ATKTYA KINHTSIN KAT
TTPOZQQTTIKSIN ETTIKOINSINICIN

Jopato mepiPpailov
IVNTEC ETIKOIVWVIEC



~ levikéc apxéc via Tn diadoon

» ATtwAg1eC 01adpolnC
» ANiadoon oTov eAsUBepo XWwpo
> ANiddoon madvw amd emiTedNn KAl aywyipn ETIQAvEId
» Aiddoon pn-oTTIKAC €TTAPAC
» 2 Kiaon
~ NiaAgiyeic ToAAaTTAwy diadpopwv
» o€ d1auAoug oTevig (Wwvng
» o€ d1auAoug eupeiag (wvng
~ TTapapeTpor diavAwyv pe ToAAATTAEC O1adpOpEC

» ApXA TNC AVTIOTPOYAC

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tn d1adoon

Baoikéc amaiTnoeic yia a€iomiorn
EmIKOIVWVIda

> KATAVOUA TNC HEONC NAEKTPOHAYVNTIKAC 10XUOC
0€ OUYKEKPIHEVN TTEPIOX A

> ETMAPKAC 10XUC, OX!I TTapeUPOAEC

» evolapépel OX1 HOVO N HEon 10XUC aAAd Kal
OTATIOTIKA oUUTTEPIPOPd TNC 10XVOC, AOYyw TG
Kivhong Tou TEPHATIKOU

» eVOlAWEPEI €TTIONC N TTOIOTNTA TOU OAHATOC, WOTE
va pnv spgepaviCovral opdApard

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tn d1adoon

» ATTAITEITAI va UTTApXEl ETTAPKAC yvwon yid
Tn oupTtepipopd Tou di1avAou (diapdppwan,
KwolkoToinan, e€icoppotnon )

MovTéAa yia Th eAETn Twv padiodiaUuAwy

> TTAPAUETPIKA OTATIOTIKA: amAd oTn Xphon
TOUC, dAAA OXETIKA xYoVOopIKd

> VTETEPUIVIOTIKA: E/10IKd Y1a KAOE€
tepiPalAov, TapEXouv KAAUTeEph akpifeia

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tn d1adoon

O1 ynxaviguoi mou d1€Touv Th d1adoan €ivai
TTOAUTTAOKOI Kdl TTOIKIAOI Kdl UTTOPEI vd CUVOYIGTOUV
o€ Tpei¢ paoikouc:

» avdkAaaon (reflection): diaoTdoeic epmodiwy >>A

» mepiOAaaon (diffraction): tapepPpoAn
adlamépaocTou owparog oth diadpopn diadoong

» okédaon (scattering): diaoTdoei¢ eumodiwy < A

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tn d1adoon

Reflection

Diffraction

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



KaBuwg To Kivntéd TEpUATIKG KIvEiTAl O€ HId
TEPIOXNA, O TPEIG UnXaviapoi 61ad0ang
emdpolv KdBe oTiyun aTo Aaupavéuevo
oAHa KaTtd O1aPopETIKOUC TPOTTOUC.

AKOUN KAl av TO KIVATO TEPHATIKO OlAVUEl
LHIKPEC AdTTooTAoEIC, h Aaupavopevn
oTIVHIdia 1oXUC yeTaPpdAAeTal atdéTopa Kai
eHpaviCovTtal Ppaxuxpovec OlaAcipelc.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



Tn d1adoon

H d1adoon Twv NAEKTPOHAYVNTIKWY KUHATWY
o€ TepIPAAAOVTA KIVATWYV ETTIKOIVWVIWY
XapakThpileTal amo Tpia emPEPOUC
paivopeva:

» anwhsiss dradpouric (path loss)

» okiaon (shadowing)

> O1aAeiyels moAamAwy diadpouwyv (multipath
fading)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tn d1adoon

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

(m)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




s =1 G2 W/ m?) S=ExH
dnd
E
H,=—2 (Al
=F -H (W/n;z) %) 12070 ( m)
S =—o (W/m
1207
0:\/30Pth VI m) Om:\/6O;th 7 I
~ J60PG J60PG

~cos2zf(t—d/c)= ~cos(2x ft — Bd)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




2 2
})07" = Eo Ar (W) A _ Grﬂu
1207 % A

2 2 2
:(Eo.zj G, oy P‘”’=GtGr( A j :GtGr(c/fj
. 2n ) 120 P, And And

2 2
10 I00TPOTIIKEC Lor :( A j :(C/fj
kepaiec pe 6G=1 P 4md dmd

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Aiadoon otov eAelBepo xWwpo

ATWAEIEC 01adPOHNC

) 2
L= H :(47151) :(47161] —__ E€aprivra

P, Jl clf amo To d?
Kal To f2
mTwAeiec diadpopnc oc dB /
4ntd 4ntd
L [dB]=20lo =201lo
rldB] glO( p j glo[c/fj

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Aiadoon otov eAelBepo xWwpo

H diagpopd Ap oe dB Twv 1ox0wv dUo onudtwy
TToU AapupdavovTai amo OUo O1dPoPETIKOUC OEKTEC
oc anmooTtdoeig d; kai d, amd Tov TTOUTTO

Ap =10log;( Orz) 2010%10( L)dB
Porl 2

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1oXU0C

B
P;» =10log;, —
dB 10 P, e
PdB :1010g10 ?II/Z —IOIOgIO le +1010g10 f{?
2 R,
rla Rl - RZ
H V
P,z =10log ) — =20log; —-
dB 810 P2 210 — Vz

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1ioxU0C

B =10log)g ——=10log;y A —10log;y £
Pref
P, P,
Fypn =10logyg lmlW Fypy =101logy ﬁ

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



P /P
= IOIOgIO ! ref = IOIOgIO ])1 IOIOgIO P2
P2 /Pref Pref Pref
ref = ImW
P
= PldBm — Pdem B igm = Bygs, +10l0gy, F;

PldBm = LHup, T PdB

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1ioxU0C

TTapdoeryua

in = -100 dBm | Pout = Pin+ G =

O Pout =
2~ =-100 dBm + 80 dB =

-20 dBm = -50 dBW

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1o0XV0C

TTapdoderyua 2. 1
Av A, = 40W, A(dBm)=; A (dBW)=;

Av 6, =1, 1, = 1.8 GHz ka1 £éxoupe diddoaon o¢
eAeUBepo xwpo A,(300m)=; , P,(8 km) =;

OewphoTte 6. = 1.

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Xg

60PG 21 Ax
E (t)=R- —Lcos2r ft —y — )
X, +
Aqurua Kivntwyv kai NMpoowtrikwy ETKoIvVwvIwyY




1adoon wAvw dmo EmiwedN EmiPAveld

A

(a)
X
d
l (B)

-

A AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1adoon wAvw dmo EmiwedN EmiPAveld

2
P, - BGtGr(hbhmj

2
X

P_=10log(PG,G,.)—40logx +20logh, +20logh

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Iadoon mAvw dml EwiwedN EmiPAveild

TTapadeiyua: 20ykroion katlvyswy

2. TaBuoc pdonc kaAumTel 1 km oe meploxn
TToU povTteAotroiciTar w¢  OiavuAoc  Ouo
akTivwy. Tlola ©a nAnrav n améorTaon
KAAUYAC Tou av XxpnhoidotoioUTtav o€
dopUPOPO;

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



HNG
1adoon HN-OTTIKAC E£mAPNC

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1adoon HN-OTmTIKNG EmAPNC

Bdoei eumeipikwy dedopévwy €Xel avamTuxOei €va
YEVIKO HovTéAo yia diadoon NLOS

L(d) o« L(d,)- di

n

n:35<n<b.

d = AmooTtaon peTall Kepaiwyv eKTTOUTIAC KAl ANYNC

ap = AméoTaon avagopdc (1 km n 1-3 m)

L(dy) = ATtwAcie¢ diadpopnc oe améoTaon dy kai diadoon LOS
L(d)= ATtwAciec diadpopnc via diddoon LOS kait NLOS

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1adoon HN-OTTIKNC EMAPNC

AToAUTN HEoN TILUR ATTWAEIWY O1adpOoLNE
(absolute mean path loss)

L(d):L(d0)+10nlOglo(d/do) dB

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



1adoon HN-OTmTIKNG EmAPNC
ITapdderyua 2.2

d=1500m, .= 840 MHz.

P,. = -80dBm. To MT 1agidevel ue 80km/h o¢
euBeia diadpopn KAl amopdkpUveTdl ATTO TOV
oTaBué paonc.

n = 4 kai apeAcital n okiaon. TTola Ba civai n
pHéon 1oxXUC Tou OAPATOC £va AETtTO AapyoTepa;

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



MNa ouvOnkec LOS
2 2
PM):GG( A j :GtGr(C/fj

P "\ 4nd dnd
1/2
PG,G, A
dmax — T
Ijr(d) — })rmin Em 4T
PG )7 ¢ 1
5 C
:( ¢ ] ———(m)
Prmin f 47[

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Na vevikoTepec ouvOnkeg NLOS
F=F-G,-G, Ly,

Lror =L1os - Lnios

LTOT(d):£47:1d j (%j

T T - 7 1/n
(LOS) (NLOS) PG,G,| -2
4 7T do
dmax - P dO (m)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Aciec 01adpoHNC

H mipyh Twv antwAsiwy diadpopnc £(d) sivar Tuxaia
HeTaPANTA Kal €xel AoyapiOUIKA-KAVOVIKA KATAVOUN
YUpw atmod Thv amoAuTn péon TIHA

o(d)=L(d)+X_ =L(d,)+10-n-log, (d/d,)+X_dB

X, (dB): Tuxaia peTaPAnTh Gauss, pe UNOEVIKA péan
TIUA Kal TUTTIKA attokAion o (dB)

P(d)= P~ £(d)dB

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



-dMelag O1adpoHNnC

H AoyapiBuikA-Kavovikn KaTavoun TTepIypd@el TIC
TUXaiec emdpdoeiC oKiaong oc BEoeIC TToOU £XOUV
Hev Tnv id01d amoéoTaon admod ToV TIOUTIO, dAAd €Xouv
diapopeTikoUC PpaBpouc ataliac otn diadpopn
diadoong.

H AoyapiOuikn-kavovikn okiaon cuvemdyeTai OTI
0l HETPOUHEVEC OTAOUEC ONHATOC, YId
OUYKEKPIHUEVN ATTOOTAON ATO TOV TTOHUTIO, £XOUV
kaTtavopn Gauss yUpw amé Tnv améAuTn péon TIHN
otddunc L(d).

O1 artwAeie¢ 01adpopARC gival  péon TIHA TNC
AoyapIOUIKAC KAVOVIKAC okiaong, Ttou ovopdleTai
ETIONC KAl WETOC Bpo¢ TTEPIOXHC (area mean).

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



YroAoyiopoc mepiOwpiou diaAciyewy
ITapddoeryua 2. 3

2.00TNHA KIVATWY ETTIKOIVWVIWY TIPETTEI VA TTAPEXEI
katd 90% emITUXEIC €MKOIVWVIEC OTA Opld TNG
meploXNC KAAuyne KdOe oTaBuol pdonc. H
ouvioTWOoa TG okidong éxel karavopn Gauss pe
undevikh péon TIUA KAl TUTIKA amokAion 8 dB.
TToio mep1Bwpio diaAciyewv amaiTeitai;

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



Aicukpivioeic (I)

EAcUBepoc xwpoc: ‘OAa Ta onpeia Tou KUKAoU
EXouv Tnv id1a oTddun ARYnc K Tov idlo S/N
(uplink n downlink)

Tdaviko emimmedo €dagoc: H idia Bewpnon
NLOS (dnA. d™") kai AoyapiOuIKR Kavovikh okiaon:
Ta onpeia atnv mepipépela Ba Exouv Thy idia TIBavoTnTa yid pid
OUYKEKPIHEVN 0TABUN OAPATOC N Yid évav ouykekpipyévo S/N
oc 0An Tnv Tepipépeia, o AOYyoC Tou HAKOUC Tou TOEoU 0To 0Troio
éxoupe onpa mavw (A KATw) amod pia oTadun TPoc¢ To OAIKO
HAKOC TNG Treplpépelag Ba éxel kaBopiopévn TIUA

dev amoTeAEi 0 KUKAOC YEWHETPIKO TOTTO OUYKEKPIHEVNC OTABUNC

oAparo
H ¢ Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



éva Trepiypappa 0mou 6Ad Ta onpeia Tou Ba £xouv idia
oTdOun onpartoc f idiov Adyo S/N, Ba £xel akavovioTo

oxAHa Kail Yropei akopn va eivar ToAAatAd ouvdedepévo
£T0I, 0 0pOC KAAUYN K 0 ETITPETIOHEVOC OIAXWPIOHOC
oTaBpwy pdonc (KuyeAWv) gival orarioTikoc yia To

YEVIKO aoUppaTto TtepipaiAov

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



_dJAt:leg d1adpopnc

Aieukpivioeic (IIT)
2.Tnv TUTTIKA 01ddo0hn OTd £TiyeEid cUOTAUATA
KIVNTWYV ETTIKOIVWVIWYV 10XU0UV Tpia kaBeoTwTa,
avaAoya He Tn XWpIkA KAipaka:

MEéooc¢ dpo¢ meproxric (area mean).
xapaktnpiletal amo Tov eKOETN A, HE TO OTT0IO
HEIWvVETAl N HEan 10XUC

Tomikoc¢ éoo¢ dpoc¢ (local mean). n 1oxU¢ o€ pia
TEPIOXN €ival KaTavepnuévn AoyapiBuika- kavovikd
yUpw amo Thv area mean (o = 6 - 8 dB)

2 € amootdoei¢ <100A n péon 1oxUC €ivai
ouaidoTikd ataBepn. O1 peTaPoAéc oTnv
mepiPdAAouaa €xouv katavouh Rayleigh)

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy




avopevou onparToc %&

(dBm) Local mean Area mean
-30

-35

S

40 A

e i

-50

-55
-60

-65

-70
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

(m)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




TTepioxh antwAeiwyv  TTeploxn diaAeiyewv
, 01adpoUng TepIBdAAoucag
/ (HExpr 24 km) (100-400A)

NI/

* B
1@:%);-

o

AikTua Kivntwyv Kai NMpoowtrikwy ETTIKoIVWVIWY




_MauMbv d1adpopwv

To KIVRTO TePUATIKO YEVIKA Aaupdvel Eva AdPeoo Kdal
TToAAd avakAWwpeva Kupartd

2 TATIOTIKO HovTEAO Rice

To apeoo kKUpa mapovoidleTal GXETIKA TTIO
1oXUPO

Karavoun Rayleigh

O apiBuoc Twv emmEOWY KUUATWY TTOU
katapBdvouv amo OdidpopeC KATEUBUVOEIC
gival dpKoUVTWC peydAo¢ Kkair O0ev UTTAPXE!
IOXUpH ouvioTwoa damd 0i1ddoon OTTIKAC

ETAPNG

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



IBaAAovoac

5.(t)=A- o2 et 4y (1))

To xpovikd petaPpaAlopevo Tuxaio péco diadoong
ekppdaleTal HE Th XAPAKTNPIOTIKA

p(t)=r,)e’V" ) ry(O) =m(0)-rp(1)

m(1): apopd TIC LarKodxpoVes JIaAEIYEIC, ONA. Tov
TOTTIKO LIECO Op0

ro(H): apopd Tic Boaxuxpoves diahciyels, €xel Péon
Tign 1 (aAAiwe dev 1oxUel 0 0pIoHOC)

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy




dAAouoac ‘ A

-l VY /

X=0-t 7y (X) = m(x) - 1y(x)

MovréAo yivouevou

s, (1) =5,(t)- p(t) =
— A . m(t) . VO (t) . ej[27yfcl‘+l//5 (t)_HVr (t)]

r(t) = Am(t)r(1): TepipaAhouoa
w.(f): TUXdid ouvioTwaod Paong

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



TomikOC HEoOC 0poC

A 1 x+L
(x) = — d
(y) m(x) i x_Lr(y) y

m(x) = m(x)

L = 20A - 40A
B Bt e B
[
x-L x x+L y

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Agipeic

TomkoC HETOC 0pOC
x+L

= [y =[Gy

[1a Ll = 204 éwg 404 m(x) = nAfz(x)

1

i) =m@) [ "o ()dy

1 ex+L

57 ) oy =1

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Agipeic

TomkoC HETOC 0pOC

1o(y)

r(y)
m(x =y)

n(y) =

"o(V)a =7 (3)ag ~M(X = Y) 45

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



OlaAciYeIC

TomIkOC HEOOC 0pOC

Ma eplox g ye emimedn empdveia 1o m(y) givai
o1aBepod ae 6An Th HeTpoUUEVN TTEPIOXA

2 ¢ uUn emimedeg meploxég 1o m(y) mapoucidlel
O1aKUHAVOEIC avdAoyeC HE To TTEpiypaAla TG
TTEPIOXAC

O1 diakupavoeic opeiAovTtal KUpiwe oTh
Hop@oAovia Tou £0dPouC TNC TTEPIOXNAC KAl OTd
KTipld TTou uttdpxouv HeTall oTaBpou pdong Kai
KivhToU

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



AEiYEIC

Tomikag pégog 6pog

g Aiadpoph KivnTou 2 1abuédg pdong

o

Q

-

W

oy /_\/f\/\

>

> Y

L
Y
,o%/i

) Aiadpoph KivnToU

E [}

= TomKAG HETog 6pog Y
=

E’m" = Yoo \%/ Y & \&/ ’

o

O

-

>

w

>
y

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Tomko¢ HEGTOC 0pOC
2.7aBuoéc¢ paong

yay

Y Aiktua Kivntwyv kai NMpoowtrikwy ETKoIvVwvIwyY



OgeihovTal KUpiweg oTIC TTOAAATTAEC O1a0POUEC -

TpeIC KUPIOTEPEC OUVETIEIEC ATTO TIC TTOAAATTAEC
O1adpopEC:
ATOTOUEC aAAay£EC oTn oTABPN Tou oApaTog, 6Tav
diaviovTal HIKpEC amooTdocsiC R HeagoAaPpouv pikpd
XPOVIKd 01doTApATd
Tuxaia diapéppwan ocuxvoTnTac Adyw Tng oAicbnong
Doppler, ou civar diapopeTikA yia Ta didpopa chpaTd
ToAAaTAWY Si1adpopwy, Adyw d1aPopeTIKAC Ywviac deiEng
TWV ONHATWY WC TIPOC Thv KATeUBuUvon Kivhong Tou 0€KTNH
E¢amAwaon xpovokaBuoTépnong, n oTroia TTpoKaAgiTal ato

d1aPopETIKA KABuoTépnon oc kABe d1adpopn TTou
akoAouBceiTal amé To onpa.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



EIYEIC

OAiocOnon Doppler

Al =d cos@ = vAtcosl

27Al 2mOAt

A p cosd
Ap v
— = —cosd
/o 2TAt A

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



EIYEIC

TTapdayovTec mou emtnpedalouv TIC PPaAXUXPOVEC
diaAciyelc:

~TToAAaTtAEC B1adpOopEC

» TaxuTnTa KivnTou

» TaxutnTta mepiPAAAOVTWY AVTIKEIHEVWY
»EUpoc dwvnc Tou peTadidopEVOU OAPATOC

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



-ChrMiN d1adpopwv o€
ouC

Emimedoc¢ diauhoc R diauhog oTevic Jwvng
To avTioTpowo Tou gUpou¢ {WwvnC Tou onpaToc civai
TTOAU HeyaAUTEPO ato Th XpoVikA diaottopd TWV
kaBuoTepnocwyv Adyw moAAaTtAwy diadpopwy, A

H didpkeia Twy diapgoppwpévwy cupPpoAwy eivai
oAU peyaAUTepn amoé Th didomopd kabuoTEpnong

¥

OAec o1 ouxvoTNnTEC TOU HETAdIOOHUEVOU OAUATOC
O©a vpioTtavTtal Tnv idia Tuxaia e€acBévnon Kai
HETATOTIION pdong, Aoyw TtoAAaTtAwy d1adpopwyv

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



wv O1adpopwV o€

I-OTO EITEPXOHEVO
emiedo Kupa

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



x/A R Ut/A

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



fo/()="cosg(1) = [, cosg(t)  Hz

x(t) =Re {17 (t)-e’ 27,1 }

s(f) = Re{?/(z) - ef'zﬂfcf}

N .
;‘J(l‘) _ Z Ai (t) . e_]zﬂ[(fc+fD,i(t))Ti(t)_fD,i(t)t]i\[(t — T, (f))
=1

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



7(t) = ZA ®)-e "5t —7.(1))
9, (1) = 27?[(f + fp,i(O)7;(t)— fp i (0]

O diauAoc ptropei va povteAotroinBei we XpoVvikd
neTaPpaAAopevo @iATpo pe Hiyadikh KpOUOTIKA
amoKkpion

ht,7)= ZA(t) e "5t —1.(t))

h(t,7) €ival n amoKpion Tou d1aUAou Th oTIYUA o€
TaApoé o 7-7)

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



-a-anv d1adpopwv o€
ouC

Emeidn 1o £ +7;(7) eivai oAU peydho, pikpn
HeTaPpoAn ato 7:(7) mpokaAei peydAn petaPpoAn otn
pdon ¢(1).

2.€ OTTOIAONTTIOTE XPOVIKA OTIYUA T, 01 CUVIOTWOEC
HE TIC TUXdieC pdoeIC TpoaTiBevTal
ETTOIKOOOUNTIKA H UnN.

To mAdtog A(t) e€apTdTtal amd Thv evepyd
ETIPAVEIA TOU i-0ToU okedaoTn (dev aAAalel yvia
HIKpEC amooTdoeIC).

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



-a-anv d1adpopwv o€
ouC

av Bswphooupe emimedoug diauAoug, OAeC ol
KaBuoTepHOEIC €ival TTEPITIOU I0EC HE T

ol dIaAciPeIC opeiAovTal KUPIWC OTIC XPOVIKEC
HeTaPoAéc Tng Tuxaiag gdong ¢.(t) mou
TpokaAoUvTail amé Tig oAiloBraeig Doppler 7 (7).

h(t,7)= ﬁ:Ai(t)-e_mmé‘(r —7)=g(t)o(r—7)

H(t,[)=g()e ™

OAEG 01 OUVIOTWOEG OUXVOTNTAG /
oTo pdopa vgioTavrai Thv idid
e€aoBévnon |2(?)

H(t, /) =g()

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



-a-anv d1adpopwv o€
ouC

MeAeTwvTtag Th PaButtepaTth piyadiki tepiPpaAAouvaa
Tou Aappavopevou cApaTtocg yia adiauopPwTo YEPOV,
Ppiokoupe 0TI, yid peydAo apiOud moAAattAwy
diadpopwyv, N, n pdf tng A7) eivai Rayleigh kai
ekppdleTal wg

omou P, givail n péon 10x0¢ Tou oAPATOG

H ¢don ¢ Tou Aaupavopevou onpAaToc €ivail ogoiopopyda
KaTtavepnuévn oto 01doTnud -1 EWC T

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Karavoun Rayleigh

H mBavoTnTta 611 n mepiPpdAAouca Tou
Aappavopevou onpartoc dev utteppaivel doOcioa
TIHA R

R o
P(R) = prob(r < R) = j %e B dy
0

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



-ChrMiJv diadpopv ot
Aouc

H diadoon péow moAAamAwy diadpopwy givai
OUVABWC 0TOXAOTIKA avéAIEn oTov Xwpo, apou ol
01a0pOlEC €ival OUVAPTAOEIC TWV CUVTETAY-
HEVWV X, Y, Z.

- Kivhon pEow Hiag XWPIKAC HETAPOANC Ttapdyel
H1d XpoVIKd HeTaPaAAopevn oToxaoTiKh avEAIEN.
H Kivhon u, 1 ye TaxuTnTa u,, HETATPETEN TIG
IETAPOAEC ATTOOTACNC O€ XPOVIKEC HE puBpo
1eTaPpoAng (draAciyewv): (v, / e f = u, / A

cos(2nft — fx) =cos[2z(f — %)t]

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY




-ChrMiJv diadpopv ot
Aouc

H pdf Rayleigh mepiypdger Tn oTaTioTIKA TTPWTOU
PaBuov via Tnv epipdAAovoa Tou oHPATOC O¢
ATTOOTACEIC OXETIKA HIKPEC, WOTE W HEON TIUA TNC
va ekAappdaveTar wg otaBeph.

Evéiapépel pia ToOOTIKA TTEPIYPdPR Tou puBpoU
diaAcipewyv TnC TtepiPpalAovoac kai n péon
dIdpKeld TouC KATw amd doB¢eioa aTadun.
BonBdsi otnv emiAoyn Tou bit rate, Tou pRkoug

TNC KWOIKNC AEENC KAl ETMITPETEI HId EKTIHNON
TNG £midoong ToU CUOTAUATOC.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



PuBuoc urréppaonc oTadun
dr . I N
— =70 N(R) = jrp(R,r)dr
dt 9

2

N(R)=~2nf, pe”

p:R/erS
9,
N(R) =21 —
ers:\/?O ( ) ﬁ,p
f . =0/A

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Méon diapkeia diaAsiyewy

B _ problr < R]
Elrg]=7(R) = N(R)
2 2

T(R):m m,O_ n - p
W

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



-ChrMiN diadpopv ot
Aouc

ITapdderyua 2. 6

Na PppeBei n péon didpkela diaAciyewv yia p =
1/N2, £y = 30 Hz. Tia 3duadikh Yneiakh
Siapoppwon pe R = 40 bps, eivar o1 diaAgiyeig
Rayleigh apyég i yphyopeg; TToiog givar o Hégog
ap1Bpuoc sopaApévwy bit ava sec yia Tov d00évTa
puBpo peTadoone, OeswpnoTe OTI eppavileTal éva
copaApévo bit kdaBe @opd Tou oTolodNTIOTE
TUApHa Tou bit avripeTwTiCer didAsiyn yia Tnv
omoia p < 0.1.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



-a AUV diadpopv o€
€ cwvng

H diaomopd Twv kKaBuoTepnoewyv Adyw TToOAAQTTAWY
O1adpopwy civai HeydAn oe oUyKpion HE TO
avtioTpopo Tou gUpouc CWwvnC TOU CAHATOC

O1 ouVIOTWOEC oUXVOTNTAC TOU HETAOIOOHEVOU
ohuaTto¢ Oa vpiotavral d1aPopeTIKEC KABUOTEPAHOEIC
pAonc kKaTtd pRkoc¢ Twv O1aPopwyv O1adpopwyV

KaBwc¢ peyaAwvouv o1 diapopéC oTIC kaBuaTtepnaeic,
aKoOun Kai TapdtmARCIEC OUXVOTNTEC OTO
HeTadIOoEVO OAUA PTTOPEI va uioTavTadl onUavTikd
OIAPOPETIKEC UETATOTTIOEIC PAONC

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



O1 padiodiauvAol giodyouv tapapoppwaon TTAATOUC
Kdl pdoncg oTo ohpa TAnpoywopiac.

et

AiaheiyeIc ETIAERTIKESC W TTOOC TH OUXVOTNTA
(frequency selective fading)

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



AUV diadpopwy o€
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Apifeic amd moAAaTtAéEC diadpopég

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy
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NiaAgiyeic sm)\sKTIKeg wg TPOC Th oUXVOTNTA
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-Ova HE wOAAATAEC

Exouv avantuxOei ToAAéC HéBodoi yia Thv
TPAYHATOTIOINON HETPAOEWYV HE OKOTIO TN HEAETN TNC
OUUTTEPIPOPAC TwV padiodiaUuAwy.

O1 yeTpRoeIC TpayHaToTToioUvTdl €iTe 0TO TTEdi0 TOU
XpOVou pe dueon amooToAn maApwy RF, €ite aTo
Tedio ouXVOTNTAC HE odpwaon KATAAANANG TTEPIoXAC
OUXVOTATWV.

ATIO TIC HeTphoei¢ uttoAoyilovTal TTapdPETPOI TTOU

xapakTtnpiouv Th cupmtepipopd Twv padiodiauAwy,
TO0O 07O TEdio TOU XpOVoU 000 KAl ThE ouUXvOTNTAC.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



v HEe mwoAAamAEC

TTapaperpol xpovikng d1aomopac

‘3
e

B
o i
NGB LB lMﬂ ,
h(t,R)= ) Ai(R)-ﬁ[t—(ri)(R)] T T t
i=1 *
! I (e
\‘-Td—" t

(B)
AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




_Ova HE wOAAATAEC

TTapayeTpol Xpovikng 81aomopac

O avapevopevoc PpadBuoc diaomopdc kabuoTEpnong
kaBopileTal HEOW TNC HETPNONG TOU mOoOoPiA
KaBuoTépnong 1oxvo¢ (power delay profile) Tou
d1auAou

Ta mpowiA kaBuaoTépnong 1oxVo¢ HeETpoUVTAl HE
OIAPOPEC TEXVIKEC KAl TTAPIOTAVOVTAI YPAPIKA WC
diaypdppaTta ThE oxXeTIKAC Aaupavopevng 1oxXUoc¢
ouvapThoel TG eTITTPOOOeTNG KABUaTEPNONC WC
TPOC oTABEPH XPOVIKA avapopd.

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



v HE moAAaTAEC

TTpowiA kaBuoTEpnong 1oxvOC

KaBuoTépnon Méon' o Rms kaBuoTtépnon
TPWTNC deIEnc EMIMPO0OETN g (Z’)

kaBuaTépnon D(T) —
|5

OdB _
| MéyioTn
D(T) | EMTTPO0OETN
| kaBuoTépnon
\
,‘ > \
\
30 dB
‘ T

0] T, T
AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



v He mwoAAamAEC

EUpoc Twvnc ouvoxnig

To gUpo¢ (Wwvn¢ Héoa oTo OTT0IO Ol PACHATIKEC
oUVIOTWOEC TWV onudTwy emthpedlovTal KAtd
TTdpOpoIo TPOTo, ovopaleTal eUpo¢ (WVHE OUVOXHC
(coherence banawidth, Bc).

2voxerion 0.9 B = :
C
SOTd
|
Zuoxérion >0.5 B.~——
STd

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



EUpoc Twvnc ouvoxhc

TTapadeiypa 2.9

To tpowiA ToAAaTtAWY d1adpopwy evoc diaUuAou

AaToTEAEITAI ATTO TECOEPIC OUVIOTWOEC HE
otdBuec -20, -6, -10 ka1 O dB kai
kaBuoTepnoeic O, 1, 3 ka1 b ps.

T,, T4, Ty (-10 dB);
B, (via cuoxétion 0.5)
TTola ocuoThuaTa Xwpic 1000TAOUIOTEC;

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



_Ova HE wOAAATAEC

E€anAwon Doppler-xpovog ouvoxng

H e¢amAwon Doppler kai o xpévog cuvoxnig
TTEPIYPAPOUV Th XpoViKd petapPpaAAdpevn guoh Tou
d1auAou o€ TteploXN HIKPAC KAipakac

H e¢amAwon Doppler Byeivar éva yétpo Tng
d1eUpuvong Tou pAoHdAToC TToU TTPOKAAEiTAl ATto
TOov pUBUO XpoVIKAC HeTAPOARC Tou padiodiaUuAou.

AV T0 gUpo¢ (WvnC Tou oAPATOC €ival TToAU
HEYAAUTEPO amd To By o1 emdpdoeI TG
e¢dmAwaong Doppler oTov 0éKTN cival apeAnTEEG.

Aiktua KivnTwyv Kal INMpoocwTTikwy ETTIKOIVWVIWY



v HEe mwoAAamAEC

E€anAwon Doppler-xpovoc ouvoxng

» Q xpovo¢ ouvoxtic (coherence time) C; gival h
avTtioToixn mpo¢ Thv e¢dmAwon Doppler évvoia
oTo Tedio ToU XpOVouU.

» XpnoigoTroleiTal yia va xapakTtnpilel, oto medio
TOU Xpovou, Thv 1010TNTA Tou diavAou va
epgpavilel diaomopd ouxvoTNTAC.

CT :l/fm

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




E€anAwon Doppler-xpovog ouvoxng

O xpovoc¢ oUVOXAC €ival Hid oTATIOTIKA HETPNON
TOU XPpOVIKOU O1d0TAUATOC OTO OTT0I0 N ATTOKpIoN
Tou O1aUAoU €ival oudidoTIkA apeTapAnTh.

Eival To xpoviko didoTnua oto omoio dUo
Aappavopeva onpara €xouv peydAn mbavoTntda
va epgavifouv ouoxETion TTAATOUC.

9

Cr =~ 9 0.423
107 CT:\/16nf2 :f

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy

2ovoyetion >0.5



_Ova HE TOAAATAEG

TUmo1 PpaxUxpovwy diaAciyewv

AvdAoya pe Th oxéon TWV TTAPAPETPWY TOU
OAHATOC KAl TWV TTdpdHETPWY Tou diauAov, Td
d1dpopa pHeTadidopeEva oANATA UpioTavTdal
O1dPOPETIKOUC TUTTOUC OlaAciYewV.

H eCamAwon kaBuoTépnong TpoKaAei XpoVvIKA
diaomopd Kai O1adAEiYeIC ETIAEKTIKEC WC TIPOC
ouxVvoTnTa.

H e¢amAwaon Doppler mpokaAei diaotopd
ouXVOTNTAC Kal OIAAEIPEIC ETTIAEKTIKEC WC TTPOC
XPOVoO.

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy



v HE moAAaTAEC

XapaktnpioTika 01aUAou pe emimedeg OI1AAEIYEIC

x(1) 2 ( f) y(f) —

"0 0 )
JAN ﬂ J\
0 T, t ot 0 T+t U 1<<T,

X 12(6)) ()
ANV
: £,
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v HEe mwoAAamAEC

AiaAcipeic e€anAwonc xpovokadbuoTépnonc -

Eva ohpa vepiotatar emimedec diaAeiyeic 6Tav:

BS <<Bc Kal TS>>TCZ’

‘Eva oAua vpiotaTtal S1aAciYeIC EMIAEKTIKEC WC
TPOC ouxXVvoTNnTd, OTAV:

BS>BC Kal TS<Td

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY




v He mwoAAamAEC

XapakTnpioTika d1aUAov HE BIAAEIPEIC ETMIAEKTIKEC
Ww¢ mPOC ouxvoTnTa

x(1) h ( f) Wt )_-__

x(f) h(7) W)

OJ\TS : 0 T . 0 T+T
X H(f) L

/\ ...‘n. m/f\/\ﬂn
£ I £ f . f

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



v He mwoAAamAEC

AiaAciyeic e€anAwong Doppler

Eva onua vgioTaTtal Taxeiec diaAsiyeic 6Tav:

T;,>CT Kdl BS<BD

‘Eva ofpa vpioTarar apyéc diaAgiyeic, éTav:

TS << CT Kdai BS >> BD

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Frequency selective Frequency selective
slow fast

CT Ts

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



Frequency selec’nve Frequency selective
fast slow
Flat fast Flat slow
BD BS

AikTua Kivntwyv kai NMpoowtrikwy ETKoIVwVIWY



PoOYnG

H otd®un Tou onparto¢ mou AaupdveTal oThv
Kepdia Tou aTtaBuou Pdong, Kail TIpoEPXETAI ATIO
KATTOIOV KIVNTO TTOUTTO, €ival h idia HE gKeivn
TToU AdupaveTail oThv Kepaid Tou KivnTou Kai
TIPOEPXETAI ATTO Tov oTaOuo paonc.

Loxvel og aoupparto mepiPdAAov KivhTWwy
ETTIKOIVWVIWY YId OUYKEKPIUNEVEC KATAOTAOEIC

Aiktua Kivntwy Kai MNpoowTrikwyv ETTKoIvwviwy
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