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ACUPUOTO KAVAAL
2|

o H nAekTpopayvnTIKr EVEPYEIQ EKTTEUTIETAI OTO NEOCO HE KEPAIA

o Na ammodoTik akTivoBoAia atraiteital kepaia pakputepn atmd 1o 1/10 Tou
MNKOUG KUNATOG

o Tumol diadoonc (propagation)

1. Aiaddoon kupartog dagoug (ground wave propagation)
= o7 VLF nyn dpa wg kupgatodnyog

Ta onuara diadidovral yupw atrd TNV yn

= 10 OI0B£01UO €EUPOC PACUATOC MIKPO

= ekmrouTtrA ge xpnon AM i FM péxpr 100 pihia

2. Aiddoon kupartog xwpou (sky wave) ue
avaKAQGN OTTé TNV 10VOTPaIpa i
= ATToppO@PNON CUXVOTHTWV KATW TWV 2
MHz
= Tn vuyra 1a ofuara AM pytropouv va
TACIOEWOUV PEYAAEG ATTOOTACEIC DIOTI N
TTUKVOTNTA TWV NAEKTPOVIWYV TTEQTEI

= [Mavw a1ré Ta 30 MHz diattepva TNV
lovoo@alpa
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ACUPUOTO KAVAAL
3y

3. OmmkAg Etraencg (LOS: Line Of Sight)
= Avw Twv 30 MHz —Aopu@opIKES ETTIKOIVWVIES / TV KATT
= [leplopiopoi amrd TNV KAPTTUASTNTA TNG YNG
= 270 2.4 GHz ouvTtovileTal TO udpPIO TOU VEPOU
= [avw até Ta 10GHz o1 aThoo@aIpIKEC TUVONKEG AOKOUV ETTIPPOES

(P Satellite
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Acvppotn Atadoon

Baaoika NpoBAquaTta Acupuatng Aiadoong
@0o6pupog
[MapeuPOAEC (OMODIAUAIKES KOl YEITOVIKWY DIAUAWV)

[MapeutrddIon Kal CaoBEévnaon aTTd AvOPWTTIVES KAl PUOIKEC
KATOOKEUEC

[ToAudiadpopikr Aiddoon (multipaths)
Ta TTapatravw BETouV OpIa
2TNV EKTOON TG KAAUWNG
2TOV pUBPO petadoong
2TNV QCIOTTIOTIA KAl TTOI0TATA ETTIKOIVWVIAG
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Acvppotn Atadoon

_ 5|
o H aryooeaipa gival To JEOO PETAdOONG
o Alddoon H/M Kupdatwy Kal HeETapopd oPaTog TTAnpo@opiag

2T0 aoUpuaTa CUCTHUATA XpNolgoTrolouvTal KUupiwg ol {wveg VHF
(30MHz-300MHz), UHF(300MHZz-3GHz) ka1 SHF (3GHz-30GHZz)

0 YTapxouv 01a¢popol TUTTOI PASIOKUNATWY avaAoya JE TOUG
UNXQVIOPOUC TTOU CUUMETEXOUV OTn padlodiddoon

0 2T aoUPMATA CUCTAMATA KUPIWG XPNOIMOTToIoUVTal TA KUPATO
XWpPOoU (space waves

UHF television, astronomy,
maritime radio, mcbile phones, satellite com-
navigation shortwave radio GPS3, Wi-Fi, 4G munications

100 km 10 km 1 km 100 m 10m 1m 10 em 1em 1 mm
- increasing wavelength frequancy ——
3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz
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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.

Atapolpacpoc Paopatod

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

O

Auctioned
spectrum

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
1 Bluetooth) |
3 500 1 15 2 3 4 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz GHz
1
N ' . (—
\_‘ | | ‘ I—‘ Signals in this
0 } zone can
' . . ; only be
AMradio  Remote- BroadcastTV GPS Satellite Weather Cable TV 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 a
distances
PERMEABLE ZONE SEMI-PERMEABLE ZONE | LINE-OF-SIGHT ZONES |
Frequencies in this range are considered Difftult 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
Visihle
Microwaves Infrared light Ultraviolet X-rays Gamma rays .
Lowest 3 1 = 3 B 1 e | ONESL
frequencies RADIO WAVE SPECTRUM frequencies
3 kHz wavelength 300 GHz wavelength N
9 9 What is a hertz?
The electromagnetlc spectl‘um Lowe Higher genceo frllgrt'__zolrsrggieoc\zfgveegeg cycle
) . wer . s
Radio waves occupy part of the electromagnetic frequenc frequency  is 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
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Wavelength

Distance from crest to crest

UPUEKTTOUTTAG

crest

1 kilohertz (kHz) = 1,000 hertz

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

m}\EKtpouavvnuKé KOO \
glval n tavtoxpovn dtadoon
EVOC NAEKTPLKOU Kol EVOC
poyvntikou mediov. Ta
NAEKTPOUAYVNTIKA KU AT
Stadidovtal oTo KEVO LE TNV

&ax()mta ToU PWTOC. J

Electromagnetic Wave

90°
#——— Magnetic Field

Electric Field

y-

Mnkog¢ KOpatog A (m): H
amootaon nou petadidetal
To onpa o€ xpovo T

o



Atapolpacpoc Paopatod

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

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
Channels 2-13 openers phones telemetry phones networks (Wi-Fi and
Bluetooth)
1 1.5 4
kH GHz GHz GHZ GHz

Wi-Fi
networks TV

for military, federal
government and
industry use

Satellite Security
alarms

5 50 300
GHz GHz GHz
T R T R

AM radio
535 kHz
to 1,700 kHz toys

Remote-
controlled UHF channels

BroadcastTV GPS
(Global positioning
systems)

PERMEABLE ZONE

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

14-83

Satellite Weather CableTV

radio radar  satellite
transmissions

SEMI-PERMEABLE ZONE

Diffcult for signals
to penetrate dense

Signals in this
} zone can
only be
Highway Police sent short,
toll tags  radar unobstructed
distances

Highest
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

Visihle
Microwaves Infrared light Ultraviolet X-rays Gamma rays
Lowest T
L s RADIO WAVE SPECTRUM

3 kHz 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

Lower
frequenc

300 GHz wavelength

Higher
frequency

Wavelength

Distance from crest to crest
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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

3-300m
500 103-100 10°Hz

Wavelength (nm)
T T

Radio Wave Mi
10 10 10' 10
1 1

FM 875 91 105 108 MHz

AM 522 750 950 1150 1300 1500 1710  KHz

(nm)
T T T T T T T
Wave Microwave Infrared ||U
10 10 10 1 10° 10" 10°
1 1 1 1 1 1 1

1nm
2.4 10°Hz




Atapolpacpoc Paopatod

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

2.4 GHz band

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

for military, federal
government and
industry use

Garage Wireless :
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 1.5 2 3 4 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz GHz

| | 5 Signals in this
O } 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 toll tags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions A
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 . o
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
1
Microwaves Infrared [@ighll Ultraviolet X-rays Gamma rays
Lowest "

frequencies
3 kHz 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

Lower
frequenc

RADIO WAVE SPECTRUM
300 GHz wavelength

Higher
frequency

Wavelength

Distance from crest to crest

2uotiuara Wnolakng EupuekTTouTIig

Highest
frequencies

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

10%nm
300 10°-430 1012Hz

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

10°nm
400 1012-790 1012 Hz



Atapolpacpoc Paopatod

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

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 1.5 2 3 5 50 300
kHz MHz GHz GHz GHz | GHz GHz GHz GHz
1
] 1 . I
| I ‘ I—‘ Signals in this
O } 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 toll tags  radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions distances

PERMEABLE ZONE

Frequencies in this range are considered
more valuable because they can penetrate
dense objects, such as a building made

SEMI-PERMEABLE ZONE

Diffcult for signals
to penetrate dense
objects

Signals in this zone can

Highest

out of concrete travel long distances, but
could be blocked by trees
and other objects
Visiblg
Microwaves Infrared light| Gamma rays
Lowgst i
L s RADIO WAVE SPECTRUM

3 kHz 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

Lower
frequenc
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300 GHz wavelength

Wavelength
Distance from crest to crest

KTTOUTTAG

frequencies

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

108hm
750 1012-30 1015Hz

-

10°

Infrared

UV | X-Ray
10° 10 10"

Gamma

10’
1

Infrared

10°
1

T T T

X-Ray

10 10" 10"
1

Gamma Ray

10" 10"
1 1

10'1%m

30 10%5- 30 10'8 Hz
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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

Garage Wireless
BroadcastTV  door Cell medical Cell
Channels 2-13 openers phones telemetry phones
—1
3 500 1 1.5
kHz MHz GHz GHz

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
networks TV

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

for military, federal
government and
industry use

Satellite Security
alarms

5 50 300
GHz GHz GHz
T R T R

| | ‘ |—‘ Signals in this
O } 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 toll tags radar unobstructéd
to 1,700 kHz toys 14-83 systems) transmissions A
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 . o
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 .
Lowest e R |
frequencies RADIO WAVE SPECTRUM frequencies

3 kHz 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

Lower
frequenc
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300 GHz wavelength

Higher
frequency

Wavelength
Distance from crest to crest

KTTOUTTAG

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

T~
i

I

JV

Gamma Ray
10" 10"
1 1

10" 10"

10'1%hm
300 1018 Hz

!

l



Acvppotn Atadoon

Nati VHF ka1t UHF?7?7?
AueANTEQ I0VOO@AIPIKK) d1adoon Aoyw uywnAng
ouxvoTNTaC
MiKpO HEYEBOC KEPAIWY KAl TOTTOBETNOT TOUC OPKETA
UNKN KUJATOG TTAVW ATTO TO £€00POG O€E I0TOUC
Agv atTaiTeiTal KAT AVAYKN OTITIKA £TTA@N
MIKPO KOOTOG £COTTAIOOU

ETOuunTEC o1 atTwAEeleg diIadoonc yia AsiToupyia
KUWEAWTWY CUCTNUATWYV

2uotiuara Wnolakng EupuekTTouTIig



Mnyaviopot Atadoonc

o ATtreuBeiag ouvioTwoa

o AvakAaon (Reflection)

H/M kUpara TpookpoUouv o€ AgiEg ETTIQAVEIEG UE TTOAU
HEYAAEG OIOOTACEIG WG TTPOG TO UNKOG KupaTog Tou RF
ONMATOG

o lNepiBAaon (Diffraction)

KaptruAwon padIoKUPATWY YUPW OTTO0 QUOIKA N TEXVNTA
EUTTO0IN, AOYW EPPAVIONG OEUTEPEUOVTWV KUUATWY CUUPWVA
uE TNV apxr Tou Huygens. NMoAAEC QOpPEC KAAEITAI KOl OKiAON

Diffraction

Reflection

2uotiuara Wnolakng EupuekTTouTIig




Mnyaviopot Atadoonc

_13
0 2Kedaaon (Scattering)
[Mpdokpouon H/M Kupdatwy o€ peyadAn Tpaxid €mQAveIa | O€
ETTIQAVEIQ PE OIOOTACEIC OUYKPIOIUES TOU INKOUG KUUATOG KAl
OIOOKOPTTIONOG TNG EVEPYEIOC OE OAEC TIC KATEUBUVOEIC

2uotiuara Wnolakng EupuekTTouTIig



Mnyaviopot Atadoonc

o Atroppopnon (Absorption)

Meiwaon Tou TTAGTOUC (EvTaong TTediou) evOC padIOKUMATOC
AOYW AUETAKANTNG METAQPOPAG MEPOUC TNG EVEPYEIOGC TOU
KUMOTOG OTO JECO d1adoong

o AlaBAaon (Refraction)
AAN\ayny oTnv KateuBuvon d1Iddoong evog padIoKUUATOG, AOYyw

TNG XWPIKNC METABOANRG TOu deikTn OIABAAONC TOU YECOU

01ad0oaNng Refraction

Absorption .

*
el e
-—
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Mnxoviopot Atadoong

l'.'|| IL'IE -l |:| |:| r;l2
d

Reflection i firaction Multiple diffraction
d
|
7 —
r:_,.-
. |
Scattering Absorption oiicked wave
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Dawopeva Aladoonc yla to

Padlobilaulo
o

o ECaoBévion TAGTouC Tou orjpartog (path loss)

Xapaktnpilel TNV €cAptTnOoN TNG MEIWoNG TNG MEoNG AapBavopevng
I0XUOG ATTO TNV ATTO0TAON TTOUTTIOU-OEKTN.

0 2Kiaon (shadowing)

Xapaktnpilel TN oTATIOTIKI KATAVOUN TNG MEONG TIMNG TNS AauBavouevng
I0XUOC, ONAAdN TN CUNTTEPIPOPA CUVAPTACEI TOU TTEPIBAAAOVTOC.

o [MoAudiadpouikn diadoon (multipath)

XapakTnpicel TIG dIAAEIWPEIC TOU TTAATOUC TOU OrjNaTOC AOYW aBPOICTIKAG
KAl AQaIPETIKAG CUMBOANG

o [MapeuBoAéc (interference)
OMOOIAUAIKEC KAl YEITOVIKWY DIAUAWY
o Alaotropd 2uxvoTtnTag (Frequency Dispersion)

AANayn oTn ouxvoTnNTa KAl TN @ACN TWV GUVICTWOWY TTOU aTTapTi(OuV
Eva onua eupegiag (uvng AGyw dIACKOPTTIOTIKOU PETOU (£6GPTNON TWV
OUVTAKTIKWY TTOPAUETPWY OTTO T OUXvOTNTA)

2uotiuara Wnolakng EupuekTTouTIig



Eldn AtaAeipewv

e

Emidpaon MeyaAng KAipakag (AmwAcies Siadpopric)
Emidpaon Meoaiag KAipakag (Skidoeig)
Emidpacn Mikpng KAipakag

l Slow

P /P,

Fast
Very slow

/

d=vt
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Eldn AtaAeipewv

Free Space Path Loss
22

Amplitude E
(dBm)
Receive Aperture
Frequency Related:
-40dB in the first meter (2.4GHz)
-47dB in the first meter (5GHz)
Inverse Square Law
Distance Related: -6dB every time the distance from the source is doubled
‘
; 5 ' -64dB
E ; : : 71dB
i 6dB | -6dB -6dB : 6B
— - - : >
0 m 2m 4m 8m 16m Distance (m)
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Eldn AraAetpewv

AloAgipeic MeyaAnc KAipokac (Large Scale/Long Term
Fading): EPTTEPIEXOUV TIG ATTWAEIEG OIAO00NG Kal TN
oKiaaon.
Ekgpadouv Tn peon egacbévnon g 10x00¢ Tou Aaufavouevou
ONUATOG AOYW UEYOAWYV JETOTOTTIOEWY (TTOAAEG EKOTOVTADEG I KOl
XIANIAOEC UAKN KUPATOG)

A@Oopa OAa EKEIVA TO GAIVOUEVA TTOU EUPAVICOVTAI KATA JETO OPO
o€ £vav OaKTUAIO yUpw atro éva otaBuo Baong (base station)

Me Baon auth TNV e€acBEvnon kabopilovtal To HEYEBOC TNC
TTEPIOXNAG KAAUWNC Kal apa TO PEYEBOC Twv KuweAwv (cells),
KaBwc¢ kal To SNR Tou AapBavopevou orijuaTtog oTnv TTEPIOXH AUTh
[a TN peAETN TNG egaoBevnNong HEyAANng KAipakag exouv
avaTTuxBei diagopa povteAa (TT.X. EAeuBEPOU Xwpou,
QVTIOTPOPNG N-00TNG OUVANNG, KATT.)

2uotiuara Wnolakng EupuekTTouTIig



Eldn AtaAeipewv

Large Scale Fading
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Acvppotn Atadoon

o [MoAudiadpopikn diadoon (multipaths): n evepyeia
KOTa@OAvEl GTO OEKTN OATTO OIAPOPETIKA PHOVOTIATIA,
ONAadn a@icn TTOANATTAWY EKOOCEWYV TOU EKTTEUTTIOUEVOU

ONMOTOC OTO OEKTN
0 KaBe agpikvouuevo padliokuua KAaTa@oavel
ATTO dIaPOPETIKA KaTELBUVON
Me d1a@pOPETIKN XPOVIKN KaBuoTépnon

AI0@OPETIKO TTAATOC Building

BS
Line of sight (LOS) path

Building

\ 1
\
\
\
\
\ v
\ .
\ Mobile
\
\
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Acvppotn Atadoon

AlavuopaTikr G8poion aTnv Kepaia Tou dEKTN Kai dpa
aBpoIoTIKA f aQaIPETIKI) CUMBOAR avaAoya WE TIG pATEIG
TWV ETTINEPOUC KUPATWY

N-1 y
~ Z P”‘EMH 5“ o TT:!]

n=0

Building

BS
Line of sight (LOS) path

Building

p,: Amplitude of the nth path
7. time delay of the nth path
@,: phase of the nth path
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Received Signal Power (dBm)

Il I

-80 —

Dawopeva Aladoonc yla to

PadlobiauAo

o AlaAgiyeig (fading): n peraBoAn Tou TTAATOUG 1 TNG 10XUOG KAl TNG
paong Tou Aaupavouevou oruaToc.

0 1 DECT Measurements (1890 MHz) in Kavala City

T 7 T 17 T 17 T 1 T

100 102 104 106 108 111
Distance Covered (m)
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O1 AloAgiyeig diaxwpidovTal O€:
> crritredec (flat fading): Tuxaieg
METABOAEC OTO TTAATOC

Flat

Freq



Received Signal Power (dBm)

B0 —

AP

-80 —

Dawopeva Aladoonc yla to

PadlobiauAo

o AlaAgiyeig (fading) : n peTaoAn Tou TTAGTOUG ) TNG I0XUOG Kal TNG
pAaoncg Tou AapBavouevou oruaToc.

0 9 DECT Measurements (1890 MHz) in Kavala City

h n

Ji I B BN S I S R R B

100 102 104 106 108 11
Distance Covered (m)

2uotiuata WYnelokng EupueKTTOUTIAG

O1 AloAgiyeic diaxwpidovTal O€:

» ETTIAEKTIKEG WG TTPOG TN OUXVOTNTA
(frequency selective fading):
dlaoUpBoAIKA TTapeuBoAn (ISI)

Freq Selective




Movtelomoinon PadtodiavAou

O diauloc cival yevikd éva PiATpo
O@ewpoupe OTI ival ['pappikd PiATpo

Eival Xpovika MeTaaAAouevo, TO00 AOYyw TNG Kivnong evog
OEKTN o€ TTEPIBAAAOV OKEDAOTWY, OAAG KOl AOYWw TNG
METABOANG TWV XOPAKTNPICTIKWY TOU TTEPIBAAAOVTOG (TT.X.
Kivnon TOTTIKWYV OKEQAOTWYV)

Eival Tuyaia ypovika
UETABAAAOPEVO YPAPUIKO = W9 i
(PIATPO, YEYOVOG TTOU
empapuvel TN padiodiddoon e o »

YTTapxouv ouvapTNOoEIC f ﬂ , \
HETAPOPAG KAl KPOUOTIKEG B o 0 e ST

QATTOKPIOEIG TTOU TO
TTEPIYPAPOUV IKAVOTTOINTIKA —u—[ N\ — Ls )_f\_
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[pOLLLLKOTNTAL

MPOMMIKA KAl BN YPOMMIKG CUCTAHOTO

* ‘Eva oguotnua AEyeTal YPOAMHMIKO Qv IKAVOTTOIEI OUO 1010TNTEC
= Tnv 1010TNTA TNG OMoyévelag (homogeneity)
= Tnv 1010TNTA TNG aBpoloTIKOTNTAS (additivity)

H 18160110 TNG OMOYEVEIAG A AEgl OTI av

Tlx ()] = y(¢)

Eva (euyog €10000U-£€000U, TOTE
Tlax(t)] = ay(¢)

[H 1010TNTA TNG ABPOICTIKOTNTAG LAC AE€l OTI Qv )
Tlx,(0)] = y1(0),
Tlx2(0)] = y2(t)

Ouo (elyn €10000U-£€O00U, TOTE

\_ Tx () + 6Ol =y (O + () )
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MNapadeypo Xpovika ApetaAntou

> UOTNLLOTO
-b

A A
TN

t-" tb"
A A
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MNapadelypo Xpovika

- I\/IstaEaMc')Eevou Zucrﬂ' Eatos

A A
/ Ly K

t-" t-"
A A
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Elbn AtaAseipewv

AlaAgipeic Mikpnc KAipakag (Small Scale/Short Term
Fading): EptrepiExouv TIC atTwAEglEC diadoonc.

[Mepiypagouv TN YETABOAR TTAATOUC KAl PACNC VIO UETATOTTIOEIC

NG TACNG TOU A/2.

EceTadeTal n 01ad00n TOU NAEKTPOUAYVNTIKOU KUPOTOG O€
HIKPOTEPN KAIJAKO OTTOU EUPAVICOVTAl GNUAVTIKEG ATTOKAITEIG
OTNV I0XU TOU, O€ TTEPIOXEG OUYKPIOIPEG Y€ KAAOUATA TOU PNKOUG
KUMATOG

‘Exoupe |} s} ' ; AMATOG O€ TTAATOG
Kal (pAaon gm‘ r JOU, TTOU JTTOPOUV
va eBdot T l
O1 dIaAEil E-m ; ; @ TOU OUaTOG
TToAUdIal E-s5 . HHH-H eTaBoAnR Tou
dlauAou | mmﬂ 1l TWV OKEOOOTWV
TTOU OUM| -5

10 L ol d ], . -

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

AlaAgiyeic Mikpnic KAipakag (Small Scale/Short
Term Fading):

2.UVNOwWCG £TTEION XPNOIUOTIOIOUUE Eva TTEPIBWPIO
IoxUo¢ (margin) oTo link budget Tn¢ tacng twv 10-
20dB, orav n diGAgipn 1o UTTEPREI, AVAPEPOUAOTE OE
lIoXUpn OIAAEIYN.

ATToTEAECPA gival N dpapaTikn emmdeivwon Tou BER
KATA TN OIAPKEIA IOXUPWYV OIAAEIPEWV.

‘Exoupe pITTEC OPAAUATWY (D1adoXIKA bits eo@aAAPEVQ).
AVTIMETWTTION: KWOIKOTTOINON-0IEUTTAOKI), OIAPOPIKI)
ANWn, TTPOCAPHOCTIKEC TEXVIKEC OIAMOPPWONG.
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Xpovikn Atoortopa kot |SH

O@ewpPOUE 2 HOVO OUVIOTWOEG OTOV OEKTN
h(t)y=Ao(t—-1,)+Ao(t—r1,)

2. NUAVTIKA TTAPAMETPOC Eival N dlaPopa TwV
KaBuoTepNOEWV T=T1,-T,, TTOU KaBopIilel TO yEyEBOG TNG
XPOVIKNG dlacTropdc (delay spread)

AucavopEvng TnS dlaPopac aucavetal n dlIacUPBOAIKN
TTapeUPBOAN (intersymbol interference-1SI)

h(t) = 2; A; 8(t — 7 (1))

2uotiuara Wnolakng EupuekTTouTIig



Xpovikn Ataomtopa kot IS

Muwkpog
Adyog : t/T

Eilgodog Awadld.ov

Meyarog
Aoyog : /T

2uotiuara Wnolakng EupuekTTouTIig

4

‘E€0d05 Awviov

KaBuoTepnuévn
¢kdoon 1ov
OUNBOAoU

\ Mukpo ISI
=

2T

KaBuoTepnuévn
gEkdoaon 1oV
ouuBOAou

Meyaio ISI




Xpovikn Atoortopa kot |SH

Etritredec AlaAsipeic: OANioBnon tou BW Tou ouaTtog w¢
TTPOG TN ouvVAPTNON METAQOPAC Kal apa n ecacBivnon Ba
HETABAAAETOI

AlOAgIYeIG ETTIAEKTIKEC WC TTPOC TN 2uyvoTnTa: Na peyaio
BW, dU0 ouxvOoTNTEC TTOU ATTEXOUV APKETA OTO €UPOGC (wvng,
Ba ugioTtavtal dIaPopPETIKA £€acBEvnon

2NUAVTIKN N oXEon eUupoug (wvng Kal XPOVIKNC dIaoTTopag

AKOMN Kal JEYAAO T, av 0 AOYOG TwV TTAATWYV €ival JHIKPOG, TOTE
OEV UTTAPXEI ONUAVTIKO TTPOLRANMA dIaAEiPeEWV

T
. ?small = flat fading

H(f)

(NIRZ T
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OAicOnon Doppler

H oAicBnon Doppler gival n oAiocBnon T1ng ouxvoTnTag
TTOU TTapaTnPEiTal aTo AapBavouevo onua, otav
UTTAPXEI OXETIKNA Kivnon Tou OEKTN WG TTPOC TOV TTOMTTO.

ATTOTEAEO A
Aucnon Tou EUPOUC PACHUATOC TOU OHUATOC
H ouxvoTtnTa augaveTal Otav KIVOUPOAOTE
TTPOC TOV TTOUTTO
H ouxvotnTa eAQTTWVETAI OTAV ATTOUAKPUVOU
aTTO TOV TTOUTTO. !

2uotiuara Wnolakng EupuekTTouTIig




OAicOnon Doppler

Kivnté pe taxutnTa v(n u) diavuel atrootacn d
Ala@opa diadpoung Al oe xpovo At

Al =dcosa =uAtcosa

MeTaBoAn @aong ey 27D _ 2mudt

0] ) cosa
OAioBnon Doppler
f — L% — ECOSG v
27 At
EvdeikTika: yia f, = 1850 MHz givai Al
A=0.162m. Eotwa=0° v=90Kmh )
X d

4
b |

9O><103n/
)= 36005 _ 1543211 Y
0.162m
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ArtwAetec Atadoonc

ATtwAeieg Aiadoong (Path Loss): O Aoyog Tng
EKTTEUTTOMEVNG TTPOC TN AauBavouevn 1I0XU, yia OEQOUEVO
TEPIBAAAOV dIGdOONG.
Eival cuvaptnon Kupiwg TG ammooTacnc.
YTTapxouv TTOAAA JOVTEAQ UTTOAOYIOHOU TWV HECWV
ATTWAEIWY, avaAoya PE TO TTEPISAAAOV dlIadooNG Kal TV
eQapuoyn.
Y1rdpxouv 3 BACIKEC KATNYOPIEC HOVTEAWV KAl Ol
QVTIOTOIXEC UBPIBIKEC UANOTTOINCEIC.

EUTTEIPIKG (TTPOCOPHOYEG O€ OEQOUEVA UETPNOEWV)

AvaAuTIKa (Xprion yvwoTtwyv peBddwyv H/M diddoong, 1r.x. GTD,
PO, UTD, kAtT.)

2TATIOTIKA-QUOIKA (KATAVOMEG KAl AVOAUTIKEC HEBODOI)

2uotiuara Wnolakng EupuekTTouTIig



ArtwAelec otov EAgeUBepo Xwpo

H nAexktpopayvnTik akTivoBoAia diaxéeTal KaBwg diadideTal

H €évraon Tng €ival avTioTpoPwg avaAoyn TOU TETPAYWVOU TNG
ardéoTACONG ATTO TNV TTNYN

2.€ arrooTaon r, N déoun TrePvAEl aTro pia TTepioxn A
2.€ arooTaon 2r, n 0Eoun TTEPVAcl atrd uia Trepioxn 4A
2.€ arrootaon 3r, n 0éoun TTEPvVAcl atrd uia Trepioxn 9A

H 1TepIox) augAveTal ye TO TETPAYWVO TS ATTOOTACNC

flux density at
surface of sphere

Energy  Power

I = =

AreaXxtime

transmitter
power

Area

sphere area
4mr2

[ The Inverse Square Law j
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ArtwAelec otov EAgeUBepo Xwpo

Eav dev uttdpxel atroppdPnon TNG EVEPYEIAS TG OEOUNG, N idIa
I0XUC TTEPVAEI ATTO KABE eTTIPAVEIQ

Apa o€ atroéoTaon 2r, UTTApXEl MOVO TO V4 TNG 1I0XU0C TS OEOUNG
Apa n TTukvoTnTa pong ioxuog (power flux density), dAD n 10xUC
ava povaoda £TPAveEIag, ival avTiIoTPOPwS avaloyn Tou
TETPAYWVOU TNG AtTO0TACNG

flux density at 5
surface of sphere E

transmitter
power

sphere area
4mr2

[ The Inverse Square Law j
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Baowkeg Apxec Kepatwv

o T1 gival Kepaia;

o Eival évag 1poTTo¢ NETATPOTTAC TWV KABodnyouuevwy
KUMATWY TTOU UTTAPXOUV O€ KATTOIO KAAWDIO TPOoP0odoaiag
0€ aKTIVOBOAOUNEVA KUPATA TTOU TACIOEUOUV

T
! .
8

N
‘./Y'
N
N
VN

LN
N
\
o
Vo
\

‘ [
, ;
oo
P
e s
) ’
. .
- g

\
K}
f"
)
— - - -
- - H
\"
j

) . I
1 < . ,’|: J
Transmitter | N o
1 e -
. 1 X ""\*'" S
Guided 1 Transition e
iD region . N
waves | (antenna) | P N
| |
| i Free space
3D
waves
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Baolkec Apyec Kepatlwv

0 ATTapaiTnTeC OUVONKEC YIa akTIVOBOAIa
Mia opdda QopTicEWV E OUOIOUOPPN KivNOoN (OTATIKEG POPTIOEIC)

OEV TTAPAYOUV AKTIVOBOAIQ A
; . (a) D No radiation
Ol popTioEIC PTAVOUV OTO +++
TEAOG TOU aywyou Kal | _
QAVAOTPEPOUV TNV (b) DD Radiation
’ +4++ | T T
KaTeuBuvaon Toug e

H Tax0TnTO TTOPApEVE] © N Fraditon
o1aBepr, aAAGlel n BN
Radiation
\/\ /\/

Kateubuvon Toug

O1 popTioEIG TAAGVTWVOVTAl (o) I D
o€ TTePIOdIKN Kivnon

H 1Tep10dIKN Kivnon digyeipeTal Atrd Evav NUITOVOEIDN TTOUTTO

2uotiuara Wnolakng EupuekTTouTIig



Baoikec Apxec Kepatlwv

N =
o ATTapaiTNTEC CUVONKEC YIa akTIVOBOAia
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Baolkec Apyec Kepatlwv

[TepioxEc KovTivou [ediou

KovTa o€ Jia kepaia ta diaypappata Tou mTediou aAAalouv TTOAU
YPryopa JE TNV atTO0TA0N

[MepIAapBavouv TOOO TNV aKTIVOBoAoUoa evéEpyeEla OCO Kal TV
avTIOPAOCTIKN evEPYEIQ (reactive)

Eival pia evépyeia TTou TAAQVTWVETAI TTPOC KAl JAKPIA ATTO TNV
KEpaAia, eV EKTTEUTTETAI KAl ETTIOTPEPEI OTO KEPAIOOUOTNUA

[Tio yakp1a Ta avTiIdPACTIKA TTEdIA €ival apeANTEQ Kal JOVO N
OKTIVOBOAOUOQ eVvEPYEIQ ival TTapouoa

2uotiuara Wnolakng EupuekTTouTIig



Baowkec Apxec Kepatwv

[Mepioxec Kovtivou kal Makpivou [lediou
O1 TTEpIOXEC AUTEC dialpouvTal aTTd dia akTiva R

. " Near-field A7
' region

R
A

L: Eival n OIGUETPOC TNG KEPAIQG

(4 TNG MIKPOTEPNG OPAiPAC TTOU
KAAUTITEI TTAAPWC TNV KEPQAIQ)

Far-field region

A: Eival 10 ufkog KUUaTog

—» Radiating fields
<> Reactive fields

Ev1o¢ TnNG akTivag BpiokeTal To KovTIvo TTEdio (Trepioxr Fresnel)
KAl EKTOC TO JaKkpIvo TTedio (tTrepioxn Fraunhofer)

2uotiuara Wnolakng EupuekTTouTIig



Baolkec Apyec Kepatlwv

AkTIVOBoAia Makpivou lNediou atrd ZuppATIVOUC
Aywyouc
Eival repiocdTepo BOAIKO va DOUAEUOUHE O OPAIPIKES
OUVTETAYMEVEC (r,0,9)

O agovag z Bewpeital OTI gival n A
KaTakopu@n 01eUBuvan Kal TO X-y N

opIfovTia o

H atrAouoTepn KEpAia CUPUATIVOU ¢ N
aywyou gival To ditTtoAo Hertz 10U €ival —~
EVA KOUUATI EUBUYPAUPOU CUPUATIVOU ’ \ \

y =

aywyou JE NNKOG L kal SIAUETPO TTOAU
MIKPOTEPN ATTO £VA UNKOG KUMOATOG

2uaTtnuara Yneiakng EupueKTTOUTING



Baolkec Apyec Kepatlwv

Aidypappa AkTivoBoAiag

To diaypaupa aktTivooAiag (radiation pattern) piac kepaiag
gival pia ypa@Ikni atreikovion TNG akTivoBoAiag Tou yakpivou
TTEdiOU ATTO TNV KEPAia

[MpoKeITal yia ATTEIKOVION TNG 1I0XUOC TTOU AKTIVOBOAEiTal aTrd pia
KEPAia ava povada OTEPEAC YwViag

H évraon aktivoBoAiag diveTtal atrd
U=r?S

S: TTUKVOTNTA I0XU0G
r: ATT00TAC0N EVTOC TOU PAKPIVOU TTEQioU

2uotiuara Wnolakng EupuekTTouTIig



Baolkec Apyec Kepatlwv

Alaypaupa AKTIVOBOAIOC

To atrAouoTePO TTAPAdEIYUA gival pia CI0AVIKEUMEVN KEPAIQ TTOU
OKTIVOPBOAEI €icou TTPOC OAEC TIC KATEUBUVOEIC, ICOTPOTTIKN
(isotropic)
Edv n ouvoAIKn 10XU¢ TTou akTIVOBOAEiTal atrd TNV Kepaia gival P,
TOTE N 10XUG KATAVEUETAI OE Mia o@aipa akTivag r
2.€ AUTN TNV TTEQITITWON N TTUKVOTNTA I0XUG OE QUTNV TNV
atrdéoTaoN Kal TTPO¢ KABe KaTeuBuvon gival

P P

S = = >
EMQavelx  4nr

H évraon Tn¢ akTivoBoAiag diveral atrd

U=1"ZS=i
41t
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Baoikec Apxec Kepatlwv

T
o Aldypapua AKTivooAiag

o To atrAouoTePO TTaPAdEIYUA Eival pia CI0AVIKEUMEVN KEPAIQ TTOU
OKTIVOPBOAEI £€icou TTPOC OAEC TIC KATEUBUVOEIC, ICOTPOTTIKN
(isotropic)
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Baoikec Apxec Kepatlwv

S =
o Aldypapua AKTivooAiag

o 2ToIXEIwdEeC AitroAo-opolokaTeUBUVTIKE Kepaia (omnidirection)
o H péyiotn Tipn epgavidetal otn ywvia 6=11/2

2uotiuara Wnolakng EupuekTTouTIig



Baoikec Apxec Kepatlwv
49

o Aldypapua AKTivooAiag
o TUTTIKNG KEPAiAg
o Kupilog AoBo¢

= [epiAaupaver Tnv KateuBuvon PEYIOTN OKTIVOBOAIQG

= OT11ioB10 A0S (diapeTpIKG AvVTIOETO ATTO TOV KUPIO)

= [MAgupikoug AoBoug, TTou XwpilovTal JETAEU TOUG aTTO JNOEVIOUOUG
Side lobes

HPBW
Back lobe

Nulls Main lobe
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Baowkec Apxec Kepatwv

2.UyKpion AlaypapuaTwy

EUupog {wvng nuiociag 1cxvog (half power beamwidth-
HPBW) cival n ywvia 1Tou oxnuartifetal atroé Ta onueia 1oxUog Tou
KUpIlou Aofou
To diaypapua dITTOAoU Hertz peiwveTal Kata 10 AUIOU OTIC Ywviag B=T11/4
kal 6=31/4->HPBW=11/2
Aéyog front-back cival o AOyo¢ petacu Tou PEYIOTOU TTAATOUC
TOU KUPIOU Kal Tou PEYIOTOU TTAATOUC Tou oTTioBiou Aofou (o€ dB)

2T1a0un TAgupikwyv AoBwv (sidelobe level) cival To TTAGTOC TOU
MEYAAUTEPOU TTAEUPIKOU AOBOU O€ OXECN ME TN MEYIOTN TIMA TOU
KUPiWwGg
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Baolkec Apyec Kepatlwv

o KarteuBuvTtikoTnTta

H kateuvBuvTikoTnTa (directivity) piag kepaiag ouvapTrioel TG
KateuBuvong opideTal

'Evtaon aktwofoliag e kepatag otnv kateLBvvon (6, @)

D(6 = - -
6, 9) Méeom evtaon aktivofoliag ae 0Aeg TIC KatevBuvo el
'Evtaon aktwofoliag tng kepatag otnv katevbuvvaon (6,p)

'Evtaon aktivoLoAlag LOOTPOTILKNG KEPALAG TTOVU AKTLVOLOAEL TNV LSLA Lo XU

2TNV TTEPITITWON Tou dITTOAOU Hertz n kateuBuvTikOTNTa diveTal
aTro

D= ; ~ 1.8dBi
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Baolkec Apyec Kepatlwv

lcodUVauOo KUKAWUA
To 1000UVANO KUKAWMA EVOC TTOPTTOU KAl Jiag ouvOoeDdEPEVNG

KEPAiag gival
H wyIkA avTioTaon Xxwpiletal Antenna
oe R, x, terminals
, , —— - 1 ¥
AvTioTaon akTivoBoAiag R, i R
AvTioTaON OTTWAEIWV R; | T A
’ ’ |
H 10XUG TTou KaTavaAWVETal @D i R,
e ’ |
oTNV avTioTaom aKTlvoﬁo)\lag | T
gival n 10xUG TToU TEAIKA | X
OKTIVOPBOAEiTal é T
Transmitter Antenna
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Baolkec Apyec Kepatlwv

o looduvauo KUKAwua

Av Kal JOvo akTIvOBoAoUPEVN I0XUG XPNOIUEUE! YIA TNV
ECUTTNPETNON EVOC OKOTTOU, €ival XPrOIUOo Va KaBoPIoTEi O
OUVTEAEOTNC ATTOO0CNG

AxtwofoloVoa toyug R,

e = =
AapBoavopevn 1oxvg amo v kepaia R, + R,
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Baolkec Apyec Kepatlwv

KEPOOC 1I0XU0C

To kEpdog 1o0YUOoG (power gain) G pia kepaiag gival o Adyoc TNG
EVTAONG TNG AKTIVOBOAIQG TNG TTPOG EKEIVN KIAG ICOTPOTTIKAG
KEPAIAG TTOU aKTIVOBOAEI TNV idia 10%U

Ortav o1 KATAOKEUAOTEC KEPAIWY TTPOCdIoPI{ouV TO KEPDOG
ouvnBwcg avagépovtal oTn YEYIOTN TIUR TOU

H kaTeuBuvTikOTNTA KaI TO KEPOOG OXETICOVTAI WG

G(6,¢) =eD(8, )

[TOAANEC popEC TO KEPDOC diveTal CUVAPTNOEI 2 KABETWYV TTEDIWV

2uotiuara Wnolakng EupuekTTouTIig



Baolkec Apyec Kepatlwv

_ 55 |
0 KEpPOOC Io0XUO0C

‘E0TW OTI TO OIAYPANUA UTTOPET VA DIAXWPIOTEI WG TO YIVOUEVO
TwV ouvaptTRoewv Gy kai G, ol OTToiEg €ival HOVO OUVAPTACEI
Twv O Kal @, avTioToIXO

G(0, ¢) = Gg (8)Gyy ()

TR S

feoed 90 00 |

S50 e e " 150
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AntwAelec otov EAeUBepo Xwpo
59

Evepyde Empdavea
Kepaiag Afeng < TReff

Mpoypankr Kepaia
e Mbyaro Képdog

Ereped Mwvia (Aﬂef / aﬂ' )

loyog Tpopodoaiag
P T

loyls ava povada loxig avd povada Aappavopevn loxis
Erepedc Mwviag yia v Zrepedag MNuviag yia v arnv Kepaia Afwng
loarpommer Kepaia MpoyWanxr Kepaia
7 P_T(_; |
T
4 47 \ 'I'?T A\ J
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AntwAelec otov EAeUBepo Xwpo
60 §

(PG\( 4,

B(d)zk Zm_th 72 J Watts

MukvétnTa Porig loxuog: CI)(d)z‘f’av (d)‘ =1L (Watt/m2 )
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ArtwAelec otov EAgeUBepo Xwpo

61
o H AauBavopevn 10xUC 01O OEKTN €ival

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

Path Losses

o 'H o€ AoyaplBuIKEC novAadec

P =P+G +G - L, =EIRP+G,— L, (dBW)

Equivalent isotropic radiated power
looduvapn, 1I06TpoTTa aKTIVOBOAOUUEVN I0XUG
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ArtwAelec otov EAgeUBepo Xwpo

dB = 10 log,,(x)

. P
P(dBw)=10 Jog,, (_7]4/]

P

P(dBm)=10 /0910[_7,””/

2uotiuara Wnolakng EupuekTTouTIig

J

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

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



ArtwAelec otov EAgeUBepo Xwpo

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

2uotiuara Wnolakng EupuekTTouTIig

P(dB)=20dB-> P=100W
P(dB)=0dB-> P=1W

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

P(dBm)=40dBm -> P=10W
P(dBm)=10dBm - P=10mW



ArtwAelec otov EAgeUBepo Xwpo

64|
P _(47m’\2
Les(d)= P(d) .
( P ) (47d) (4rd)
PL(dB) = IOIngP(d)J = IOIngTJ :2010gk7J

(aY (2
:_IOIOgLM—dJ :—20longJ

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

[a KaBe dekaTTAACIAONO TNG ATTOOTACNG, Ol
atTwAelec aucavovtal kata 20dB, dnAadn o
KAVOVAC TTOU TTPOKUTITEI £ival ATTWAEIEC
20dB/decade

[a KaBe dITTAacIaouO TNC aTTéoTaoNC Ol
ATTWAEIEC OIAdOONC AUCAVOVTAI KOTA TTEPITTOU
6dB. Emioncg yia k&Be dirtAaciacuo NG
ouUXVOTNTOC EXOUME QUCNON TWV ATTWAEIWY
dladoonc Kara 6dB
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ArtwAelec otov EAgeUBepo Xwpo
_ 66

PL(dB) = 22 —201og(A) + 20log(d)

22— 20log(~ 2y 201log(d, -1000)

MHz

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

~| O

21N BiIBAIoypagia Ba Bpeite Kal AAAEC EKPPATEIC avAAOYQ PE TIG
MOVAJEC TWV MEYEBWYV oUXVOTNTAG KAl ATTO0TAONG.
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AntwAelec Atadoonc

2UVNBWC ekppaloupe TN AapBavopevn 1I0XU N TIC ATTWAEIES
d1adoong o€ atrooTaon d, CUVOPTACEI TWV AVTIOTOIXWV PEYEBWYV o€
Jia aTTO0TOON AvVaPOopPag d,.

H 10x0g 0NV aTr6oTacN QUTH PTTOPE] VA TIPOKUYEI €iTE OTTO
UETPNOEIC €iTe atrd TNV £€icwan Tou Friis.

[Mpétrel n amdéOTACN AUTH VA EiVal GTO HOKPIVO TTEDIO, AAAG
TAUTOXPOVA OPKETA PIKPN O€ OXEON WE TMOAVEG ATTOOTACEIG
AEITOUPYIOGC TOU CUCTANUATOG KOI UTTOAOYIOUOU TWV ATTWAEIWV.

To UGKQIVO TTedIO HIag KEPAIag, N

TTEPIOXN TTOU TO PETWTTO TOU NEAR FIELD FAR FIELD

KUPATOG UTTOPET Va BewpeiTal

ETTITTEDO, EiVal N TTEPIOYXN TTEPA ATTO: .~ N Y
2D2 / A \/\",‘5 Y \‘l //\\| \ /’\1 \\\\\ NN

/
d > - 4 W

610U D gival N PEYIOTN YPOUUIKA | oo 2O 7 G 20 S
dlAdoTa0N TNG KEPAIAG. L
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AntwAelec Atadoonc

[Naparnpoupe TTwg av yvwpiloupe (UOVO) TNV I0XU O€ aTToaTOON d,,
TOTE UTTOPOUWE VA UTTOAOYIOOUME TNV I0XU O€ attooTaon d atrAd:

Pr(d)=13(do)(%jz

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

=P (do)(dBm)—IOIOg(di)

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

o
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Movtelo ArtAng KAlonc

2.€ TIPAYMOTIKEG OUVONKEC TO JOVTEAO EAEUBEPOU XWPOU
OEV €ival IKAVOTTOINTIKO.

‘Eva attAO eUTTEIPIKO JOVTEAO Yia TN AauBavouevn 1I0xXU
Kal TIC ATTWAEIEG d1IAdOONG €ival TO €CNG

p(a)=2(d,)-10mog ©

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

o

OTTOU N 0 OUVTEAEOTNAC aTTwAgIwv diadoonc (path loss
factor), o otroiog yia FSL gival n=2.
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Movtelo ArtAng KAlonc

0 2UvnRBwWCE KupaiveTal atro 2 we 4 yIA TUTTIKEG AOTIKEC TTEPIOXEC ME
MAKPOKUWEAEC Kal atrd 1.6 w¢ 8 yia JIKPOKUWEAWTO TTEPIBAAAOV.

270
)| PR S OO OO L S S O S IO B U SIS YO gt S SN
1 1 1 1 1 1 [ | 1 1 1 1 1 1 [ | 1 1 1 1 1 1 1
L A Al T T B T S o S S
n=o-
T S U S U U S AR il -
-— : oo : e o o :
m !
ENEI | A A : R : e o
E : 1 1 1 1 : 1 :: 1 1 1 1 : n= 1 1 1 : : LI
Q
l
€120 .
I:IT n=d .
100 | - - -
n=2
a0 - - il - .
R B S L S
41 : IR : RS N
i’ 10’ 10° 10°

Distance(m)
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Movtelo Ertimedne 'ne

..

o TO KUPIOTEPO TTPAYUATIKO
TTPORBANUA TTOU EI0AYETAI
OTO MOVTEAO TWV OUO
QKTIVWV gival n dlagpopa
@AaoNnG Twv OUO AKTIVWV.

o [a va yivel auto TTPETTEN
va uehetnBei To H/IM
TedIo WG TTPOC TNV
Evraon Kai Oyl TTpog TNV
IOXU TOU.

o T L o AUTO yIaTi N €évTOaOon Tou

KaBopilel Taon KaTd

METPO Kal ¢aon otTnv

KEpaia ANyng.

T (Mopmog)

L I, —
= 5
}i"._ F 5
J_ e = = ""-._l_-'.'r.,.r',-.'-—"ﬂ‘

[EWUETPIKNA OTITIKN
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Movtelo Ertimedne 'ne

=

TPOGEYYIGTIKN
d’ GYEo

PL(dB) =40log(d)—10log G, (6,,¢,)—10log G, (0.,p,)—20logh, —20log h,

N\
\

P(d)=P,-G,(6.9,)-G,(0 )(i) sinz(z”hrhr] xopis
r Tt t t9¢t r ,,,(Dr 47Z'd ﬂd / RPOGé’Y’YlGT]
N~
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Received Power Relative to 1m (dB)

Movtelo Ertimedne 'ne

g _ géa.’, mal ==

—— Free Space Loss ||

e =om

Ehr = [.6m

LI —000MMz: | il

Breakpoint
. 4hh
A

SkA=r1

-50 |
-60} - 2zhh, kr |k=2v+1v=12,3,.. max
g ad 2 |k=2v,v=12.3,..,min
-80}
=90k })r(d) G (e ) Gr(er’¢r)
-100}

[z ’ .z[mhth,,)
Ao L ii i | —— | {4smn"| ———

10’ 10° 10° 10" 4d Ad

Distance (m)
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Movtelo Ertimedne 'ne
I e
1 Képdoc "Yyouc Kepaiag

s
[

KEpdog trepitrou 6dB
yia KGOe dirrAaciacuod

A0 ’ ’
£ TOU UPOoUG TNG KEpAIag
% =l TTOUTTOU 1 OEKTN
z =90AMH: \ 1
i '-jl-'m |II|'l. ]
gl G, =033333 b
E il A !/
e =13 H ,"
- &5 a=maf | .|
d=1000m | '

s

2

£=1
T

i i 1 i [ i i [ i i
10 20 30 40 1) 5o To aa &0 104
Transmitter Antenna Height (m)

=]

o
S/
‘ N
I
9]
— o
S
h
o
)
\5
N
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Movtelo Ertimedne 'ne

=

YYYYYYYYYY -

(YYYYYYY Y)Y %

W r, |B(d)=F-G(6.0)G(6.9,)
Y Yy s G e (B

|
h n Yirog Aixty

Aagfavopevy leyog
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Movtelo Ertimedne 'ne

I

Received Antenna Height 12 m

100 ; 0
0 8ot |
20
60 - -
0 -20
40 -
—~ 20
[an]
E —
¥ -40 -40 E 20p 1
Z 1))
@ 2
pe]
o -60 @ ol |
= s
Q o
O .80 -60 o]
D: ; _20, -
-100
40 F -
120 -80
300
200 -60 1 1
34
0 3200 100 ol |
-100 3000
. -200 2800
y coordinates (m . -100 : :
(m) -300 2600 x coordinates (m) 2700 2800 2900 3000 3100 3200 3300

x coordinates (m)
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AvakAaon ko 2kedaon amo Tpayla

Erudbavela

o ATToTEAETUA TNC TPAXUTNTAC TNC ETTIPAVEIAC Eival
n 01AXuon TNC avakAaong o€ TTOAAEC
KATEUBUVOEIC ] OTTWC ATTOKAAEITAI OKEOOON

Atckyverny - Zxedoon
(Scattering)
«

<

Hpoorirrov

Avariouevo
(Specular Componeni)

Tpayic Emoaveia
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AvakAaon ko 2kedaon amo Tpayla
Erudbavela

Ortav n emmiaveia givar TpaxuTePn, To KUPO avakAATal
(okedaAdleTal) ATTO £va PEYAAO APIBUO onMEiwV €TTi TNG
ETMIPAVEIAG, DIEUPUVOVTAC £TOI TNV KATEULBUVON OTNV OTToIx
uETAdIOETAI/OKEDALETAI N EVEPYEID

AuTn n d1adIKACia PEIWVEI TRV EVEPYEIA TNG KATOTITPIKAG
avakAaong / kateuBuvong

O BaBuodc okEdaoNC eCcapTaTal ATTo TN YwVia TTPOCTITWONG
KAl TRV TpaXUTNTa TNG EMMIPAVEIAG O OXEON ME TO UNKOG

KUMOTOG. Specular
&, . Direction
\</ {
Smooth Rough Rougher
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Kupotika Metwrna
_ 80 |

loopuowes Emodvelss = Kupotika Métomo

b
oF)

0 2€ MEYAAEC ATTOOTACEIC ATTO TN GNMEIAKN TTNYA TO OQAIPIKO KUUATIKO
METWTTO TEIVEI VA YiVEl ETTITTEDO

2uotiuara Wnolakng EupuekTTouTIig



Apxn tou Huygens

KaBe onueio o€ €Eva TTpwTeUOV
KUMATIKO METWTTO ATTOTEAEI TTNYN
OEUTEPEUOVTWYV CPAIPIKWY
KUMOTIKWY JETWTTWY KAl auTd Ta
OEUTEPEUOVTA KUMATIKA METWTTO
ouvouadlovTal Kal TTapayouv £va
VEO ETTITTEQOO KUMPATIKO METWTTO
oTnV KateuBuvon diadoong Tou
KUMOTOG.

@ Apxn Tou HuygensT
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MepiBAoon og Ayun

Ac UTTOBE00UNE OTI EXOUME Mia

A.r Pl i.. EKTTOUTTH) OTNV OTToia €va
. _ . EMUTTODIO TEAEIWG ATTOPPOPNTIKO
EICEPXETAI OTNV KATEUOUVON
* > d d1ado0oNG ToU KUUATOG.
> T Me BAon TN YEWMPETPIKNA OTITIKA,
- - ; n otroia Aappaver uttown NG
R e pévo Ty areubeiag cuvioTwod
B R T KaBwg Kal TIG AVOKAWUEVEG 1
T \ . OI0BAWMEVEG AKTIVEG,
- 50 uTtodEIKVUEl OTI OTN OKIAGHEVN
§§§§ Heproyn 1T£p|0)(r'] ocv U1T(’]p)(£| H/M
A E%E Lriaons Tedio
Eumédio EEEE
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MepiBAoon og Ayun

4’ B "
- - -
»- - -
> » -
- - -
1“&
H"'\.
- - - ;
Pl >
- o >
BN o
S W .-"{"
— o A B
L
5 /
il -~
— B
H
o 1
2 Teproyn
4 oo Lriaons
o bty -
e
PP
Eumooio £

2uotiuara Wnolakng EupuekTTouTIig

Ta KUAIVOPIKG KUPATO TTOU
EKTTEUTTOVTAI ATTO TIG
OEUTEPEUOUTEC TTNYEG TOU
KUMOTIKOU peTwTtrou BB’ Ba
€I0EABOUV OTN OKIAOUEVN
TTEPIOXN Kal TO TTEdi0 O€ KABE
OnNMEIoO AUTNG TNG TTEPIOXNG Ba
TTPOKUWEI WG UTTEPBEDN TWV
KUAIVOPIKWYV QUTWYV KUPATWYV. H
KOUTTUAWON TWV PAOIOKUUATWY
YUpw atro TNV aiXun Tou
euTtTOdioU KaAEiTal 1TEPIBAaON.



MepBAaon og Ayun

2.€ UPNAEC OUXVOTNTEC TO PAIVOUEVO TNG
TTEPIBAAONC OTTWC KAl EKEIVA TNC AVAKAQONG Kal
TNC dIABAaONG, €ival TOTTIKA KAl ECAPTWVTAI ATTO:

TN YEWMETPIA TOU AVTIKEIJEVOU OTO ONMEIO TNG
TeEPIOAaoNC (TT.X. o@Prva, akun, KAPTTUAN TTIQAvEIQ,
KATT.)

TO TTAATOC, TN PACN KAl TNV TTOAWGN TOU
TTPOCTTITITOVTOC TTEQIOU OTO ONMEIO TNC TTEPIBAAONC.
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EAAewpoedn kat Zwvec Fresnel
85

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

0 @ewpouue OTI: 1
IM + MR = TR+H5
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EAAewpoeldN kat Zwvec Fresnel
86

IR=d, +d,

2 2
™ =./d} + 1’ =d, /1+;—2 ~d, +2f;1 (h<d,)
1 1

W’ h’
MR =\d; +I* =d, ’Hd—j mdﬁﬁ (h<d,)

Ala@opd OpOoHwWY  |A = ﬁ%
Alg@opd gaong |¢=FkA = 27;1”% = nrw
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EAAewpoeldN kat Zwvec Fresnel

£ .t
r'i .-r'f M e, "1 1'-.,
[ F | HH..__.'_H_\"J'
4 %
i i |
i fi =74 1
J_/_,,—""" I [f | : n=J - \
1 a2 I Il I
. — -
T ' |

A /1 > R
xx\ kxh o A /]
Voo 4 .
k‘..‘ e - R1 _Jﬁ dldﬁ
>2m” d, +d,
, , . h
2uvTeAeoTnC MNepibAaonc Fresnel-Kirchoff: |u =2 —
1
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EAAewWpoeldn kot Zwvec Fresnel

["'evikeuovTtag Tn Bewpnaon TG TOUNG Twv EAAEIYOEIdWY Fresnel
HE OTTOIOONTTOTE ETTITTEDO, TIPOKUTITOUV OI CwVveS Fresnel, ol
OTTOIEG OPICOVTAl WG N TTEPIOXN PETAGU OUO OIODOOXIKWY
KOQUTTUAWY TTOU TTPOKUTITOUV OTTO TNV TOUN.

Orav d,=d,
H/}L .”?/1
R w — =, /
d=1Km f=900MH-z 2R, =183m
f =1800MH= 2R,,.=12.9m
f=5700MH=z 2R, =7.25m

Eav utrapxel eurodio yéoa otnv rpwtn {wvn Fresnel ptropei va
odnNynoel o€ PeyaAn uttoABJIoN TNG TTOIOTNTAC ETTIKOIVWVIAC,
OKOMO Kal eav Ogv eUTTO0IEl TNV OIAOOCN OTITIKI ETTAPNG

2uoTtnuarta Wnolakng EupuekTTouTrig



Knife-Edge Diffraction

d, +d,) ,

Mldﬁ Tl
MapaueTpog
TTEPIBAaONG

[ 2dd,
Ald, +d,)

R

(f >30MH:)
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Knife-Edge Diffraction

To TepIBAWPEVO aTro TNV €uBEia akun KUUa givai
KUAIVOPIKO.

To AapPavopevo piyadiko TTedio OTOV OEKTN EKPPATHEVO
WG TTPOG TNV TIUN ToU €AeUBEPOU XWwpPOU, ONAADH TOU
AapBavopgvou av To EUTTO0I0 ATAV TTOAU POKPIA ATTO TNV
guBeia OTTTIKAG £TTAPNG, divETAl ATTO TN OXEON

2uotiuara Wnolakng EupuekTTouTIig



Knife-Edge Diffraction

o Miyadiké oAokAnpwpua Fresnel
P T o), ¢ T, T (7T,
;['EKP[—JTE? )dt—;[cos{zr )dt—;!sm[;t ]a’f
Icﬂs[irzjdr:l—Jcos{Eerdr:l—C(u)
2 2 2 2

i

Ism[frzjdr :l—Ism(Erzjdr zl—S(u)
2 2 2 2
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Knife-Edge Diffraction
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Knife-Edge Diffraction
s

Mo |(u>-0.7)| oUpgwva pe T ouotaon ITU-R P.526

L, (dB)=69 +201{:~g(\/(u—0.1)2 Fltu—0.1

F(0)=0 E="c ATTWAEIEC BAB

[MpakTikOG Kavovag: Ta undevIKES ATTWAEIEG AOYw TTEPIBAaONC
KPATa «KABapO» Xwpic eutrodia 10 56% NS 1n6 Zwvng Fresnel
(u=-0.8)
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Knife-Edge Diffraction

n=1
15 Fresngd Zone
i Transmitter Receiver
M — R

dl o2
‘Forbidden’ region

Masty obstacle must be more .

than B0% from the center line First Fresnel zone

of T to R (el ==l x 0.6)

[MpakTiko¢ Kavovag: Ta undevikKES atTwAEIEC AOYyw TTEPIBAAONC KPATA
«KaBapod» xwpic eutrodia 1o 56% 1S 1nc Zwvng Fresnel (u = —0.8)
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Knife-Edge Diffraction

[

[=]

(=]
T

1500 Moo i Y T T

"YWog ndvw ang To eninedo mg 8dhacoag [m]
3
t

0

i i 1 ! i i i 1 )
0 5 10 15 20 25 30 a5 40 45 50
Andoracm [km]

[MpakTikog Kavovag: Ia undeVIKES ATTWAEIEC AOYW
TTEPIBAAONC KPATA «KABAPO» XWPIC EUTTOdIA TO 56% TNC
1n¢ Zwvng Fresnel (u=-0.8)
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MeptBAaon amo EvBela Akun Mavw

oo ET['LT[E50'E5OL$O§
"6

+ | o |
A ' B . |
i

~
Y LA
=
=R
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MeptBAaon amo EvBela Akun Mavw

oLTtO En(ne&o'ESaios

E 10 T1Edi0 YIa TO YovoTrdTl IR
4
i i1 TR
E,_. = Z E F E_, TO T1eQIO YyId TO HOVOTTATI
n=1 E,; 10 TTedio yIa TO povoTTdT IR’

E,, 710 TTEdIO VIA TO PoOvOTTATI TR’

Eraraf - EﬂlFi + EQZFE + EGEP; + EEJ4F4
E E E E
:EalE—tﬂ—FEaE dE—I_Eﬂﬁ—I_E{:ﬂtﬂ
ol o2 o3 o4
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MeptBAaon amo EvBela Akun Mavw

oo Eninsﬁo'E&aios
N

E, E
k e f.e (dB) 20 l'D'g 1 = _20 lﬂg Efﬂf
roial ol
1 h
F=—1-(1+j)F 2/ | T
. 2[ (1+) [«/_ 7 H )
Hepimoon | Oon | Oson | Anoctacn EAevbepov TUVIELEGTIC
Hoprod | Askm Xapov . 7, Avénchaong
| ] B =+ (1) _Ldy thd, 1
2 T" R TR=J§1+(J%+}I’)E h!d' h,d 1_‘1
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MeptBAaon amo EvBela Akun Mavw

oo Eninsﬁo'E&aios
=N

E E
L., (dB)=20log|—2-|=-20log|—=
foral Ea-l
F =~ 1-(1+ j)F| 22| Ir,
2 R
3 T R TR'=TR hszh_htdl;h,dl T,
4 T R TR'=TR h=h+t hd, +hd, r,r,
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MeptBAaon amo EvBela Akun Mavw

oo EninsBo'ESaﬁos
o0

80 zacsr
asl- hhhhhhhhhhhhh
gﬂ_\ “““““““““““““““
i-._‘--'
95+
g ooy -
' f =300MHz
105 T R b, =30m
= g vl g h =1.8m
i£i. A1 4 s
£ 1oty 4 Zoom
; LT i e =10
115'1. '_=_! '=:' 'E; E:n_na'S‘rm
120 1'%+ v
i i === With Knife Edge Over Ground
125 m——Fol

===+ Two Ray Model

1 | 1 | I | | i I
321!0 600 700 200 900 1000 1100 1200 1300 1400
Distance d (m)
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MeptBAaon amo EvBela Akun Mavw

oo Eninsﬁo'ESaﬁos
ot

o Npooeyyion Tou Lee:

~20 log(0.5 — 0.620) 08 <uv <0
] =20 log[0.5 exp(—0.950)] 0<v<l
L(v) (dB) = { ~20 log[0.4 — {0.1184 — (0.38 — 0.10)2} /2] 1 <op <24
~20 log(0.225/v) 0> 2.4
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MeptBAaon og Epnodio
[enepaopevou EVpouc

........... Hopepporeag

Lx-Rx Eumodio Hemepaauévon Evpovg

o Bripa 1°: YTToAoyIouOG TNG YEWMETPIKNG TTAPAUETPOU TTEQIBAAONS
YIQ KABE pia atrod TIC TPEIC AKMEG.

0 Brpa 2°: YmoAoylopog Tou TrapayovTa aTtwAeiwy, Ye Baon v
TTPOOEYYIOTIK) OXEON Yia TNV TTEPIBAaon atrd £uBsia YPOUUN

L., (dB)= 6.9+2010g(\/(u 01  +1+u—0.1
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MNepBAaon og Eumodilo

Nemepaouevou EVpou
m%

Ik.e. (Hi ) — IOLFE'E'(H‘;]’FEG

o Bripa 3°: Y1TroAoylouog TG eEAAXIOTNG TIUNG

L_. (dB)=-20log : + : -

_‘L’Ii:_e.(u‘l) Ik_g_(uz) Ek-e_(uj)_

o Brjua 4°: YTroAoylouog NG nEoNG TIUNAG

Lw.(dﬂ):_lmﬂgLE ](I-ah)Jr‘irz z”z)Jr‘ﬂ }”3}]

k.e
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[MeplBAaon amno 2TPoYYUAEUEVO

Eurtodlo
m—

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

Lh_(dﬂ):ﬁ.9+zmug(\{(u—ﬂ.1)l+1+u—n.1) u=Az

T(m, n): EmiTAéov €€acBévnon
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[MeplBAaon amno 2TPoYYUAEUEVO

Eurtodlo
m—

0.73+0.27[ 1-exp(—1.43n) |

T(m,n)=km" =(8.2+12n)m
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MNepBAaon arno MoAhamAec EuBelec

Ak
__ AKLEG

o [lpoogyyion Bullington

IE: looovvewo Eunodio
IE El: Eunésio 1
E2 : Eumooio 2

o Av TTPpOOOIOPICTEI TO ICOOUVANO EUTTOOIO, XPNOIMOTTOIOUVTAl
YIQ TOV UTTOAOYIOUO TWV ATTWAEIWV TTEPIBAaONC o1 TUTTOI TOU
JMovTEAOU TTEPIBAQONG aTTd €uBcia akun.
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MNepBAaon arno MoAhamAec EuBelec
AKLLEC

107

o [Npoogyyion Epstein-Peterson

> |L.(dB) =6.9+2010g(.\/(u—[].1f 41 +u—0.1)

o YT1roAoyiloupe TIC aTTWAEIEC TTEPIBAAONC yIa KABE EUTTODIO
XWPIOTA XPNOIUOTIOIWVTAC TNV £Cicwaon YIa JOVTEAO
TePIBAaonc atrd euBeia akur kal o1o TEAOC aBpoilouphe OAEC

TIC ATTWAEIEG.
2uotiuara Wnolakng EupuekTTouTIig




MNepBAaon arno MoAhamAec EuBelec

AKLLEC
_ 108
o AlopBwaon Millington

ﬁrf

0 2TNV TTEPITITWON TTOU Ta EUTTOdIA Eival OUO, £XEI ATTOOEIXOEI
atrd Tov Millington oT11 n TTpooéyyion Twv Epstein-Peterson
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