEIPOEIDWV
Fresnel pe otro100n1TOTE ETTITTEDO, TTPOKUTITOUV OI {WVEC

Fresnel, ol otroiec opifovTal WG N TTEPIOXN METACU OUO
OIAQ0XIKWYV KAMUTTUAWY TTOU TTPOKUTITOUV ATTO TNV TOWN.

Ortav d,=d,

R ___ = w_, ,/ﬁd JH)L

d=1Km [ =900MH: =18.3m

f =1800MH: Zleax =12.9m
f=5700MHz 2R, . =7.25m
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Knife-Edge Diffraction

d, +d,) 5

Mldz
[MapauETPOGC
TTEPIOAaoNG

[ 2dd,
Ald, +d,)

R

(f >30MH=)
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Knife-Edge Diffraction

To TTepIBAwpPeVO atrd TNV euBeia akur KUua givai
KUAIVOPIKO.

To AapPavopevo piyadiko TTedio OTOV OEKTN EKPPATHEVO
WG TTPOG TNV TIUNA Tou €AeUBEPOU Xwpou, ONAAdK Tou
AQpBavopevou av To EUTTO0I0 ATAV TTOAU PJAKPIA ATTO TNV
eubcia OoTITIKAG £TTAPNC, divETAI ATTO TN OXEON
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Knife-Edge Diffraction
N

o Miyadiko oAokAnpwua Fresnel
- T T T (7
;[e}{p(—jafg)df—!GGS{EFE)JI—J;[SM(EIQJJF
Icus[irzjdr:l—Jcos{Erngr:l—C(u)
2 2 172 2

i

Ism[frzjdr :1—Ism(£r2Jdr zl—S(u)
2 2 2 2

i
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..

Knife-Edge Diffraction
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Knife-Edge Diffraction

Ma |(#>-0.7)| oUpgwva pe T ouoTtaon ITU-R P.526

L, (dB)=69 +2010g(\/(u—0.1)2 Fltu—0.1

F(0)=0 EF = o ATTWAEIEC 6dB

[MpakTikKOS Kavovag: Ta undeVIKES aTTWAEIEG AOyw TTEPIBAaCNC
KPATa «KaBapod» Xwpic eutrddia 10 56% tnG 1n¢ Zwvng Fresnel
(u=-0.8)
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Knife-Edge Diffraction

n=1
15t Fresngl Zone
i Transmitter Receiver
M RX

dl f?
‘Forbidden’ region

Masty abstacle must be mare .

than B0% from the center line First Fresnel zone

of T’ to F¥ (e1 == 11 x 0.6)

[MpakTiKOS Kavovag: Ta undevIKES ATTWAEIEG AOyw TTEPIBAAONC KpATa
«KaBapO» Xwpic euttodia 1o 56% 1S 1n¢ Zwvng Fresnel (u = -0.8)
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Knife-Edge Diffraction

250

(%]

[=]
(=]
T

150k Moo s o N T Lo

"Yog ndvw and To eninedo T Odkaooac [m]

g

0

i i 1 ! i i i ] "
0 5 10 15 20 25 30 35 40 45 50
Andoracm [km]

[MpakTikog Kavovag: Ta pndeVIKEG ATTWAEIEG AOYW
TTEPIBAaoNC KpdTa «KaBapd» Xwpic eNTTOdIa TO 56% TNG
1n¢ Zwvng Fresnel (u=-0.8)
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MepBAaon amo EvuBeio Akun Mavw

oUTto Ert'meéo'Eﬁagos

—
Y S
e
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MepBAaon amo EvuBeio Akun Mavw

oUTto Enineéo'Eﬁaﬁos

E 710 T1€dio yIa TO YovoTTdT IR
4
i i1 TR
E . = Z E F E_, ToO TTedio yia TO HOVOTTdTI
n=1 E,; 10 Tredio yIa TO povoTTdTl 7R’

E,, 71O TTEdIO VIA TO HOVOTTATI TR’

Emmf - Eﬂl‘Fi + EQEE? + Eﬂjj:; + E&4F4
E E E E
- E:Jl E—dl T EGE - T Ecﬂ — T Eﬂ4 =
ol o2 o3 o4

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



MepBAaon amo EvuBeio Akun Mavw

oUTto Enine&o'ESagos

E
L.,,.(dB)=20log Eo = 20log| =
foral al
1 h
F =—|1-(1+ ))F 2= ||T
~A-aer| e
[Iepimtmon | Oeon Beon | Amocotaon Eisvfepoun Ywyoc h, Tovieheomic
I[opmow | Asxm Xedpov | 7, Avaxhoons
1 T R m:,jd%r{h,—h,)“ }H:h_h!dz;—hrdl 1
s r Bl rR=a* +(h+h) | b= h+"’f"Tdi"d b

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG




MepBAaon amo EvuBeio Akun Mavw

oUTto Enine&o'ESagos

E
Li.s. (dB ) =20log|—2-| = 20log| 2
foral ol
F.:::l 1—(1-I—j)F \/Eh_" T
2 R
3 T R TR'=TR };3 =}]_® 1_.3
4 T R TR =TR . :h+w T

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



MepBAaon amo EvuBeio Akun Mavw

oUTto En'meéo'EéSaﬁos

B0 e
| N S
gﬂ.\ -----------------
i-._-‘-
95+
g 100+ et =,
: f =900MHz
E 105 . £ b, =30m
= By vl h =1.8m
2 S b =20
£ 10 ‘ﬁ: G ¢! d, =500m
e LN ] & =10
115-!- .E_l l::l ii-:' ::r=D.D1EIm
120 @1'% v
3 === \With Knife Edge Over Ground
: — FSL
st ---- Two Ray Model

-I i i | I | | { |
321]0 600 700 200 900 1000 1100 1200 1300 1400
Distance d (m)
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MepBAaon amo EvuBeio Akun Mavw

oo En'meéo'ESaﬁos
o0

o [Npoogyyion Tou Lee:

(20 log(0.5 — 0.620) 08 <0 <0
) =20 log[0.5 exp(—0.950)] 0<v<l
LY (dB) =9 50 10g[0.4 — (01184 — (038 — 0.1} /2] 1< v <24
L —20 log(0.225/v) 0> 2.4
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MNepiBAoon oe Epmodio
[enepaopevou EVpouc

—— Hopepfioicéag

Ix-Rx Eumodio Herepaouévov Evpovc

0 BrApa 1°: YTToAOYIONOC TNG YEWMETPIKNG TTapapETPoU TTEPIBAaoNC
yia KAB€ pia atrd TIC TPEIC AKMEG.

0 Bripa 2°: YTroAoyiopog Tou TTapayovTa aTTwAEIwy, Je Baon v
TTPOOEYYIOTIKA oX€on yia TV TTEPiIBAaon atrd £uBEia YPONMA

L., (dB)=69+20 lﬂg(\/(u —01) +1+u—0.1

2uaTtnuata ¥Yneiokng EupuekTTOuTING



MNepiBAoon oe Epmodio

Nemepoaougvou EVpou
m%

Ik.e. (u.i ) — IOL’%'E'(H‘;]HG

0 Brjua 3°: YIToAoyIiouog TG EAAXIOTNG TIWNG
] 1 1

L_ (dB)=-201
i (4B) ﬂg_!k_e_(ul) i Iy (11,) ' o (115)

o Brjua 4°: YIroAoyliouog NG JEoNG TIWNG

Lw.(dB):_mlﬂng I(I-ah)Jr‘irz E”z)Jr‘ﬂ }”3)]

k.e
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MepiBAoon ano ZtpoyyuAeUEVO

Eumtodio
m—

L,(dB)=L,,(dB)+T(m.n)(dB)

L, (dB)=6.9 +2010g(\/(u—[}.1)1 +1 +u—n.1) = sﬁ%
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MepiBAoon ano ZtpoyyuAeUEVO

Eumtodio
m—

0.73+0.27[ 1-exp(—1.43n) |

T(mn)=km" =(8.2+12n)m
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MNepiBAaon ano MoAlamAec EuBelec

Ak
_ AKLLEG

o [poogyyion Bullington

IE: loodvvewo Eurnoodio
IE El: Eunééio |
E2 : Eumooio 2

o Av TTpO0dIOPIOTEI TO I00OUVANO EUTTODIO, XPNOIUOTTOIOUVTA
YIQ TOV UTTOAOYIO MO TWV ATTWAEIWV TTEPIBAAONG 01 TUTTOI TOU
hHovTéEAOU TTEPIBAaONC atTd euBEia akur).
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MNepiBAaon ano MoAlamAec EuBelec

Ak
__ AKLLEG

o [Npooéyyion Epstein-Peterson

o YTToAoyiloupe TIC atTwAEIEC TTEPIBAAONC YIa KABE EUTTODIO
XWPIOTA XPNOIMOTTOIWVTAC TNV £€i0WON YIA HOVTEAO
TePIBAaonc atrd euBecia akur kal aTo TEAOC aBpoilouhe OAEC
TIC ATTWAEIEG.
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MNepiBAaon ano MoAlamAec EuBelec
AKLLEC

0 AlopBwaon Millington

frf

0 2TNV TTEPITITWON TTOU Ta EUTTOdIA €ival dUO, £XEI ATTOOEIXOEI
atrd Tov Millington oT1 n Trpooeyyion Twv Epstein-Peterson
Oev €ival IKAVOTTOINTIKK, av Ta dUO UTTOdIO BPioKOovVTal O€
MIKPN a1rdéoTaon YETACU TOUG
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MNepiBAaon ano MoAlamAec EuBelec
AKHéﬁ

o Alopbwaon Millington

e
— -

—
L

o T -’- =
=

VLSS ILL F7 s

(a+b)(b+c)
b(a+b+c)

1 mfr

Lﬁ(dB)zlﬂlug[

L(dB)=1,,,(dB)+L,,,(dB)+L.(dB)

2uoTiuaTta WYnolokng EUPUEKTTOUTINAG



MNepiBAaon ano MoAlamAec EuBelec

AKLE
mb

o poogyyion Tou Deygout 1 MEBodo¢ Kupiag AKung

)
.ﬂllfti--'-—

[

- BpioKOUME TRV QKU ME TN MEYIOTN TTAPAPETPO U

y = hﬂJZ(dn—l,n + dn,n+1)
Adn—l,ndn,nﬂ
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MNepiBAaon ano MoAlamAec EuBelec
AKLLEC

YTtroAoyifoupe TIG aTTWAEIEG TTEPIBAAONG AOYW TNG KUPIAG AKUNG (N
E2 o10 oY)

L. (dfl +dyy.dyy +dsp. 0y )

2.€ QUTEC TTPOCOETOUNE TIC ATTWAEIEG TTOU TTPOKUTITOUV ATTO TIG
UTTOAOITTEC OKUEC WC £ENGC

Lk.e_l(dl’"lﬁdllﬂhf) Ly s (dzi.,dmj?;)
AnAadn yia OAEC TIC AKMEC TTOU TTPONYOUVTAl TNG KUPIOC BETOUNE WG

TTOUTTO TNV TTPONYOUUEVN OKUN 1 TOV TTOUTTO AV TTPOKEITAI YIa TNV
TTPWTN OKMR KAl WS OEKTN BETOUNE TNV KUPIA AKMA.
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MNepiBAaon ano MoAlamAec EuBelec

AKLLEC
91 |
o [a OAEC TIC AKPES TTOU ETTOVTAI TS KUPIAG BEWPOUPE WG
TTOMTTO TTAAI TNV TTPONYOUMEVN OKUI KAl WG OEKTN TOV
TTPAYMATIKO OEKTN.

o TTOAANEG POPEC XpNOIMOTTIOIOUME Ta UYN.
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