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PROLOGOS

H paroÔsa didaktorik  diatrib  ekpon jhke upì th filìxenh skèph tou Ergasth-
rÐou Asurm�tou kai EpikoinwnÐac Meg�lwn Apost�sewn pou an kei ston Tomèa
Met�doshc thc PlhroforÐac kai TeqnologÐac Ulik¸n sta plaÐsia twn upoqre¸sewn
pou aporrèoun apì to Prìgramma Metaptuqiak¸n Spoud¸n tou EjnikoÔ MetsobÐou
PoluteqneÐou. O tÐtloc thc proteinìmenhc diatrib c eÐnai {Jèmata FusikoÔ Str¸-
matoc kai Str¸matoc MAC Stajer¸n AsÔrmatwn Euruzwnik¸n DiktÔwn} kai stic
selÐdec pou akoloujoÔn gÐnetai h leptomer c parousÐash twn gnwstik¸n antikeimè-
nwn pou kalÔptontai apì th diatrib  pou eÐqe wc afethrÐa ton Okt¸brio tou 2003.
H epilog  enìc arket� eurÔ tÐtlou ofeÐletai sto ìti h ergasÐa katapi�netai me peris-
sìtera jèmata pou aforoÔn to fusikì str¸ma kai to str¸ma MAC (Medium Access
Control) twn stajer¸n asÔrmatwn euruzwnik¸n diktÔwn (Broadband Wireless Ac-
cess, BWA).

Eidikìtera, met� apì èna eisagwgikì kef�laio pou perigr�fei tic exelÐxeic kai ta
sqetik� prìtupa pou èqoun emfanisjeÐ kat� ta teleutaÐa èth gia ta euruzwnik� asÔr-
mata dÐktua, ta Kef�laia 2 kai 3 embajÔnoun sta probl mata di�doshc kaj¸c kai tic
antÐstoiqec teqnikèc antimet¸pis c touc pou aforoÔn to fusikì dÐaulo twn susth-
m�twn BWA sto eÔroc suqnot twn 10-66GHz. H parousÐash aut¸n twn antikeimènwn
gÐnetai se sten  sun�feia me ta prosf�twc dhmosieumèna apì touc diejneÐc thlepikoi-
nwniakoÔc organismoÔc IEEE (Institute of Electrical and Electronics Engineers) kai
ETSI (European Telecommunications Standardization Institute) prìtupa gia sust -
mata BWA. IdiaÐterh barÔthta dÐdetai sthn teqnik  thc diaforik c l yhc kuyèlhc,
sth melèth thc opoÐac suneÐsfere h paroÔsa diatrib  mèsw thc an�ptuxhc stati-
stik¸n montèlwn pou problèpoun thn epÐdos  thc se tropik� kai upotropik� klÐmata
kaj¸c kai se perioqèc pou diakrÐnontai apì  piec klimatikèc sunj kec, sumplhr¸no-
ntac kat' autì ton trìpo tic sqetikèc ereunhtikèc prosp�jeiec prohgoÔmenwn et¸n.

Ta epìmena trÐa kef�laia an koun sto antikeÐmeno thc jewrÐac epikoinwni¸n ka-
j¸c ektimoÔn thn endosusthmik  parembol  pou emfanÐzetai sta kuyelwt� sust -
mata BWA an�loga me to sq ma pollapl c prìsbashc pou epilègetai. AntÐjeta
me �lla enallaktik� kuyelwt� dÐktua (ìpwc, gia par�deigma, ta dÐktua kinht¸n
epikoinwni¸n), gia ta opoÐa parìmoiec ergasÐec brÐskontai se idiaÐtera ¸rimo st�dio,
h melèth thc diakuyelik c parembol c se stajer� dÐktua BWA emfanÐzei orismèna
diakrit� qarakthristik�. H basik  suneisfor� thc diatrib c eÐnai ìti oi proteinìmenec
mejodologÐec lamb�noun upìyh ta sugkekrimèna qarakthristik� an�gontac gnwstèc
ènnoiec apì th jewrÐa epikoinwni¸n se autì to nèo plaÐsio. 'Etsi, sto Kef�laio 4
pragmatopoieÐtai h statistik  an�lush thc diakuyelik c parembol c se sumbatik�
sust mata BWA me pollapl  prìsbash TDMA (Time Division Multiple Access),
en¸ sto Kef�laio 5 parousi�zetai mia nèa prìtash gia thn efarmog  thc diadedomènhc
apì ta dÐktua trÐthc gene�c teqnologÐac CDMA sth sugkekrimènh kathgorÐa susth-
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m�twn. Met� apì sÔgkrish twn epipt¸sewn thc diakuyelik c parembol c sta dÔo
sust mata pollapl c prìsbashc, h diatrib  katal gei sto sumpèrasma ìti aut  h
nèa prìtash mporeÐ na prosfèrei axioshmeÐwth meÐwsh thc parembol c, toul�qiston
gia th zeÔxh metaxÔ stajmoÔ sundromht  kai stajmoÔ b�shc. Gia thn �mblunsh thc
parembol c kai kat� thn antÐjeth kateÔjunsh met�doshc, to Kef�laio 6 proteÐnei
èna oloklhrwmèno sq ma pou basÐzetai stic gnwstèc (apì tic kinhtèc epikoinwnÐec)
teqnikèc exuphrèthshc pollapl¸n rujm¸n met�doshc.

Apì th jèsh aut , ja  jela na ekfr�sw tic euqaristÐec mou se mia seir� anjr¸-
pwn. Katarq n, ston epiblèponta kajhght  tìso thc didaktorik c ìso kai thc
diplwmatik c mou diatrib c k. Panagi¸th G. Kwtt . Ja  jela na ton euqarist sw
jerm� gia th meg�lh empistosÔnh me thn opoÐa perib�llei genik� touc foithtèc tou
kai emèna eidikìtera, empistosÔnh pou od ghse sth qeirafèths  mou wc mhqanikoÔ
thlepikoinwni¸n. Ja  jela epishc na ton euqarist sw gia th meg�lh bo jeia pou
mou pareÐqe se ìlh th di�rkeia thc diatrib c, proðìn bajei�c ereunhtik c empeirÐac. Oi
uyhlèc epaggelmatikèc axÐec pou mou metèdwse apoteloÔn gia mèna th shmantikìterh
parakataj kh gia th mellontik  stadiodromÐa mou. O orjologismìc tou kai h ag�ph
tou gia thn orj  qr sh thc gl¸ssac, stoiqeÐo pou sp�nia qarakthrÐzei jetikoÔc
epist monec, sunèballe sthn eurÔterh ekpaÐdeus  mou kat� th di�rkeia thc sunerga-
sÐac mac. An�logec euqaristÐec ja  jela na ekfr�sw kai proc ton kajhght  mou k.
Iw�nnh Kanellìpoulo, gia th sumpar�stash kai th bo jei� tou. Oi prwtoporiakèc
tou ergasÐec sta jèmata di�doshc ed¸ kai arket� èth apotèlesan th b�sh kai gia th
dik  mou ergasÐa. Tèloc, euqarist¸ ton k. Qr sto Kay�lh, Kajhght  EMP, gia
th sumbol  tou sto ktÐsimo tou upob�jrou mou wc mhqanikoÔ thlepikoinwni¸n mèsw
thc parakoloÔjhshc twn proptuqiak¸n kai metaptuqiak¸n majhm�twn pou did�skei.

Ektìc apì touc kajhghtèc mou, shmantik  suneisfor� sthn per�twsh thc dia-
trib c mou eÐqe o did�ktorac EMP Jan�shc Panagìpouloc, pou ektìc apì sunerg�th
jewr¸ plèon kai polÔ stenì mou fÐlo. Me to ter�stio jewrhtikì tou b�joc kai thn
ag�ph tou gia èreuna èdwse lÔseic se poll� dÔskola shmeÐa thc diatrib c. H gen-
n tria qronoseir¸n apìsbeshc pou qrhsimopoÐhsa sthn exomoÐwsh tou teleutaÐou
kefalaÐou apoteleÐ apeujeÐac proðìn tou didaktorikoÔ tou. Ton euqarist¸ gia ta
koin� mac or�mata kai tic polu�rijmec ¸rec suzht sewn pou eÐqame gÔrw apì ta jè-
mata aut�. Ja  jela na ekfr�sw euqaristÐec kai proc polloÔc sunadèlfouc mou
apì to ergast rio, me pr¸to to did�ktora (plèon) Swt rh Kanellìpoulo. H su-
gkatoÐkhs  mac sto grafeÐo di rkese sqetik� mikrì qronikì di�sthma, all� h filÐa
mac elpÐzw gia polÔ perissìtero. Euqarist¸ epÐshc th sumfoit tri� mou Kèllu
Gewrgi�dou kaj¸c kai ta neìtera paidi� Jan�sh DroÔgka, M�rko Anastasìpoulo,
DionusÐa Petr�kh, Gi¸rgo Tsirìpoulo kai Jan�sh Lazarìpoulo gia thn armonik 
mac sunergasÐa sto UpourgeÐo kai thn parèa touc.

Apì to stenìtero suggenikì kai filikì perib�llon mou, ja  jela na ekfr�sw
thn eugnwmosÔnh mou pr¸ta apì ìlouc proc touc goneÐc mou gia thn ag�ph touc, tic
jusÐec kai th st rix  pou mou pareÐqan aplìqera kat� th di�rkeia twn spoud¸n mou.
Gia thn pragmatik  touc filÐa, tic ateleÐwtec ¸rec oneiropìlhshc kai gèliou pou mou
q�risan kaj¸c kai tic jalassinèc mac peripèteiec euqarist¸ touc adelfikoÔc mou
fÐlouc Qr sto Ampatz  kai FragkÐsko Grhgorìpoulo, en¸ euqarist¸ gia th jerm 
touc sumpar�stash ìla aut� ta qrìnia ton NÐkola kai thn ElpÐda kaj¸c kai touc
Pètro kai Kwst .

Pantel c - Dani l Ar�poglou
Aj na, M�ioc 2007



PERILHYH
Sthn paroÔsa diatrib  antimetwpÐzontai di�fora zht mata pou �ptontai tou fusi-

koÔ str¸matoc kai tou str¸matoc MAC twn stajer¸n euruzwnik¸n asÔrmatwn
diktÔwn prìsbashc pou leitourgoÔn sto fasmatikì eÔroc 10-66GHz. H prìsfath
dhmosÐeush twn euruzwnik¸n asÔrmatwn protÔpwn IEEE 802.16 kai ETSI BRAN
HIPERACCESS shmatodìthse mia perÐodo an�ptuxhc twn sugkekrimènwn diktÔwn
me ekmet�lleush twn pleonekthm�twn thc asÔrmathc epikoinwnÐac se mhtropolitik�
dÐktua (MAN).

To Kef�laio 1 thc diatrib c parèqei mia eisagwg  stic prìsfatec exelÐxeic apì
teqnologik c kai kanonistik c skopi�c thc stajer c asÔrmathc euruzwnik c teqnolo-
gÐac. Sth sunèqeia, melet¸ntai ta jèmata di�doshc se z¸nec suqnot twn �nw twn
10GHz diaqwrÐzontac thn epÐdrash thc atmìsfairac kai tou perib�llontoc egkat�-
stashc tou stajeroÔ asÔrmatou diktÔou. H melèth aut  sunodeÔetai apì polu�rijma
montèla prìbleyhc pou anapar�gontai apì th diejn  bibliografÐa kai tic Sust�-
seic thc ITU-R. IdiaÐterh èmfash dÐdetai sthn perigraf  enìc fusikoÔ statistikoÔ
montèlou twn dialeÐyewn lìgw broq c, o opoÐoc apoteleÐ ton kurÐarqo par�gonta
upob�jmishc thc epÐdoshc sto uyhl c suqnìthtac tm ma twn stajer¸n susthm�twn
BWA. Epiplèon, to Kef�laio 3 diereun� tic di�forec mejìdouc �mblunshc twn dia-
leÐyewn (FMT) gia thn antimet¸pish twn dialeÐyewn tou diaÔlou. Oi teqnikèc FMT
diaqwrÐzontai se treic genikèc kathgorÐec kai, sugkekrimèna, ton èlegqo isqÔoc, thn
prosarmostik  diamìrfwsh kai kwdikopoÐhsh kai th diaforik  l yh. Gia thn teleu-
taÐa, apì th diatrib  perigr�fontai dÔo nèec mèjodoi gia thn prìbleyh thc epÐdos c
thc upì isqur  kai strwsigen c broq , antÐstoiqa.

Sta upìloipa kef�laia pragmatopoieÐtai mia an�lush thc diakuyelik c parembo-
l c wc proc to sq ma pollapl c prìsbashc pou epilègetai. Eidikìtera, to Kef�laio
4 epikentr¸netai se sumbatik� dÐktua BWA pou basÐzontai sth diaÐresh TDMA lam-
b�nontac upìyh ta diaforetik� qarakthristik� kuyèlhc pou diakrÐnei autoÔ tou eÐ-
douc ta dÐktua. KaÐtoi oi poludiadromikèc dialeÐyeic èqoun saf¸c mikrìterh barÔthta
gia ta upì melèth sust mata, to Kef�laio 5 eis�gei thn teqnik  CDMA wc enal-
laktikì sq ma prìsbashc sto tm ma twn BWA diktÔwn pou leitourgeÐ sto eÔroc
10-66GHz, me kÐnhtro th beltÐwsh wc proc th diakuyelik  parembol , toul�qiston
gia th zeÔxh apì to stajmì sundromht  proc to stajmì b�shc (upstream). Kai stic
dÔo peript¸seic, pragmatopoieÐtai mia statistik  ektÐmhsh thc diakuyelik c parem-
bol c lamb�nontac upìyh tic dialeÐyeic lìgw broq c tìso gia thn epijumht  ìso
kai gia tic paremb�llousec zeÔxeic. Gia thn antÐjeth kateÔjunsh met�doshc (down-
stream), to Kef�laio 6 proteÐnei èna sunduasmì teqnik¸n pollapl¸n rujm¸n met�-
doshc sumperilambanomènhc thc teqnik c CDMA pollapl¸n kwdÐkwn kai metablhtoÔ
kèrdouc ex�plwshc, twn opoÐwn uiojeteÐtai mia tropopoihmènh ekdoq  gia ton èlegqo
thc parembol c se olìklhrh thn èktash tou tomèa. H epÐdosh tou proteinìmenou
sq matoc an�jeshc kwdÐkwn elègqetai tìso me analutikì trìpo ìso kai mèsw miac
endeleqoÔc exomoÐwshc twn dunamik¸n idiot twn tou diaÔlou.
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ABSTRACT

The present thesis deals with a number of issues related to the physical and
MAC layers of fixed broadband wireless access (BWA) networks operating in the
10-66GHz spectral range. The recent release of the broadband wireless standards
IEEE 802.16 and ETSI BRAN HIPERACCESS signified a growth period for these
networks to profit from the advantages of wireless communications in metropolitan
area networks (MAN).

Chapter 1 of the thesis provides an introduction on the recent technological
and standardization developments of broadband wireless access technologies. Next,
propagation in frequency bands above 10GHz is studied by separating the influence
of the atmosphere and the environment a fixed wireless network is deployed. This
is supplemented by many prediction models reproduced from the literature and the
ITU-R Recommendations. Emphasis is given on describing a physical statistical
model for rain fading, which constitutes the dominant factor degrading the perfor-
mance of the high frequency segment of fixed BWA systems. Furthermore, Chapter 3
investigates the various fade mitigation techniques (FMT) to combat channel fading.
FMTs are separated into three general categories, that is, power control, adaptive
modulation and coding and diversity. For the latter, two new methods are described
for predicting its performance under heavy and stratiform rain, respectively.

The rest of the chapters offer a radiocommunication analysis on intercell inter-
ference with respect to the multiple access scheme selected. Specifically, Chapter 4
is focused on conventional TDMA based BWA networks in the frame of the distinct
cellular characteristics this type of networks exhibit. Despite that multipath is less
important for the system under study, Chapter 5 introduces CDMA as an alterna-
tive access option for the 10-66GHz segment of BWA networks motivated by the
improved performance in terms of intercell interference, at least for the link from
the subscriber to the base station (upstream). In both cases, a statistical assess-
ment of intercell interference is carried out by taking into account rain fading for
the desired and the interfering signals. For the opposite direction of transmission
(downstream), Chapter 6 proposes a combination of multirate techniques includ-
ing multicode-CDMA and variable spreading factor-CDMA employed in a modified
fashion to control the interference throughout the sector. The performance of the
proposed code assignment scheme is tested both analytically and through a com-
prehensive simulation of the dynamic properties of the channel.
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Kat�logoc Suntm sewn

t.m. : tuqaÐa metablht 
AC : Adaptive Coding
ACI : Adjacent Channel Interference
ACM : Adaptive Coding Modulation
AIP : Acceptable Interference Probability
AM : Adaptive Modulation
APC : Automatic Power Control
ATM : Asynchronous Transfer Mode
BER : Bit Error Ratio
BPSK : Binary Phase Shift Keying
BRAN : Broadband Radio Access Networks
BS : Base Station
BWA : Broadband Wireless Access
CARS : Cable TV Relay Service
CBR : Constant Bit Rate
CCI : Cochannel Interference
CDMA : Code Division Multiple Access
CIR : Carrier-to-Interference Ratio
CNR : Carrier-to-Noise Ratio
CPE : Customer Premises Equipment
CRABS : Cellular Radio Access for Broadband Services
CSD : Cell-Site Diversity
CSMA : Collision Sense Multiple Access
DAVIC : Digital Audio Video Council
DEM : Digital Elevation Model
DEMS : Digital Electronic Messaging Service
DRR : Data Rate Reduction
DS : Direct Sequence
DSL : Digital Subscriber Line
DVB-S : Digital Video Broadcasting-Satellite
ECMWF : European Center of Medium-range Weather Forecast
EIRP : Effective Isotropic Radiated Power
ESA : European Space Agency
FCC : Federal Communication Commission
FCM : Fade Counter-Measures
FDD : Frequency Division Duplex
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FEC : Forward Error Correction
FMT : Fade Mitigation Techniques
FTP : File Transfer Protocol
GFR : Guaranteed Frame Rate
HFC : Hybrid Fiber Coax
HIPER : High Performance
HPA : High Power Amplifier
HPBW : Half Power Beam Width
IBS : Interfering Base Station
IMT2000 : International Mobile Telecommunications-2000
ISS : Interfering Subscriber Station
ITU : International Telecommunications Union
LMDS : Local Multipoint Distribution Service
LOS : Line-Of-Sight
LMSC : LAN/MAN Standards Committee
MAC : Medium Access Control
MAI : Multiple Access Interference
MC : Multicode
MIMO : Multiple Input Multiple Output
MMDS : Microwave Multipoint Distribution Service
MUD : Multi-User Detection
NLOS : Non Line-of-Sight
OFDM : Orthogonal Frequency Division Multiplexing
OFDMA : Orthogonal Frequency Division Multiple Access
OP : Outage Probability
OVSF : Orthogonal VSF
PDU : Protocol Data Unit
PMP : Point-to-Multipoint
PN : Pseudo-Noise
PON : Passive Optical Networks
PTP : Point-to-Point
QAM : Quadrature Amplitude Modulation
QPSK : Quadrature Phase Shift Keying
QoS : Quality-of-Service
RMS : Root-Mean Square
SC : Single Carrier
SD : Site Diversity
SDU : Service Data Unit
SS : Subscriber Station
TCM : Trellis Coded Modulation
TDD : Time Division Duplex
TDM : Time Division Multiplex
TDMA : Time Division Multiple Access
UMTS : Universal Mobile Telecommunications System
UTRA : UMTS Terrestrial Radio Access



VCR : Variable Chip Rate
VSF : Variable Spreading Factor
VSG : Variable Spreading Gain
VSL : Variable Spreading Length
WCDMA : Wideband CDMA
Wi-Fi : Wireless Fidelity
WiMAX : worldwide interoperability for microwave access
WH : Walsh-Hadamard
XPD : Cross Polarization Discrimination
XPI : Cross Polarization Isolation
XPIC : Cross Polarization Interference Canceler





Kef�laio 1

TeqnologÐec kai Prìtupa

Stajer¸n DiktÔwn BWA

1.1 Genik�

Ta stajer� dÐktua BWA apoteloÔn proðìn thc t�shc pou parathreÐtai teleutaÐa

sthn agor� thlepikoinwni¸n gia paroq  euruzwnik c prìsbashc (broadband access)

ston telikì qr sth. H t�sh aut , pou ofeÐletai prwtÐstwc sth diark  aÔxhsh twn

apait sewn twn qrhst¸n gia uphresÐec DiadiktÔou (Internet), eÐqe wc apotèlesma thn

an�ptuxh enallaktik¸n teqnologi¸n pou ulopoioÔntai eÐte ensÔrmata eÐte asÔrmata.

Sthn kathgorÐa twn ensÔrmatwn teqnologi¸n an koun ta pajhtik� optik� dÐktua

PON (Passive Optical Networks), ta omoaxonik� sust mata me qr sh kalwdiak¸n

(cable) modem, ta ubridik� optik�-omoaxonik� dÐktua HFC (Hybrid Fiber Coax) kai

oi di�forec ekdìseic yhfiak¸n gramm¸n sundromht  xDSL (Digital Subscriber Line).

Sthn kathgorÐa twn asÔrmatwn teqnologi¸n, ektìc apì ta dÐktua BWA, up�rqei h

dunatìthta stajer c asÔrmathc euruzwnik c prìsbashc eÐte mèsw dorufìrwn, me

qarakthristikìtero antiprìswpo thn oikogèneia protÔpwn DVB-S (Digital Video

Broadcasting via Satellite), eÐte mèsw asÔrmatwn topik¸n diktÔwn Wi-Fi (prìtupo

IEEE 802.11).

Molonìti ta anwtèrw sust mata eÐnai antagwnistik� metaxÔ touc kaj¸c apeujÔ-

nontai sto Ðdio tm ma thc agor�c thlepikoinwni¸n, sthn pr�xh, oi periorismoÐ/ pleone-

kt mata tou kajenìc xeqwrist� ta kajistoÔn, se pollèc peript¸seic, sumplhrw-

matik�, me dunatìthtec par�llhlhc an�ptuxhc   sunèrgeiac. Eidikìtera, ta stajer�

1
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dÐktua BWA ekmetalleÔontai th dunatìthta exuphrèthshc meg�lwn gewgrafik¸n pe-

rioq¸n pou prosfèrei h asÔrmath prìsbash, qwrÐc na apaitoÔntai shmantikèc ependÔ-

seic se upodomèc, se antÐjesh me tic antÐstoiqec ensÔrmatec teqnologÐec. Gia ton Ðdio

lìgo, h antapodotikìthta twn diktÔwn BWA gia ton thlepikoinwniakì p�roqo eÐnai

sqedìn �mesh, afoÔ o qrìnoc pou mesolabeÐ apì thn arqik  egkat�stash tou diktÔou

mèqri thn apìsbesh thc epèndushc tou apaitoÔmenou exoplismoÔ eÐnai polÔ mikrìc.

'Ena prìsjeto pleonèkthma thc teqnologÐac euruzwnik c asÔrmathc prìsbashc eÐnai

ìti h egkat�stash tou diktÔou gÐnetai qwrÐc na diatar�ssetai to fusikì kai anjr¸-

pino perib�llon, en¸, genik�, qarakthrÐzetai wc klimakwt  (scalable) arqitektonik 

afoÔ epekteÐnetai an�loga me th z thsh.

Se sqèsh me th suqnìthta leitourgÐac, h pr¸th geni� diktÔwn BWA se suqnìth-

tec k�tw twn 10GHz anafèretai suqn� me thn emporik  onomasÐa MMDS (Microwave

Multipoint Distribution Services), en¸, se suqnìthtec �nw twn 10GHz me thn ono-

masÐa LMDS (Local Multipoint Distribution Services) [Sar99]. Ta dÐktua MMDS

pou anaptÔqjhkan kurÐwc stic HPA, prosfèroun sun jwc eÔrh z¸nhc thc t�xhc

twn 100-150MHz perÐ thn kentrik  suqnìthta 2.5GHz. Ta antÐstoiqa megèjh sta

dÐktua LMDS eÐnai shmantik� auxhmèna: to prosferìmeno eÔroc z¸nhc mporeÐ na

uperbeÐ to 1.5GHz kai, an�loga me thn politik  ekq¸rhshc suqnot twn thc k�je

q¸rac, h kentrik  suqnìthta leitourgÐac mporeÐ, metaxÔ �llwn, na entopÐzetai sta

28GHz, 30GHz   40GHz. Shmei¸netai ìti h paroÔsa didaktorik  diatrib  èqei wc

basikì antikeÐmenì thc ta dÐktua BWA pou leitourgoÔn se qiliostometrik� m kh kÔ-

matoc. Wc ek toÔtou, sta epìmena, qrhsimopoioÔntai kat� perÐptwsh oi ìroi BWA,

ìtan anafèrontai qarakthristik� pou eÐnai anex�rthta apì th suqnìthta leitourgÐac

tou diktÔou kai LMDS, ìtan anafèrontai rht� suqnìthtec �nw twn 10GHz. Sthn

Enìthta 1.2 dÐdetai to kanonistikì plaÐsio thc ekq¸rhshc f�smatoc gia ta stajer�

dÐktua asÔrmathc prìsbashc.

H pr¸th geni� diktÔwn LMDS sqedi�sjhke me kÔrio skopì th dianom  yhfiak c

thleìrashc (digital TV), diadrastik c thleìrashc (interactive TV) me emporikèc

efarmogèc tÔpou e-commerce kai efarmogèc video me b�sh ta protÔpa DVB kai

DAVIC (Digital Audio Video Council) [Nor00]. Wstìso, h antapìkrish apì thn

pleur� twn sundromht¸n den  tan h anamenìmenh kai h teqnologÐa LMDS pèrase

se deÔtero pl�no. Nèa ¸jhsh sta dÐktua BWA prosèfere h ter�stia z thsh gia
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euruzwnikèc uphresÐec IP (Internet Protocol) [Mah01] kaj¸c to prosferìmeno eÔroc

z¸nhc eÐnai kat�llhlo gia thn exuphrèthsh efarmog¸n DiadiktÔou. Orismènec ka-

jierwmènec uphresÐec   efarmogèc pou eunooÔn thn eureÐa qr sh tou DiadiktÔou eÐnai

[And03]:

� To hlektronikì taqudromeÐo (e-mail)

� H plo ghsh ston Pagkìsmio Istì (web-browsing)

� H metafor� arqeÐwn mèsw FTP (File Transfer Protocol)

� H ro  arqeÐwn  qou (Audio Files Streaming)

� H ro  arqeÐwn video (Video Files Streaming)

� H met�dosh fwn c p�nw apì IP (Voice over IP, VoIP)

Sto plaÐsio autì, shmantikì b ma gia thn eureÐa emporeumatopoÐhsh twn diktÔwn

BWA up rxe kai h prìsfath èkdosh twn protÔpwn IEEE 802.16 WirelessMAN

[IEEE04] kai ETSI BRAN HIPERACCESS [HIP02]. Gia th sÔgklish twn dÔo pro-

tÔpwn kai thn omal  ulopoÐhs  touc, èqei sustajeÐ to WiMAX1 fìroum. Sthn

Enìthta 1.3 paratÐjetai mia episkìphsh twn diajèsimwn prwtokìllwn asÔrmathc eu-

ruzwnik c prìsbashc apì touc dÔo autoÔc organismoÔc, en¸ h Enìthta 1.4 parousi�zei

thn arqitektonik  tou fusikoÔ str¸matoc kai tou str¸matoc MAC gia to dhmofilèc

IEEE 802.16.

H teqnologÐa BWA basÐzetai se kuyelwt� dÐktua shmeÐou-proc -pollapl� shmeÐa

(point-to-multipoint, PMP), ìpou wc stajmìc b�shc (Base Station, BS) thc k�je

kuyèlhc epilègetai èna uyhlì ktÐrio, sthn koruf  tou opoÐou egkajÐstatai h keraÐa.

Sto azimoujiakì epÐpedo, oi keraÐec twn stajm¸n b�shc diajètoun meg�lo gwniakì

eÔroc dèsmhc (beamwidth) pou kumaÐnetai apì 360◦ èwc 360◦/S, ìpou S eÐnai o ari-

jmìc twn tomèwn (sectors) an� kuyèlh. AntÐstoiqa, oi sundromhtèc mporeÐ na eÐnai

oikiakoÐ   mikrèc/mesaÐec epiqeir seic, stouc stajmoÔc twn opoÐwn (Subscriber Sta-

tion, SS), o exoplismìc CPE (Customer Premises Equipment) apoteleÐtai apì thn

keraÐa, thn exwterik  mon�da (Outdoor Unit) kai thn eswterik  mon�da (Indoor U-

nit). Se antÐjesh me ta dÐktua kinht¸n epikoinwni¸n, sta stajer� dÐktua BWA h
1Worldwide interoperability for microwave access.
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keraÐa tou sundromht  qarakthrÐzetai apì polÔ stenì eÔroc dèsmhc pou kumaÐnetai

apì 2◦ èwc 10◦, ¸ste o SS na skopeÔei apokleistik� ton BS apì ton opoÐo exuphreteÐ-

tai. Epiplèon, oi timèc thc aktÐnac k�je kuyèlhc kumaÐnontai apì 1Km èwc 5Km. Sto

Sq ma 1.1 parousi�zetai mia tupik  eikìna tou trìpou epikoinwnÐac twn BS me touc

sundromhtèc. Mia anaskìphsh twn kuyelwt¸n arqitektonik¸n pou èqoun protajeÐ

sth diejn  bibliografÐa pragmatopoieÐtai sthn Enìthta 1.5.

1.2 Jèmata Ekq¸rhshc F�smatoc

H rÔjmish tou f�smatoc radioepikoinwni¸n se pagkìsmia klÐmaka me stìqo th dÐkai-

h kai apodotik  qr sh tou eÐnai armodiìthta thc DiejnoÔc 'Enwshc Thlepikoinw-

ni¸n (International Telecommunications Union, ITU) [ITU06]. To diajèsimo f�-

sma gia thn ulopoÐhsh stajer¸n diktÔwn BWA antistoiqeÐ eÐte se adeiodothmènec

suqnìthtec eÐte se suqnìthtec pou exairoÔntai adeiodìthshc. Genik�, oi adeiodoth-

mènec suqnìthtec prosfèroun prostasÐa apì parembolèc lìgw tou ìti k�je nèa

ekq¸rhsh prèpei na summorf¸netai me sugkekrimènec prodiagrafèc pou periorÐzoun

thn parembol  proc ta geitonik� se leitourgÐa sust mata, dhlad  proc ekeÐna ta

sust mata pou leitourgoÔn se kontin  apìstash kai se koinì tm ma tou f�smatoc.

AntÐjeta, oi suqnìthtec pou exairoÔntai adeiodìthshc den upìkeintai se parìmoiec

prodiagrafèc. ApaiteÐtai, ìmwc, h ekpomp  na periorÐzetai se qamhl� epÐpeda isqÔoc

¸ste na apofeÔgontai oi parembolèc.

PagkosmÐwc, up�rqoun di�forec z¸nec suqnot twn pou mporoÔn na qrhsimopoi-

hjoÔn apì adeiodothmèna asÔrmata euruzwnik� sust mata. Sto plaÐsio twn odhgi¸n

Sq ma 1.1: TupikoÐ StajmoÐ B�shc kai Sundromht  se sust mata LMDS.
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thc ITU, oi di�forec q¸rec mporoÔn na epilèxoun   ìqi thn adeiodìthsh twn sqetik¸n

suqnot twn sthn epikr�tei� touc. Lìgw twn diafor¸n stic mejìdouc aponom c twn

suqnot twn apì ta di�fora kr�th, stouc PÐnakec 1.1 kai 1.2 parousi�zontai endei-

ktik� oi adeiodothmènec suqnìthtec gia prìsbash sth stajer  uphresÐa stic HPA

kai thn Eur¸ph, antÐstoiqa.

Gia ta sust mata pou leitourgoÔn stic sugkekrimènec suqnìthtec, ektìc apì tic

apait seic gia thn apìkthsh �deiac, se k�je z¸nh suqnot twn prèpei na ikanopoioÔ-

ntai austhr� teqnik� krit ria me stìqo thn elaqistopoÐhsh twn parembol¸n metaxÔ

twn susthm�twn pou leitourgoÔn se koinì f�sma suqnot twn. Prèpei, epÐshc, na

diasfalÐzetai ìti h fasmatik  apìdosh (spectrum efficiency) tou upì egkat�stash

sust matoc dikaiologeÐ thn kat�lhyh tou f�smatoc ¸ste autì na mh spatal�tai. Oi

teqnikèc prodiagrafèc aforoÔn, sun jwc, paramètrouc pou emplèkoun thn el�qisth

kai th mègisth isqÔ ekpomp c, th fasmatik  apìdosh tou sq matoc diamìrfwshc

kaj¸c kai austhr� prìtupa gia ta diagr�mmata aktinobolÐac, ìtan qrhsimopoioÔntai

kateujuntikèc keraÐec.

Apì thn �llh pleur�, parathreÐtai èna diark¸c auxanìmeno endiafèron gia ek-

met�lleush twn suqnot twn pou exairoÔntai adeiodìthshc. O basikìc lìgoc eÐnai

ìti epitrèpoun stouc qr stec thc asÔrmathc uphresÐac na qrhsimopoioÔn emporik�

diajèsima modem gia th sÔndes  touc me to sÔsthma. Wstìso, oi suqnìthtec autèc,

apì kanonistik  �poyh, den prosfèroun prostasÐa ènanti twn parembol¸n, ektìc

apì thn anoq  sthn parembol  pou èqei epitÔqei kat� to sqediasmì thc suskeu c

o Ðdioc o kataskeuast c. Epeid  h sqetik  dieisdutikìthta twn susthm�twn aut¸n

up rxe mèqri s mera qamhl , h anamenìmenh poiìthta uphresi¸n (Quality-of-Service,

QoS), ìtan meg�lo pl joc qrhst¸n antagwnÐzetai na katal�bei ton koinì pìro

dhmiourg¸ntac sunj kec ektetamènhc parembol c, apomènei na dokimasjeÐ. Tupikèc

z¸nec suqnot twn pou exairoÔntai adeiodìthshc kai eÐnai diajèsimec s mera stic HPA

kai thn Eur¸ph gia stajerèc asÔrmatec uphresÐec, eÐnai oi z¸nec 2.4-2.483GHz, 5.15-

5.35GHz, 5.470-5.725GHz kai 5.725-5.825GHz.
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PÐnakac 1.1: Adeiodothmènec z¸nec suqnot twn gia qr sh apì stajer� asÔrmata dÐktua

stic HPA.

Z¸nh Suqnot twn (GHz) Qr sh

2.150-2.156 Kan�li 6MHz gia uphresÐec MMDS

2.156-2.162 Kan�li 6MHz gia uphresÐec MMDS

2.156-2.160 Kan�li 4MHz gia uphresÐec MMDS

2.500-2.690 31 Kan�lia twn 6MHz pou moir�zontai metaxÔ twn uphresi¸n

MMDS kai ITFS (Instructional Television Fixed Service)

3.8-4.2 Z¸nh suqnot twn gia sust mata shmeÐou-proc

-shmeÐo (point-to-point, PTP)

5.9-7.1 Z¸nh suqnot twn gia sust mata PTP

10.7-11.7 Z¸nh suqnot twn gia sust mata PTP

12.7-13.25 Z¸nh suqnot twn gia sust mata CARS (Cable TV Relay Service)

17.7-18.820 Moir�zetai metaxÔ twn susthm�twn CARS kai PTP

24.25-25.25 Z¸nh suqnot twn gia sust mata DEMS

(Digital Electronic Messaging Service). Perilamb�nei 5× 40MHz

kan�lia FDD (Frequency Division Duplex)

28 Z¸nh suqnot twn gia sust mata LMDS

H z¸nh A perilamb�nei ta mplok 27.5-28.35GHz,

29.10-30.25GHz kai 31.075-31.225GHz.

H z¸nh B perilamb�nei ta mplok 31.0-31.075GHz,

kai 31.225-31.3GHz.

38 Kan�lia FDD twn 50MHz stic

z¸nec 38.6-38.95GHz kai 39.3-39.65GHz
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PÐnakac 1.2: Adeiodothmènec z¸nec suqnot twn gia qr sh apì stajer� asÔrmata dÐktua

sthn Eur¸ph.

Z¸nh Suqnot twn (GHz) Qr sh

3.4-3.6 QrhsimopoioÔntai z¸nec prostasiac twn 50   100MHz

3.8-4.2 Z¸nh suqnot twn dhmìsiou parìqou gia uyhl c

qwrhtikìthtac zeÔxeic PTP

5.9-7.1 Z¸nh suqnot twn dhmìsiou parìqou gia uyhl c

qwrhtikìthtac zeÔxeic PTP

7.1-8.5 Z¸nh suqnot twn dhmìsiou parìqou gia mesaÐac kai

uyhl c qwrhtikìthtac zeÔxeic PTP meg�lou m kouc

10.15-10.65 Perilamb�nei 5× 40MHz kan�lia

10.7-11.7 Z¸nh suqnot twn dhmìsiou parìqou gia uyhl c

qwrhtikìthtac zeÔxeic PTP

12.7-13.3 Z¸nh suqnot twn dhmìsiou parìqou qamhl c kai

mesaÐac qwrhtikìthtac

14.4-15.4 Z¸nh suqnot twn gia diafìrwn eid¸n sust mata

stajer c uphresÐac

17.7-19.7 Z¸nh suqnot twn dhmìsiou parìqou qamhl c kai

mesaÐac qwrhtikìthtac

21.2-23.6 Z¸nh suqnot twn dhmìsiou parìqou gia uyhl c

qwrhtikìthtac zeÔxeic PTP

24.5-26.5 Z¸nh suqnot twn ETSI-26GHz. Kan�lia

FDD twn 3.5 èwc 112MHz

37.5-39.5 Z¸nh suqnot twn koinoÔ fèrontoc gia sust mata PTP
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1.3 Teqnik� Prìtupa

To pr¸to di�sthma egkat�stashc stajer¸n euruzwnik¸n asÔrmatwn susthm�twn,

apoteloÔmenwn kurÐwc apì mikrokumatikèc PTP zeÔxeic, h kurÐarqh t�sh  tan ta

sust mata na summorf¸nontai me èna el�qisto kanonistikì plaÐsio all�, kat� ta

�lla, na qrhsimopoioÔn idiìkthtec mejìdouc (proprietary). M�lista, h prosèg-

gish aut  od ghse se shmantikèc kainotomÐec ston exoplismì pou proorÐzetai gia

qr sh apì stajerèc zeÔxeic. Se pollèc rujmistikèc arqèc, kai eidik� ston organismì

FCC (Federal Communications Commission), up rqe h boÔlhsh na elaqistopoioÔ-

ntai oi teqnikèc prodiagrafèc gia ton èlegqo thc parembol c metaxÔ twn parìqwn,

me tic leptomèreiec thc met�doshc na af nontai stouc Ðdiouc. Gia par�deigma, aut 

eÐnai h perÐptwsh tou plaisÐou pou isqÔei gia ta sust mata LMDS stic HPA, ìpou oi

adeiodothmènoi p�roqoi epilègoun thn teqnologÐa pou ekeÐnoi epijumoÔn kat� thn u-

lopoÐhsh tou sust matoc. EntoÔtoic, h an�gkh protupopoÐhshc twn di�forwn susth-

m�twn exakoloujeÐ na up�rqei, idiaÐtera ekeÐnwn twn opoÐwn oi uphresÐec apeujÔnontai

proc èna meg�lo arijmì emporik¸n kai oikiak¸n qrhst¸n pou diaskorpÐzontai tuqaÐ-

a sto eswterikì thc perioq c exuphrèthshc. 'Etsi, me thn eisagwg  leptomer¸n

protÔpwn epitugq�nontai dÔo shmantik� ofèlh [And03]:

• H kataskeu  meg�lou arijmoÔ protupopoihmènwn suskeu¸n apì tic antagw-

nizìmenec epiqeir seic, gegonìc pou mei¸nei drastik� thn tim  touc.

• Se sqèsh me to prohgoÔmeno, h auxhmènh prwtoboulÐa apì pleur�c parìqwn

gia thn an�ptuxh protupopoihmènwn susthm�twn kaj¸c aut� basÐzontai se

oikonomikìtero exoplismì kai, sunep¸c, diajètoun eurÔterh pelateiak  b�sh.

Sth sunèqeia, pragmatopoieÐtai mia sunoptik  perigraf  twn drasthriot twn pro-

tupopoÐhshc kaj¸c kai twn sunaf¸n organism¸n prokeimènou gia stajer� euruzwnik�

asÔrmata sust mata. Perissìterec leptomèreiec gia to prìtupo IEEE 802.16 pou

apasqoleÐ idiaÐtera thn paroÔsa diatrib  dÐdontai sthn Enìthta 1.4.

1.3.1 H oikogèneia protÔpwn IEEE 802.11

H Om�da ErgasÐac IEEE 802.11 [IEEE11] eÐnai tm ma thc Epitrop c IEEE 802 LMSC

(LAN/MAN Standards Committee), h opoÐa leitourgeÐ upì thn aigÐda tou Insti-

toÔtou IEEE (Institute of Electrical and Electronics Engineers).
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To pr¸to prìtupo IEEE 802.11 gia asÔrmata dÐktua sth z¸nh suqnot twn 2.4GHz

prosèfere rujmoÔc dedomènwn thc t�xhc tou 1-2Mbps. Oi rujmoÐ autoÐ  tan shma-

ntik� qamhlìteroi se sqèsh me thn oikonomikìterh ensÔrmath lÔsh twn diktÔwn

Ethernet se taqÔthtec 10   100Mbps. Gia thn aÔxhsh tou rujmoÔ met�doshc tou

sugkekrimènou asÔrmatou diktÔou xekÐnhsan dÔo nèa progr�mmata.

To prìgramma IEEE 802.11a xekÐnhse to 1997 kai oloklhr¸jhke to 1999 epitugq�-

nontac rujmoÔc met�doshc mèqri 54Mbps. Afor� th z¸nh suqnot twn 5GHz, h opoÐa

eÐnai ligìtero epbarumènh se sqèsh me th z¸nh 2.4GHz kai problèpei th qr sh dia-

mìrfwshc OFDM (Orthogonal Frequency Division Multiplexing) twn 52 ferìntwn.

To sunolikì eÔroc z¸nhc kanalioÔ eÐnai 20MHz.

EpÐshc, to 1999 oloklhr¸jhke kai ekdìjhke to IEEE 802.11b pou apoteleÐ

tropopoÐhsh tou arqikoÔ protÔpou. Epitugq�nei taqÔthtec èwc 11Mbps me qr sh

thc exairoÔmenhc apì adeiodìthsh z¸nhc twn 2.4GHz. SÔmfwna me to prìtupo

autì, h z¸nh diaireÐtai se èxi kan�lia twn 15MHz. H st�jmh isqÔoc pou ekpè-

mpetai apì suskeuèc 802.11b periorÐzetai se epÐpeda mW, en¸ apaiteÐtai h qr sh thc

teqnologÐac met�doshc exaplwmènou f�smatoc (spread spectrum) gia th meÐwsh thc

pijan c parembol c proc touc upìloipouc qr stec. H prìsbash pollapl¸n qrhst¸n

pragmatopoieÐtai mèsw thc teqnik c CSMA (Collision Sense Multiple Access).

Ton IoÔnio tou 2003, epikur¸jhke to IEEE 802.11g, to plèon prìsfato prì-

tupo pou par gage h sugkekrimènh om�da ergasÐac me skopì na epitÔqei beltiwmè-

nouc rujmoÔc met�doshc sth z¸nh suqnot twn twn 2.4GHz, en¸ shmantikèc teqnikèc

prosp�jeiec èqoun gÐnei me stìqo na gÐnoun sumbatèc oi ekdìseic b kai g 2.

Tèloc, to IEEE 802.11n brÐsketai akìma se prokatarktikì st�dio kai anamène-

tai na dojeÐ sth dhmosiìthta to Noèmbrio tou 2007. O onomastikìc rujmìc met�-

doshc dedomènwn anamènetai na plhsi�zei ta 540Mbps, gegonìc pou ja to katast -

sei 50 forèc taqÔtero apì to 802.11b kai p�nw apì 10 forèc taqÔtero se sqèsh

me ta 802.11a kai 802.11g. H shmantik  aÔxhsh thc apìdoshc thc sugkekrimènhc

èkdoshc, basÐzetai, kat� kÔrio lìgo, sthn eisagwg  thc teqnik c MIMO (Multiple-

Input Multiple-Output), h opoÐa ekmetalleÔetai thn Ôparxh twn pollapl¸n kerai¸n

ston pompì kai to dèkth kai th qwrik  polÔplexh pou autèc dhmiourgoÔn kaj¸c

suzeugnÔontai metaxÔ touc.

2Wstìso, h parousÐa enìc kìmbou 802.11b mei¸nei th sunolik  epÐdosh tou diktÔou 802.11g.
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1.3.2 H oikogèneia protÔpwn IEEE 802.16

H Om�da ErgasÐac Euruzwnik c AsÔrmathc Prìsbashc IEEE 802.16 eÐnai kai aut 

tm ma thc IEEE 802 LMSC. Arqik  thc apostol   tan h sÔstash protÔpwn gia

stajer� sust mata BWA pou leitourgoÔn �nw twn 10GHz, ìpwc eÐnai to DEMS

(24GHz), to LMDS (28GHz) kaj¸c kai gia sust mata pou qrhsimopoioÔn th z¸-

nh twn 38GHz. 'Ektote, h om�da ergasÐac èqei epekteÐnei tic drasthriìthtèc thc

sumperilamb�nontac tic suqnìthtec apì 2 èwc 11GHz. To prìtupo autì anafère-

tai me thn onomasÐa IEEE 802.16a kai h dhmosiopoÐhs  tou pragmatopoi jhke to

2003. To Ðdio ètoc, èlabe q¸ra kai mia tropopoÐhsh tou tm matoc 10-66GHz, ¸ste

na katasteÐ eukolìterh h dialeitourgikìthta thc asÔrmathc diepaf c (802.16c). Tè-

loc, h teleutaÐa èkdosh tou protÔpou to 2005 anafèretai wc 802.16e kai enswmat¸nei

th dunatìthta paroq c uphresi¸n DiadiktÔou se qamhl c taqÔthtac kinhtoÔc qr -

stec (p.q. pezoÐ qr stec). Shmei¸netai ìti ta tm mata tou protÔpou 10-66GHz kai

2-11GHz diajètoun koin  prodiagraf  gia to str¸ma MAC, en¸ diaforopoioÔntai

ìson afor� to fusikì str¸ma.

1.3.3 H oikogèneia protÔpwn ETSI BRAN

H epitrop  BRAN (Broadband Radio Access Networks) tou eurwpaðkoÔ organismoÔ

protupopoÐhshc ETSI (European Telecommunications Standardization Institute) è-

qei ekd¸sei di�fora prìtupa asÔrmathc prìsbashc sta plaÐsia thc seir�c HIPER

(HIgh PERformance):

• HIPERLAN/2 QarakthrÐzetai apì tic Ðdiec prodiagrafèc gia to fusikì str¸-

ma me to 802.11a diafèrontac, ìmwc, wc proc to str¸ma MAC lìgw thc

qr shc pollapl c prìsbashc TDMA antÐ gia CSMA. 'Opwc kai to 802.11a,

h leitourgÐa tou pragmatopoieÐtai sth z¸nh twn 5GHz kai gia rujmoÔc mèqri

54Mbps. To HIPERLAN/2 prwtodhmosieÔjhke to 2000 me thn prosp�jeia,

proc to parìn, na epikentr¸netai sth gefÔrws  tou me ta prìtupa IEEE kai

to prìtupo trÐthc geni�c kinht c thlefwnÐac IMT2000 (International Mobile

Telecommunications-2000).

• HIPERACCESS 'Eqei sqediasjeÐ wc parallag  tou HIPERLAN/2 gia PMP

dÐktua megalÔterhc klÐmakac me dunatìthta na prosfèrei rujmoÔc met�doshc
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èwc 25Mbps sth z¸nh 40.5-43.5GHz. MazÐ me to IEEE 802.16 WirelessMAN,

ta dÐktua pou an koun sto ETSI BRAN HIPERACCESS apoteloÔn to basikì

pedÐo efarmog c twn mejìdwn pou parousi�zontai sthn paroÔsa diatrib .

• HIPERMAN Afor� stajer� dÐktua BWA sto eÔroc 2-11GHz, ìpou h asÔr-

math diepaf  (air interface) èqei sqediasjeÐ me gn¸mona thn efarmog  se PMP

arqitektonikèc. To HIPERMAN qrhsimopoieÐ wc shmeÐo afethrÐac to prìtupo

802.16a.

• HIPERLINK Afor� zeÔxeic mikr c klÐmakac (mikrìterec twn 150m) kai uyh-

l c taqÔthtac (mèqri 155Mbps), me skopì th diasÔndesh twn diktÔwn HIPER-

MAN kai HIPERACCESS. Oi sqetikèc ergasÐec den èqoun oloklhrwjeÐ akìma.

1.3.4 To WiMAX fìroum

Basik  apostol  tou WiMAX fìroum eÐnai h pro¸jhsh thc egkat�stashc diktÔwn

BWA pou ja basÐzontai se èna pagkìsmio prìtupo kaj¸c kai h pistopoÐhsh thc

sumbatìthtac twn sunaf¸n proðìntwn kai teqnologi¸n. Apo thn apostol  tou

aut , gÐnetai fanerì ìti basikìc stìqoc tou WiMAX eÐnai h sÔgklish twn antÐs-

toiqwn protÔpwn pou èqoun ekdojeÐ apì touc organismoÔc IEEE kai ETSI, ìpwc

aut� parousi�sjhkan prohgoumènwc. Oi basikèc arqèc tou WiMAX fìroum sunoyÐ-

zontai sta ex c shmeÐa [WIM06]:

• H upost rixh tou protÔpou IEEE 802.16 stic suqnìthtec 2-66GHz.

• H prìtash enallaktik¸n profÐl prìsbashc gia di�forouc tÔpouc qrhst¸n se

sust mata IEEE 802.16.

• H eggÔhsh thc apaitoÔmenhc dialeitourgikìthtac (interoperability).

• H pro¸jhsh tou IEEE 802.16 me skopì thn pagkìsmia anagn¸rish kai uio-

jèths  tou.

• H exasf�lish thc anoikt c summetoq c gia k�je endiaferìmeno, anex�rthta an

proèrqetai apì th biomhqanÐa   ton akadhmaðkì q¸ro.

• H an�ptuxh prodiagraf¸n elègqou kai dokimastik¸n diadikasi¸n (baseline tests).
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1.4 Perigraf  tou IEEE 802.16 WirelessMAN

1.4.1 H AsÔrmath Diepaf  - Fusikì Str¸ma

10-66GHz � H sqedÐash twn epimèrouc leptomerei¸n tou fusikoÔ str¸matoc gia tic

suqnìthtec 10-66GHz ègine jewr¸ntac dedomènh thn Ôparxh optik c epaf c (Line-of-

Sight, LOS). Upì th sunj kh aut , h opoÐa sunep�getai ìti h di�dosh gÐnetai kuri¸c

mèsw thc apeujeÐac zeÔxhc (kai ìqi mèsw thc polÔodhc di�doshc tou s matoc), h

epilog  sqhm�twn diamìrfwshc pou qrhsimopoioÔn èna monadikì fèron (Single Car-

rier, SC)  tan autonìhth [Ekl02]. AntÐstoiqa, h sugkekrimènh asÔrmath diepaf 

onom�zetai WirelessMAN-SC. Lìgw thc arqitektonik c PMP, o BS metadÐdei sthn

proc ta k�tw zeÔxh (downstream) proc touc SS me polÔplexh diaÐreshc qrìnou (Time

Division Multiplexing, TDM), sÔmfwna me thn opoÐa h an�jesh qronik¸n sqism¸n

(time slots) stouc energoÔc SS pragmatopoieÐtai diadoqik� sto qrìno. H prìsbash

kat� thn proc ta �nw zeÔxh (upstream) apì touc pollaploÔc SS proc ton BS prag-

matopoieÐtai mèsw TDMA. 'Oson afor� thn amfidrìmhsh (duplexing), epilèqjhke

telik� èna sq ma pou epitrèpei tìso thn amfidrìmhsh me diaÐresh qrìnou (Time

Division Duplexing, TDD), ìpou oi dÔo kateujÔnseic ekpomp c qrhsimopoioÔn apì

koinoÔ ton Ðdio dÐaulo all� den ekpèmpoun tautìqrona, ìso kai thn amfidrìmhsh me di-

aÐresh suqnìthtac (Frequency Division Duplexing, FDD), ìpou oi dÔo kateujÔnseic

ekpomp c leitourgoÔn se diaforetikèc suqnìthtec, orismènec forèc kai tautìqrona.

Genik�, to fusikì str¸ma tou IEEE 802.16 WirelessMAN gia to eÔroc 10-66GHz

ekmetalleÔetai prosarmostikèc teqnikèc fusikoÔ str¸matoc -bl. Kef�laio 3- dhlad 

th dunatìthta anex�rththc rÔjmishc se k�je plaÐsio (frame) twn paramètrwn met�-

doshc tou SS, sumperilambanomènwn aut¸n thc diamìrfwshc kai thc kwdikopoÐhshc

(Adaptive Coding Modulation, ACM). To eÔroc z¸nhc diaÔlou prokajorÐzetai sta

25MHz, en¸ h morfopoÐhsh palmoÔ (pulse shaping) gÐnetai mèsw palm¸n anuywmènou

sunhmitìnou Nyquist me par�gonta diapl�tunshc (roll-off factor) 0.25. Par�llhla,

pragmatopoieÐtai tuqaiopoÐhsh (randomization) gia th fasmatik  morfopoÐhsh kai th

diasf�lish tou sugqronismoÔ.

Epistrèfontac sth dunatìthta efarmog c prosarmostik¸n teqnik¸n met�doshc,

gia th diìrjwsh sfalm�twn FEC (Forward Error Correction) èqei epilegeÐ h upo-

qrewtik  qr sh wc exwterikoÔ k¸dika thc kwdikopoÐhshc Reed-Solomon GF(256) me
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PÐnakac 1.3: Par�metroi FusikoÔ Str¸matoc gia thn oikogèneia protÔpwn IEEE 802.16.

802.16 802.16a-d 802.16e

Suqnìthtec 10-66GHz 2-11GHz 2-6GHz

Efarmog  DÐktuo KormoÔ AsÔrmato DSL Kinhtì DiadÐktuo

Sunj kec DiaÔlou LOS NLOS NLOS

Rujmìc Met�doshc 134Mbps 75Mbps 15Mbps

Diamìrfwsh QPSK, 16-QAM, OFDM, 256 fèronta Klimakwt  OFDMA

64-QAM QPSK, 16-, 64-QAM

KwdikopoÐhsh Reed-Solomon GF(256)

Reed-Solomon GF(256) \ Suneliktikìc k¸dikac (24,16)

Reed-Solomon GF(256) \ K¸dikac Elègqou IsotimÐac (9,8)

Mplok k¸dikac Turbo (proairetik�)

Qr stec StajeroÐ StajeroÐ KinhtoÐ

EÔroc Z¸nhc DiaÔlou 20, 25, 28MHz 1.5-25MHz 20, 25, 28MHz

AktÐna Kuyèlhc 1-5Km 6-10Km 1-5Km

metablhtì m koc mplok 3. O k¸dikac autìc sundu�zetai me èna eswterikì suneliktikì

k¸dika (convolutional code) gia thn auxhmènh prostasÐa twn krÐsimwn dedomènwn,

ìpwc eÐnai o èlegqoc twn plaisÐwn kai h arqik  prìsbash. Proairetik�, antÐ gia to

anwtèrw alusidwtì sq ma kwdikopoÐhshc, problèpetai h qr sh kwdikopoÐhshc Turbo

[Han02]. Oi dunatèc diamorf¸seic sÔmfwna me to 802.16 eÐnai h QPSK (Quadrature

Phase Shift Keying), h 16-QAM (16-state Quadrature Amplitude Modulation) kai

h 64-QAM (64-state QAM) gia th beltistopoÐhsh thc fasmatik c apìdoshc kat�

th di�rkeia eunoðk¸n sunjhk¸n sto dÐaulo. Sthn perÐptwsh pou to teleutaÐo mplok

FEC den sumplhrwjeÐ pl rwc, perikìptetai (shortening), diadikasÐa h opoÐa elègqe-

tai apì ton BS mèsw twn qart¸n met�doshc proc ta �nw zeÔxhc (UL-MAP) kai proc

ta k�tw zeÔxhc (DL-MAP). SÔnoyh twn prohgoÔmenwn qarakthristik¸n parousi�ze-

tai sthn pr¸th st lh tou PÐnaka 1.3.

2-11GHz � Sto tm ma tou protÔpou IEEE 802.16 WirelessMAN pou afor� th

z¸nh suqnot twn 2-11GHz, orÐzontai treic enallaktikèc asÔrmatec diepafèc, kajemÐa

3Prokeimènou na parèqetai metablht  dunatìthta diìrjwshc sfalm�twn.
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apì tic opoÐec parèqei thn aparaÐthth dialeitourgikìthta. H prodiagraf  tou fusikoÔ

str¸matoc se autèc tic suqnìthtec proèkuye apì thn an�gkh gia exuphrèthsh perio-

q¸n thc kuyèlhc pou den diajètoun optik  epaf  (Non Line-of-Sight, NLOS) [Ges02].

Lamb�nontac upìyh tic oikiakèc efarmogèc thc teqnologÐac BWA, eÐnai pijanì oi o-

rofèc twn ktirÐwn na mh diajètoun to aparaÐthto Ôyoc prokeimènou na exasfalÐzetai h

optik  epaf . Thn kat�stash aut  epiteÐnei kai h parempìdish, genik�, apì bl�sthsh

kai, idiaÐtera, apì dèndra. Se aut  thn perÐptwsh, anamènetai shmantikì mèroc thc

di�doshc na pragmatopoieÐtai mèsw polÔodhc di�doshc (multipath) -bl. Kef�laio 2-.

Oi treic asÔrmatec diepafèc pou kajorÐzontai apì to prìtupo eÐnai:

• WirelessMAN-SC2, h opoÐa k�nei qr sh diamìrfwshc monadikoÔ fèrontoc.

• WirelessMAN-OFDM, h opoÐa k�nei qr sh OFDM256 ferìntwn, en¸ h pol-

lapl  prìsbash gÐnetai mèsw TDMA [Kof02]. H sugkekrimènh asÔrmath diepaf 

eÐnai upoqrewtik  gia z¸nec suqnot twn pou exairoÔntai adeiodìthshc ¸ste na

amblÔnontai ta fainìmena parembol¸n.

• WirelessMAN-OFDMA, h opoÐa k�nei qr sh OFDMA (Orthogonal Frequency

Division Multiple Access) me metasqhmatismì twn 2048 shmeÐwn. SÔmfwna me to

sÔsthma autì, h pollapl  prìsbash epitugq�netai anajètontac èna uposÔnolo

twn pollapl¸n ferìntwn se k�je dèkth.

Apì tic dÔo anwtèrw ekdoqèc tou sq matoc OFDM, h pr¸th stoqeÔei se ligìtero

exezhthmènec efarmogèc se mikrèc apost�seic. QrhsimopoieÐ thn teqnik  FFT (Fast

Fourier Transform) twn 256 shmeÐwn, èna b ma peraitèrw se sqèsh me to 802.11a pou

qrhsimopoieÐ 64 fèronta. 'Ola ta fèronta metadÐdontai tautìqrona. Ta dedomèna thc

zeÔxhc downstream metadÐdontai wc dedomèna TDM, en¸ to plaÐsio thc zeÔxhc up-

stream akoloujeÐ TDMA. Sthn OFDMA ekdoq  thc, h asÔrmath diepaf  basÐzetai

sthn teqnik  FFT twn 2048 ferìntwn ta opoÐa qwrÐzontai se epimèrouc diaÔlouc.

Sth zeÔxh downstream, oi epimèrouc dÐauloi qrhsimopoioÔntai gia th di�krish twn

dedomènwn se logik� reÔmata (logical stream) me diaforetikèc diamorf¸seic kai kw-

dikopoi seic an�loga me ta qarakthristik� tou diaÔlou. Sth zeÔxh upstream, oi

epimèrouc dÐauloi qrhsimopoioÔntai gia thn pollapl  prìsbash.

'Enac epimèrouc dÐauloc (upo-dÐauloc) apoteleÐ uposÔnolo tou sunolikoÔ arij-

moÔ ferìntwn. Prokeimènou na metriasjoÔn oi epilektikèc dialeÐyeic wc proc th
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suqnìthta (frequency selective fading), ta fèronta tou k�je upo-diaÔlou apl¸nontai

se olìklhro to diajèsimo f�sma. O q¸roc ton opoÐo mporoÔn na katal�boun ta

fèronta qwrÐzetai se NG om�dec. K�je om�da perilamb�nei NE suneqìmena fèronta.

O upo-dÐauloc apoteleÐtai apì èna stoiqeÐo (fèron) apì k�je om�da pou anatÐjetai se

aut  mèsw miac yeudotuqaÐac diadikasÐac pou basÐzetai se antimetajèseic, ètsi ¸ste

to NG na sumbolÐzei kai to pl joc twn stoiqeÐwn an� upo-dÐaulo. Gia N = 2048,

gia th zeÔxh downstream isqÔei NG = 48 kai NE = 32, en¸ gia th zeÔxh upstream

èqoume NG = 53 kai NE = 32, afoÔ afairejoÔn ta pilotik� fèronta [Kof02].

Ousiastik�, h arq  thc OFDMA sunÐstatai sthn apì koinoÔ qr sh tou q¸rou

FFT apì diaforetikoÔc qr stec sth zeÔxh upstream. O qwrismìc se epimèrouc

diaÔlouc apoteleÐ mia morf  FDMA, ìpou o sundromht c qrhsimopoieÐ to 1/NE =

1/32 apì to diajèsimo eÔroc z¸nhc tou kanalioÔ gia met�dosh OFDMA twn 2048

ferìntwn. Oi upìloipec dÔo st lec tou PÐnaka 1.3 anafèrontai stic paramètrouc

tou fusikoÔ str¸matoc gia tic suqnìthtec 2-11GHz.

1.4.2 Pollapl  Prìsbash - Str¸ma MAC

To prwtìkollo MAC tou protÔpou IEEE 802.16 èqei sqediasjeÐ gia euruzwnikèc

efarmogèc asÔrmathc prìsbashc PMP me skopì na ikanopoihjoÔn apait seic uyhloÔ

rujmoÔ met�doshc dedomènwn tìso sth zeÔxh upstream (proc to stajmì b�shc) ìso

kai sth zeÔxh downstream (apì to stajmì b�shc). To sq ma prìsbashc kai oi

algìrijmoi an�jeshc eÔrouc z¸nhc epibarÔnontai lìgw thc exuphrèthshc ekatont�-

dwn termatik¸n an� dÐaulo, ìpou to k�je termatikì endeqomènwc moir�zetai an�mesa

se polloÔc telikoÔc qr stec. M�lista, ìpwc perigr�fhke sthn eisagwgik  enìthta,

oi uphresÐec pou zhtoÔn oi telikoÐ qr stec kumaÐnontai apì tic sumbatikèc efar-

mogèc TDM (met�dosh fwn c kai dedomènwn), mèqri efarmogèc diasÔndeshc mèsw IP

(gia par�deigma, uphresÐa VoIP). Gia na uposthrÐxei aut  thn plhj¸ra uphresi¸n,

to str¸ma MAC tou 802.16 prèpei na exuphreteÐ tìso kÐnhsh suneqoÔc ìso kai

kataigistikoÔ (bursty) qarakt ra. Gia to lìgo autì, prosfèrei mia eureÐa poikilÐa

uphresi¸n, se antistoiqÐa me tic kathgorÐec uphresi¸n pou prosfèrei to prwtìkollo

ATM (Asynchronous Transfer Mode) kaj¸c kai nèec kathgorÐec uphresi¸n ìpwc h

GFR (Guaranteed Frame Rate) [Ekl02].

To prwtìkollo MAC tou 802.16 uposthrÐzei, epÐshc, di�forec apait seic kÐnhshc
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kormoÔ (backhaul) pou basÐzontai tìso sto ATM (metagwg  kukl¸matoc) ìso kai

se prwtìkolla metagwg c pakètou. Gia thn antistoÐqhsh thc kÐnhshc tou str¸matoc

metafor�c sto str¸ma MAC qrhsimopoioÔntai upostr¸mata sÔgklishc (convergence

sublayers). Mèsw dunatot twn ìpwc eÐnai h meÐwsh tou megèjouc twn epikefalÐdwn,

h sunènwsh se pakèta (packing) kai o temaqismìc dedomènwn (fragmentation), to

upìstrwma sÔgklishc kai to str¸ma MAC sunerg�zontai prokeimènou na metafèretai

h kÐnhsh me morf  apodotikìterh se sqèsh me ton arqikì mhqanismì metafor�c.

Akìmh èna jèma pou afor� th diepaf  metaxÔ tou fusikoÔ str¸matoc kai tou

str¸matoc MAC eÐnai h apìdosh thc metafor�c dedomènwn. Gia par�deigma, h

dunatìthta prosarmostik c rÔjmishc twn sqhm�twn diamìrfwshc kai kwdikopoÐh-

shc ACM se k�je plaÐsio kai gia k�je sundromht  prosfèrei thn epilog  to str¸ma

MAC na k�nei qr sh apodotik¸n wc proc to eÔroc z¸nhc sqhm�twn k�tw apì eunoðkèc

sunj kec gia th zeÔxh,   qr sh perissìtero axiìpistwn/eÔrwstwn (all� ligìtero

apodotik¸n) enallaktik¸n sqhm�twn prokeimènou na diasfalisjeÐ h apaitoÔmenh dia-

jesimìthta thc zeÔxhc (pou mporeÐ na fj�sei to 99.999%).

O mhqanismìc apodoq c twn aithm�twn èqei sqediasjeÐ me trìpo ¸ste na eÐnai

klimakwtìc -dhlad  na ekqwreÐ touc pìrouc tou sust matoc stadiak� an�loga me th

z thsh-, apodotikìc -dhlad  na k�nei bèltisth qr sh twn pìrwn aut¸n- kai na dia-

jètei dunatìthta autìmathc diìrjwshc. 'Etsi, h apodotikìthta tou sust matoc prìs-

bashc sto 802.16 den mei¸netai ìtan antimetwpÐzei pollaplèc sundèseic kai di�fora

epÐpeda QoS an� termatikì kaj¸c kai meg�lo arijmì poluplegmènwn qrhst¸n, afoÔ

ekmetalleÔetai th diajèsimh poikilÐa mhqanism¸n apodoq c twn aithm�twn, exisor-

rop¸ntac metaxÔ thc eust�jeiac pou prosfèrei h prìsbash qwrÐc sÔndesh kai thc

apodotikìthtac thc prìsbashc me sÔndesh [Ekl02].

An kai to prìtupo prosfèrei polloÔc mhqanismoÔc an�jeshc eÔrouc z¸nhc kai

QoS, oi leptomèreiec tou programmatismoÔ ergasi¸n (scheduling) kai thc diaqeÐrishc

twn krat sewn (reservation management) den prodiagr�fontai apì to prìtupo, dÐ-

dontac stouc parìqouc èna shmantikì ergaleÐo ¸ste na diaforopoioÔn ton exoplismì

touc.

Ektìc apì th jemeli¸dh apostol  thc an�jeshc eÔrouc z¸nhc kai thc metafor�c

dedomènwn, to str¸ma MAC tou 802.16 perilamb�nei, epÐshc, èna upìstrwma idiw-

tikìthtac (privacy sublayer), to opoÐo epikur¸nei thn prìsbash sto dÐktuo kai thn
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egkat�stash sundèsewn, en¸ prosfèrei diadikasÐec antallag c kleidioÔ kai krupto-

gr�fhshc gia prostasÐa twn dedomènwn.

Sto Sq ma 1.2 epexhgoÔntai oi perissìteroi apì touc mhqanismoÔc pou anafèr-

jhkan sthn paroÔsa enìthta gia thn antistoÐqhsh twn SDU (Service Data Unit) sthn

kat�llhlh sÔndesh MAC. H MAC PDU (Protocol Data Unit) apoteleÐ th stoiqei¸dh

mon�da dedomènwn pou antall�ssetai metaxÔ twn strwm�twn MAC tou BS kai twn

SS. Sth sunèqeia, pollaplèc mon�dec MAC PDU sunen¸nontai se kwdikopoihmèna

mplok tou fusikoÔ str¸matoc.

1.5 Kuyelwtèc Arqitektonikèc Stajer¸n

AsÔrmatwn Mhtropolitik¸n DiktÔwn

1.5.1 SqedÐash Kuyèlhc

Ta pr¸ta mikrokumatik� sust mata PMP apoteloÔntan apì èna sÔnolo kerai¸n

sten c dèsmhc, kajemÐa apì tic opoÐec exuphretoÔse mikrì arijmì sundromht¸n. Au-

toÔ tou tÔpou oi zeÔxeic qarakthrÐzontai plèon eÔstoqa wc pollaplèc zeÔxec PTP,

par� wc stajmoÐ b�shc enìc diktÔou PMP. Se èna pragmatikì stajmì b�shc, ìpou

oi keraÐec exuphretoÔn pollaploÔc SS se mia sugkekrimènh perioq  thc kuyèlhc,

di�forec par�metroi, ìpwc h radiok�luyh, h fasmatik  apìdosh kai to kìstoc twn

upodom¸n prèpei na exisorrophjoÔn [Gra97]. Oi kuyèlec sta sust mata kinht¸n

Sq ma 1.2: Met�dosh twn MAC PDU apì to 802.16.
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Sq ma 1.3: Tetragwnik  arqitektonik  kuyèlhc se sust mata LMDS. H par�metroc D

sumbolÐzei thn aktÐna thc kuyèlhc.

epikoinwni¸n proseggÐzontai sun jwc apì ex�gwna. Sth bibliografÐa twn susth-

m�twn LMDS, h perioq  k�luyhc thc kuyèlhc anaparÐstatai sun jwc apì èna tetr�-

gwno pou qwrÐzetai se tèsseric tomeÐc twn 90◦, ìpwc autì tou Sq matoc 1.3, me thn

aktÐna thc kuyèlhc D na kumaÐnetai apì 1 mèqri 5Km. To pl joc twn tomèwn an�

kuyèlh mporeÐ na auxhjeÐ peraitèrw (sectoring) prokeimènou na epiteuqjeÐ uyhlìterh

qwrhtikothta. Wstìso, autì sunep�getai megalÔtero kìstoc exoplismoÔ.

'Enac �lloc par�gontac pou periorÐzei ton arijmì twn tomèwn an� BS eÐnai h

epÐdosh thc keraÐac. Se suqnìthtec uyhlìterec twn 20GHz, h kurÐarqh t�sh s -

mera ìson afor� tic keraÐec twn tomèwn eÐnai h qr sh aktinobolht¸n tÔpou qo�nhc

(horn antennas) me di�gramma aktinobolÐac sto azimoujiakì epÐpedo ìpwc autì tou

Sq matoc 1.4. Upoy fiec topojesÐec gia thn egkat�stash thc keraÐac enìc BS

apoteloÔn domikèc kataskeuèc meg�lou Ôyouc, ìpwc oi orofèc uyhl¸n ktirÐwn   oi

ufist�menoi thlepikoinwniakoÐ pÔrgoi. Apì thn �llh pleur�, h stajer  jèsh twn

SS sunep�getai th qr sh idiaÐtera kateujuntik¸n kerai¸n, sun jwc parabolik¸n

katìptrwn, me eÔroc dèsmhc mis c isqÔoc (Half Power Beamwidth, HPBW) pou

kumaÐnetai apì 2◦ mèqri 10◦. O organismìc ETSI kajorÐzei tic hlektrikèc prodia-

grafèc gia tic keraÐec stajeroÔ sundromht  SS stic z¸nec suqnot twn 11-60GHz.

Sto Sq ma 1.5 parousi�zetai to kanonikopoihmèno wc proc to mègisto kèrdoc4 di�-

gramma aktinobolÐac gia termatikoÔc stajmoÔc thc KathgorÐac 15 stic suqnìthtec

24-30GHz [ETSI02] kai 40.5-43.5GHz [ETSI01]. Oi sugkekrimènoi tÔpoi kerai¸n ja

qrhsimopoihjoÔn ektetamèna stic arijmhtikèc efarmogèc twn KefalaÐwn 4 kai 5.

4To mègisto kèrdoc kumaÐnetai metaxÔ 30dBi kai 40dBi.
5 'Opwc onom�zontai oi stajmoÐ sundromht  sÔmfwna me thn orologÐa tou ETSI.
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Sq ma 1.4: Tupikì di�gramma aktinobolÐac thc keraÐac enìc tomèa LMDS sto azimoujiakì

epÐpedo. Parousi�zontai tìso h orizìntia ìso kai h katakìrufh pìlwsh thc kerai�c.

Sq ma 1.5: Prodiagraf  ETSI gia to di�gramma aktinobolÐac thc keraÐac tou termatikoÔ

stajmoÔ (KathgorÐa 1) stic suqnìthtec 24-30GHz kai 40.5-43.5GHz.

ExaitÐac tou dusmenoÔc perib�llontoc di�doshc se qiliostometrik� m kh kÔmatoc

(to perib�llon di�doshc exet�zetai leptomer¸c sto epìmeno kef�laio), kat� th
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Sq ma 1.6: Arqitektonik  kuyèlhc LMDS dÔo epipèdwn sta plaÐsia tou EurwpaðkìÔ Pro-

gr�mmatoc CABSINET gia thn exuphrèthsh LOS (makrokuyèlec) kai NLOS (mikrokuyè-

lec) sundromht¸n.

diastasiopoÐhsh thc kuyèlhc se sust mata LMDS prokÔptei h anagkaiìthta gia

epikoinwnÐa LOS metaxÔ tou BS kai twn sundromht¸n SS. Kaj¸c autì den eÐnai

p�nta dunatì, sta plaÐsia tou EurwpaðkoÔ Progr�mmatoc CABSINET6 prot�jhke

mia arqitektonik  kuyèlhc dÔo epipèdwn, h opoÐa qwrÐzei thn perioq  thc kuyèlhc se

makrokuyèlec pou leitourgoÔn sta 42GHz upì sunj kec LOS kai mikrokuyèlec pou

leitourgoÔn sth z¸nh twn 5.8GHz qwrÐc LOS (Non-LOS, NLOS) (bl. Sq ma 1.6).

To fusikì str¸ma kai to str¸ma MAC thc sugkekrimènhc arqitektonik c suzhtoÔn-

tai sta [Mah02] kai [Mar99], antÐstoiqa. Oi arqitektonikèc dÔo epÐpedwn diafaÐnetai

ìti ja apotelèsoun th basik  dom  twn mellontik¸n stajer¸n diktÔwn BWA kaj¸c

prosfèrontai gia thn ulopoÐhsh thc asÔrmathc diepaf c twn nèwn protÔpwn IEEE

802.16 kai ETSI BRAN, ta opoÐa, ìpwc proanafèrjhke, perilamb�noun, antÐstoiqa,

dÔo diepafèc gia to fusikì str¸ma sth z¸nh 10-66GHz kai sth z¸nh 2-11GHz.

1.5.2 AnaqrhsimopoÐhsh Suqnìthtac

An�loga me thn epilog  thc suqnìthtac leitourgÐac, to diajèsimo eÔroc z¸nhc lei-

tourgÐac se dÐktua LMDS me pollaplèc kuyèlec mporeÐ na aggÐxei ta 2GHz. En-

toÔtoic, sta plaÐsia thc prosp�jeiac megistopoÐhshc thc dieÔleushc (throughput),

h anaqrhsimopoÐhsh suqnìthtac (frequency reuse) sta dÐktua LMDS gÐnetai mèsw

6Cellular Access to Broadband Service and INtEractive Television.
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epijetik¸n topologi¸n, anaqrhsimopoi¸ntac se k�je kuyèlh olìklhro to diajèsimo

eÔroc z¸nhc7. To gegonìc autì sunep�getai ìti, kat� th diadikasÐa sqediasmoÔ tou

sust matoc, prèpei na antistajmÐzontai oi par�metroi thc dièleushc (throughput)

kai thc endosusthmik c (intrasystem) parembol c.

Gia thn �mblunsh twn dusmen¸n sunepei¸n thc sugkekrimènhc politik c anaqrhsi-

mopoÐhshc, qrhsimopoieÐtai eurèwc h teqnik  thc enallag c pol¸sewn (polarization

interleaving) stouc geitonikoÔc tomeÐc thc kuyèlhc axiopoi¸ntac, ètsi, thn anaqrhsi-

mopoÐhsh tìso sto epÐpedo thc suqnìthtac ìso kai sto epÐpedo thc pìlwshc [Rom99].

Gia par�deigma, stic arqitektonikèc tomèa tou Sq matoc 1.7, oi opoÐec sunistoÔn

k�poiec qarakthristikèc topologÐec apì tic pollèc dunatèc epilogèc, h orizìntia kai

h katakìrufh pìlwsh enall�ssontai prokeimènou na megistopoihjeÐ h apomìnwsh

metaxÔ dÔo geitonik¸n tomèwn, en¸ h qrhsimopoÐhsh tou diaÔlou diplasi�zetai. OrÐ-

zontac wc par�gonta anaqrhsimopoÐhshc ton arijmì twn tomèwn an� kuyèlh ìpou

anaqrhsimopoieÐtai olìklhro to diajèsimo eÔroc z¸nhc, sta Sq mata 1.7a kai 1.7b,

to sunolikì eÔroc z¸nhc diaireÐtai se dÔo kai tèsseric z¸nec an� kuyèlh (par�gontac

anaqrhsimopoÐhshc 2 kai 1), antÐstoiqa, en¸ sta Sq mata 1.7g kai 1.7d, olìklhro

to eÔroc z¸nhc epanaqrhsimopoieÐtai se k�je tomèa (par�gontac anaqrhsimopoÐhshc

4). Oi dÔo teleutaÐec topologÐec diafèroun mìno wc proc tic jèseic twn kerai¸n twn

tomèwn, dhlad , sthn perifèreia (korufèc) kai to kèntro thc kuyèlhc, antÐstoiqa.

Shmei¸netai ìti sta sust mata kinht¸n epikoinwni¸n se k�je kuyèlh qrhsimopoieÐtai

èna kl�sma tou eÔrouc z¸nhc kai wc par�gontac anaqrhsimopoÐhshc orÐzetai o ari-

jmìc twn kuyel¸n stic opoÐec anaqrhsimopoieÐtai olìklhro to diajèsimo eÔroc z¸nhc.

KaÐtoi h qr sh orjog¸niwn pol¸sewn prosfèrei epiplèon eÔroc z¸nhc kai beltÐw-

sh ìson afor� thn parembol  CCI, oi stajmoÐ prèpei na sqedi�zontai me epark 

diaqwrismì diastaÔrwshc pìlwshc XPD (Cross-Polar Discrimination) ¸ste na e-

laqistopoioÔntai shmantikèc st�jmec parembol c ACI lìgw apopìlwshc, idiaÐtera

kat� th di�rkeia dusmen¸n sunjhk¸n di�doshc. Tèloc, antÐ gia diaÐresh suqnot twn,

o qwrismìc twn tomèwn sthn perÐptwsh susthm�twn DS-CDMA LMDS mporeÐ na

pragmatopoihjeÐ sto pedÐo twn akolouji¸n ex�plwshc (spreading sequences),   sun-

du�zontac ta pedÐa thc suqnìthtac, thc pìlwshc kai twn akolouji¸n ex�plwshc.

AutoÔ tou eÐdouc oi arqitektonikèc CDMA èqoun exetasjeÐ stic ergasÐec [Nov03],

7Apìrroia thc leitourgÐac se polÔ uyhlèc suqnìthtec, ìpou oi ap¸leiec eÐnai antÐstoiqa uyhlèc.
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Sq ma 1.7: Tetragwnikèc arqitektonikèc kuyel¸n LMDS me qr sh diaforetik¸n

suqnot twn (1 kai 2   1, 2, 3 kai 4) kai pol¸sewn (H: Horizontal kai V: Vertical).

(a) Par�gontac anaqrhsimopoÐhshc = 2. (b) Par�gontac anaqrhsimopoÐhshc = 1 (g)

Par�gontac anaqrhsimopoÐhshc = 4 (Oi keraÐec twn tomèwn egkajÐstantai stic korufèc

thc kuyèlhc) (d) Par�gontac anaqrhsimopoÐhshc = 4 (Oi keraÐec twn tomèwn egkajÐstantai

sto kèntro thc kuyèlhc).

[Tsa02] kai ja diereunhjoÔn me perissìterh leptomèreia sto Kef�laio 5 tou parì-

ntoc.
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Kef�laio 2

Qarakthristik� DiaÔlou se

Sust mata LMDS

2.1 Genik�

Ta montèla di�doshc apoteloÔn jemeli¸dec ergaleÐo kat� th sqedÐash twn asÔr-

matwn susthm�twn epikoinwni¸n. 'Ena montèlo di�doshc problèpei thn upob�jmish

tou s matoc kat� th met�dos  tou proc to dèkth. Kat� th di�dos  touc, ta hle-

ktromagnhtik� kÔmata exasjenoÔn me di�forouc trìpouc odhg¸ntac se paramìrfwsh

twn antÐstoiqwn shm�twn plhroforÐac, gegonìc pou prèpei na problèpetai kat� th

sqedÐash thc zeÔxhc prokeimènou h plhroforÐa na fj�nei epituq¸c sto dèkth. H

sqedÐash tou exoplismoÔ met�doshc kai l yhc kai h poiìthta thc thlepikoinwniak c

uphresÐac pou prosfèretai exart¸ntai se meg�lo bajmì apì aut  thn exasjènhsh

kai paramìrfwsh.

Ta montèla di�doshc poikÐlloun wc proc to eÐdoc kai thn eukolÐa ulopoÐhs c touc.

Up�rqoun dÔo genikèc kathgorÐec montèlwn prìbleyhc thc epÐdoshc tou diaÔlou1:

(a) ta empeirik� montèla pou perigr�foun thn epÐdosh thc zeÔxhc basizìmena se mia

meg�lh sullog  peiramatik¸n dedomènwn kai

(b) ta fusik� montèla pou basÐzontai se upojèseic ìson afor� touc fusikoÔc

mhqanismoÔc di�doshc kai perigr�foun me majhmatikì trìpo tic upokeÐmenec
1Sthn paroÔsa diatrib  uiojeteÐtai o ìroc dÐauloc gia to fusikì mèso ìpou pragmatopoieÐtai h

met�dosh kai o ìroc kan�li gia th fasmatik  z¸nh pou qrhsimopoieÐ k�poio epimèrouc tm ma miac

eurÔterhc uphresÐac.
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diadikasÐec.

An kai ta empeirik� montèla pleonektoÔn wc proc thn eukolÐa axiopoÐhshc, h efar-

mog  touc periorÐzetai se sugkekrimènec sunj kec, parìmoiec me autèc gia tic opoÐec

anaptÔqjhkan. AntÐjeta, ta fusik� montèla qarakthrÐzontai apì poluplokìthta

all� kai uyhlìterh axiopistÐa se megalÔterh poikilÐa sunjhk¸n di�doshc, antÐstoiqa.

Sto parìn kef�laio, melet¸ntai ta qarakthristik� tou diaÔlou LMDS sth fa-

smatik  perioq  10-66GHz. 'Opwc epishm�njhke sto Kef�laio 1, sth sugkekrimènh

perioq  tou f�smatoc, h epikoinwnÐa metaxÔ BS kai SS pragmatopoieÐtai upì sun-

j kec LOS, dhlad , jewr¸ntac ìti toul�qiston to 60% thc pr¸thc z¸nhc Fresnel

den parempodÐzetai. Me dedomènh thn kajarìthta thc pr¸thc z¸nhc Fresnel, h di�-

dosh pragmatopoieÐtai ston eleÔjero q¸ro (free space) kai, kat� sunèpeia, h mèsh

lambanìmenh isqÔc se apìstash d apì ton pompì dÐdetai apì th gnwst  exÐswsh tou

Friis [Rap99]

Pr(d) = EIRP ·Gr ·
(

λ

4π d

)2

(2.1)

ìpou EIRP (Effective Isotropic Radiated Power) to ginìmeno thc isqÔoc ekpomp c

Pt kai tou kèrdouc thc keraÐac Gt tou pompoÔ, Gr to kèrdoc thc keraÐac tou dèkth

kai (λ/4πd)2 h exasjènhsh lìgw di�doshc ston eleÔjero q¸ro gia èna radiokÔma se

m koc λ.

Wstìso, mia seir� fainomènwn kai mhqanism¸n pou emfanÐzontai sto eÔroc suqno-

t twn 10-66GHz prokaloÔn shmantikèc diakum�nseic sto pl�toc tou s matoc perÐ th

mèsh tim  tou. Oi diakum�nseic autèc onom�zontai dialeÐyeic (fading) kai perigr�-

fontai kat� statistikì trìpo. An�loga me thn proèleus  touc, oi par�gontec pou

ephre�zoun th di�dosh sto dÐaulo LMDS prokal¸ntac dialeÐyeic kai �lla dusmen 

apotelèsmata mporoÔn na diakrijoÔn se dÔo kathgorÐec:

(a) stouc par�gontec ekeÐnouc pou de facto epibarÔnoun th di�dosh hlektromagnh-

tik¸n kum�twn mèsw thc tropìsfairac se suqnìthtec �nw twn 10GHz, anex�rthta

apì ton tÔpo tou sust matoc kai tou perib�llontoc egkat�stashc kai

(b) stouc par�gontec ekeÐnouc pou sqetÐzontai me ta sugkekrimèna qarakthristik�

tou perib�llontoc (astikì, proastiakì, agrotikì), ìpou egkajÐstatai èna dÐktuo

LMDS.

Sthn Enìthta 2.2 pragmatopoieÐtai mia episkìphsh twn paragìntwn pou an koun

sthn pr¸th kathgorÐa, en¸ sthn Enìthta 2.3 suzhtoÔntai oi par�gontec thc deÔterhc
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kathgorÐac. H perigraf  sunodeÔetai apì par�jesh twn plèon diadedomènwn montè-

lwn prìbleyhc gia k�je par�gonta apì th diejn  bibliografÐa kai tic sqetikèc Sust�-

seic (Recommendations) tou Tomèa Radioepikoinwni¸n thc ITU (ITU-R). Ta teqnik�

aut� prìtupa apoteloÔn proðìn twn ergasi¸n twn antÐstoiqwn Om�dwn Melèthc

(Study Groups) thc ITU-R kai sun jwc perilamb�noun empeirik� montèla di�do-

shc meg�lhc axiopistÐac2. Sthn Enìthta 2.4 exet�zetai h epÐdrash twn epimèrouc

paragìntwn sth radiok�luyh twn diktÔwn LMDS, dedomènou ìti prìkeitai gia ar-

qitektonik  PMP. Tèloc, sthn Enìthta 2.5 parousi�zetai mia pl rhc statistik 

je¸rhsh thc apìsbeshc lìgw broqìptwshc, h opoÐa sunist� to kuriìtero aÐtio

dialeÐyewn sthn upì exètash perioq  tou f�smatoc, mèsw fusik¸n montèlwn. H

an�lush aut  apoteleÐ th jewrhtik  b�sh gia ta epìmena kef�laia.

2.2 Par�gontec pou ephre�zoun th di�dosh mèsw

thc tropìsfairac se suqnìthtec �nw twn

10GHz

2.2.1 Apìsbesh apì atmosfairik� aèria

Se suqnìthtec uyhlìterec twn 10GHz, parathreÐtai apìsbesh lìgw aporrìfhshc

apì oxugìno kai udratmoÔc kai prèpei na lamb�netai upìyh ston upologismì twn

sunolik¸n apwlei¸n di�doshc. H apìsbesh apì atmosfairik� aèria se mia zeÔxh

m kouc d[Km] dÐdetai apì th sqèsh

Aa = γa d (2.2)

ìpou h eidik  apìsbesh γa[dB/Km] upologÐzetai apì th SÔstash ITU-R P.676

[ITU676]. Apì thn Ðdia sÔstash, anapar�getai kai to Sq ma 2.1 pou parousi�zei

thn par�metro γa upì sunj kec xhroÔ aèra, upì sunj kec udratm¸n kaj¸c kai me

tautìqronh parousÐa kai twn dÔo paragìntwn gia timèc pÐeshc 1013hPa, jermokrasÐac

15◦C kai puknìthtac udratm¸n 7.5gr/m3.

2Lìgw tou ìti èqoun upoblhjeÐ se diexodikoÔc elègqouc kai sugkrÐseic me peiramatik� dedomèna.
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2.2.2 DialeÐyeic lìgw spinjhrism¸n

Metabolèc tou deÐkth di�jlashc thc tropìsfairac odhgoÔn se diakum�nseic tou pl�-

touc tou s matoc pou exart¸ntai apì to m koc thc zeÔxhc kai aux�nontai me th

suqnìthta. H ex�rthsh apì thn apìstash upodhl¸nei ìti oi troposfairikoÐ spinjh-

rismoÐ ephre�zoun kurÐwc tic doruforikèc zeÔxeic, ìpou to b�joc thc di�leiyhc lìgw

spinjhrism¸n mporeÐ na fj�sei ta merik� dB, en¸ ta sqetik� montèla pou èqoun

anaptuqjeÐ sth diejn  bibliografÐa aforoÔn keklimènouc radiodrìmouc (bl., gia

par�deigma, [Van99]). Shmei¸netai ìti oi dialeÐyeic lìgw troposfairik¸n spinjhri-

sm¸n an koun sthn kathgorÐa twn taqèwn dialeÐyewn (fast fading) afoÔ oi metabolèc

sto dÐaulo sumbaÐnoun taqÔtera apì tic metabolèc tou s matoc basik c z¸nhc.

Sq ma 2.1: Eidik  apìsbesh apì atmosfairik� aèria sÔmfwna me th SÔstash ITU-R

P.676.

.
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2.2.3 DialeÐyeic lìgw atmosfairik¸n katakrhmnÐsewn

Shmantikèc dialeÐyeic prokaloÔn h aporrìfhsh kai h skèdash apì udrometewrÐtec,

ìpwc h broq , to qiìni kai to qal�zi. Molonìti se suqnìthtec k�tw apì 10GHz h

apìsbesh lìgw broq c eÐnai sqedìn amelhtèa, se suqnìthtec leitourgÐac uyhlìterec

tou orÐou autoÔ, h barÔthta tou sugkekrimènou par�gonta di�doshc aux�nei ekjetik�

kai sunist� to plèon dusmenèc perib�llon di�doshc radiokum�twn [Cra03].

Makroskopik�, an�loga me thn epoq  tou ètouc kai th gewgrafik  jèsh, h broq 

wc mèso di�doshc emfanÐzei dÔo morfèc:

(a) th morf  broqopt¸sewn mikr c èwc mètriac èntashc (broq  strwsigenoÔc tÔpou),

 

(b) th morf  qwrik� periorismènwn perioq¸n me isqur  broqìptwsh pou kaloÔntai

broqopur nec kai perib�llontai apì strwsigen  broq  (broq  sunektikoÔ tÔpou).

Stouc broqopur nec ofeÐlontai oi polÔ uyhlèc timèc apìsbeshc stic opoÐec upìkei-

ntai ta radiokÔmata gia mikrèc qronikèc periìdouc kat� th di�rkeia tou ètouc. MetaxÔ

twn dÔo tÔpwn broq c up�rqei meg�lh diafor� wc proc to bajmì omoiogèneiac. Su-

gkekrimèna, h broq  entìc twn broqopur nwn (twn opoÐwn h èktash eÐnai thc t�xhc

twn merik¸n qiliomètrwn) parousi�zei shmantik  anomoiogèneia. 'Opwc eÐnai logikì,

h omoiogèneia thc broq c strwsigenoÔc tÔpou èqei wc sunèpeia th meg�lh qwrik 

autosusqètish. To jèma thc susqètishc pou emfanÐzei h broq  wc mèso di�doshc

ja melethjeÐ diexodik� sto epìmeno kef�laio se sqèsh me tic teqnikèc antimet¸pishc

twn dialeÐyewn.

Apì ta prohgoÔmena gÐnetai safèc ìti h broq  eÐnai mia tuqaÐa diadikasÐa tìso sto

pedÐo tou q¸rou ìso kai sto pedÐo tou qrìnou kai, epomènwc, apaiteÐtai h je¸rhs  thc

kat� statistikì trìpo. Proc toÔto, jemeli¸dec mègejoc eÐnai o shmeiakìc rujmìc  

èntash broqìptwshc (rainfall rate) R pou ekfr�zei (se mm/h) to Ôyoc thc st�jmhc

tou Ôdatoc lìgw broqìptwshc pou fj�nei sto èdafoc sth mon�da tou qrìnou. H

gn¸sh twn statistik¸n idiot twn thc (afoÔ prìkeitai gia tuqaÐa diadikasÐa) eÐnai

aparaÐthth kat� ton upologismì twn antÐstoiqwn statistik¸n idiot twn thc apì-

sbeshc lìgw broq c. Sugkekrimèna, to mègejoc to opoÐo endiafèrei kat� th sqedÐa-

sh miac mikrokumatik c zeÔxhc eÐnai to posostì tou qrìnou kat� to opoÐo o ru-

jmìc broqìptwshc uperbaÐnei k�poia sugkekrimènh tim . O plèon axiìpistoc trìpoc

gia ton prosdiorismì tou eÐnai h diexagwg  metr sewn sthn topojesÐa egkat�sta-
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Sq ma 2.2: Katanom  tou rujmoÔ broqìptwshc sÔmfwna me th SÔstash ITU-R P.837.

shc enìc sust matoc. Proôpìjesh ¸ste h diadikasÐa twn metr sewn na sugklÐnei

se èna apodektì apotèlesma eÐnai h meg�lh (arket¸n et¸n) di�rkei� thc, afoÔ è-

qei parathrhjeÐ ìti metr seic mikr c qronik c di�rkeiac sthn Ðdia perioq  diafèroun

shmantik� metaxÔ touc [Cra03].

Proc thn kateÔjunsh aut  kai prokeimènou na dieukolÔnei th diadikasÐa ektÐmhshc

thc apìsbeshc lìgw broq c, mèsw thc SÔstas c thc ITU-R P.837 [ITU837], h ITU-

R prosfèrei mia b�sh dedomènwn gia to shmeiakì rujmì broqìptwshc lamb�nontac

upìyh ton èntona topikì qarakt ra pou emfanÐzei to mègejoc autì. 'Etsi, apì thn

anwtèrw SÔstash proteÐnetai stouc sqediastèc susthm�twn radioepikoinwni¸n h

qr sh twn qart¸n broq c (rain maps), sÔmfwna me touc opoÐouc h Gh diaireÐtai

kat� gewgrafikì m koc kai pl�toc se tomeÐc twn 1.5◦ × 1.5◦. H tr�peza dedomènwn

pou sunodeÔei th sÔstash proèrqetai apì thn epexergasÐa metr sewn di�rkeiac 15

et¸n apì to Eurwpaðkì Metewrologikì Kèntro ECMWF3. H katanom  tou rujmoÔ

broqìptwshc gia tic perioqèc thc Aj nac, GR, tou Mil�no, IT kai tou RÐo, BR

apeikonÐzetai sto Sq ma 2.2. Oi perioqèc autèc èqoun epilegeÐ wc qarakthristikèc

tou mesogeiakoÔ, tou kentroeurwpaðkoÔ kai tou tropikoÔ klÐmatoc, antÐstoiqa.

Gia th met�bash apì tic statistikèc idiìthtec tou rujmoÔ broqìptwshc se autèc

3European Centre of Medium-Range Weather Forecast
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thc apìsbeshc lìgw broq c qrhsimopoieÐtai h eidik  apìsbesh broq c γR (se dB/Km)

pou orÐzetai wc h exasjènhsh an� mon�da m kouc pou ufÐstatai to hlektromagnhtikì

kÔma ìtan diadÐdetai se èna qwrik� omogenèc mèso broq c. Sundèetai me to rujmì

broqìptwshc R mèsw thc ekjetik c sqèshc

γR = kRa (2.3)

Timèc gia touc suntelestèc k, a gia di�dosh kum�twn me orizìntia pìlwsh (kH , aH) kai

katakìrufh pìlwsh (kV , aV ) sunart sei thc suqnìthtac sto fasmatikì eÔroc 1 èwc

1000GHz dÐdontai se pinakopoihmènh morf  apì th SÔstash ITU-R P.838 [ITU838].

Gia grammik  kai kuklik  pìlwsh, kai gia k�je gewmetrÐa zeÔxhc, oi suntelestèc k

kai a upologÐzontai apì tic ekfr�seic

k = [kH + kV + (kH − kV ) cos2 φ cos 2τ ]/2 (2.4)

a = [kHaH + kV av + (kHaH − kV aV ) cos2 φ cos 2τ ]/2k (2.5)

ìpou φ h gwnÐa anÔywshc thc zeÔxhc4 kai τ h gwnÐa pìlwshc tou radiokÔmatoc

(τ = 0◦, 45◦, 90◦ gia orizìntia, kuklik  kai katakìrufh pìlwsh, antÐstoiqa).

AfoÔ upologisjeÐ h eidik  apìsbesh, h katanom  twn dialeÐyewn lìgw broq c

ektim�tai mèsw thc efarmog c tou empeirikoÔ montèlou thc SÔstashc ITU-R P.530

[ITU530] pou perilamb�nei mia seir� mejìdwn prìbleyhc gia epÐgeiec zeÔxeic PTP

pou leitourgoÔn upì sunj kec LOS. Skopìc eÐnai o upologismìc thc pijanìthtac

diakop c thc leitourgÐac miac zeÔxhc (outage probability, OP) lìgw broq c

OP = Pr{A ≥ F} (2.6)

ìpou F [dB] to perij¸rio dialeÐyewn (fade margin) thc zeÔxhc, dhlad , èna proka-

jorismèno krÐsimo kat¸flio apìsbeshc, h upèrbash tou opoÐou odhgeÐ to dèkth se

adunamÐa an�kthshc tou s matoc. Gia par�deigma, sto Sq ma 2.3 efarmìzetai to

montèlo ektÐmhshc thc et siac katanom c thc apìsbeshc lìgw broq c gia mia epÐgeia

zeÔxh m kouc 5Km pou leitourgeÐ sto ParÐsi, FR, stic tupikèc suqnìthtec 28GHz

kai 42GHz. Shmei¸netai oti oi dialeÐyeic broq c an koun sthn kathgorÐa twn arg¸n

kai epÐpedwn dialeÐyewn (slow and flat fading) kaj¸c, afenìc, oi metabolèc sto dÐ-

aulo sumbaÐnoun bradÔtera apì autèc tou s matoc basik c z¸nhc kai, afetèrou, to

eÔroc z¸nhc tou s matoc eÐnai mikrìtero apì autì tou diaÔlou. Tèloc, h apìsbesh

apì ta nèfh kai thn omÐqlh melet�tai sth SÔstash ITU-R P.840 [ITU840].
4Se epÐgeiec radiozeÔxeic, h gwnÐa φ lamb�nei polÔ mikrèc timèc.
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2.2.4 Apopìlwsh lìgw broqìptwshc

'Opwc suzht jhke sto Kef�laio 1, ta stajer� dÐktua BWA akoloujoÔn kuyelwt 

arqitektonik , kat� thn opoÐa oi kuyèlec qwrÐzontai se tomeÐc gia na auxhjeÐ o ari-

jmìc twn exuphretoÔmenwn qrhst¸n. 'Enac trìpoc diaqwrismoÔ se tomeÐc eÐnai h

qr sh orjog¸niwn pol¸sewn. Wc ek toÔtou, h strof  thc pìlwshc tou radiokÔ-

matoc kat� th di�dosh (apopìlwsh), h opoÐa ofeÐletai sto mh sfairikì sq ma twn

stagìnwn thc broq c, mporeÐ na dhmiourg sei prìsjeth parembol . H apopìlw-

sh posotikopoieÐtai mèsw tou par�gonta XPD. Sthn paroÔsa ergasÐa, o par�gontac

XPD orÐzetai wc o lìgoc thc lambanìmenhc isqÔoc kat� thn epijumht  pìlwsh p||[W]

proc th lambanìmenh isqÔ kat� thn orjog¸nia pìlwsh p⊥[W] kai ekfrazetai se dB

mèsw thc sqèshc

XPD = 10 log
p||
p⊥

(2.7)

Diajèsima peiramatik� apotelèsmata gia to sugkekrimèno par�gonta sta 30GHz dia-

tÐjentai apì thn parapomp  [Dal96], en¸ mia proseggistik  sqèsh metaxÔ twn stati-

stik¸n idiot twn tou par�gonta XPD kai thc omopolik c apìsbeshc lìgw broq c

CPA (Copolar Attenuation) gia sugkekrimèno posostì tou qrìnou p% perilamb�ne-

Sq ma 2.3: Katanom  twn dialeÐyewn lìgw broq c gia zeÔxh 5Km sto ParÐsi, FR,

sÔmfwna me th SÔstash ITU-R P.530.
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tai sth SÔstash ITU-R P.530

XPD(p%) = U(f)− V (f) log CPA(p%) (2.8)

Oi suntelestèc U kai V exart¸ntai apì th suqnìthta f kai gia zeÔxeic LOS me mikrèc

gwnÐec anÔywshc kai orizìntia   katakìrufh pìlwsh proseggÐzontai apì tic sqèseic

U(f) = U0 + 30 log f (2.9)

V (f) =

{
12.8f 0.19 8GHz ≤ f ≤ 20GHz
22.6 20GHz ≤ f ≤ 35GHz

(2.10)

Stic metr seic pou èqoun pragmatopoihjeÐ gia to U0, èqei prokÔyei mèsh tim  perÐpou

15dB kai k�tw ìrio ta 9dB. To Sq ma 2.4 apoteleÐ efarmog  thc prohgoÔmenhc

mejodologÐac se zeÔxh m kouc 5Km pou leitourgeÐ sta 28GHz sthn perioq  thc

Aj nac, GR.

AxÐzei na epishmanjeÐ ìti apopìlwsh parathreÐtai kai upì sunj kec kajaroÔ

ouranoÔ (clear sky conditions), dhlad  apousÐa broqìptwshc. Wstìso, o bajmìc

apopìlwshc upì sunj kec kajaroÔ ouranoÔ exart�tai apì thn el�qisth tim  XPD

thn opoÐa eggu�tai o katakeuast c twn kerai¸n tou pompoÔ kai tou dèkth kat� thn

kateÔjunsh megÐstou kai, sunep¸c, brÐsketai ektìc tou antikeimènou tou parìntoc

Sq ma 2.4: Sqèsh metaxÔ twn statistik¸n idiot twn tou par�gonta XPD kai thc omopo-

lik c apìsbeshc lìgw broq c gia zeÔxh 5Km sthn Aj na, GR, sÔmfwna me th SÔstash

ITU-R P.530.
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kefalaÐou ìpou exet�zontai ta qarakthristik� di�doshc sto dÐaulo LMDS. Sthn

perÐptwsh aut , anafèretai apl¸c ìti h qr sh enìc akurwt  parembol c diastaÔrw-

shc pìlwshc XPIC (Cross-Polar Interference Canceller) mporeÐ na prosfèrei beltÐ-

wsh tou par�gonta apomìnwshc diastaÔrwshc pìlwshc XPI (Cross-Polar Isolation)

mèqri kai 20dB. O par�gontac XPI eÐnai o lìgoc thc isqÔoc tou s matoc pou lam-

b�netai apì to dèkth se mia sugkekrimènh pìlwsh proc thn isqÔ pou lamb�netai sthn

Ðdia pìlwsh all� apì èna s ma pou èqei ekpemfjeÐ se orjog¸nia pìlwsh.

2.3 Par�gontec pou ephre�zoun th di�dosh se

kuyelwtì perib�llon BWA

2.3.1 TopografÐa kai parempìdish apì ktÐria

Ektìc apì ta fainìmena di�doshc ston eleÔjero q¸ro pou parousi�sjhkan sthn pro-

hgoÔmenh enìthta, h di�dosh se asÔrmata sust mata epikoinwni¸n ephre�zetai apì

to eÐdoc kai ta epimèrouc qarakthristik� tou pragmatikoÔ perib�llontoc ìpou egka-

jÐstatai to sÔsthma. Autì eÐnai idiaÐtera shmantikì sta stajer� sust mata BWA,

ìpou h di�krish thc perioq c k�luyhc se LOS kai NLOS kajorÐzei, antÐstoiqa, kai

thn asÔrmath diepaf  pou ja ulopoihjeÐ. Profan¸c,h Ôparxh plhrofori¸n sqetik¸n

me to perib�llon di�doshc belti¸nei thn prìbleyh thc sumperifor�c tou diaÔlou. H

apìkthsh, ìmwc, tètoiwn b�sewn dedomènwn mporeÐ na eÐnai praktik� adÔnath   ex-

airetik� dapanhr .

Proc thn kateÔjunsh aut , shmantik  plhroforÐa prosfèroun oi topografikoÐ

q�rtec pou perilamb�noun leptomer  stoiqeÐa gia to uyìmetro k�je shmeÐou se mia

sugkekrimènh perioq . Sto Sq ma 2.5 dÐdetai èna par�deigma topografikoÔ q�rth,

ìpou diakrÐnontai oi lìfoi, ta boun� kai ta upìloipa topografik� qarakthristik�

thc perioq c pou apeikonÐzetai. Ektìc apì topografikoÔc q�rtec, mia enallaktik 

mèjodoc pou èqei anaptuqjeÐ gia thn apoj keush kai thn epexergasÐa uyometrik¸n

dedomènwn tou ed�fouc eÐnai to yhfiakì uyometrikì montèlo (Digital Elevation Mo-

del, DEM) stajeroÔ plègmatoc. To montèlo DEM apoteleÐtai apì èna pÐnaka ìpou

sugkentr¸nontai ta uyìmetra shmeÐwn se stajerèc metaxÔ touc apost�seic, eÐte se

mètra eÐte se gewgrafikèc suntetagmènec. Gia ton prosdiorismì thc kajarìthtac thc
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zeÔxhc, sqedi�zetai h odìc di�doshc kat� m koc tou plègmatoc kai to uyìmetro se

k�je shmeÐo upologÐzetai mèsw digrammik c parembol c (bi-linear interpolation) twn

tess�rwn plhsiestèrwn shmeÐwn tou plègmatoc.

En¸ up�rqoun diajèsimoi topografikoÐ q�rtec kai b�seic dedomènwn DEM uyhl c

an�lushc kai poiìthtac gia ta perissìtera mèrh tou plan th (kurÐwc me th bo jeia

fwtografi¸n apì dorufìro), den isqÔei to Ðdio gia tic b�seic dedomènwn ktirÐwn,

h apìkthsh twn opoÐwn, an autèc up�rqoun, sunep�getai uyhlì kìstoc. Ta ktÐria

apoteloÔn to basikì par�gonta pou ephre�zei tic braqèoc m kouc zeÔxeic (short range

links) se astik� perib�llonta. B�seic dedomènwn ktirÐwn mporoÔn na anaptuqjoÔn

me di�forouc trìpouc, oi opoÐoi kathgoriopoioÔntai wc ex c:

(a) Dianusmatikèc b�seic dedomènwn, stic opoÐec ta toiq¸mata, oi orofèc kai �llec

epif�neiec twn ktirÐwn anaparist¸ntai wc èna sÔnolo dedomènwn apoteloÔmeno

apì to gewgrafikì m koc, pl�toc kai Ôyoc. O sunduasmìc twn stoiqeÐwn gia

ta toiq¸mata diamorf¸noun telik� trisdi�statec polugwnikèc morfèc gia thn

anapar�stash twn ktirÐwn.

(b) B�seic dedomènwn plègmatoc (canopy), stic opoÐec ta ktÐria, h bl�sthsh, oi gè-

furec k.l.p. anaparist¸ntai apì èna uyhl c an�lushc kanonikì plègma anuyw-

mènwn shmeÐwn, perÐpou me ton Ðdio trìpo me ton opoÐo oi b�seic dedomènwn DEM

anaparistoÔn ta qarakthristik� tou ed�fouc.

Sq ma 2.5: Par�deigma topografikoÔ q�rth.
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Mia exairetik  episkìphsh twn diafìrwn periballontik¸n b�sewn dedomènwn (to-

pografÐa, ktÐria k.l.p.) pou mporoÔn na axiopoihjoÔn kat� th sqedÐash asurm�twn

susthm�twn epikoinwni¸n perilamb�netai sto [And03]. H epexergasÐa touc mèsw

upologist  parèqei th dunatìthta prosdiorismoÔ twn shmeÐwn kat� m koc thc odoÔ

di�doshc pou parempodÐzoun th zeÔxh. M�lista, sthn perÐptwsh diktÔwn PMP, h dia-

dikasÐa aut  akoloujeÐtai gia to meg�lo arijmì zeÔxewn pou sqhmatÐzontai metaxÔ

tou BS kai twn poll¸n SS gia na ektimhjeÐ h kajarìthta tou 60% thc pr¸thc z¸nhc

Fresnel. Gia zeÔxeic megalÔterou m kouc, h radiozeÔxh metaxÔ tou pompoÔ kai tou dè-

kth lamb�nei kampulwt  morf  lìgw thc antÐstoiqhc kampulìthtac thc Ghc, gegonìc

pou lamb�netai upìyh kat� th qartogr�fhsh twn sÔgqronwn b�sewn dedomènwn mèsw

suntelest¸n diìrjwshc.

2.3.2 Parempìdish apì bl�sthsh

H parempìdish apì bl�sthsh kai, idiaÐtera, apì dèndra mporeÐ na periorÐsei shmantik�

ton arijmì twn sundromht¸n me touc opoÐouc epitugq�netai epikoinwnÐa LOS. Lìgw

thc meg�lhc poikilÐac eid¸n bl�sthshc kai morf c fullwm�twn, h an�ptuxh miac

genikeumènhc mejodologÐac prìbleyhc eÐnai idiaÐtera dÔskolh. Sth SÔstash ITU-R

P.833 [ITU833] up�rqoun diajèsima sunaf  empeirik� montèla pou brÐskoun efarmog 

se sugkekrimènec sunj kec kai eÔrh suqnot twn. Se mia epÐgeia radiozeÔxh, ìpou o

termatikìc stajmìc brÐsketai egkatesthmènoc entìc das¸douc perioq c, oi epiplèon

ap¸leiec (excess attenuation) lìgw bl�sthshc qarakthrÐzontai apì dÔo paramètrouc

[ITU833]:

• thn eidik  apìsbesh (se dB/m), kurÐwc lìgw skèdashc thc enèrgeiac proc

diaforetikèc kateujÔnseic apì thn epijumht  kai

• th mègisth sunolik  epiplèon apìsbesh lìgw bl�sthshc (se dB) pou prokaleÐ-

tai apì thn epÐdrash diaforetik¸n mhqanism¸n, ìpwc eÐnai h di�dosh tou kÔ-

matoc ed�fouc uper�nw thc bl�sthshc kai h emprìsjia skèdash sto eswterikì

thc.

Jewr¸ntac zeÔxh thc opoÐac o pompìc brÐsketai ektìc das¸douc perioq c, en¸ o

dèkthc se b�joc d sto eswterikì thc, h epiplèon apìsbesh lìgw thc parousÐac thc
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bl�sthshc Aev, dÐdetai apì thn empeirik  sqèsh

Aev = Am[1− exp(−dγ/Am)] (2.11)

ìpou d[m] to m koc thc zeÔxhc mèsa apì das¸dh perioq , γ[dB/m] h eidik  apìsbesh

se mikroÔ m kouc radiozeÔxeic mèsa apì bl�sthsh kai Am[dB] h mègisth apìsbesh

sthn opoÐa upìkeitai to radiokÔma lìgw bl�sthshc sugkekrimènou eÐdouc kai Ôyouc.

AxÐzei na epishmanjeÐ ìti h epiplèon apìsbesh Aev jewreÐtai ìti prostÐjetai stic a-

posbèseic pou ofeÐlontai stouc upìloipouc mhqanismoÔc pou exet�zontai sto parìn

kef�laio. H tim  thc eidik c apìsbeshc γ exart�tai apì to eÐdoc kai thn puknìthta

thc bl�sthshc. Proseggistikèc timèc thc eidik c apìsbeshc sunart sei thc suqnìth-

tac dÐdontai sthn [ITU833].

Dunamik� fainìmena � 'Eqei parathrhjeÐ ìti ìtan mia zeÔxh parempodÐze-

tai apì dèndra, to pl�toc tou lambanìmenou s matoc metab�lletai taqèwc ìtan ta

dèndra kinoÔntai, kurÐwc lìgw tou anèmou. Metr seic pou èqoun pragmatopoihjeÐ

sta 38 kai 42GHz èqoun katadeÐxei ìti up�rqei isqur  susqètish metaxÔ tou rujmoÔ

metabol c tou pl�touc tou s matoc kai thc taqÔthtac tou anèmou. Kat� th melèth thc

bl�sthshc eÐnai safèc ìti sunist� èna dunamik� metaballìmeno perib�llon. EÐnai pi-

janì èna   perissìtera dèndra na paremb�llontai kat� m koc thc kateÔjunshc l yhc

enìc dèkth, qwrÐc h st�jmh tou lambanomènou s matoc na gÐnetai qamhlìterh apì

èna krÐsimo kat¸flio. Wstìso, èqei parathrhjeÐ ìti, kaj¸c ta dèndra aut� kinoÔn-

tai, h st�jmh tou s matoc metab�lletai dunamik� se èna meg�lo eÔroc, odhg¸ntac

se adunamÐa paroq c uphresi¸n. 'Eqoun pragmatopoihjeÐ arketèc metr seic thc st�-

jmhc tou s matoc sunart sei tou qrìnou se zeÔxeic mèsa apì dèndra [Sch88], [Jon89]

katadeiknÔontac mèsh meÐwsh thc st�jmhc tou s matoc kat� perÐpou 20dB an� dèn-

dro, me suqnèc diakopèc thc zeÔxhc lìgw dialeÐyewn b�jouc èwc 50dB kai di�rkeiac

perÐpou 10ms. O PÐnakac 2.1 parousi�zei tupik� apotelèsmata apì metr seic sta

38GHz wc proc th mèsh tim  kai thn tupik  apìklish thc apìsbeshc. Exet�zontai

trÐa eÐdh dèndrwn upì sunj kec �pnoiac kai isquroÔ anèmou, antÐstoiqa.
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PÐnakac 2.1: Dunamikèc idiìthtec dialeÐyewn lìgw bl�sthshc apì metr seic sta 38GHz.

EÐdoc Triantafulli� Mhli� PeÔko

bl�sthshc (di�metroc 2m) (di�metroc 2.8m) (di�metroc 1.5m)

'Apnoia Mèsh ap¸leia (dB) 8.6 17.4 7.7

Tupik  apìklish (dB) 2.0 2.8 2.2

Isqurìc Mèsh ap¸leia (dB) 11.7 17.8 12.1

�nemoc Tupik  apìklish (dB) 4.4 4.2 4.3

2.3.3 Apopìlwsh lìgw bl�sthshc

KaÐtoi h apìsbesh lìgw broq c apoteleÐ thn kurÐarqh sunist¸sa thc sunolik c

apìsbeshc sta sust mata LMDS, h strof  thc pìlwshc thn opoÐa eis�gei h bl�sthsh

eÐnai isqurìterh aut c pou ofeÐletai sth broqìptwsh. Peiramatikèc metr seic pou

èginan upì thn epopteÐa tou ereunhtikoÔ institoÔtou ITS (Institute for Telecommu-

nication Sciences) [Vio88], [Pap92], [Pap97] èdeixan ìti oi plèon sobarèc peript¸seic

apopìlwshc ofeÐlontai se kwnofìra dèndra, ìpou to mèso XPD brèjhke Ðso me 12dB

gia Ôyh full¸matoc 20m kai 9dB gia Ôyh full¸matoc 60m5. P�ntwc, h genÐkeush

twn porism�twn parìmoiwn metr sewn se efarmogèc LMDS eÐnai idiaÐtera episfal c

kaj¸c to Ôyoc twn fullwm�twn kai to eÐdoc twn dèndrwn pou parenoqleÐ th zeÔxh

proc to sundromht  eÐnai tuqaÐec par�metroi pou den eÐnai gnwstèc exarq c.

2.3.4 DialeÐyeic lìgw poludiadromik c di�doshc

Oi dialeÐyeic lìgw poludiadromik c di�doshc (multipath propagation) apoteloÔn èna

genikì ìro pou qrhsimopoieÐtai gia na perigr�yei to fainìmeno kat� to opoÐo pol-

lèc ekdoqèc tou ekpempìmenou s matoc fj�noun sto dèkth mèsw diaforetik¸n dia-

drom¸n di�doshc. Oi pollèc diadromèc prokÔptoun lìgw an�klashc, perÐjlashc kai

skèdashc apì stajerèc ontìthtec, ìpwc to èdafoc kai oi stajerèc kataskeuèc   apì

kinoÔmenec ontìthtec, ìpwc ta autokÐnhta kai ta lewforeÐa. EpÐshc, se mikrokumatik�

sust mata h poludiadromik  di�dosh eÐnai to apotèlesma anakl�sewn sto eswterikì

strwm�twn thc atmìsfairac. Kaj¸c ta s mata apì di�forouc drìmouc den eÐnai sta-

5Qamhlìterec timèc XPD sunep�gontai megalÔterh strof  thc pìlwshc tou ekpempìmenou h-

lektromagnhtikoÔ kÔmatoc.
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jer� kat� to pl joc, to pl�toc, th f�sh kai touc qrìnouc �fixhc, h dunatìthta

prìbleyhc twn qarakthristik¸n paramètrwn thc poludiadromik c di�doshc apoteleÐ

mia suneq c prìklhsh kai antimetwpÐzetai me statistikèc mejìdouc. Sthn paroÔsa

par�grafo, suzhtoÔntai kurÐwc ta fainìmena poludiadromik c di�leiyhc pou emfanÐ-

zontai se mikrokumatikèc zeÔxeic LOS   se zeÔxeic pou parempodÐzontai mìno merik¸c.

DÔo eÐnai oi basikoÐ mhqanismoÐ pou prokaloÔn poludiadromik  di�dosh se tètoia

mikrokumatik� sust mata [And03]:

• Diaforetikèc diadromèc di�doshc mèsw thc atmìsfairac lìgw twn apìtomwn

metabol¸n   asuneqei¸n tou deÐkth di�jlashc thc atmìsfairac pou dhmiourgoÔn

diajlastikèc   kai anaklastikèc epif�neiec.

• Diaforetikèc diadromèc di�doshc lìgw anakl�sewn apì to èdafoc, oi opoÐec

metab�llontai kaj¸c metab�lletai o deÐkthc di�jlashc tou ed�fouc kai èqoun

wc apotèlesma ta s mata pou anakl¸ntai apì autì na èqoun diaforetik  èntash

kai gewmetrÐa.

Sto megalÔtero posostì thc di�rkeiac enìc ètouc, o deÐkthc di�jlashc thc atmì-

sfairac eÐnai grammik  sun�rthsh tou Ôyouc. Wstìso, ìtan o deÐkthc den eÐnai omoiì-

morfoc, ta str¸mata thc atmìsfairac pou emfanÐzoun apìtomec metabolèc   asunè-

qeiec tou deÐkth di�jlashc lìgw diafor¸n sth jermokrasÐa   thn ugrasÐa mporoÔn

na dhmiourg soun str¸mata an�klashc, ta opoÐa prokaloÔn poludiadromik  di�dosh.

Sto Sq ma 2.6 efarmìzetai to montèlo thc SÔstashc ITU-R P.530 gia ton upolo-

gismì tou posostoÔ tou qrìnou kat� th di�rkeia tou qeirìterou m na enìc ètouc,

kat� to opoÐo to b�joc thc poludiadromik c di�leiyhc uperbaÐnei k�poia tim . Oi dÔo

kampÔlec aforoÔn tic suqnìthtec 28 kai 42GHz gia m koc zeÔxhc Ðso me 5Km. Gia

thn efarmog  tou montèlou, aparaÐthtoc eÐnai o gewklimatikìc par�gontac thc gew-

grafik c jèshc6 pou, me th seir� tou, exart�tai apì to shmeiakì deÐkth di�jlashc

dN1 sto qamhlìtero tm ma 65m thc atmìsfairac pou den uperbaÐnetai gia to 1% tou

mèsou ètouc. Pagkìsmioi q�rtec gia thn tim  tou dN1 perilamb�nontai sth SÔstash

ITU-R P.453 [ITU453].

Mia endiafèrousa jewrhtik  melèth pou basÐsjhke se sullog  dedomènwn pou

sqetÐzontai me thn poludiadromik  di�dosh se zeÔxeic LOS sta 38GHz upì sunj kec
6Sto Sq ma 2.6 èqei upotejeÐ h Aj na, GR.
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Sq ma 2.6: Posostì tou qrìnou upèrbashc enìc b�jouc di�leiyhc kat� th di�rkeia tou

qeirìterou m na tou ètouc sÔmfwna me th SÔstash ITU-R P.530.

broqìptwshc parousi�zetai sto [Xu00]. Oi metr seic eureÐac z¸nhc pou katagr�-

fontai sthn ergasÐa èdeixan ìti prokÔptoun shmantikèc metabolèc sta qarakthri-

stik� thc poludiadromik c di�doshc upì eidikèc kairikèc sunj kec. Sugkekrimèna,

en¸ upì sunj kec kajaroÔ ouranoÔ den parathr jhke poludiadromik  di�dosh, upì

sunj kec broqìptwshc, to lambanìmeno s ma prèpei na jewrhjeÐ wc to �jroisma miac

stajer c (sÔmfwnhc) sunist¸sac kai poll¸n (asÔmfwnwn) sunistws¸n proerqomè-

nwn apì thn tuqaÐa skèdash apì tic stagìnec broq c. Epomènwc, h katanom  thc

isqÔoc tou lambanomènou s matoc mporeÐ na proseggisjeÐ apì thn katanom  Rice me

sun�rthsh puknìthtac pijanìthtac

p(x) =
1

σ2
exp

(
−2x + A2

2σ2

)
I0

(
A
√

2x

σ2

)
(2.12)

ìpou A2/2 eÐnai h isqÔc thc sÔmfwnhc sunist¸sac, σ2 h isqÔc thc asÔmfwnhc

sunist¸sac kai I0 eÐnai h tropopoihmènh sun�rthsh Bessel pr¸tou eÐdouc kai mh-

denik c t�xhc. H katanom  Rice mporeÐ na parametropoihjeÐ, epÐshc, mèsw tou

par�gonta K pou orÐzetai wc o lìgoc isqÔwn thc sÔmfwnhc proc thn asÔmfwnh

sunist¸sa se dB

K = 10 log
A2/2

σ2
(2.13)
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Met� apì mia diadikasÐa mh grammik c palindrìmhshc twn dedomènwn apì tic metr -

seic [Xu00], proèkuye h akìloujh sqèsh metaxÔ tou par�gonta K kai tou rujmoÔ

broqìptwshc R

K[dB] = 16.88− 0.04R (2.14)

Poludiadromik  di�dosh se zeÔxeic NLOS � H parousÐash tou anti-

keimènou thc poludiadromik c di�doshc katal gei me mia sunoptik  anafor� stic zeÔ-

xeic NLOS twn diktÔwn BWA sto eÔroc suqnot twn 2-11GHz. Sthn perÐptwsh aut ,

oi dialeÐyeic lìgw poludiadromik c di�doshc proseggÐzontai kat�llhla apì gnwst 

sun�rthsh katanom c prokeimènou na perigrafoÔn oi metabolèc thc perib�llousac

tou lambanìmenou s matoc. Gia thn efarmog  twn montèlwn gÐnetai h upìjesh ìti to

s ma eÐnai mikroÔ sqetik� eÔrouc z¸nhc, ¸ste oi dialeÐyeic na mhn emfanÐzoun epile-

ktikìthta wc proc th suqnìthta. Akìma kai sthn perÐptwsh diaÔlwn, twn opoÐwn

to eÔroc z¸nhc tou s matoc kai h fÔsh tou perib�llontoc di�doshc eÐnai tètoia

¸ste na emfanÐzetai epilektikìthta wc proc th suqnìthta, to montèlo twn epÐpedwn

dialeÐyewn exakoloujeÐ na eÐnai efarmìsimo se sugkekrimèna fasmatik� par�jura

tou sunolikoÔ eÔrouc z¸nhc. 'Opwc anafèrjhke sto Kef�laio 1, orismèna sq mata

diamìrfwshc, ìpwc h diamìrfwsh OFDM, èqoun sqediasjeÐ ètsi ¸ste to eÔroc z¸nhc

kajenìc apì ta epimèrouc fèronta na periorÐzetai se eÔroc suqnot twn sto opoÐo oi

dialeÐyeic qarakthrÐzontai wc epÐpedec.

Oi plèon diadedomènec katanomèc pou qrhsimopoioÔntai gia th montelopoÐhsh thc

poludiadromik c di�doshc se zeÔxeic NLOS eÐnai oi katanomèc Rayleigh, Rice kai

Nakagami. H pr¸th apì autèc jewreÐtai katallhlìterh ìtan up�rqei meg�lo pl joc

skedast¸n sto perib�llon di�doshc, opìte h di�dosh sto dÐaulo metatrèpetai se

diadikasÐa Gauss, anex�rthta apì thn katanom  twn epimèrouc sunistws¸n. An den

up�rqei �fixh sto dèkth miac kurÐarqhc sunist¸sac, h diadikasÐa aut  ja èqei mèsh

tim  mhdèn kai f�sh omoiìmorfa katanemhmènh metaxÔ 0 kai 2p. Sunep¸c, h katanom 

Rayleigh qrhsimopoieÐtai ìtan den up�rqei apeujeÐac sunist¸sa metaxÔ tou pompoÔ

kai tou dèkth. AntÐjeta, an up�rqei apeujeÐac kurÐarqh sunist¸sa, qrhsimopoieÐtai

h katanom  Rice.

SunoyÐzontac, o thlepikoinwniakìc dÐauloc montelopoieÐtai sun jwc wc Rayleigh

se perib�llon makrokuyel¸n, en¸ se perib�llon mikrokuyel¸n, ìpou h Ôparxh apeu-

jeÐac sunist¸sac eÐnai pijanìterh, o dÐauloc montelopoieÐtai, sun jwc, wc Rice.
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Tèloc, antÐjeta me tic katanomèc Rayleigh kai Rice, pou perigr�foun sumperifor�

uparkt¸n fusik¸n posot twn kai diadikasi¸n (jìruboc Gauss kai hmitonikì kÔma, a-

ntÐstoiqa), h katanom  Nakagami apoteleÐ majhmatik  epinìhsh qwrÐc fusik  jemelÐ-

wsh. 'Omwc, se sqèsh me tic teleutaÐec, h katanom  Nakagami eÐnai perissìtero eu-

èlikth, afoÔ dÐdei th dunatìthta sqhmatismoÔ sunart sewn puknìthtac me poikÐlec

morfèc.

2.4 Radiok�luyh se kuyelwt� dÐktua LMDS

Ta fainìmena kai ta antÐstoiqa montèla di�doshc pou perigr�fhkan stic prohgoÔmenec

enìthtec aforoÔsan kurÐwc mikrokumatikèc zeÔxeic PTP7. H anagwg  touc se kuyelw-

tèc arqitektonikèc PMP, tic opoÐec uiojetoÔn ta dÐktua LMDS, èqei wc sunèpeia th

meÐwsh thc radiok�luyhc (radio coverage). Wc radiok�luyh orÐzetai to posostì thc

kuyèlhc pou exuphreteÐtai apì ton BS. Proc thn kateÔjunsh aut , h SÔstash ITU-

R P.1410 [ITU1410] epikentr¸netai sth sqedÐash epÐgeiwn euruzwnik¸n susthm�twn

prìsbashc pou leitourgoÔn stic suqnìthtec 20-50GHz.

H epilog  thc jèshc kai tou Ôyouc egkat�stashc thc keraÐac tou BS se tètoia

sust mata prèpei na gÐnetai me idiaÐterh prosoq , ¸ste na eÐnai dunat  h aprìskopth

paroq  uphresi¸n proc ton epijumhtì arijmì qrhst¸n sto eswterikì thc kuyèlhc.

Epomènwc, kat� th sqedÐash enìc kuyelwtoÔ sust matoc prèpei na lamb�netai upìyh

h poikilÐa paragìntwn pou epibarÔnoun tic memonwmènec zeÔxeic metaxÔ BS kai SS.

Orismènec tropopoi seic stouc pompoÔc kai touc dèktec twn memonwmènwn zeÔxewn

me skopì th beltÐwsh thc radiok�luyhc eÐnai [Fal03]:

• H aÔxhsh thc mègisthc isqÔoc ekpomp c (Periorismìc: Teqnologikì kìstoc,

dhmiourgÐa parembol¸n, asf�leia kai kanonistik� jèmata).

• H aÔxhsh thc kateujuntikìthtac kai tou kèrdouc twn kerai¸n (Periorismìc:

EuaisjhsÐa skìpeushc kat� thn egkat�stash thc keraÐac kai ìria isqÔoc ekpo-

mp c).

7 'Allwste oi perissìterec apì tic mejodologÐec prìbleyhc pou suzht jhkan perilamb�nontai

sth SÔstash ITU-R P.530, h opoÐa èqei wc apokleistikì antikeÐmeno tic epÐgeiec mikrokumatikèc

zeÔxeic upì sunj kec LOS.
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• H meÐwsh tou eÔrouc z¸nhc kai tou rujmoÔ met�doshc (Periorismìc: MeÐwsh

thc qwrhtikìthtac tou sust matoc).

• H meÐwsh twn apwlei¸n tou dèkth kai tou jorÔbou (Periorismìc: Kìstoc kai

jermokrasÐa).

Oi periorismoÐ pou mìlic anafèrjhkan kaj¸c kai h èlleiyh leptomer¸n b�sewn

dedomènwn ktirÐwn, od ghse thn ITU-R na sumperil�bei sth SÔstash P.1410 èna

statistikì montèlo gia thn ektÐmhsh thc parempìdishc apì ktÐria, to opoÐo basÐzetai

se topografikèc b�seic dedomènwn apì th Bìreia Eur¸ph. Sugkekrimèna, mèsw thc

teqnik c ray tracing upologÐsjhke h radiok�luyh sunart sei tou Ôyouc twn ktirÐwn,

thc parempìdishc apì bl�sthsh, tou Ôyouc twn kerai¸n pompoÔ kai dèkth kai tou

endeqomènou exuphrèthshc apì perissìterouc tou enìc BS. Apì tic melètec autèc

proèkuyan orismènec genikèc parathr seic wc proc th radiok�luyh, oi opoÐec mporoÔn

na axiopoihjoÔn kat� th sqedÐash enìc diktÔou LMDS. Autèc eÐnai:

� H radiok�luyh exart�tai se meg�lo bajmì apì thn topojesÐa, idiaÐtera an sthn

perioq  up�rqoun topografikèc idiomorfÐec   asun jista uyhlìc bajmìc pare-

mpìdishc apì ktÐria. Ex�llou, apì melètec se di�forec astikèc/proastiakèc

topojesÐec proèkuye posostì radiok�luyhc thc t�xhc tou 40-60% gia kuyèlec

aktÐnac 2Km, ìtan h keraÐa tou pompoÔ egkajÐstatai se Ôyoc 30m.

� H k�luyh aux�netai kat� 1-2% gia k�je mètro aÔxhshc tou Ôyouc thc keraÐac

tou BS.

� H k�luyh aux�netai kat� 3-4% gia k�je mètro aÔxhshc tou Ôyouc thc keraÐac

tou k�je qr sth.

� Arqitektonikèc kuyèlhc pou epitrèpoun stouc dèktec na epilèxoun perissìte-

rouc tou enìc BS prosfèroun shmantik  aÔxhsh thc radiok�luyhc. H teqnik 

aut , gnwst  wc diaforik  l yh, ja melethjeÐ ekten¸c sto epìmeno kef�laio.

Gia par�deigma, ìtan h keraÐa tou pompoÔ topojeteÐtai se Ôyoc 30m, h k�luyh

kuyel¸n me aktÐna 2Km aux�nei apì 44% me èna monadikì BS se 80% me dÔo

stajmoÔc kai se 90% me tèsseric.

� H barÔthta twn epipt¸sewn thc parempìdishc apì dèndra exart�tai se meg�lo

bajmì apì thn topojesÐa. Apì melèth pou pragmatopoi jhke se pìleic tou
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Hnwmènou BasileÐou, ègine gnwstì ìti to 10-20% tou sunìlou twn ktirÐwn

parempodÐzetai apo dèndra.

� H apìsbesh apì dèndra eÐnai polÔ isqur  se qiliostometrik� m kh kÔmatoc. O

rujmìc apìsbeshc exart�tai apì to eÐdoc twn dèndrwn, thn ugrasÐa thn opoÐa

katakratoÔn kai th gewmetrÐa thc zeÔxhc all�, sth genik  perÐptwsh, gÐnetai

apodektìc ènac rujmìc apìsbeshc 4-5dB/m (bl. Enìthta 2.3.2). EntoÔtoic,

anex�rthta apì to m koc thc zeÔxhc, h apìsbesh den uperbaÐnei k�poia uyhl 

tim , tupik� 20-40dB.

Oi anwtèrw genikèc parathr seic mporoÔn na metafrasjoÔn se sugkekrimènec

prot�seic gia th beltÐwsh thc radiok�luyhc se kuyelwt� dÐktua LMDS pou den

sunodeÔontai apì shmantik� meionekt mata [Fal03]:

• AÔxhsh tou Ôyouc thc keraÐac tou BS  /kai twn SS kai beltistopoÐhsh thc

jèshc tou BS entìc thc kuyèlhc.

• MeÐwsh thc apìstashc metaxÔ geitonik¸n kuyel¸n aux�nontac thn puknìthta

twn BS sto dÐktuo.

• Qr sh diaforik c l yhc.

• Qr sh epanalhpt¸n pou enisqÔoun kai epanekpèmpoun ta adÔnama s mata kai

proc tic dÔo kateujÔnseic met�doshc.

Apì th stigm  ìpou diasfalisjeÐ ìti ènac qr sthc diajètei zeÔxh LOS proc ton

BS, eÐnai aparaÐthtoc o upologismìc tou posostoÔ tou qrìnou kat� to opoÐo eÐnai

dunat  h paroq  uphresi¸n upì thn epÐdrash thc broqìptwshc. Efìson h broq  wc

mèso di�doshc den eÐnai omoiìmorfh kat� to orizìntio epÐpedo, to monodi�stato mo-

ntèlo thc SÔstashc ITU-R P.530 pou parousi�sjhke sthn Enìthta 2.2.3 gia zeÔxeic

PTP den mporeÐ na efarmosjeÐ se zeÔxeic PMP. Gia to skopì autì, kat�llhlh eÐnai h

qr sh tou montèlou thc SÔstashc ITU-R P.1410, sthn opoÐa h ènnoia tou shmeiakoÔ

rujmoÔ broqìptwshc R (bl. Enìthta 2.2.3) epekteÐnetai me ton orismì tou mèsou

rujmoÔ broqìptwshc perioq c Ra(p)[mm/h] pou uperbaÐnetai gia p% tou qrìnou.

Endeiktikèc timèc gia thn par�metro Ra pou pro ljan apì metr seic radar di�rkeiac

dÔo et¸n sto Hnwmèno BasÐleio, katagr�fontai ston PÐnaka 2.2. AfethrÐa gia
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PÐnakac 2.2: Dedomèna shmeiakoÔ kai mèsou rujmoÔ broqìptwshc perioq c pou pro ljan

apì metr seic radar dÔo et¸n sto Hnwmèno BasÐleio.

Posostì Shmeiakìc rujmìc Mèsoc rujmìc broqìptwshc perioq c (mm/h)

tou qrìnou (%) broqìptwshc (mm/h) aktÐna kuyèlhc 2.5Km aktÐna kuyèlhc 5Km

0.001 65.6 36.0 33.0

0.003 46.2 29.0 23.4

0.01 29.9 19.4 17.1

0.03 18.1 16.3 12.6

0.1 9.8 9.5 8.5

0.3 5.0 4.9 4.8

1 2.0 2.1 2.1

thn ektÐmhsh thc radiok�luyhc parousÐa atmosfairik¸n katakrhmnÐsewn apoteleÐ o

arijmhtikìc upologismìc thc qarakthristik c apìstashc d0 gia p% tou qrìnou mèsw

thc sqèshc

kRa
a(p)d(1.5 + (1.1(2d−0.04 − 2.25)) log(Ra(p))) + 20 log(d/D) = F (2.15)

H anwtèrw sqèsh afor� kuyèlec aktÐnac D pou exuphretoÔntai apì èna BS me o-

moiokateujuntik  keraÐa. H par�metroc F antiproswpeÔei to perij¸rio dialeÐyewn

tou sust matoc, en¸ oi stajerèc k kai a sumbolÐzoun touc suntelestèc thc eidik c

apìsbeshc broq c γR (bl. Enìthta 2.2.3). Met� thn eÔresh thc qarakthristik c

apìstashc d0, to posostì radiok�luyhc thc kuyèlhc upologÐzetai apì th sqèsh

C(D, p, F ) = 100×
(

d0

D

)2

(2.16)

Sto Sq ma 2.7 parousi�zontai ta apotelèsmata thc prohgoÔmenhc diadikasÐac me

qr sh twn dedomènwn tou PÐnaka 2.2 gia dÔo kuyèlec aktÐnac 2.5 kai 5Km, antÐ-

stoiqa, pou qrhsimopoioÔn katakìrufh pìlwsh sta 42GHz me perij¸rio dialeÐyewn

F = 10dB. FaÐnetai ìti gia qamhl� posost� tou qrìnou, opìte kai h apìsbesh lì-

gw broq c lamb�nei shmantikèc timèc, to posostì radiok�luyhc mei¸netai drastik�.

Katal gontac, sthn ergasÐa touc [Pan03b], oi suggrafeÐc proteÐnoun mia genik 

mèjodo upologismoÔ tou mèsou rujmoÔ broqìptwshc miac perioq c, Ra, apì dedomèna

tou shmeiakoÔ rujmoÔ broqìptwshc R.
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2.5 Statistik  je¸rhsh thc apìsbeshc broq c

mèsw fusik¸n montèlwn

Sthn paroÔsa enìthta parousi�zetai h montelopoÐhsh thc makroprìjesmhc qwro-

qronik c statistik c (long term statistics) thc apìsbeshc lìgw broq c mèsw fusik¸n

montèlwn. H sqetik  an�lush apoteleÐ th b�sh gia tic mejìdouc pou anaptÔssontai

sta epìmena kef�laia.

2.5.1 Statik  an�lush tou shmeiakoÔ rujmoÔ

broqìpwshc

H statistik  tou shmeiakoÔ rujmoÔ broqìptwshc pou orÐsjhke sthn Enìthta 2.2.3

kajorÐzei se meg�lo bajmì kai th statistik  thc apìsbeshc lìgw broq c, afoÔ

enswmat¸nei thn ex�rthsh tou fainomènou apì tic klimatikèc sunj kec pou epikra-

toÔn ek�stote sthn perioq  leitourgÐac tou sust matoc. Sthn paroÔsa enìthta, h

an�lush periorÐzetai stic qwrikèc idiìthtec tou shmeiakoÔ rujmoÔ broqìptwshc jew-

r¸ntac ìti R = R(x, y)  , alli¸c, R = R(z), ìpou z =
√

x2 + y2 h apìstash apì thn

Sq ma 2.7: Posostì radiok�luyhc sunart sei tou posostoÔ tou qrìnou sÔmfwna me th

SÔstash ITU-R P.1410.
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arq  thc zeÔxhc (x, y) = (0, 0). Sthn an�lush pou akoloujeÐ, h ex�rthsh aut  ìpou

den anagr�fetai ja uponoeÐtai. 'Opwc proanafèrjhke, o plèon axiìpistoc trìpoc gia

ton prosdiorismì thc katanom c tou rujmoÔ broqìptwshc eÐnai mèsw poluet¸n metr -

sewn pou pragmatopoioÔntai eÐte me broqometrhtèc (rain gauges) eÐte me th bo jeia

radar. Enallaktik�, ìtan den up�rqei h dunatìthta diexagwg c metr sewn, mporoÔn

na qrhsimopoihjoÔn oi b�seic dedomènwn apì q�rtec broq c pou perilamb�nontai sth

SÔstash ITU-R P.837.

Prokeimènou gia perioqèc thc Eur¸phc kai thc Bìreiac Amerik c, eÐnai genik�

apodektì ìti ta peiramatik� dedomèna tou rujmoÔ broqìptwshc proseggÐzontai ikanopoi-

htik� apì th logarijmokanonik  katanom  pou perigr�fetai mèsw thc sun�rthshc

puknìthtac pijanìthtac

pR(R) =
1√

2πSrR
exp

[
−

(
ln R− ln Rm√

2Sr

)2
]

(2.17)

ìpou ln Rm kai Sr h mèsh tim  kai h tupik  apìklish thc tuqaÐac metablht c ln R.

Shmei¸netai ìti h anwtèrw katanom  onom�zetai adèsmeuth (unconditional), afoÔ

anafèretai se periìdouc broqìptwshc kai mh, se antÐjesh me th logarijmokanonik 

katanom  pou prot�jhke arqik� apì ton Lin [Lin75], h opoÐa desmeuìtan apì to ende-

qìmeno broqìptwshc. Gia to lìgo autì, h adèsmeuth katanom  pou uiojeteÐtai apì

thn paroÔsa diatrib  isqÔei gia rujmoÔc broqìptwshc uyhlìterouc miac el�qisthc

tim c, afoÔ gia polÔ mikrèc timèc tou rujmoÔ broqìptwshc odhgeÐ se uperektÐmhsh

thc pijanìthtac upèrbashc. Sthn pr�xh, to gegonìc autì den mei¸nei th qrhsimìtht�

thc, dedomènou oi polÔ mikrèc timèc tou rujmoÔ broqìptwshc eÐnai adi�forec kat�

th melèth thc apìsbeshc. Mia b ma-proc -b ma mejodologÐa gia thn exagwg  twn

paramètrwn Rm kai Sr apì peiramatikèc kampÔlec thc pijanìthtac upèrbashc   apì

touc q�rtec broq c thc ITU-R proteÐnetai apì to Par�rthma D'.

Gia perioqèc me tropikì kai upotropikì klÐma (Nìtia Amerik , 'Apw Anatol ,

Nìtia AsÐa, Afrik ), ta peiramatik� dedomèna gia to rujmì broqìptwshc proseggÐ-

zontai kalÔtera apì thn katanom  g�mma [Mor76] pou perigr�fetai apì th sun�rthsh

puknìthtac pijanìthtac

pR(R) =
βvR

R

Γ(vR)
RvR−1 exp (−βRR) (2.18)

Kai h katanom  aut  eÐnai adèsmeuth upì thn ènnoia pou dìjhke prohgoumènwc. H

sun�rthsh g�mma Γ(.) orÐzetai sto Par�rthma B, en¸ oi par�metroi vR kai βR upolo-
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gÐzontai apì peiramatikèc kampÔlec thc pijanìthtac upèrbashc me grafikèc mejìdouc

[Mor71]   me analutikì trìpo, ìpwc perigr�fetai sto Par�rthma D'.

2.5.2 Eidik  apìsbesh broq c

Ektìc apì thn pinakopoihmènh morf  twn suntelest¸n thc eidik c apìsbeshc bro-

q c k, a -bl. (2.3)- pou perilamb�nontai sth SÔstash ITU-R P.838, èqoun protajeÐ

enallaktikèc sqèseic upologismoÔ twn kH , aH , kV , aV , an�loga me thn katanom  pou

uiojeteÐtai gia to sq ma twn stagìnwn thc broq c . 'Etsi, se perioqèc pou qarakth-

rÐzontai apì eÔkrato klÐma, h katanom  Laws-Parsons [Law43] efarmìzetai kat�llh-

la kai, gia suqnìthtec apì 10 èwc 30GHz, apodÐdei tic akìloujec proseggistikèc

sqèseic 



kH = 8.9789× 10−5 × f 2.24060558

kV = 7.3682× 10−5 × f 2.25740612

aH = 1.7681577− 0.2206576 ln f
aV = 1.61107− 0.18141203 ln f

(2.19)

Gia perioqèc tou plan th me tropikì klÐma, akribèsterh jwreÐtai h prosèggish thc

stagìnac broq c apì thn katanom  Ajayi-Olsen [Aja85], h opoÐa gia suqnìthtec apì

10 èwc 30GHz odhgeÐ stic akìloujec proseggistikèc sqèseic




kH = 1.93082× 10−4 × f 2.04115

kV = 1.4435× 10−4 × f 2.08455

aH = 1.7071− 0.20769 ln f
aV = 1.6248− 0.1898 ln f

(2.20)

Gia ton telikì prosdiorismì twn stajer¸n k kai a, antikajÐstanai oi timèc pou

prokÔptoun apì tic (2.19) kai (2.20) stic (2.4) kai (2.5).

2.5.3 Statik  an�lush thc apìsbeshc lìgw broq c

Ac jewrhjeÐ epÐgeia zeÔxh m kouc L, gia thn opoÐa epijumeÐtai o prosdiorismìc thc

statistik c thc apìsbeshc lìgw broq c A. Se antÐjesh me to empeirikì montèlo thc

SÔstashc P.530, h uiojèthsh enìc fusikoÔ montèlou sunep�getai ìti h apìsbesh

lìgw broq c A ekfr�zetai wc to olokl rwma thc eidik c apìsbeshc γR kat� m koc

thc zeÔxhc lamb�nontac upìyh th qwrik  anomoiogèneia tou mèsou

A =

∫ L

0

γR(z)dz =

∫ L

0

k[R(z)]adz (2.21)
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Apì to shmeÐo autì, o upologismìc thc katanom c thc apìsbeshc lìgw broq c di-

aforopoieÐtai gia k�je fusikì montèlo, an�loga me tic upokeÐmenec fusikèc upojè-

seic pou aforoÔn th qwrik  dom  thc broq c. Sthn paroÔsa diatrib , sth genik 

perÐptwsh, uiojeteÐtai to logarijmokanonikì montèlo [Lin75], [Kan90] pou afor� pe-

rioqèc me eÔkrato klÐma. Se k�poiec eidikèc peript¸seic uiojeteÐtai to montèlo thc

katanom c g�mma [Mor76], [Kou90] pou afor� tropikèc kai upotropikèc perioqèc. Oi

leptomèreiec twn dÔo fusik¸n montèlwn analÔontai diexodik� stic epìmenec para-

gr�fouc. Gia lìgouc plhrìthtac, axÐzei na anaferjeÐ apì th diejn  bibliografÐa

kai to fusikì montèlo EXCELL, to opoÐo èqei tropopoihjeÐ kat�llhla ¸ste na ef-

armìzetai se dÐktua LMDS [Par02].

To Logarijmokanonikì Montèlo � SÔmfwna me to logarijmokanonikì

montèlo, oi tuqaÐec metablhtèc (t.m.) tìso tou shmeiakoÔ rujmoÔ broqìptwshc R

ìso kai thc apìsbeshc lìgw broq c A proseggÐzontai ikanopoihtik� apì th logari-

jmokanonik  katanom . H puknìthta pijanìthtac thc t.m. R èqei  dh dojeÐ apì thn

(2.17), en¸ gia thn t.m. A isqÔei antÐstoiqa

pA(A) =
1√

2πSaA
exp

[
−

(
ln A− ln Am√

2Sa

)2
]

(2.22)

Skopìc thc an�lushc eÐnai o prosdiorismìc twn statistik¸n paramètrwn Am kai Sa

thc katanom c thc apìsbeshc gia thn upì melèth epÐgeia zeÔxh. Proc thn kateÔjunsh

aut , gia th mèsh tim  thc t.m. A isqÔei8

µa = E[A] =

∫ L

0

kE[(R(z))a]dz = kE[Ra]L (2.23)

Gia th diakÔmansh thc t.m. A isqÔei

σ2
a = E[A2]− µ2

a = E

[∫ L

0

k[R(z)]adz

∫ L

0

k[R(z′)]adz′
]

=

=

∫ L

0

∫ L

0

k2E[(R(z))a(R(z′))a]dzdz′ − µ2
a (2.24)

Gia ton upologismì thc tupik c apìklishc σa, eÐnai aparaÐthtoc o orismìc tou shmeiakoÔ

suntelest  susqètishc metaxÔ twn [R(z)]a, [R(z′)]a, dhlad , tou suntelest  susqèti-

shc thc eidik c apìsbeshc lìgw broq c

ρ0(|z − z′|) =
E[(R(z))a(R(z′))a]− E2[Ra]

E [(Ra)2]− E2[Ra]
(2.25)

8O telest c E[X] dhl¸nei th mèsh tim  thc t.m. X me sun�rthsh puknìthtac pijanìthtac pX(.).

OrÐzetai mèsw thc sqèshc E[X] =
∫∞
−∞XpX(X)dX.
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Me b�sh tic (2.23)-(2.25), h èkfrash gia th diakÔmansh σ2
a gÐnetai

σ2
a = k2

{
E

[
R2a

]− E2[Ra]
}∫ L

0

∫ L

0

ρ0(|z − z′|)dzdz′ (2.26)

K�nontac qr sh thc (A'.2) tou Parart matoc A gia n = a kai n = 2a prokÔptei,

antÐstoiqa

E[Ra] = exp

[
aRm +

a2S2
r

2

]
(2.27)

E[R2a] = exp
[
2aRm + 2a2S2

r

]
(2.28)

Antikat�stash twn (2.27) kai (2.28) stic (2.23) kai (2.26), antÐstoiqa, sunep�getai

µa = k exp

[
aRm +

a2S2
r

2

]
L (2.29)

σ2
a = k2 exp

[
2aRm + a2S2

r

]
[exp(a2S2

r )− 1]

∫ L

0

∫ L

0

ρ0(|z − z′|)dzdz′ (2.30)

Apì thn (2.30) eÐnai fanerì ìti, gia ton upologismì thc σ2
a eÐnai aparaÐthth h èkfrash

tou shmeiakoÔ suntelest  autosusqètishc thc eidik c apìsbeshc lìgw broq c ρ0.

Mia tètoia hmiempeirik  èkfrash èqei protajeÐ apì ton Lin [Lin75] kai èqei apodei-

qjeÐ ìti proseggÐzei me epituqÐa ta antÐstoiqa peiramatik� dedomèna se perioqèc thc

Eur¸phc kai thc Bìreiac Amerik c. H èkfrash aut  eÐnai

ρ0(∆z = |z − z′|) =
G√

G2 + ∆z2
(2.31)

ìpou h stajer� G orÐzetai mèsw thc exÐswshc

ρ0(G) =
√

2/2

kai exart�tai apì to gewgrafikì pl�toc thc perioq c. 'Enac aplìc trìpoc upologi-

smoÔ tou G parèqetai apì thn èkfrash

G =





1 |Λ| ≤ 23◦

1.5 23◦ < |Λ| ≤ 50◦

1.75 |Λ| > 50◦
(2.32)

ìpou |Λ| h apìluth tim  tou gewgrafikoÔ pl�touc thc perioq c. Plèon, eÐnai dunatìc

o analutikìc upologismìc tou diploÔ oloklhr¸matoc thc (2.30)

H =

∫ L

0

∫ L

0

ρ0(|z − z′|)dzdz′ (2.33)

me ton trìpo pou upodeiknÔetai apì to Par�rthma G'. To telikì apotèlesma eÐnai

H = 2LG sinh−1

(
L

G

)
+ 2G2


1−

√(
L

G

)2

+ 1


 (2.34)
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'Etsi, me antikat�stash twn (2.29) kai (2.30) stic (A'.3) kai (A'.4) tou Parart matoc

A' prokÔptoun oi epijumhtèc statistikèc par�metroi thc katanom c thc apìsbeshc A

S2
a = ln

[
1 + [exp(a2S2

r )− 1]
H1

L2

]
(2.35)

Am = ln

[
k exp(aRm) exp

(
a2S2

r − S2
a

2

)
L

]
(2.36)

Tèloc, o upologismìc thc pijanìthtac upèrbashc opoiasd pote tim c perijwrÐou dia-

leÐyewn F [dB] pragmatopoieÐtai mèsw thc ajroistik c sun�rthshc katanom c

Pr{A > F} =
1

2
erfc

[
ln F − ln Am√

2Sa

]
(2.37)

ìpou erfc(.) h sumplhrwmatik  sun�rthsh sf�lmatoc (complementary error fun-

ction), ìpwc aut  orÐzetai sto Par�rthma A'.

To Montèlo Katanom c G�mma � To montèlo autì èqei basisjeÐ stic

arqikèc ergasÐec twn Morita kai Higuti [Mor76] kai sunÐstatai sthn prosèggish tou

shmeiakoÔ rujmoÔ broqìptwshc R kaj¸c kai thc apìsbeshc lìgw broq c A apì

thn katanom  g�mma gia perioqèc thc IapwnÐac all� kai, genikìtera, gia tropikèc kai

upotropikèc perioqèc. H èkfrash thc puknìthtac pijanìthtac thc t.m. R èqei  dh

dojeÐ apì thn (2.18), en¸ gia thn t.m. A isqÔei antÐstoiqa

pA(A) =
βvA

A

Γ(vA)
AvA−1 exp (−βAA) (2.38)

H diadikasÐa upologismoÔ twn statistik¸n paramètrwn vA kai βA eÐnai an�logh me

aut n pou akolouj jhke gia to logarijmokanonikì montèlo, me th basik  diafor�

thc uiojèthshc enìc shmeiakoÔ suntelest  susqètishc thc eidik c apìsbeshc lìgw

broq c me diaforetik  morf  se sqèsh me prin. Sugkekrimèna, h èkfrash pou èqei

uiojethjeÐ apì to [Mor76] eÐnai

ρ0(∆z = |z − z′|) = exp
[
−c
√

∆z
]

(2.39)

ìpou c stajer� pou kumaÐnetai metaxÔ twn tim¸n 0.2 kai 0.3Km−1/2. Sunep¸c, to

antÐstoiqo diplì olokl rwma thc (2.33) upologÐzetai analutik�. SÔmfwna me to

Par�rthma G', to telikì apotèlesma eÐnai

H = 4
c2L− 6 + 2(3 + 3c

√
L + c2L) exp(−c

√
L)

c4
(2.40)

Didaktorik  Diatrib  tou P.-D. M. Ar�poglou 49



Kef�laio 2. Qarakthristik� DiaÔlou se Sust mata LMDS

'Eqontac diajèsimo ton par�gonta H mporeÐ kaneÐc na upologÐsei th mèsh tim  µa kai

thn tupik  apìklish σa thc apìsbeshc A apì tic (2.23) kai (2.26). Me qr sh thc

(B'.3) tou Parart matoc B' gia n = a kai n = 2a prokÔptei, antÐstoiqa

E[Ra] =
Γ(vR + a)

βa
RΓ(vR)

(2.41)

E[R2a] =
Γ(vR + 2a)

β2a
R Γ(vR)

(2.42)

ìpou vR kai βR eÐnai oi antÐstoiqec par�metroi tou rujmoÔ broqìptwshc. Antikat�-

stash twn dÔo teleutaÐwn sqèsewn stic (2.40) kai (2.41) dÐdei

µa = k
Γ(vR + a)

βa
RΓ(vR)

L (2.43)

σ2
a =

k2H1

β2a
R Γ(vR)

[Γ(vR)Γ(vR + 2a)− Γ2(vR + a)] (2.44)

An plèon, antikatastajoÔn oi (2.44) kai (2.45) stic (B'.4) kai (B'.5) tou Parart -

matoc B', prokÔptoun oi proc upologismì statistikèc par�metroi

vA =
L2

H1

Γ2(vR + a)

Γ(vR)Γ(vR + 2a)− Γ2(vR + a)
(2.45)

βA =
βa

RL

kH1

Γ(vR)Γ(vR + a)

Γ(vR)Γ(vR + 2a)− Γ2(vR + a)
(2.46)

Tèloc, o upologismìc thc pijanìthtac upèrbashc opoiasd pote tim c perijwrÐou dia-

leÐyewn F [dB] pragmatopoieÐtai mèsw thc ajroistik c sun�rthshc katanom c

Pr{A > F} = 1− γ(vA, βAF )

Γ(vA)
(2.47)

ìpou γ(.) h atel c sun�rthsh g�mma (incomplete gamma function), ìpwc aut  orÐze-

tai sto Par�rthma B'.

2.5.4 Dunamik  an�lush tou shmeiakoÔ rujmoÔ

broqìpwshc

Sthn paroÔsa enìthta, o orismìc tou shmeiakoÔ rujmoÔ broqìptwshc epekteÐnetai

¸ste na peril�bei th dunamik  an�lush tou fainomènou. Proc toÔto, orÐzetai h sto-

qastik  diadikasÐa R(x, y, t)  , alli¸c, R(z, t) wc o shmeiakìc rujmìc broqìptwshc

th qronik  stigm  t se apìstash z apì thn arq  thc zeÔxhc. H an�lush basÐzetai

sto stoqastikì dunamikì montèlo twn Maseng-Bakken [Mas81] kai proapaiteÐ gia
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thn efarmog  tou treic paramètrouc: th dunamik  par�metro dR[s−1] pou perigr�fei

th qronik  metabol  tou shmeiakoÔ rujmoÔ broqìptwshc kaj¸c kai tic statikèc

paramètrouc Rm, Sr thc logarijmokanonik c katanom c tou R �bl. (2.17)�. Ex�l-

lou, h sun�rthsh sundiakÔmanshc thc diadikasÐac R(z, t) se sugkekrimèno shmeÐo thc

zeÔxhc ekfr�zetai upì th morf  [Pan03a]

BR(τ) = E[R(t1)R(t2)]− E2[R(t)] =

= R2
m exp(S2

r ){exp(S2
r exp(−dR|τ |))− 1} (2.48)

ìpou τ = t1−t2. Efarmìzontac tic gnwstèc exis¸seic Wiener-Khinchine kai met� apì

polÔplokh �lgebra, upologÐzetai to qronikì f�sma sundiakÔmanshc thc diadikasÐac

R(t) se sugkekrimèno shmeÐo thc zeÔxhc

SR(ω) =
1

2π

∫ ∞

−∞
BR(τ)e−jωτdτ =

=
R2

m exp(S2
r )

dRπ
exp

(
−π

ω

dR

)
Re

{
|S2

r |jω/dR

[
Γ

(
−jω

dR

)
− γ

(
−jω

dR

,−S2
r

)]}

(2.49)

ìpou Γ(x) kai γ(a, x) h sun�rthsh g�mma kai h atel c sun�rthsh g�mma, antÐstoiqa.

Pragmatopoi¸ntac mia asumtwtik  an�lush [Abr65], h èkfrash gia to f�sma tou ru-

jmoÔ broqìptwshc èrqetai se aploÔsterh morf  gia qamhlèc kai uyhlèc suqnìthtec,

antÐstoiqa [Pan03a]

SR(ω) =

{
a0 + a1ω

2 + a2ω
4 gia qamhlèc timèc tou ω

c/ω2 gia uyhlèc timèc tou ω
(2.50)

ìpou

a0 =
R2

m exp(S2
r )

dRπ
{Ei(S

2
r )− ln(S2

r )− γ} (2.51)

a1 = −R2
mS2

r exp(S2
r )

d3
Rπ

4F4{[1, 1, 1, 1]; [2, 2, 2, 2]; S2
r} (2.52)

a2 = −R2
mS2

r exp(S2
r )

d5
Rπ

6F6{[1, 1, 1, 1, 1, 1]; [2, 2, 2, 2, 2, 2]; S2
r} (2.53)

kai

c =
R2

mS2
r exp(2S2

r )dR

π
(2.54)

Stic (2.51)-(2.54), γ ' 0.577216 eÐnai h stajer� Euler-Mascheroni, Ei(x) h ekjetik 

oloklhrwtik  sun�rthsh kai

4F4{[k1, k2, k3, k4]; [l1, l2, l3, l4]; x}, 6F6{[k1, k2, k3, k4, k5, k6]; [l1, l2, l3, l4, l5, l6]; x}
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oi genikeumènec upergewmetrikèc sunart seic [Dwo90]. Oi epimèrouc pr�xeic kaj¸c

kai oi leptomèreiec thc asumptwtik c an�lushc pou pragmatopoi jhke parousi�zontai

sto sÔnolì touc sthn parapomp  [Pan02b].

2.5.5 Dunamik  an�lush thc apìsbeshc lìgw broq c

Gia th dunamik  an�lush thc apìsbeshc lìgw broq c, h (2.21) tropopoieÐtai kat�llh-

la ¸ste na ekfr�zei th sunolik  apìsbesh se mia zeÔxh m kouc L th qronik  stigm 

t

A(t) =

∫ L

0

γR(z, t)dz =

∫ L

0

k[R(z, t)]adz (2.55)

ìpou γR(z, t) h qwroqronik  diadikasÐa thc eidik c apìsbeshc lìgw broq c. Dedomè-

nou ìti a ' 1, h sun�rthsh sundiakÔmanshc thc A(t) gr�fetai

BA(τ) = k2

∫ L

0

∫ L

0

BR(|z1 − z2|, τ)dz1dz2 = k2

∫ L

0

∫ L

0

BR(∆z, τ)dz1dz2 (2.56)

ìpou BR(∆z, τ) h sun�rthsh sundiakÔmanshc tou rujmoÔ broqìptwshc ekfrasmènh

wc qwroqronik  diadikasÐa, upojètontac ìti eÐnai qwrik� isotropik  kai st�simh.

Efarmìzontac tic exis¸seic Wiener-Khinchine kai sta dÔo mèlh thc (2.56), prokÔptei

to qronikì f�sma sundiakÔmanshc thc diadikasÐac A(t)

SA(ω) = k2

∫ L

0

∫ L

0

CR(∆z, ω)dz1dz2 (2.57)

ìpou CR(∆z, ω) h qwrosuqnotik  fasmatik  puknìthta. H teleutaÐa orÐzetai mèsw

thc sqèshc

CR(∆z, ω) = SR(ω)ρ(ω, ∆z) (2.58)

ìpou ρ(ω, ∆z) h sÔnjeth qwrosuqnotik  sun�rthsh susqètishc pou kajorÐzei to ba-

jmì thc qwrik c susqètishc hmitonoeid¸n sunistws¸n thc qwroqronik c diadikasÐac

R(z, t). H kajar� qwrik  sun�rthsh susqètishc ρ(∆z) upologÐzetai apì th sqèsh

ρ(∆z) =

∫ ∞

−∞

ρ(ω, ∆z)SR(ω)

σ2
R

dω (2.59)

ìpou

σ2
R = R2

m exp(S2
r )[exp(S2

r )− 1] (2.60)

Kat� thn anwtèrw an�lush èqei jewrhjeÐ h genik  perÐptwsh upojètontac ìti o

sÔnjetoc qwrosuqnotikìc suntelest c susqètishc ρ(ω, ∆z) exart�tai tìso apì th

suqnìthta ω ìso kai apì th qwrik  diafor� ∆z.
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Epanalamb�nontac thn asumptwtik  an�lush gia thn perÐptwsh thc qwrosuqnoti-

k c fasmatik c puknìthtac CR(∆z, ω), prokÔptei h epìmenh sqèsh gia qamhlèc kai

uyhlèc timèc thc suqnìthtac, antÐstoiqa [Pan03a]

CR(∆z, ω) =





(a0 + a1ω
2 + a2ω

4)ρ(∆z) exp
(

a0ω+a1ω3/3+a2ω5/5

σ2
R

)
gia qamhlèc timèc tou w

c
ω2 ρ(∆z) exp

(
− c

σ2
Rω

)
gia uyhlèc timèc tou w

(2.61)

Efarmìzontac tic (2.57)-(2.61) kai metatrèpontac to qronikì f�sma sundiakÔmanshc

se fasmatik  puknìthta isqÔoc [Pap02], prokÔptei h telik  èkfrash

PA(ω) =





k2H
[
(a0 + a1ω

2 + a2ω
4) exp

(
a0ω+a1ω3/3+a2ω5/5

σ2
R

)
+

+R2
m/(2π) exp(2S2

r )δ(ω)
]

gia qamhlèc timèc tou w

c
ω2 ρ(∆z) exp

(
− c

σ2
Rω

)
gia uyhlèc timèc tou w

(2.62)

ìpou h par�metroc H thc qwrik c dom c tou mèsou broqìptwshc upologÐzetai apì

thn (2.34) kai δ(ω) h sun�rthsh Dirac. Oi epimèrouc pr�xeic kaj¸c kai oi leptomèreiec

thc asumptwtik c an�lushc pou pragmatopoi jhke parousi�zontai sto sÔnolì touc

sthn parapomp  [Pan02b].
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Kef�laio 3

Teqnikèc Antimet¸pishc twn

DialeÐyewn

3.1 Genik�

H elkustikìthta twn stajer¸n diktÔwn BWA pou leitourgoÔn stic suqnìthtec 10-

66GHz ofeÐletai sto gegonìc ìti prosfèroun shmantik� eÔrh z¸nhc, ta opoÐa dÐdoun

stouc qr stec th dunatìthta met�doshc se uyhloÔc rujmoÔc. Wstìso, h leitourgÐa

twn susthm�twn LMDS se uyhlèc suqnìthtec gÐnetai me antÐtimo thn upob�jmish

thc poiìthtac met�doshc apì èna pl joc atmosfairik¸n mhqanism¸n di�doshc, ìpwc

autoÐ anafèrjhkan sto prohgoÔmeno kef�laio. Kat� sunèpeia, h summìrfwsh me tic

prodiagrafèc diajesimìthtac (availability) kajÐstatai duskolìterh. H diajesimìthta

orÐzetai wc to posostì tou qrìnou gia to opoÐo o lìgoc lanjasmènwn yhfÐwn BER

(Bit Error Ratio)1 eÐnai qamhlìteroc apì èna proapaitoÔmeno kat¸flio kai apoteleÐ

sumplhrwmatik  kat�stash se sqèsh me th diakop  thc leitourgÐac. H diajesimìthta

apoteleÐ ton kÔrio par�gonta ektÐmhshc thc QoS sto epÐpedo tou fusikoÔ str¸matoc.

Ta perissìtera atmosfairik� fainìmena di�doshc pou suzht jhkan sto prohgoÔ-

meno kef�laio emfanÐzoun stoqastik  sumperifor� sta pedÐa tou q¸rou kai tou

qrìnou kai, epomènwc, diafèroun apì touc nteterministikoÔc par�gontec pou ephre�-

zoun mia mikrokumatik  zeÔxh upì sunj kec kajaroÔ ouranoÔ (ìpwc, gia par�deigma,

oi ap¸leiec eleÔjerou q¸rou). Efìson se autèc tic polÔ uyhlèc suqnìthtec lei-

1O lìgoc tou arijmoÔ lanjasmènwn yhfÐwn plhroforÐac proc to sunolikì arijmì yhfÐwn pou

lamb�nontai se sugkekrimèno qronikì di�sthma.
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tourgÐac, oi tuqaÐoi par�gontec upob�jmishc tou s matoc apoktoÔn meg�lh barÔthta

gia mikr� posost� tou qrìnou sth di�rkeia tou ètouc, to kèrdoc tou sust matoc

(system gain) prèpei na isquropoieÐtai peraitèrw mèsw thc epiplèon aÔxhshc thc

tim c tou. Par�llhla, h leitourgÐa upì stajerì perij¸rio dialeÐyewn meg�lhc tim c

krÐnetai wc mh apodotik    kai wc teqnologik� anèfikth lÔsh.

Gia th metrÐash twn dusmen¸n fainomènwn di�doshc kai, idiaÐtera, twn dialeÐyewn

lìgw broq c, èqoun protajeÐ di�forec teqnikèc antimet¸pishc twn dialeÐyewn (Fade

Mitigation Techniques, FMT)  , �llwc, antÐmetra kat� twn dialeÐyewn (Fade Counter-

Measures, FCM). Oi teqnikèc autèc epitrèpoun ìqi mìno th summìrfwsh me tic pro-

diagrafèc diajesimìthtac tou sust matoc upì praktik� efiktèc timèc tou perijwrÐou

dialeÐyewn, all� kai th beltistopoÐhsh thc met�doshc ìtan epikratoÔn eunoðkèc sun-

j kec sto dÐaulo, qwrÐc na spatal¸ntai krÐsimoi pìroi tou sust matoc (isqÔc, eÔroc

z¸nhc). M�lista, oi teqnikèc FMT èqoun gnwrÐsei thn teleutaÐa dekaetÐa meg�lh

an�ptuxh sta sust mata doruforik¸n epikoinwni¸n [Cas98], [Pan04], me apotèlesma

na èqoun enswmatwjeÐ sta antÐstoiqa prìtupa, ìpwc to sÔgqrono prìtupo DVB-S2

[ETSI03]. Tautìqrona, ìpwc anèdeixe to Kef�laio 1, oi teqnikèc FMT apoteloÔn

th shmantikìterh kainotomÐa pou èqei eisaqjeÐ sta nèa prìtupa gia ta dÐktua BWA

IEEE 802.16 WirelessMAN [IEEE04] kai ETSI BRAN HIPERACCESS [HIP02].

Oi teqnikèc antimet¸pishc twn dialeÐyewn diakrÐnontai se treic genikèc kathgorÐec

[COST255]:

(a) 'Elegqoc thc isqÔoc (Power Control)

(b) Prosarmostikèc teqnikèc epexergasÐac tou s matoc (Adaptive Signal Process-

ing FMT)

(g) Diaforik  prostasÐa (Diversity Protection)

O èlegqoc thc isqÔoc kai oi teqnikèc epexergasÐac tou s matoc qarakthrÐzo-ntai

apì thn apì koinoÔ qr sh anekmet�lleutwn pìrwn tou sust matoc (shared resource),

en¸ h diaforik  prostasÐa sunep�getai thn epanadromolìghsh (re-routing) tou s -

matoc. H apì koinoÔ qr sh twn anekmet�lleutwn pìrwn aposkopeÐ sthn antimet¸pish

twn dialeÐyewn pou ephre�zoun mia sugkekrimènh zeÔxh, ¸ste na diathreÐtai   akì-

ma kai na belti¸netai h epÐdos  thc. AntÐjeta, ta sq mata diafori-k c prostasÐac
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diathroÔn thn poiìthta thc zeÔxhc entìc twn prodiagraf¸n prosfèrontac enalla-

ktikoÔc diaÔlouc met�doshc. KajemÐa apì tic prohgoÔmenec kathgorÐec FMT analÔe-

tai diexodik� sto parìn kef�laio. Sugkekrimèna, sthn Enìthta 3.2 suzhtoÔntai oi mè-

jodoi elègqou thc isqÔoc se èna kuyelwtì dÐktuo BWA, sthn Enìthta 3.3 parousi�-

zontai oi enallaktikoÐ trìpoi epexergasÐac tou s matoc gia th beltistopoÐhsh thc

met�doshc kai sthn Enìthta 3.4 dÐdetai èmfash sthn teqnik  thc diaforik c l -

yhc pou apoteleÐ tm ma thc suneisfor�c thc paroÔsac diatrib c. Lìgw thc èn-

deiac sunaf¸n ereunhtik¸n ergasi¸n gia epÐgeia mikrokumatik� sust mata prìs-

bashc, kat� thn poreÐa thc an�lushc dÐdontai anaforèc kai se ergasÐec thc diejnoÔc

bibliografÐac pou aforoÔn doruforik� sust mata. To aplopoihmèno leitourgikì di�-

gramma met�doshc gia th zeÔxh downstream, sto opoÐo ja basisjeÐ h perigraf  twn

teqnik¸n FMT, parousi�zetai sto Sq ma 3.1.

Par� tic diaforèc touc, kajemÐa apì tic teqnikèc FMT ofeÐlei na ekteleÐ periodik�

tic epìmenec koinèc leitourgÐec [Mal02]:

1. ParakoloÔjhsh thc poiìthtac thc zeÔxhc pragmatopoi¸ntac metr seic twn

krÐsimwn paramètrwn tou diaÔlou.

2. Braquprìjesmh ektÐmhsh thc sumperifor�c kai thc di�rkeiac thc epìmenhc

kat�stashc tou diaÔlou.

3. RÔjmish twn paramètrwn tou sust matoc me b�sh thn prohgoÔmenh braquprì-

jesmh ektÐmhsh.

Sq ma 3.1: Leitourgikì di�gramma alusÐdac met�doshc apì to stajmì b�shc BS proc to

sundromht  SS gia th zeÔxh downstream.
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H megalÔterh duskolÐa pou antimetwpÐzetai kat� thn prohgoÔmenh epanalhptik 

diadikasÐa eÐnai h akrib c anÐqneush kai prìbleyh se pragmatikì qrìno thc dunami-

k c sumperifor�c tou diaÔlou. Oi enallaktikoÐ trìpoi anÐqneushc pou èqoun pro-

tajeÐ sth bibliografÐa èqoun wc kÔrio pedÐo efarmog c to doruforikì dÐaulo, ìpou

h anÐqneush epibarÔnetai peraitèrw apì thn kajustèrhsh di�doshc pou eis�gei h

ter�stia apìstash Ghc � gewstatik c troqi�c (perÐpou 36 000Km).

Ta sq mata anÐqneushc diakrÐnontai se [COST255]: anoiktoÔ brìqou (open loop)

[Dis97], kleistoÔ brìqou (closed loop) [Ega82] kai ubridikoÔ brìqou (hybrid loop).

Ta sust mata anoiktoÔ brìqou basÐzontai sthn ektÐmhsh thc exasjènhshc sth zeÔxh

upstream mèsw metr sewn pou pragmatopoioÔntai apì to sundromht  SS. Se aut  thn

perÐptwsh, h enswm�twsh metewrologik¸n kai radiometrik¸n sqhm�twn anÐqneushc

sta termatik� eÐnai dÔskolh lìgw uyhloÔ kìstouc. Apì thn �llh pleur�, oi metr -

seic mèsw broqometrht¸n den prosfèroun ikanopoihtik  akrÐbeia kaj¸c den parèqoun

plhroforÐa gia thn katanom  tou rujmoÔ broqìptwshc se olìklhro to m koc thc

zeÔxhc, all� mìno sto shmeÐo ìpou topojetoÔntai.

Sta sust mata kleistoÔ brìqou, h ektÐmhsh thc exasjènhshc sth zeÔxh upstream

apì ton SS pragmatopoieÐtai mèsw metr sewn thc sunolik c epÐdoshc thc zeÔxhc

(upstream kai downstream). H mèjodoc basÐzetai se mia epanalhptik  diadikasÐa,

ìpou se k�je b ma metr�tai apì ton SS eÐte to mègejoc BER eÐte o shmatojorubikìc

lìgoc. To apotèlesma thc sugkekrimènhc mètrhshc sugkrÐnetai me k�poio kat¸flio

pou antiproswpeÔei thn apaitoÔmenh epÐdosh ¸ste h zeÔxh na leitourgeÐ aprìsko-

pta. Endeqìmenh upèrbash tou katwflÐou metafr�zetai se energopoÐhsh k�poiac

apì tic enallaktikèc diadikasÐec FMT. Me b�sh thn arq  tou kleistoÔ brìqou, eÐnai

aparaÐthth h di�krish metaxÔ thc suneisfor�c thc zeÔxhc upstream kai thc zeÔxhc

downstream sth sunolik  apìsbesh. To gegonìc autì sunep�getai ìti oi metr seic

upìkeintai se k�poiou eÐdouc diadikasÐa anagwg c suqnìthtac (frequency scaling).

Skopìc thc anÐqneushc mèsw ubridikoÔ brìqou eÐnai o sunduasmìc dÔo eid¸n

metr sewn ¸ste na apofeÔgetai h qr sh algorÐjmwn anagwg c suqnìthtac. Se k�-

je stajmì sundromht  pragmatopoioÔntai tautìqrona metr seic thc epÐdoshc tìso

thc sunolik c zeÔxhc ìso kai thc zeÔxhc downstream. UpologÐzetai, ètsi, h apì-

sbesh sth zeÔxh upstream. KaÐtoi to sq ma ubridikoÔ brìqou qarakthrÐzetai apì

megalÔterh akrÐbeia, sta sust mata doruforik¸n epikoinwni¸n emfanÐzei to meionè-
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kthma thc auxhmènhc kajustèrhshc pou eis�getai apì th stigm  diexagwg c thc

mètrhshc mèqri thn energopoÐhsh tou kat�llhlou antÐmetrou dialeÐyewn. Wstìso,

sta epÐgeia sust mata, ìpou oi apost�seic pompoÔ kai dèkth eÐnai thc t�xhc twn

merik¸n qiliomètrwn, ta sust mata ubridikoÔ brìqou mporoÔn na apotelèsoun mia

idiaitèrwc axiìpisth lÔsh.

Sthn pr�xh, wc proc thn epilog  tou megèjouc pou metr�tai apì to sÔsthma

me skopì thn ektÐmhsh thc poiìthtac tou diaÔlou, dÔo tÔpoi metr sewn eÐnai duna-

toÐ: Metr seic shmatojorubikoÔ lìgou   metr seic tou lìgou BER. Sth deÔte-

rh perÐptwsh, eÐnai aparaÐthto na emfanÐzetai epark c arijmìc laj¸n sto dÐaulo

prokeimènou na prokÔyei akrib c tim  tou BER kai, epomènwc, na eÐnai dunat  h ex-

agwg  k�poiou sumper�smatoc gia th st�jmh thc di�leiyhc. Anamènontai, loipìn, epi-

plèon kajuster seic prin apì thn efarmog  tou kat�llhlou antÐmetrou dialeÐyewn,

oi opoÐec aux�noun kaj¸c mei¸netai o rujmìc met�doshc. EpÐshc, prèpei na lamb�ne-

tai upìyh to gegonìc ìti kat� th di�rkeia eunoðk¸n sunjhk¸n di�doshc opìte kai

ikanopoioÔntai ta ìria tou perijwrÐou dialeÐyewn, h tim  tou BER anamènetai na eÐnai

exairetik� qamhl  (thc t�xhc tou 10−7 èwc 10−9) odhg¸ntac se adunamÐa axiìpisthc

mètrhshc tou megèjouc se pragmatikì qrìno. Apì thn �llh pleur�, ìtan oi sun-

j kec di�doshc odhgoÔn sthn upèrbash tou perijwrÐou dialeÐyewn, o lìgoc BER

aux�netai taqèwc. Se aut  thn perÐptwsh, o qrìnoc pou diatÐjetai gia thn ègkairh

energopoÐhsh thc kat�llhlhc teqnik c FMT eÐnai el�qistoc.

Apì thn prohgoÔmenh suz thsh gÐnetai safèc ìti gia thn anÐqneush thc st�jmhc

dialeÐyewn katallhlìterh jewreÐtai h qr sh megej¸n shmatojorubikoÔ lìgou. M�-

lista, sto prìtupo [IEEE04] proteÐnetai mia genik  mejodologÐa mètrhshc tou lìgou

s matoc - proc - jìrubo kai parembol  CNIR. Sugkekrimèna, me b�sh th diadikasÐa

aut  o stajmìc SS pragmatopoieÐ metr seic tou CNIR kai enhmer¸nei ton BS mèsw

mhnum�twn anafor�c. H mèsh tim  kai h tupik  apìklish twn statistik¸n CNIR

pou sullègontai apì tic metr seic anafèrontai se dB. Gia thn proetoimasÐa tètoiwn

mhnum�twn anafor�c, oi statistikèc idiìthtec twn metr sewn kbantopoioÔntai se

b mata tou 1dB sto eÔroc apì -20dB èwc 37dB. Timèc pou brÐskontai ektìc tou

eÔrouc autoÔ lamb�noun thn tim  tou plhsièsterou �krou.

O trìpoc ulopoÐhshc thc ektÐmhshc tou CNIR enìc mhnÔmatoc dedomènwn pou

apoteleÐtai apì N sÔmbola af netai ston k�je p�roqo, me thn upoqrèwsh h sqetik 
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kai apìluth akrÐbeia thc mètrhshc k�je mhnÔmatoc na eÐnai ±1dB kai ±2dB, antÐ-

stoiqa. 'Enac pijanìc trìpoc ektÐmhshc tou CNIR enìc mhnÔmatoc sumbìlwn eÐnai

mèsw thc kanonikopoÐhshc wc proc th mèsh isqÔ tou s matoc tou mèsou tetragw-

nikoÔ upoleipìmenou l�jouc (mean residual error) twn sumbìlwn dedomènwn ( /kai

twn pilotik¸n sumbìlwn) pou èqoun metadojeÐ qrhsimopoi¸ntac th sqèsh

CNIR[k] =
A[k]

E[k]
(3.1)

ìpou CNIR[k] to CNIR tou mhnÔmatoc k. OrÐzontac me r[k, n] to lambanìmeno

sÔmbolo n tou mhnÔmatoc k kai me s[k, n] to antÐstoiqo sÔmbolo dedomènwn   to

pilotikì sÔmbolo pou èqei, o arijmht c thc (3.1) kat� th di�rkeia enìc mhnÔmatoc

gr�fetai wc

A[k] =
N−1∑
n=0

|s[k, n]|2 (3.2)

kai antistoiqeÐ sth mèsh isqÔ tou s matoc. Aut  diathreÐtai stajer  apì ton autì-

mato elegkt  thc isqÔoc (Automatic Power Control, APC). Epiplèon, tetragwnikì

sf�lma E[k] kat� th di�rkeia enìc mhnÔmatoc gr�fetai upì th morf  tou ajroÐsmatoc

E[k] =
N−1∑
n=0

|r[k, n]− s[k, n]|2 (3.3)

H mèsh tim  tou CNIR se dB dÐdetai apì to mègejoc 10 log µ̂CNIR[k], ìpou

µ̂CNIR[k] =

{
CNIR[0] k = 0
(1− aavg)µ̂CNIR[k − 1] + aavgCNIR[k] k > 0

(3.4)

Sthn (3.4), h metablht  k anaparist� to qronikì deÐkth tou mhnÔmatoc (me to ar-

qikì m numa na èqei deÐkth k = 0, to epìmeno m numa k = 1 k.o.k.). To CNIR[k]

apoteleÐ grammik  mètrhsh tou CNIR tou mhnÔmatoc k (proerqìmenh apì opoiond -

pote mhqanismì pou epitugq�nei thn proanaferjeÐsa akrÐbeia) kai aavg apoteleÐ ènan

par�gonta mesost�jmishc (averaging). Gia thn eÔresh thc tupik c apìklishc, to

tetr�gwno thc anamenìmenhc tim c anane¸netai se k�je m numa me b�sh thn akìlou-

jh anadromik  sqèsh

x̂2
CNIR[k] =

{ |CNIR[0]|2 k = 0
(1− aavg)x̂

2
CNIR[k − 1] + aavg|CNIR[k]|2 k > 0

(3.5)

kai to apotèlesma autì efarmìzetai ston upologismì thc telik c èkfrashc gia thn

tupik  apìklish se dB

σ̂CNIR = 5 log
(∣∣x̂2

CNIR[k]− µ̂2
CNIR[k]

∣∣) (3.6)
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Ta sq mata anÐqneushc pou exet�sjhkan stic prohgoÔmenec paragr�fouc jew-

roÔntai wc a posteriori teqnikèc, upì thn ènnoia ìti sto sÔsthma dÐdetai h dunatìth-

ta antÐdrashc mìno met� thn anÐqneush enìc epeisodÐou di�leiyhc (fade event). Autì

sunep�getai prìsjeth kajustèrhsh lìgw thc epexergasÐac pou akoloujeÐ thn anÐqneu-

sh enìc epeisodÐou di�leiyhc kai thc apìfashc gia thn teqnik  �mblunshc pou prèpei

na epilegeÐ. Me th seir� thc, aut  h kajustèrhsh sumb�llei sth dhmiourgÐa prìs-

jetwn laj¸n, ta opoÐa mporoÔn na meiwjoÔn an sto termatikì up�rqei h dunatìthta

prìbleyhc se pragmatikì qrìno. Sthn pr�xh, dÔo eid¸n problèyeic mporoÔn na u-

lopoihjoÔn se pragmatikì qrìno: h pr¸th ekmetalleÔetai tic dunamikèc idiìthtec twn

dialeÐyewn en¸, h deÔterh k�nei qr sh tou stigmiaÐou lìgou anagwg c suqnìthtac,

ìpwc anafèretai sth sunèqeia.

Ta montèla prìbleyhc pou parousi�sjhkan sto Kef�laio 2 aforoÔsan th makro-

prìjesmh statistik  sumperifor� tou k�je mhqanismoÔ di�doshc. AntÐjeta, gia thn

prìbleyh thc epìmenhc kat�stashc tou diaÔlou se pragmatikì qrìno kai thn pro-

lhptik  energopoÐhsh tou brìqou elègqou apaiteÐtai h gn¸sh sugkekrimènwn qara-

kthristik¸n twn dialeÐyewn kai, kurÐwc, thc klÐshc thc di�leiyhc (fade slope), dhlad 

tou rujmoÔ metabol c thc apìsbeshc wc proc to qrìno. Ereunhtikèc ergasÐec pou

meletoÔn to sugkekrimèno mègejoc brÐskei kaneÐc stic anaforèc [Swe92a], [Van03],

en¸ prosf�twc h ITU-R èqei dhmosieÔsei th sqetik  SÔstash P.1623 [ITU1623] gia

keklimènouc radiodrìmouc Ghc - dorufìrou. 'Ena krÐsimo z thma to opoÐo prokÔptei

kat� thn ektÐmhsh twn dialeÐyewn se pragmatikì qrìno eÐnai h dunatìthta di�krishc

metaxÔ twn di�forwn mhqanism¸n di�doshc, ¸ste o algìrijmoc elègqou na antidr�

kat�llhla se kajèna apì autoÔc. Proc thn kateÔjunsh aut , mporeÐ na qrhsimopoi-

hjeÐ o fasmatikìc diaqwrismìc (  fasmatik  aposÔnjesh) twn paragìntwn di�doshc

dedomènou ìti oi qamhlèc fasmatikèc sunist¸sec sundèontai me thn apìsbesh apì

aèria, oi mesaÐec me ta nèfh kai th broq , en¸ oi uyhlèc me touc spinjhrismoÔc.

Me ton trìpo autì, eÐnai dunatìc o aparaÐthtoc diaqwrismìc twn fainomènwn mèsw

kat�llhla sqediasmènwn fÐltrwn [Mat82].

Ex�llou, stic perissìterec apì tic teqnikèc anÐqneushc   prìbleyhc, enswmat¸ne-

tai h dunatìthta anagwg c suqnìthtac. SÔmfwna me th SÔstash ITU-R P.530

[ITU530], ìtan up�rqoun diajèsima dedomèna apìsbeshc broq c se mia suqnìthta,

mia prìqeirh ektÐmhsh thc apìsbeshc gia thn Ðdia epÐgeia zeÔxh all� se diaforetik 
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suqìthta sto eÔroc 7-50GHz parèqetai apì ton empeirikì kanìna

A2 = A1(Φ2/Φ1)
1−H(Φ1,Φ2,A1) (3.7)

ìpou

Φ(f) =
f 2

1 + 10−4f 2
(3.8)

H(Φ1, Φ2, A1) = 1.12× 10−3(Φ2/Φ1)
0.5(Φ1A1)

0.55 (3.9)

Stic (3.7) kai (3.9), me A1 kai A2 sumbolÐzontai oi aposbèseic broq c stic suqnìth-

tec f1 kai f2 se GHz, antÐstoiqa, gia to Ðdio posostì tou qrìnou p%. Wstìso, kat�

thn prìbleyh thc st�jmhc dialeÐyewn se pragmatikì qrìno, megalÔtero endiafèron

parousi�zei o stigmiaÐoc lìgoc anagwg c suqnìthtac. O lìgoc autìc emfanÐzei

isqur  metabol  kat� th di�rkeia enìc epeisodÐou di�leiyhc, idiaÐtera gia th broq 

sunektikoÔ tÔpou. H sumperifor� aut  qarakthrÐzetai apì èna fainìmeno ustèrhshc

[Swe92b] pou prokaleÐtai apì th dunamik  metabol  thc katanom c tou megèjouc thc

stagìnac broq c, tou energoÔ m kouc thc zeÔxhc kai thc epÐdrashc tou neroÔ pou

epik�jetai epÐ twn kerai¸n. 'Opwc èqoun katadeÐxei di�fora peiramatik� apotelèsma-

ta, ta sf�lmata apì th qr sh enìc stajeroÔ lìgou stigmiaÐac anagwg c suqnìthtac

mporoÔn na fj�soun ta ±4dB. Gia thn �mblunsh autoÔ tou shmantikoÔ sf�lmatoc, è-

qei protajeÐ [Gre98] èna statistikì montèlo anoiktoÔ brìqou gia th stigmiaÐa anagw-

g  suqnìthtac thc apìsbeshc lìgw broq c, to opoÐo lamb�nei upìyh thn epÐdrash

twn tuqaÐwn metabol¸n sthn katanom  thc stagìnac broq c.

H enswm�twsh thc anagwg c suqnìthtac kaj¸c kai twn upìloipwn mejìdwn

pou suzht jhkan anwtèrw gia thn ektÐmhsh/prìbleyh twn dialeÐyewn se èna brì-

qo elègqou FMT parousi�zetai sto Sq ma 3.2. To sq ma pou apoteleÐ proðìn

thc ergasÐac [Cas02], afor� èna doruforikì sÔsthma pou leitourgeÐ sth z¸nh Ka

(30/20GHz). Wstìso, qrhsimopoieÐ èna pilotikì s ma sta 12.5GHz, to opoÐo, afoÔ

dièljei apì èna bajuperatì fÐltro (fasmatik  aposÔnjesh) gia to diaqwrismì metaxÔ

spinjhrism¸n kai dialeÐyewn broq c, an�getai sth suqnìthta thc z¸nhc Ka parèqo-

ntac wc telik  èxodo thn prìbleyh thc sunolik c di�leiyhc.

3.2 'Elegqoc thc isqÔoc

H teqnik  elègqou thc isqÔoc èqei wc stìqo th rÔjmish thc isqÔoc ekpomp c gia

thn antist�jmish twn dialeÐyewn kai, genikìtera, th rÔjmish thc isqÔoc me stìqo th
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Sq ma 3.2: Tupikì leitourgikì di�gramma brìqou elègqou FMT.

beltistopoÐhsh tou sunolikoÔ shmatojorubikoÔ lìgou. O èlegqoc thc isqÔoc mporeÐ

na l�bei q¸ra se dÔo jèseic: sto sundromht  SS opìte kai onom�zetai èlegqoc isqÔoc

upstream   sto stajmì BS opìte kai onom�zetai èlegqoc isqÔoc downstream. H

jèsh thc mon�dac elègqou thc isqÔoc sthn alusÐda tou pompoÔ faÐnetai sto Sq ma

3.3.

Sthn perÐptwsh twn stajer¸n diktÔwn BWA, sunhjÐzetai o èlegqoc thc isqÔoc

na pragmatopoieÐtai sto stajmì tou sundromht  kaj¸c o stajmìc b�shc akoloujeÐ

met�dosh euruekpomp c (broadcasting) proc touc pollaploÔc SS. Wstìso, lìgw twn

diaforetik¸n apost�sewn apì ton BS kat� tic opoÐec topojetoÔntai oi SS entìc thc

kuyèlhc, sunhjÐzetai kat� thn arqik  diastasiopoÐhsh tou sust matoc, h mèsh isqÔc

k�je sundromht  na upìkeitai se mia arqik  rÔjmish an�loga me to tetr�gwno thc

apìstas c tou apì ton BS. To sq ma autì mporeÐ na onomasjeÐ statikìc èlegqoc thc

Sq ma 3.3: EpexergasÐa tou proc met�dosh s matoc ston pompì parousÐa thc mon�dac

elègqou thc isqÔoc.
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isqÔoc kai apokt� megalÔterh shmasÐa se dÐktua DS-CDMA gia thn apofug  tou

probl matoc kontinoÔ- proc -apomakrusmèno sundromht  (near-far). To prìblhma

autì entopÐzetai se kuyelwt� dÐktua DS-CDMA kai sunÐstatai sth meg�lh diafor�

thc lambanomènhc isqÔoc metaxÔ sundromht¸n pou brÐskontai se kontin  apìstash

apì to stajmì b�shc se sqèsh me touc sundromhtèc pou brÐskontai se akraÐec jèseic

thc kuyèlhc. Apì thn �llh pleur�, to sÔsthma APC perilamb�nei kai mia deÔterh

mon�da pou antidr� dunamik� se aux seic thc apìsbeshc lìgw broq c mèqri thn tim 

tou perijwrÐou elègqou isqÔoc MAPC [dB]. H èkfrash gia th sunolik  isqÔ ekpomp c

apì k�je SS pou eÐnai exoplismènoc me mia tètoia arqitektonik  elègqou thc isqÔoc

dÔo epipèdwn eÐnai [Ara07]

PT,SS(d,A) =





Pmin
T,SS × (d/dmin)2 A[dB] < 0.5

Pmin
T,SS × (d/dmin)2 × 10A/10 0.5 ≤ A[dB] ≤ MAPC

Pmin
T,SS × (d/dmin)2 × 10MAPC/10 A[dB] > MAPC

(3.10)

ìpou Pmin
T,SS[W] h el�qisth isqÔc ekpomp c apì ton plhsièstero sundromht  proc ton

BS se apìstash dmin upì sunj kec kajaroÔ ouranoÔ. St�jmec dialeÐyewn uyh-

lìterec tou 0.5dB shmatodotoÔn thn Ôparxh apìsbeshc lìgw broq c. Shmei¸netai

ìti se praktikèc peript¸seic brìqwn elègqou thc isqÔoc, ìpwc autèc pou ja exe-

tasjoÔn akoloÔjwc, o brìqoc elègqou aux�nei thn isqÔ ekpomp c stadiak�, gia

par�deigma, se b mata tou 1dB, se antÐjesh me th suneq  aÔxhsh pou problèpei h

(3.10).

'Ena pijanì prìblhma pou mporeÐ na prokÔyei apì th qr sh elègqou thc isqÔoc

eÐnai h parembol  geitonikoÔ diaÔlou (adjacent channel interference), opìte mèroc

thc enèrgeiac tou s matoc epikalÔptei touc fasmatik� geitonikoÔc diaÔlouc. 'Otan

to sÔsthma elègqou problèpei baji� di�leiyh kat� thn epìmenh kat�stash tou di-

aÔlou, o enisqut c HPA (High Power Amplifier) tou pompoÔ mei¸nei to perij¸rio

isqÔoc exìdou (output back-off), dhlad  to perij¸rio metaxÔ tou shmeÐou leitourgÐac

kai tou shmeÐou koresmoÔ tou enisqut , prokeimènou na antimetwpisjeÐ h di�leiyh.

Autì odhgeÐ sth merik  apokat�stash twn fasmatik¸n our¸n tou s matoc kai, kat�

sunèpeia, sth dhmiourgÐa parembol c stouc geitonikoÔc diaÔlouc.

'Alla dÔo eÐdh parembol c pou enteÐnontai lìgw thc qr shc elègqou thc isqÔ-

oc eÐnai h endosusthmik  (intrasystem) kai h diasusthmik  (intersystem) parembo-

l . H epÐdrash tou APC sthn pr¸th exet�zetai leptomer¸c sta Kef�laia 4 kai

5. H par�llhlh an�ptuxh se meg�lh klÐmaka twn diktÔwn BWA kai doruforik¸n
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susthm�twn (p.q. oikiakoÐ doruforikoÐ dèktec TV) pou sunteleÐtai ta teleutaÐa èth,

endeqomènwc, odhgeÐ se parembolèc metaxÔ twn dÔo sust matwn. 'Ena tètoio sen�-

rio diasusthmik c parembol c metaxÔ thc stajer c uphresÐac kai thc doruforik c

uphresÐac euruekpomp c analÔetai sto [Pan06].

AkoloujeÐ h perigraf  miac praktik c perÐptwshc elègqou thc isqÔoc, ìpwc aut 

kajorÐzetai apì to prìtupo IEEE 802.16, sÔmfwna me to opoÐo o èlegqoc thc isqÔoc

uposthrÐzetai gia th zeÔxh upstream kai perilamb�nei arqik  rÔjmish (calibration)

tou sust matoc kaj¸c kai thn periodik  tou prosarmog . O BS ofeÐlei na diajètei

thn ikanìthta na prosfèrei akribeÐc metr seic isqÔoc tou lambanomènou s matoc.

Sth sunèqeia, h tim  aut  sugkrÐnetai me mia st�jmh anafor�c kai to sf�lma pou

prokÔptei epistrèfetai ston SS mèsa se èna m numa elègqou pou paradÐdetai sto

str¸ma MAC. Molonìti h ulopoÐhsh tou elègqou thc isqÔoc den kajorÐzetai me

leptomèreia, o algìrijmoc APC prèpei na sqedi�zetai ètsi ¸ste na apokrÐnetai se

metabolèc thc isqÔoc mèqri 30dB/s kai b�jh dialeÐyewn toul�qiston 10dB. Epiplèon,

o algìrijmoc APC prèpei na lamb�nei upìyh thn allhlepÐdrash tou enisqut  HPA me

ta diaforetik� profÐl met�doshc. Gia par�deigma, ìtan metab�lletai h diamìrfwsh

QAM se diadoqikoÔc kataigismoÔc (bursts), to perij¸rio isqÔoc exìdou tou enisqut 

prèpei na diathreÐtai meg�lo ¸ste na apofeÔgetai h parabÐash twn prodiagraf¸n

anepijÔmhthc ekpomp c.

Parìmoiec odhgÐec se sqèsh me ton èlegqo isqÔoc perilamb�nontai kai sto prì-

tupo [HIP02]. Mia shmantik  diafor� eÐnai h proairetik  qr sh thc teqnik c tou

elègqou isqÔoc kai sth zeÔxh downstream, h opoÐa prèpei na upakoÔei stouc akìlou-

jouc kanìnec:

• H rÔjmish thc isqÔoc sth zeÔxh downstream efarmìzetai afoÔ pr¸ta exantlh-

joÔn oi dunatìthtec thc prosarmostik c diamìrfwshc kai kwdikopoÐhshc.

• H metabol c thc isqÔoc ekpomp c sth zeÔxh downstream den prèpei na uper-

baÐnei to 1dB an� 50ms, dhlad , h klÐsh thc den epitrèpetai na uperbaÐnei ta

20dB/s.

• To b ma diìrjwshc thc isqÔoc den prèpei na uperbaÐnei to ±1dB.

• H RMS (Root-Mean Square) tim  thc isqÔoc ekpomp c prèpei na paramènei

stajer  se k�je plaÐsio.
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• H diìrjwsh thc isqÔoc efarmìzetai akrib¸c prin thn ekpomp  thc epikefalÐdac

tou plaisÐou.

• To dunamikì eÔroc tou brìqou elègqou thc isqÔoc exart�tai apì thn kathgorÐa

tou termatikoÔ SS. To dunamikì eÔroc kajorÐzetai entìc twn orÐwn 0-4dB gia ta

termatik� KathgorÐac 1 kai, antÐstoiqa, 0-7dB gia thn KathgorÐa 2 kai 0-10dB

gia thn KathgorÐa 3.

Apì thn �llh pleur�, o upoqrewtikìc èlegqoc thc isqÔoc sth zeÔxh upstream

elègqetai pl rwc apì ton BS. O sqetikìc algìrijmoc den protupopoieÐtai, wstìso,

h diadikasÐa elègqou thc isqÔoc ulopoieÐtai me tètoio trìpo ¸ste h isqÔc ekpomp c

apì k�je SS na exasfalÐzei thn epijumht  epÐdosh thc zeÔxhc. H st�jmh isqÔoc

ekpomp c orÐzetai gia k�je SS wc ekeÐnh pou, anex�rthta apì thn apìstash apì

ton BS kai tic sunj kec tou diaÔlou, diasfalÐzei ìti den ja sumbeÐ upèrbash thc

mègisthc st�jmhc BER, akìma kai sthn perÐptwsh dialeÐyewn me apìtomh klÐsh.

Prokeimènou na epiteuqjeÐ autì, o BS prèpei na lamb�nei s mata apì k�je SS me

epiplèon isqÔ se sqèsh me to onomastikì kat¸flio tou BER. H apìstash se dB

metaxÔ thc pragmatik c lambanìmenhc isqÔoc kai thc lambanìmenhc isqÔoc katwflÐou

kaleÐtai perij¸rio lambanìmenhc isqÔoc. H tim  tou perijwrÐou lambanìmenhc isqÔoc

prèpei na an kei sto eÔroc 4-8dB se sqèsh me to onomastikì kat¸flio tou BER.

Kat� thn ulopoÐhsh tou algorÐjmou elègqou thc isqÔoc sth zeÔxh upstream prèpei

na throÔntai oi akìloujoi kanìnec:

• H shmatodosÐa gia ton èlegqo thc isqÔoc prèpei na gÐnetai me sqetikì trìpo

(gia par�deigma, ta ait mata gia auxomeÐwsh thc isqÔoc ekpomp c tou SS prèpei

na upob�llontai se sqetik� b mata me jetik /arnhtik  èndeixh).

• O el�qistoc qrìnoc metaxÔ twn mhnum�twn elègqou den mporeÐ na eÐnai mikrìteroc

apì 50ms, anex�rthta apì thn ulopoÐhsh tou algorÐjmou APC. O el�qistoc

autìc qrìnoc prèpei na an kei sto di�sthma 50-200ms.

• To b ma diìrjwshc thc isqÔoc an kei sto di�sthma 0.5-4dB me diab�jmish

thc t�xhc tou 0.5dB. Sunep¸c, to el�qisto b ma auxomeÐwshc thc isqÔoc eÐnai

0.5dB kai to mègisto 4dB.

• H sqetik  akrÐbeia tou pompoÔ prèpei na eÐnai kalÔterh apì ±0.5dB.
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• To dunamikì eÔroc tou brìqou elègqou thc isqÔoc ston SS prèpei na eÐnai

toul�qiston 40dB. Jewr¸ntac ìti h mègisth isqÔc ekpomp c prodiagr�fetai

sta 14dBm, h el�qisth isqÔc ekpomp c den mporeÐ na uperbaÐnei thn tim  twn

-26dBm.

• H akrÐbeia mètrhshc tou shmatojorubikoÔ lìgou ston BS prèpei na eÐnai kalÔte-

rh apì ±1dB. H mètrhsh tou shmatojorubikoÔ lìgou prèpei na pragmatopoieÐ-

tai me an�lush thc t�xhc twn 0.25dB.

3.3 Prosarmostikèc teqnikèc epexergasÐac tou

s matoc

Oi teqnikèc pou an koun sth sugkekrimènh kathgorÐa aposkopoÔn sthn prosarmog 

tou trìpou epexergasÐac/met�doshc tou s matoc proc tic sunj kec pou epikratoÔn

sto dÐaulo. Oi enallaktikoÐ trìpoi met�doshc eÐnai diajèsimoi se ìlouc touc kìm-

bouc tou diktÔou (BS, SS) met� apì aÐthsh (on demand). Epomènwc, oi prosar-

mostikèc teqnikèc epexergasÐac tou s matoc an koun sthn kathgorÐa twn teqnik¸n

FMT me apì koinoÔ qr sh twn pìrwn. MporoÔn na diakrijoÔn peraitèrw se dÔo kath-

gorÐec: prosarmostik  diamìrfwsh (Adaptive Modulation, AM) kai prosarmostik 

kwdikopoÐhsh FEC (Adaptive Coding, AC). Sthn pleioyhfÐa twn peript¸sewn, oi

dÔo pr¸tec teqnikèc sunup�rqoun, opìte kai anafèrontai wc prosarmostik  kw-

dikopoÐhsh kai diamìrfwsh (ACM).

Oi prosarmostikèc teqnikèc epexergasÐac apaitoÔn uyhl c akrÐbeiac ektÐmhsh tou

diaÔlou kaj¸c kai meg�lhc axiopistÐac zeÔxh an�drashc metaxÔ tou pompoÔ kai tou

dèkth. Prot�jhkan gia pr¸th for� sta tèlh thc dekaetÐac tou 60' [Hay68]. Wstìso,

to endiafèron gia tic sugkekrimènec teqnikèc  tan braqÔbio lìgw periorism¸n ston

exoplismì, twn elleÐyewn stic teqnikèc ektÐmhshc tou diaÔlou kai tou gegonìtoc

ìti to endiafèron ekeÐnh thn perÐodo periorizìtan se zeÔxeic PTP qwrÐc an�drash

proc ton pompì. To gegonìc, ìmwc, ìti polloÐ apì touc periorismoÔc autoÔc èqoun

arjeÐ sta sÔgqrona sust mata epikoinwni¸n, se sunduasmì me to gegonìc ìti up-

�rqei auxhmènh z thsh gia epikoinwnÐec uyhl c fasmatik c apìdoshc, ananèwse to

endiafèron gia tic prosarmostikèc teqnikèc epexergasÐac tou s matoc. Oi teqnikèc

autèc èqoun fj�sei se uyhlì epÐpedo wrÐmanshc gia ta sumbatik� sust mata kinht¸n
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epikoinwni¸n (bl. thn arqik  perÐodo twn [Hay68], [Vuc91] èwc tic [Chu01], [Lau02])

kai ta sust mata doruforik¸n epikoinwni¸n (bl. tic pr¸tec ergasÐec [Kha89], [Fil90]

èwc tic plèon prìsfatec [Rin04], [Ara04a]). AntÐjeta, oi ereunhtikèc ergasÐec sto

antikeÐmeno twn prosarmostik¸n teqnik¸n met�doshc me apokleistik  efarmog  se

stajer� dÐktua BWA eÐnai periorismènec, me exaÐresh tic [Mas02], [Arm03], [Far02],

apì tic opoÐec, oi dÔo pr¸tec eÐnai perigrafikoÔ qarakt ra, en¸ h trÐth parèqei ana-

lutik� apotelèsmata sta plaÐsia enìc dÐktuou prìsbashc ATM.

3.3.1 Prosarmostik  diamìrfwsh

Mèsw thc qr shc teqnik¸n yhfiak c diamìrfwshc uyhl c fasmatik c apìdoshc m-

poreÐ na epiteuqjeÐ beltiwmènh qwrhtikìthta tou sust matoc gia kajorismèno eÔroc

z¸nhc. Pr�gmati, h met�dosh yhfiak¸n diamorf¸sewn M -ostoÔ epipèdou prosfèrei

th dunatìthta met�doshc perissìterwn yhfÐwn an� deuterìlepto qwrÐc antÐstoiqh

aÔxhsh tou eÔrouc z¸nhc.

Stìqoc thc teqnik c AM eÐnai h meÐwsh tou apaitoÔmenou lìgou enèrgeiac yhfÐou

proc fasmatik  puknìthta isqÔoc jorÔbou Eb/N0, pou antistoiqeÐ se sugkekrimèno

BER, me meÐwsh thc fasmatik c apìdoshc kaj¸c mei¸netai o shmatojorubikìc lì-

goc CNR sthn eÐsodo tou dèkth. Gia par�deigma, gia th zeÔxh downstream tou

IEEE 802.16 prodiagr�fontai oi diamorf¸seic 64-QAM kai 16-QAM upì eunoðkèc

kai mètriec sunj kec tou diaÔlou, antÐstoiqa, kai problèpetai h energopoÐhsh thc

diamìrfwshc QPSK, ìtan oi sunj kec sto dÐaulo epidein¸nontai. EpishmaÐnetai ìti

h qr sh thc teqnik c AM den epitugq�nei beltÐwsh thc diajesimìthtac se sqèsh me

aut n pou epitugq�nei h diamìrfwsh me to qamhlìtero epÐpedo M apì tic dunatèc epi-

logèc (h QPSK sto teleutaÐo par�deigma). AntÐjeta prosfèrei shmantik  beltÐwsh

ìson afor� th fasmatik  apìdosh ìtan epikratoÔn sunj kec kajaroÔ ouranoÔ.

Gia thn anagwg  thc diajesimìthtac apì ìrouc apìsbeshc lìgw broq c -bl. (2.6)-

se ìrouc pijanìthtac upèrbashc BER, eis�getai h mejodologÐa pou perigr�fhke sto

[Liv01]. Stìqoc eÐnai na ekfrasjeÐ h pijanìthta diakop c tou sust matoc OP wc

sun�rthsh thc pijanìthtac upèrbashc enìc krÐsimou katwflÐou BERth

OP = Pr{BER > BERth} (3.11)

Ex�llou, h tim  BER gia opoiod pote sq ma yhfiak c diamìrfwshc mporeÐ na ori-
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sjeÐ sunart sei tou lìgou enèrgeiac sumbìlou proc th fasmatik  puknìthta isqÔoc

jorÔbou, γ = Es/N0, dhlad 

BER = f(γ)

ìpou

γ =
Es

N0

= log2 M
Eb

N0

(3.12)

kai [
Es

N0

]
[dB] =

[
Es

N0

]

cs

− A[dB] (3.13)

Sthn (3.13), me [Es/N0]cs sumbolÐzetai h tim  se dB tou lìgou γ upì sunj kec

kajaroÔ ouranoÔ (clear sky). Sunep¸c, h (3.11) lamb�nei th morf 

OP = Pr{f(γ) > f(γth)} = Pr

{
f

([
Es

N0

]

cs

− A

)
> f

([
Es

N0

]

cs

− F

)}
(3.14)

Epeid  h sun�rthsh f(.) eÐnai amfimonos manth, h pijanìthta diakop c katal gei sth

sqèsh

OP = Pr{A > F}

dhlad  eÐnai panomoiìtuph me th (2.6), me apotèlesma oi dÔo orismoÐ na tautÐzontai.

Me b�sh thn anwtèrw diadikasÐa, eÐnai plèon dunat  h èkfrash thc pijanìth-

tac upèrbashc thc st�jmhc BER gia opoiod pote sq ma yhfiak c diamìrfwshc ka-

jist¸ntac sugkekrimènh th morf  thc sun�rthshc f(.). Sth sunèqeia, h ergasÐa aut 

pragmatopoeÐtai gia ta trÐa enallaktik� sq mata diamìrfwshc M-QAM2 apì to sÔno-

lo {M = 4, 16, 64} pou kajorÐzontai apì to prìtupo ETSI BRAN HIPERACCESS

gia th zeÔxh downstream. Proc toÔto, h pijanìthta lanjasmènou sumbìlou gia th

diamìrfwsh M-QAM dÐdetai kat� prosèggish apì th sqèsh [Pro01]

PM(γ) = 1− (
1− P√M(γ)

)2 (3.15)

ìpou

P√M(γ) = 2

(
1− 1√

M

)
Q

(√
3

M − 1
γ

)
(3.16)

H sun�rthsh Q(.) sundèetai me th sumplhrwmatik  sun�rthsh sf�lmatoc erfc(.) �bl.

(A'.6)� mèsw thc sqèshc [Stu01]

Q(x) =
1

2
erfc

(
x√
2

)
(3.17)

2Sth diamìrfwsh M-QAM, to epÐpedo M prosdiorÐzei to pl joc twn shmeÐwn sugkekrimènou

pl�touc kai f�shc sto shmatikì asterismì.
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Me dedomèno ìti qrhsimopoieÐtai antistoÐqhsh Gray, o lìgoc BER mporeÐ na susqeti-

sjeÐ me thn pijanìthta lanjasmènou sumbìlou PM(γ) mèsw thc exÐswshc

BER(γ) = PM(γ)/ log2 M.

Jewr¸ntac epÐgeia zeÔxh suqnìthtac f = 28GHz, katakìrufhc pìlwshc kai m kouc

3Km pou leitourgeÐ upì ta klimatik� qarakthristik� thc Aj nac, GR, me [Es/N0]cs =

25dB, sto Sq ma 3.4 sqedi�zetai to posostì tou qrìnou gia to opoÐo uperbaÐnontai

di�forec st�jmec BER gia ta trÐa enallaktik� sq mata diamìrfwshc M-QAM. Apì

to sq ma gÐnetai fanerì ìti mìno oi diamìrfwseic 4-QAM kai 16-QAM mporoÔn na

prosfèroun axiìpisth met�dosh upì qamhlèc timèc BER akìma kai gia mikr� posost�

tou qrìnou. EntoÔtoic, h leitourgÐa thc teqnik c AM gÐnetai perissìtero enarg c

mèsw tou Sq matoc 3.5, sto opoÐo apomon¸netai èna epeisìdio bajei�c di�leiyhc

(Sq ma 3.5a) kai, tautìqrona, parousi�zontai oi metab�seic sta kat�llhla epÐpeda

M an�loga me to b�joc thc di�leiyhc (Sq ma 3.5b). Oi st�jmec met�bashc metaxÔ

twn diamorf¸sewn èqoun upologisjeÐ jewr¸ntac BER = 10−3, opìte to apaitoÔmeno

γth gÐnetai Ðso me 22.5, 16.5 kai 9.5dB gia M = 64, 16 kai 4, antÐstoiqa. Dedomènou

ìti [Es/N0]cs = 25dB, apì thn (3.13) eÔkola prokÔptoun oi oriakèc timèc apìsbeshc

Sq ma 3.4: Posostì tou qrìnou gia to opoÐo uperbaÐnetai mia st�jmh BER gia trÐa

sq mata diamìrfwshc M-QAM.
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A =2.5, 8.5 kai 15.5dB, antÐstoiqa.

Shmantik  beltÐwsh wc proc th fasmatik  apìdosh prosfèrei h teqnik  AM. Gia

s mata pollapl c f�shc, to eÔroc z¸nhc tou diaÔlou antistoiqeÐ sto eÔroc z¸nhc tou

isodÔnamou bajuperatoÔ palmoÔ tou s matoc. Epomènwc, h fasmatik  apìdosh gia è-

na s ma eÔrouc z¸nhc W kai rujmoÔ met�doshc Rb eÐnai Rb/W = log2 M . Jewr¸ntac

p�li to sÔsthma tou Sq matoc 3.4, o PÐnakac 3.1 apokalÔptei ìti gia BER = 10−3,

h diamìrfwsh 64-QAM qrhsimopoieÐtai sth suntriptik  di�rkeia tou qrìnou kai

h met�bash stic upìloipec dÔo diamorf¸seic sumbaÐnei gia el�qista posost� tou

qrìnou. 'Ara, sth sugkekrimènh perÐptwsh, h uiojèthsh thc teqnik c AM odhgeÐ se

fasmatik  apìdosh 5.994 + 0.003 + 0.0002 = 5.9972(bits/s)/Hz. AntÐjeta, h qr sh

apokleistik� tou sq matoc 4-QAM ja eÐqe wc apotèlesma fasmatik  apìdosh mìlic

(100− 0.004)/100× 2 = 1.9999(bits/s)/Hz, me ta dÔo sust mata na ikanopoioÔn to

Ðdio posostì diajesimìthtac.

Sq ma 3.5: LeitourgÐa thc teqnik c AM kat� th di�rkeia miac bajei�c di�leiyhc.
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PÐnakac 3.1: Suneisfor� sth sunolik  fasmatik  apìdosh tou k�je sq matoc diamìr-

fwshc M-QAM se èna sÔsthma AM gia BER= 10−3.

Diamìrfwsh % tou qrìnou log2 M (bits/s)/Hz fasmatik  apìdosh

64-QAM 99.908 6 5.994

16-QAM 0.078 4 0.003

4-QAM 0.010 2 0.0002

diakop  leitourgÐac 0.004 0 0

3.3.2 Prosarmostik  kwdikopoÐhsh

H eisagwg  kwdikopoÐhshc FEC epitrèpei thn prosj kh pleonazìntwn yhfÐwn sta

yhfÐa plhroforÐac gia thn anÐqneush kai diìrjwsh sfalm�twn pou prokaloÔntai ìtan

mia zeÔxh upìkeitai se dialeÐyeic. K�je sq ma kwdikopoÐhshc qarakthrÐzetai apì to

rujmì k¸dika (code rate) r = k/n, ìpou k ta yhfÐa plhroforÐac kai n ta sunolik�

yhfi� met� thn prosj kh n−k pleonazìntwn yhfÐwn. H teqnik  AC sunÐstatai sth

dhmiourgÐa kwdÐkwn me metablhtì rujmì kwdikopoÐhshc, h tim  tou opoÐou prosar-

mìzetai stic sunj kec di�doshc. Kaj¸c aux�netai to pl joc twn pleonazìntwn yh-

fÐwn, h pijanìthta l�jouc mei¸netai, me antÐstoiqh aÔxhsh tou apaitoÔmenou eÔrouc

z¸nhc. Epomènwc, h kwdikopoÐhsh mporeÐ na jewrhjeÐ wc ènac sumbibasmìc metaxÔ

apaitoÔmenou eÔrouc z¸nhc kai isqÔoc ¸ste na ikanopoieÐtai èna prokajorismèno

kat¸flio BER.

Oi dialeÐyeic lìgw broq c sto dÐaulo LMDS par�goun l�jh kataigistik c mor-

f c kat� om�dec yhfÐwn (burst errors). Gia to lìgo autì, oi k¸dikec FEC pou

èqoun sqediasjeÐ gia na antimetwpÐzoun anex�rthta l�jh pou ofeÐlontai sto jìrubo

den eÐnai apotelesmatikoÐ. H epÐdosh thc teqnik c FMT mporeÐ na beltiwjeÐ apì th

qr sh mplok kwdikopoÐhshc, h opoÐa apodÐdei kalÔtera ìtan antimetwpÐzei kataigi-

smoÔc sfalm�twn se sunduasmì me thn teqnik  thc an�deushc (interleaving), h opoÐa

anadeÔei ta kwdikopoihmèna dedomèna me tètoio trìpo, ¸ste, met� thn apokwdikopoÐh-

s  touc, aut� na jewroÔntai anex�rthta [Pro01]. H teqnik  thc an�deushc jewreÐtai

qr simh mìno ènanti dialeÐyewn mikr c di�rkeiac kai, idiaÐtera, ènanti ekeÐnwn pou

dhmiourgoÔntai lìgw spinjhrism¸n. Uyhlìterh epÐdosh mporeÐ na epiteuqjeÐ apì

alusidwt� sq mata (concatenated codes) pou sundu�zoun th mplok kwdikopoÐhsh me

èna suneliktikì k¸dika kai apokwdikopoÐhsh Viterbi sto dèkth. Me ton trìpo autì,
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oi suneliktikoÐ k¸dikec antimetwpÐzoun ta tuqaÐa sf�lmata, en¸ oi mplok k¸dikec

apoteloÔn mia ikanopoihtik  lÔsh gia th diìrjwsh kataigism¸n apì sf�lmata.

'Ena tètoio alusidwto sq ma me metablht  dunatìthta diìrjwshc sfalm�twn pro-

teÐnetai apì ta prìtupa IEEE 802.16 kai HIPERACCESS (bl. PÐnaka 1.3). SÔmfwna

me tic prodiagrafèc, an�loga me thn entol  apì to brìqo elègqou FMT, h eÐsodoc

tou pompoÔ trofodoteÐtai me 1 èwc 4 MAC PDU, kajemÐa apì tic opoÐec apoteleÐ-

tai apì 54 bytes. Ta K bytes3 pou eis�gontai sto sÔsthma kwdikopoioÔntai mèsw

enìc exwterikoÔ perikommènou mplok k¸dika Reed-Solomon (RS) me rujmì k¸dika

rout = K/(K+16) [Li00]. O k¸dikac autìc proèrqetai apì to mhtrikì k¸dika RS(255,

239, t = 8), ìpou t = 8 bytes h diorjwtik  ikanìthta tou k¸dika. Epeid  ta sunolik�

bytes apì tic MAC PDU eÐnai p�ntote ligìtera apì 239, ta upìloipa 239−K bytes

sumplhr¸nontai apì mhdenik� bytes. Met� thn kwdikopoÐhsh RS, h susthmatik 

dom  tou k¸dika epitrèpei thn perikop  tou, dhlad , thn afaÐresh twn 239 −K mh-

denik¸n bytes. An den qrhsimopoieÐtai eswterik  kwdikopoÐhsh, h kwdikopoihmènh

lèxh apoteleÐtai apì [(K +16)×8] yhfÐa, ta opoÐa paradÐdontai apeujeÐac sth mon�-

da diamìrfwshc, afoÔ pr¸ta eisaqjeÐ ènac arijmìc yhfÐwn parapl rwshc (padding)

gia th diasf�lish akèraiou arijmoÔ diamorfwmènwn sumbìlwn.

'Otan up�rqei kai eswterik  kwdikopoÐhsh, sto tèloc k�je kwdikopoihmènhc lèxhc

prostÐjentai 6 mhdenik� yhfÐa our�c (tail bits). Tìte, kajèna apì ta [(K + 16) ×
8 + 6] bits kwdikopoieÐtai apì èna eswterikì, suneliktikì, duadikì k¸dika me rujmì

1/2. Met� th suneliktik  kwdikopoÐhsh, efarmìzetai h leitourgÐa thc di�trhshc

(puncturing)4, h opoÐa, an�loga me ton eswterikì rujmì k¸dika rin pou èqei epilegeÐ,

katal gei se [(K + 16) × 8 + 6]/rin yhfÐa. Sto telikì st�dio, ta kwdikopoihmèna

bits paradÐdontai sth mon�da diamìrfwshc. Ta alusidwt� sq mata kwdikopoÐhshc

prosfèroun megalÔterh diab�jmish (granularity) ìson afor� touc dunatoÔc rujmoÔc

kwdikopoÐhshc, afoÔ o sunolikìc rujmìc k¸dika thc alusÐdac dÐdetai apì to ginìmeno

rout · rin.

H sqèsh tou arijmoÔ twn diamorfwmènwn sumbìlwn an� kwdikopoihmènh lèxh

an�loga me ton arijmì twn MAC PDU pou eis�gontai sto genikì sq ma ACM

dieukrinÐzetai ston PÐnaka 3.2. O pÐnakac èqei katastrwjeÐ me b�sh thn upìjesh

3K = 54, 108, 162   216
4H diadikasÐa thc di�trhshc sunÐstatai sth mh met�dosh twn kwdikopoihmènwn yhfÐwn '0' kai

sthn an�kths  touc sto dèkth sÔmfwna me k�poio prokajorismèno algìrijmo.
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PÐnakac 3.2: Pl joc sumbìlwn an� kwdikopoihmènh lèxh gia ìlouc touc dunatoÔc sun-

duasmoÔc MAC PDU kai sqhm�twn diamìrfwshc kai kwdikopoÐhshc ACM.

PDU/ K K + 16 bits/ rujmìc diamìrfwsh bits/ bits sÔmbola/

kwdikopoihmènh (bytes) (bytes) kwdikopoihmènh kwdikopoÐhshc sÔmbolo paragemÐsmatoc kwdikopoihmènh

lèxh lèxh lèxh

1 54 70 560 0.77 4-QAM 2 0 280

1 54 70 560 0.77 16-QAM 4 0 140

1 54 70 560 0.77 64-QAM 6 4 94

2 108 124 992 0.87 4-QAM 2 0 496

2 108 124 992 0.87 16-QAM 4 0 248

2 108 124 992 0.87 64-QAM 6 4 166

3 162 178 1424 0.91 4-QAM 2 0 712

3 162 178 1424 0.91 16-QAM 4 0 356

3 162 178 1424 0.91 64-QAM 6 4 238

4 216 232 1856 0.93 4-QAM 2 0 928

4 216 232 1856 0.93 16-QAM 4 0 464

4 216 232 1856 0.93 64-QAM 6 4 310

ìti gia touc dunatoÔc sunduasmoÔc diamìrfwshc qrhsimopoieÐtai mìno exwterik 

kwdikopoÐhsh RS. Apì ton pÐnaka gÐnetai fanerì ìti k�je kwdikopoihmènh lèxh

apoteleÐtai apì NM = [(K + 16)× 8 + np] / log2 M sÔmbola, ìpou np ta yhfÐa para-

pl rwshc kat� perÐptwsh. An�loga me to sq ma diamìrfwshc pou epilègetai, o

kwdikopoiht c èqei dunatìthta diìrjwshc tM = b1/2(NM−KM)c lanjasmènwn sum-

bìlwn, ìpou bxc anaparist� to akèraio mèroc tou x kai KM = K × 8/ log2 M ta

sÔmbola plhroforÐac.

Gia thn ektÐmhsh thc epÐdoshc tou genikoÔ sq matoc ACM pou perilamb�netai

sta prìtupa IEEE 802.16 kai HIPERACCES, eÐnai aparaÐthtoc o upologismìc thc

pijanìthtac l�jouc kwdikopoihmènhc lèxhc mèsw thc sqèshc [Pro01]

PC =

NM∑
i=tM+1

(
NM

i

)
P i

M(1− PM)NM−i (3.18)

ìpou h pijanìthta PM upologÐzetai apì thn (3.15). H pijanìthta l�joc sumbìlou

met� th diadikasÐa kwdikopoÐhshc eÐnai [Pro01]

PS =
1

NM

NM∑
i=tM+1

i

(
NM

i

)
P i

M(1− PM)NM−i (3.19)

H anagwg  thc prohgoÔmenhc pijanìthtac se ìrouc BER gÐnetai mèsw thc sqèshc

[Pro01]

BER(γ) =
M

2(M − 1)
PS(γ) (3.20)
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PÐnakac 3.3: St�jmec met�bashc metaxÔ rujm¸n met�doshc tou genikoÔ sq matoc ACM

gia BER = 10−6 sÔmfwna me ta prìtupa IEEE 802.16 kai HIPERACCES.

rujmìc k¸dika diamìrfwsh KM NM tM γ (dB)

0.77 4-QAM 216 280 32 5.7

0.87 4-QAM 432 496 32 6.7

0.91 4-QAM 648 712 32 7.2

0.93 4-QAM 864 928 32 7.6

0.77 16-QAM 108 140 16 14.0

0.87 16-QAM 216 248 16 14.8

0.91 16-QAM 324 356 16 15.2

0.93 16-QAM 432 464 16 15.5

0.77 64-QAM 72 94 11 20.8

0.87 64-QAM 144 166 11 21.5

0.91 64-QAM 216 238 11 21.9

0.93 64-QAM 288 310 11 22.1

ìpou, gia thn efarmog  thc (3.20), h par�metroc γ prokÔptei apì thn tropopoihmènh

se sqèsh me thn (3.12) èkfrash

γ =
Es

N0

= r log2 M
Eb

N0

(3.21)

Me b�sh tic (3.18) èwc (3.20), upologÐzontai ston PÐnaka 3.3 oi st�jmec met�bashc

metaxÔ twn epipèdwn diamìrfwshc M-QAM kai twn rujm¸n k¸dika RS tou sq matoc

ACM jewr¸ntac BER = 10−6. GÐnetai safèc ìti oi treic enallaktikèc diamorf¸-

seic orÐzoun antÐstoiqa treic eurÔterec perioqèc tim¸n gia to apaitoÔmeno γ, en¸

oi tèsseric rujmoÐ kwdikopoÐhshc prosfèroun mia epiplèon diab�jmish twn perio-

q¸n met�bashc rujmoÔ ¸ste to sÔsthma na odhgeÐtai plhsièstera proc thn pl rh

beltistopoÐhsh. Sugkekrimèna, ìpwc exhgeÐtai kai sthn parapomp  [Chu01], ìpou ex-

et�zontai enallaktikoÐ trìpoi tautìqronhc beltistopoÐhshc thc isqÔoc ekpomp c kai

thc diamìrfwshc, ìso mei¸netai h apìstash metaxÔ twn stajm¸n met�bashc, tìso

proseggÐzetai to jewrhtikì ìrio qwrhtikìthtac tou Shannon.
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3.4 Diaforik  ProstasÐa

H diaforik  prostasÐa sunist� mia apì tic palaiìterec kai plèon apotelesmatikèc

teqnikèc FMT. Genik�, o ìroc diaforik  prostasÐa upodhl¸nei th l yh tou s -

matoc apì èna enallaktikì dÐaulo prokeimènou na antistajmÐzetai h upob�jmish thc

poiìthtac tou kurÐwc diaÔlou lìgw twn diafìrwn fainomènwn di�doshc. Sugkekrimè-

na, h teqnik  thc diaforik c l yhc brÐskei efarmog  sthn �mblunsh twn epÐpedwn

dialeÐyewn lìgw poludiadromik c di�doshc (diaforik  l yh q¸rou, diaforik  l yh

pìlwshc), sthn �mblunsh twn epilektik¸n wc proc th suqnìthta dialeÐyewn (di-

aforik  l yh suqnìthtac, diaforik c l yh f�shc) kai sthn antimet¸pish tou faino-

mènou thc skÐashc (shadowing), dhlad  thc apìklishc tou lambanomènou s matoc apì

th mèsh tim  tou stic kinhtèc epikoinwnÐec (macrodiversity). Sthn paroÔsa enìth-

ta, analÔetai se b�joc h diaforik  l yh apì perissìterouc BS gia thn antimet¸pish

twn dialeÐyewn lìgw broq c. H teqnik  aut  eÐnai gnwst  me thn onomasÐa diaforik 

l yh kuyèlhc (Cell-Site Diversity, CSD). H uiojèthsh thc sugkekrimènhc teqnik c

sta dÐktua LMDS eÐqe wc afethrÐa thc thn parapl sia teqnik  diaforik c l yhc (Site

Diversity, SD) pou efarmìzetai sta doruforik� sust mata epikoinwni¸n [Pan05b].

H teqnik  CSD sthrÐzetai sthn tautìqronh l yh tou s matoc mèsw dÔo enallak-

tik¸n diadrom¸n tou s matoc apì ton BS ekmetalleuìmenh tic qwrikèc idiìthtec thc

broq c wc mèsou di�doshc. Sto prohgoÔmeno kef�laio, suzht jhke h anomoiogèneia

thc qwrik c dom c tou rujmoÔ broqìptwshc. M�lista, sto Sq ma 3.6 apeikonÐze-

tai ènac broqopur nac, ìpou oi epif�neiec me bajÔterh apìqrwsh antiproswpeÔoun

broqìptwsh uyhlìterou rujmoÔ (sunektikoÔ tÔpou).

H anomoiogèneia aut  èqei wc apotèlesma diaforetikèc diadromèc tou radiokÔ-

matoc mèsw broq c na upìkeintai se diaforetik  apìsbesh lìgw thc metakÐnhshc twn

broqopur nwn me to qrìno. Me anafor� p�li sto Sq ma 3.6, katadeiknÔetai ìti, se

orismènec perÐptwseic, kaÐtoi o enallaktikìc BS mporeÐ na brÐsketai se megalÔterh

apìstash apì ton upì exuphrèthsh SS se sqèsh me ton BS anafor�c, h pr¸th zeÔxh

epibarÔnetai ligìtero apì th deÔterh lìgw thc epik�luy c thc apì broq  strw-

sigenoÔc tÔpou. Anamènetai, loipìn, k�je qronik  stigm  mìno mia zeÔxh apì tic dÔo

diajèsimec na upofèrei apì uyhl  apìsbesh lìgw broq c.

'Etsi, prokeimènou na beltiwjeÐ o shmatojorubikìc lìgoc CNR sthn eÐsodo tou

dèkth tou sundromht , oi ekpompèc apì touc dÔo BS sullègontai apì ton SS kai
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akoloujeÐ h peraitèrw epexergasÐa touc me b�sh k�poio apì ta epìmena krit ria:

(a) Sunduasmìc epilog c (selection combining): Epilog  tou isqurìterou (ekeÐnou

me ton uyhlìtero shmatojorubikì lìgo) apì ta dÔo lambanìmena s mata.

(b) Sunduasmìc metagwg c (switched combining): Metagwg  sth zeÔxh apì ton

enallaktikì BS ìtan o lìgoc CNR thc zeÔxhc apì ton BS anafor�c eÐnai

mikrìteroc apì èna prokajorismèno kat¸flio.

(g) Sunduasmìc Ðsou kèrdouc (equal gain combining): Ta lambanìmena s mata a-

jroÐzontai kat� sÔmfwno trìpo.

(d) Sunduasmìc mègistou lìgou (maximal ratio combining): Prin ajroisjoÔn, ka-

jèna apì ta lambanìmena s mata pollaplasi�zetai me kat�llhlo suntelest 

b�rouc an�loga me thn tim  CNR tou kajenìc.

Gia to upìloipo thc enìthtac, uiojeteÐtai o sunduasmìc epilog c, teqnik  pou

sundu�zei thn uyhl  epÐdosh me thn aplìthta sqedÐashc tou dèkth. K�je qronik 

Sq ma 3.6: H qwrik  anomoiogèneia thc broq c wc mèsou di�doshc. Oi epif�neiec me

bajÔterh apìqrwsh sto eswterikì tou broqopur na antistoiqoÔn se broqìptwsh uyhlìterou

rujmoÔ.
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stigm , h beltÐwsh pou proèrqetai apì thn teqnik  CSD exart�tai apì th gwnÐa

diaqwrismoÔ θ pou sqhmatÐzoun oi dÔo enallaktikèc zeÔxeic (bl. Sq ma 3.7). H gwnÐa

diaqwrismoÔ lamb�nei timèc sto di�sthma 0◦ èwc 360◦, me th mègisth aposusqètish

thc apìsbeshc na emfanÐzetai gia θ = 180◦.

H ektÐmhsh thc epÐdoshc k�je sq matoc diaforik c l yhc pragmatopoieÐtai me

statistikì trìpo kai, sugkekrimèna, me b�sh to posostì tou qrìnou pD% upèrbashc

miac st�jmhc apìsbeshc A, ìtan h l yh gÐnetai apì dÔo stajmoÔc BS se sqèsh me

to Ðdio posostì pS%, ìtan h l yh gÐnetai apokleistik� apì to stajmì anafor�c.

Sq ma 3.7: GewmetrÐa sq matoc diaforik c l yhc kuyèlhc.

Sq ma 3.8: Orismìc twn basik¸n paramètrwn ektÐmhshc thc epÐdoshc enìc sq matoc

diaforik c l yhc.
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Lamb�nontac upìyh tic kampÔlec tou posostoÔ upèrbashc miac st�jmhc apìs-

beshc tou Sq matoc 3.8, h meÐwsh tou perijwrÐou dialeÐyewn pou epitugq�netai apì

èna sÔsthma dipl c l yhc se sqèsh me èna sÔsthma apl c l yhc posotikopoieÐtai

mèsw tou diaforikoÔ kèrdouc G gia sugkekrimèno posostì tou qrìnou p%

G(p%) = FSi
(p%)− FD(p%) (i = 1, 2) (3.22)

ìpou FSi
to perij¸rio dialeÐyewn apl c l yhc an�loga me to poiìc stajmìc (i =

1, 2) jewreÐtai wc stajmìc anafor�c kai FD to perij¸rio dialeÐyewn me diaforik 

l yh. IsodÔnama, to diaforikì pleonèkthma I orÐzetai wc o lìgoc tou posostì tou

qrìnou me apl  l yh proc to posostì tou qrìnou me diaforik  l yh gia ta opoÐa

pragmatopoieÐtai upèrbash thc Ðdiac st�jmhc apìsbeshc A

I(A) =
pSi

(A)

pD(A)
(i = 1, 2) (3.23)

Sto upìloipo thc enìthtac, pragmatopoieÐtai mia episkìphsh thc diejnoÔc biblio-

grafÐac wc proc thn teqnik  CSD kai, sugkekrimèna, tic b�seic dedomènwn diaforik c

l yhc pou èqoun anaptuqjeÐ apì metr seic radar kaj¸c kai ta empeirik� montèla

prìbleyhc thc epÐdoshc thc teqnik c pou proèkuyan apì autèc. Se epìmeno st�dio

kai se antistoiqÐa me th dom  tou KefalaÐou 2, dÐdetai barÔthta sthn parousÐash

twn antÐstoiqwn fusik¸n montèlwn diaforik c l yhc pou efarmìzontai se megalÔter-

h poikilÐa sunjhk¸n se sqèsh me ta empeirik�. Parousi�zontai fusik� montèla pou

proseggÐzoun ikanopoihtik� thn epÐdosh enìc sq matoc CSD se eÔkrato klÐma (me

diaqwrismì metaxÔ twn peript¸sewn broq c sunektikoÔ kai strwsigenoÔc tÔpou) ka-

j¸c kai èna fusikì montèlo me efarmog  se tropikèc kai upotropikèc perioqèc.

3.4.1 Episkìphsh thc diejnoÔc bibliografÐac

Oi pr¸tec prosp�jeiec axiolìghshc sthn pr�xh thc epÐdoshc tou sq matoc CSD se

dÐktua LMDS gia thn �mblunsh thc epÐdrashc thc broqìptwshc pragmatopoi jhkan

sthn arq  thc dekaetÐac. H ergasÐa [Tan00] sunodeÔotan apì peiramatik� dedomèna

sta 42GHz. AkoloÔjhse h endeleq c ergasÐa [Hen02], ìpou dhmosieÔontai dedomè-

na diaforik c l yhc (me sunduasmì epilog c) proerqìmena apì metr seic radar sto
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Montreal, CAN, sta 30GHz. Sthn Ðdia melèth, pragmatopoieÐtai se b�joc diereÔnhsh

thc ex�rthshc tou suntelest  susqètishc thc apìsbeshc lìgw broq c se dÔo sug-

klÐnousec zeÔxeic apì th gwnÐa diaqwrismoÔ θ (bl. Sq ma 3.7). Parìmoia apotelè-

smata metr sewn apì radar anafèrontai sto [Usm02] gia to Hampshire, UK, sta

42GHz. Oi dÔo teleutaÐec parapompèc sunèklinan sto sumpèrasma ìti to diaforikì

kèrdoc se sust mata CSD, GCSD, proseggÐzetai apì mia sun�rthsh genik c morf c

sinc(θ/2), ìpou h tim  tou ekjèth c metab�lletai an�loga me to sqetikì m koc twn

zeÔxewn L1 kai L2 pou summetèqoun sto sq ma CSD. 'Otan to sqetikì m koc isoÔtai

me 1 (L1 = L2), to sÔsthma diaforik c l yhc qarakthrÐzetai wc summetrikì. Sthn

perÐptwsh ìpou L1 6= L2, to sÔsthma diaforik c l yhc jewreÐtai mh summetrikì.

Mia parallag  aut c thc empeirik c sun�rthshc me skopì ton upologismì tou dia-

forikoÔ kèrdouc GCSD kai tou diaforikoÔ pleonekt matoc ICSD thc teqnik c CSD

èqei uiojethjeÐ kai apì thn ITU-R [ITU1410]. Prìsfata, h epikèntrwsh ston PMP

qarakt ra twn diktÔwn LMDS, od ghse se mia empeirik  mèjodo [Zva06] pou basÐze-

tai se trisdi�statec b�seic dedomènwn tou rujmoÔ broqìptwshc apì radar. Stìqoc

thc mejìdou eÐnai o upologismìc tou diaforikoÔ pleonèkthmatoc sunart sei miac

monadik c paramètrou pou perigr�fei th qwrik  katanom  thc broqìptwshc se treic

diast�seic.

3.4.2 Statistik  je¸rhsh thc epÐdoshc thc diaforik c

l yhc kuyèlhc se eÔkratec perioqèc

SÔmfwna me th statistik  je¸rhshc thc teqnik c diaforik c l yhc [Kan91], [Pan02a],

to sÔsthma CSD tÐjetai ektìc leitourgÐac ìtan oi apìsbeseic lìgw broq c stic dÔo

enallaktikèc zeÔxeic A1 kai A2 uperboÔn tautìqrona ta prokajorismèna perij¸ria

dialeÐyewn F1 kai F2. H antÐstoiqh pijanìthta diakop c eÐnai

OPCSD = Pr{A1 ≥ F1, A2 ≥ F2} (3.24)

Gia sÔsthma CSD egkatesthmèno se perioq  me eÔkrato klÐma uiojeteÐtai to logarijmo-

kanonikì montèlo gia thn perigraf  thc apìsbeshc lìgw broq c. Epomènwc, h (3.24)

odhgeÐ sthn akìloujh sqèsh

OPCSD =

∫ ∞

F1

∫ ∞

F2

pA1A2(A1, A2)dA1dA2 (3.25)
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ìpou pA1A2 h apì koinoÔ sun�rthsh puknìthtac pijanìthtac twn t.m. A1 kai A2.

'Otan F1 = F2, to sÔsthma CSD jewreÐtai isostajmismèno (balanced), gegonìc

pou sunep�getai, antÐstoiqa, ìti L1 = L2 kai ìti o exoplismìc twn dÔo BS eÐnai

panomoiìtupoc. Se k�je �llh perÐptwsh, to sÔsthma CSD jewreÐtai mh isostajmi-

smèno (unbalanced). Profan¸c, èna isostajmismèno sÔsthma diaforik c l yhc eÐnai

kai summetrikì.

Gia ton upologismì thc pijanìthtac diakop c OPCSD, orÐzontai oi metasqhma-

tismoÐ

ui =
ln Ai − ln Ami

Sai

(i = 1, 2) (3.26)

uFi
=

ln Fi − ln Ami

Sai

(i = 1, 2) (3.27)

ìpou oi statistikèc par�metroi thc katanom c thc apìsbeshc Ami
kai Sai

orÐzontai

gia k�je zeÔxh (i = 1, 2) apì tic (2.36) kai (2.35), antÐstoiqa. Akolouj¸ntac th

mejodologÐa pou paratÐjetai sthn Enìthta A'.2 tou Parart matoc A', prokÔptei h

telik  èkfrash gia thn (3.24)

OPCSD =
1

2

∫ ∞

uF2

pU1(u1)erfc

(
uF1 − ρnu1√

2(1− ρ2
n)

)
du1 (3.28)

ìpou

pU1(u1) =
1√
2π

exp

(
−u2

1

2

)
(3.29)

kai ρn o logarijmikìc suntelest c susqètishc pou exet�zetai sthn Enìthta A'.5

tou Parart matoc A'. Sundèetai me to suntelest  susqètishc thc apìsbeshc lìgw

broq c ρ mèsw thc (A'.32)

ρn =
1

Sa1Sa2

ln
(
1 + ρ

√
[exp(S2

a1
)− 1][exp(S2

a2
)− 1]

)
(3.30)

Me th seir� tou, o suntelest c susqètishc ekfr�zetai mèsw twn paramètrwn H thc

qwrik c dom c tou mèsou broqìptwshc (bl. Par�rthma G')

ρ =
H12√
H1H2

(3.31)

Oi par�metroi Hi, i = 1, 2, antistoiqoÔn sto diplì olokl rwma tou suntelest  auto-

susqètishc ρ0 thc eidik c apìsbeshc broq c kat� m koc thc zeÔxhc Li -bl. (2.33)-

kai H12 sto diplì olokl rwma tou suntelest  eterosusqètishc ρ12 thc eidik c apì-

sbeshc broq c kat� m koc twn zeÔxewn L1 kai L2 -bl. (G'.21)-. H telik  èkfrash gia
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tic dÔo pr¸tec dÐdetai apì thn (2.34), en¸ o upologismìc thc teleutaÐac paramètrou

apaiteÐ thn efarmog  mejìdwn arijmhtik c olokl rwshc.

'Opwc apodeiknÔetai kai sto [Pan02a], to montèlo pou mìlic perigr�fhke proseg-

gÐzei ikanopoihtik� tic peiramatikèc b�seic dedomènwn diaforik c l yhc (Enìthta

3.4.1) gia uyhl� posost� diajesimìthtac (qamhl� posost� diakop c), opìte h uio-

jèthsh tou sunektikoÔ tÔpou broq c eÐnai kurÐarqh. Sthn ergasÐa touc [Pan05a], oi

suggrafeÐc proq¸rhsan sthn epèktash tou montèlou prokeimènou na enswmatwjeÐ

kai h broq  strwsigenoÔc tÔpou pou epikrateÐ se perioqèc qamhl c broqìptwshc. H

shmasÐa aut c thc epèktashc ègkeitai sto gegonìc ìti stic z¸nec uyhl¸n suqnìthtwn

leitourgÐac twn susthm�twn LMDS, akìma kai oi qamhlèc timèc broqìptwshc ephre�-

zoun dusmen¸c thn pijanìthta diakop c tou sust matoc.

H strwsigen c perigraf  thc broq c antistoiqeÐ se rujmoÔc broqìptwshc thc

t�xhc twn 10-20mm/h. Sunep¸c, oi qamhlìterec timèc thc apìsbeshc eÐnai apotèle-

sma thc strwsigenoÔc broqìptwshc. Gia th di�krish metaxÔ twn tim¸n thc apìsbeshc

pou ofeÐlontai se k�je kathgorÐa broqìptwshc, orÐzetai to kat¸flio apìsbeshc

Ath = kRa
thL (3.32)

ìpou k kai a oi gnwstoÐ suntelestèc thc eidik c apìsbeshc γR kai Rth to kat¸flio

met�bashc tou rujmoÔ broqìptwshc apì broq  strwsigenoÔc se broq  sunektikoÔ

tÔpou. Epeid  sth genik  perÐptwsh ta sq mata CSD den eÐnai summetrik�, h par�me-

troc L jewreÐtai Ðsh proc to mèso m koc twn dÔo zeÔxewn: L = 0.5(L1 + L2).

Gia ton upologismì thc pijanìthtac diakop c OPCSD, h an�lush tautÐzetai me

thn perÐptwsh tou sunektikoÔ tÔpou broq c. 'Ara, h telik  morf  thc dÐdetai p�li

apì thn (3.28). Ta dÔo montèla apoklÐnoun wc proc thn perigraf  tou suntelest 

eterosusqètishc thc eidik c apìsbeshc broq c metaxÔ shmeÐwn twn dÔo enallaktik¸n

zeÔxewn

ρstr =
P (1, 2; d)

P (0)

ea2S2
r

ea2S2
r − 1

− 1

ea2S2
r − 1

(3.33)

ìpou P (0) h et sia pijanìthta broqìptwshc se k�poio shmeÐo, ìpwc upologÐzetai

apì th SÔstash ITU-R P.837. Upojètontac ìti ta dÔo shmeÐa apèqoun apost�seic

l1 kai l2 (0 ≤ li ≤ Li) apì thn arq  thc zeÔxhc, h metaxÔ touc apìstash eÐnai

d(l1, l2) =
√

l21 + l22 − 2l1l2 cos θ (3.34)
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H sun�rthsh P (1, 2; d) antiproswpeÔei thn pijanìthta tautìqronhc broqìptwshc se

dÔo shmeÐa pou apèqoun apìstash d

P (1, 2; d) =
[
P (0)− P 2(0)

]
e−q

√
d + P 2(0) (3.35)

ìpou h par�metroc q[Km−1/2] qarakthrÐzei th qwrik  dom  thc strwsigenoÔc bro-

q c wc mèsou di�doshc. Ta mèqri t¸ra periorismèna peiramatik� dedomèna èqoun

apokalÔyei ìti mia kat�llhlh tim  gia to q eÐnai 0.06Km−1/2. Wstìso, apaiteÐtai epi-

plèon sÔgkrish me nèa peiramatik� dedomèna gia thn uiojèthsh miac kajolik c tim c

se pagkìsmia klÐmaka.

SunoyÐzontac, h diadikasÐa upologismoÔ thc pijanìthtac OPCSD sunÐstatai sta

epìmena b mata:

1. Arqik�, apì thn (3.32) upologÐzetai h tim  tou katwflÐou apìsbeshc Ath.

2. Gia A < Ath, h pijanìthta tautìqronhc upèrbashc tou perijwrÐou dialeÐyewn

kai stic dÔo enallaktikèc zeÔxeic prosdiorÐzetai apì thn (3.28), ìpou oi par�-

metroi H thc qwrik c dom c thc strwsigenoÔc broq c prokÔptoun me olo-

kl rwsh tou suntelest  susqètishc ρstr apì thn (3.33).

3. Gia A > Ath, h pijanìthta tautìqronhc upèrbashc tou perijwrÐou dialeÐyewn

kai stic dÔo enallaktikèc zeÔxeic prosdiorÐzetai p�li apì thn (3.28), ìpou oi

par�metroi H thc qwrik c dom c thc sunektik c broq c prokÔptoun sÔmfwna

me to Par�rthma G'.

Gia na dokimasjeÐ h egkurìthta kai to eÔroc efarmog c thc prohgoÔmenhc dia-

dikasÐac, to montèlo antiparatÐjetai me ta peiramatik� apotelèsmata apì metr seic

radar sto Hampshire, UK. Gia thn exagwg  thc katanom c tou rujmoÔ broqìptw-

shc apì th SÔstash ITU-R P.837 (bl. Par�rthma D'), apaitoÔntai oi gewgrafikèc

suntetagmènec thc topojesÐac (51.05◦N, 1.15◦W). Wc apotèlesma, oi statistikèc

par�metroi thc logarijmokanonik c katanom c tou rujmoÔ broqìptwshc prokÔptoun

Rm = 0.0249 kai Sr = 1.859. H tim  Rth = 10mm/h uiojeteÐtai wc to kat¸flio

met�bashc tou rujmoÔ broqìptwshc. Sto Sq ma 3.9 sqedi�zetai to kèrdoc diaforik c

l yhc G wc sun�rthsh thc gwnÐac diaqwrismoÔ θ gia to sugkekrimèno sÔsthma CSD.

H suqnìthta leitourgÐac eÐnai f = 42GHz kai ta m kh twn dÔo enallaktik¸n zeÔxewn

L1 = 2Km kai L2 = 3Km. FaÐnetai ìti, gia to mètrio autì posostì diajesimìthtac
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Sq ma 3.9: Kèrdoc diaforik c l yhc kuyèlhc G wc proc gwnÐa diaqwrismoÔ. SÔgkrish

me peiramatik� apotelèsmata radar apì to Hampshire, UK.

Sq ma 3.10: Kèrdoc diaforik c l yhc kuyèlhc G wc proc gwnÐa diaqwrismoÔ. SÔgkrish

me peiramatik� apotelèsmata radar apì to Hampshire, UK.
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99.9% (OP = 0.1%), h epèktash tou montèlou diaforik c l yhc gia to strwsi-

gen  tÔpo broq c proseggÐzei me megalÔterh epituqÐa ta peiramatik� apotelèsmata

se sqèsh me to arqikì [Pan02a]. AntÐjeta, apì to Sq ma 3.10 pou èqei sqediasjeÐ

gia to Ðdio sÔsthma me L1, L2 = 1Km, all� gia uyhlìtero posostì diajesimìth-

tac 99.97% (OP = 0.03%), to arqikì montèlo broq c sunektikoÔ tÔpou emfanÐzei

kalÔterh sumperifor�. ProkÔptei, loipìn, to sumpèrasma ìti h proteinìmenh mèjo-

doc pou diakrÐnei metaxÔ twn peript¸sewn strwsigenoÔc broq c kai broq c sunek-

tikoÔ tÔpou an�loga me th st�jmh apìsbeshc broq c (kai, sunep¸c, an�loga me to

posostì diajesimìthtac) eÐnai h katallhlìterh gia thn prosèggish thc epÐdoshc enìc

sust matoc CSD.

Gia na exetasjeÐ h efarmosimìthta tou proteinìmenou montèlou gia diaforetikèc

topojesÐec tou plan th (euaisjhsÐa wc proc ta klimatik� qarakthristik�), sth sunè-

qeia, pragmatopoieÐtai nèa sÔgkrish gia to Montreal, CAN, me gewgrafikèc sunte-

tagmènec (45.31◦N, 73.34◦W). Oi antÐstoiqec statistikèc par�metroi thc katanom c

tou rujmoÔ broqìptwshc gÐnontai t¸ra Rm = 0.02684 kai Sr = 1.934. Sto Sq ma

3.11 deÐqnetai to kèrdoc diaforik c l yhc G wc sun�rthsh thc gwnÐac diaqwrismoÔ θ

Sq ma 3.11: Kèrdoc diaforik c l yhc kuyèlhc G wc proc gwnÐa diaqwrismoÔ. SÔgkrish

me peiramatik� apotelèsmata radar apì to Montreal, CAN.
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gia to upì melèth sÔsthma CSD, upojètontac suqnìthta leitourgÐac f = 30GHz kai

m kh twn dÔo enallaktik¸n zeÔxewn L1 = 2Km kai L1 = 3Km. To posostì diajes-

imìthtac prodiagr�fetai sto 99.9% (OP = 0.1%). EÐnai faner  h sumfwnÐa metaxÔ

tou montèlou kai twn peiramatik¸n dedomènwn, gegonìc pou epibebai¸nei ìti h epi-

log  thc paramètrou q = 0.06Km−1/2 apoteleÐ mÐa ikanopoihtik  pr¸th prosèggish

se diaforetikèc suqnìthtec leitourgÐac kai klimatikèc sunj kec.

3.4.3 Statistik  je¸rhsh thc epÐdoshc thc diaforik c

l yhc kuyèlhc se tropikèc kai upotropikèc

perioqèc

H an�ptuxh miac mejìdou prìbleyhc thc teqnik c CSD gia sust mata LMDS se

tropikèc kai upotropikèc perioqèc eÐqe wc ènausma to oloèna auxanìmeno endiafèron

twn anaptussìmenwn qwr¸n me parìmoia klimatik� qarakthristik� (gia par�deigma,

Nìtia Amerik , Nìtia Afrik , Anatolik  AsÐa) na epekteÐnoun tic thlepikoinwni-

akèc upodomèc touc mèsw asurm�twn diktÔwn, ¸ste ta kr�th aut� na karpwjoÔn ta

pleonekt mata thc asÔrmathc prìsbashc. H lÔsh aut , an sunduasjeÐ me doruforik 

k�luyh, mporeÐ na apotelèsei mia teqnik� kai oikonomik� efikt  lÔsh gia thn taqeÐa

an�ptuxh enìc oloklhrwmènou dhmìsiou diktÔou, to opoÐo proc to parìn stic q¸rec

autèc eÐnai aneparkèc. 'Allwste, oi tropikèc kai upotropikèc perioqèc qarakthrÐzon-

tai apì idiaÐtera èntonec sunj kec broqìptwshc, me sunèpeia na jewreÐtai anèfikth

h leitourgÐa twn diktÔwn BWA qwrÐc thn prostasÐa apì mÐa   perissìterec teqnikèc

FMT. To proteinìmeno montèlo ektÐmhshc thc epÐdoshc thc teqnik c CSD se peri-

oqèc ìpou h apìsbesh lìgw broq c eÐnai oxumènh basÐzetai sto montèlo g�mma, to

opoÐo sthn paroÔsa enìthta epekteÐnetai stic dÔo diast�seic [Ara04b]. O orismìc

thc pijanìthtac diakop c thc leitourgÐac tou sq matoc diaforik c l yhc sthrÐze-

tai stic (3.24) kai (3.25), me th diafor� ìti h sun�rthsh pA1A2 eÐnai h disdi�stath

katanom  g�mma (bl. Enìthta B'.2). H telik  èkfrash dÐdetai apì th sqèsh (B'.24)

kai anapar�getai wc ex c

OPCSD =
(1− ρ)vA

Γ(vA)

∞∑
i=0

ρi Γ(vA + i)

i!

[
1− γ(vA + i, β′A1

F1)

Γ(vA + i)

] [
1− γ(vA + i, β′A2

F2)

Γ(vA + i)

]

(3.36)
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ìpou h sun�rthsh Γ(v) kai h atel c sun�rthsh γ(a, x) orÐzontai apì tic (B'.2) kai

(B'.6), antÐstoiqa. Oi statistikèc par�metroi vA, βAi
kai β′Ai

(i = 1, 2) orÐzontai

apì tic (2.46), (2.47) kai (B'.19), antÐstoiqa. Epiplèon, o suntelest c susqètishc

thc apìsbeshc lìgw broq c ρ orÐzetai ìpwc sthn (3.31). H par�metroc Hi (i =

1, 2) upologÐzetai mèsw thc dipl c olokl rwshc tou suntelest  autosusqètishc thc

eidik c apìsbeshc broq c

ρ0(x) =

{
exp [−c

√
x] x ≤ Dr

exp
[−c

√
Dr

]
x > Dr

(3.37)

kai to telikì apotèlesma antistoiqeÐ sthn (2.40). AntÐstoiqa, h par�metroc H12 up-

ologÐzetai mèsw thc dipl c olokl rwshc tou suntelest  eterosusqètishc thc eidik c

apìsbeshc broq c

ρ12(d) =

{
exp

[
−c

√
d(l1, l2)

]
d(l1, l2) ≤ Dr

exp
[−c

√
Dr

]
d(l1, l2) > Dr

(3.38)

Efìson den up�rqoun diajèsima peiramatik� dedomèna diaforik c l yhc se tropikèc

kai upotropikèc perioqèc, exet�zetai, genikìtera, h ex�rthsh tou sust matoc CSD

apì tic di�forec paramètrouc tou. Arqik�, efarmìzetai h proteinìmenh mèjodoc se

èna upojetikì sÔsthma diaforik c l yhc LMDS egkatesthmèno sth Singapore, SG

(1.17◦N, 103.51◦E), sta 28GHz me katakìrufh pìlwsh. Oi statistikèc par�metroi

tou rujmoÔ broqìptwshc prokÔptoun vR = 0.006 kai βR = 0.0235. To di�gramma tou

diaforikoÔ kèrdouc G wc proc th gwnÐa diaqwrismoÔ θ kai to sqetikì m koc twn dÔo

enallaktik¸n zeÔxewn L1/L2 parousi�zetai sto Sq ma 3.12, sto opoÐo h zeÔxh tou

SS me ton BS anafor�c jewreÐtai stajer  (L1 = 3Km) kai metab�lletai to m koc

L2. Kaj¸c h apìsbesh lìgw broq c stic upì melèth perioqèc mporeÐ na l�bei polÔ

uyhlèc timèc, to sq ma èqei sqediasjeÐ me b�sh mia endi�mesh tim  diajesimìthtac

99.9% (OP = 0.01%), epitugq�nontac diaforik� kèrdh pou fj�noun ta 4dB.

AntÐstoiqa, èna sÔsthma CSD perigr�fetai isodÔnama apì to diaforikì pleon-

èkthma I. Epilègontac t¸ra wc perioq  leitourgÐac tou upojetikoÔ sust matoc to

Rio, BR (22.53◦S, 43.12◦W), me statistikèc paramètrouc tou rujmoÔ broqìptwshc

vR = 0.002 kai βR = 0.0329, sto Sq ma 3.13 parousi�zetai to di�gramma tou di-

aforikoÔ pleonekt matoc I wc proc th gwnÐa diaqwrismoÔ θ kai to sqetikì m koc twn

dÔo enallaktik¸n zeÔxewn L1/L2 (me L1 = 3Km). To perij¸rio dialeÐyewn upotÐ-

jetai Ðso me F = 20dB, en¸ oi hlektrikèc par�metroi tou sust matoc (suqnìthta,

pìlwsh) eÐnai Ðdiec me prohgoumènwc.
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Sq ma 3.12: Kèrdoc diaforik c l yhc kuyèlhc G wc proc th gwnÐa diaqwrismoÔ kai to

sqetikì m koc twn dÔo enallaktik¸n zeÔxewn. Par�deigma sust matoc CSD egkatesthmè-

nou sthn Singapore, SG.

Apì ta Sq mata 3.12 kai 3.13 prokÔptei to sumpèrasma ìti h epÐdosh tou sust -

matoc CSD mei¸netai kaj¸c aux�nei to m koc miac apì tic dÔo zeÔxeic. H ex ghsh

gia to sugkekrimèno apotèlesma ègkeitai sto gegonìc ìti, ìtan L1 6= L2, h epÐdosh

tou sust matoc kajorÐzetai se meg�lo bajmì apì thn katanom  thc apìsbeshc sth

braqèoc m kouc zeÔxh, apì thn opoÐa exuphreteÐtai o SS kat� th megalÔterh di�rkeia

tou qrìnou, afoÔ ephre�zetai ligìtero apì thn apìsbesh lìgw broq c.

Anagwg  se ìrouc BER � EpekteÐnontac th diadikasÐa pou anaptÔqjhke

stic (3.11)-(3.14) eÐnai dunat  h anagwg  twn mètrwn epÐdoshc tou sq matoc di-

aforik c l yhc (kèrdoc, pleonèkthma), apì ìrouc apìsbeshc se ìrouc BER. Proc

toÔto, jewreÐtai h apì koinoÔ pijanìthta upèrbashc miac st�jmhc BER

OPCSD = Pr {BER1 ≥ BER(γth1), BER2 ≥ BER(γth2)} (3.39)

ìpou, me efarmog  thc (3.13) gia apìsbesh Ðsh me to perij¸rio dialeÐyewn, prokÔptei

h tim  katwflÐou gia to lìgo γ

γthi
[dB] =

[
Es

N0

]

csi

− Fi[dB] (i = 1, 2). (3.40)
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Sq ma 3.13: Pleonèkthma diaforik c l yhc kuyèlhc I wc proc th gwnÐa diaqwrismoÔ

kai to sqetikì m koc twn dÔo enallaktik¸n zeÔxewn. Par�deigma sust matoc CSD egkat-

esthmènou sto Rio, BR.
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Kef�laio 4

Diakuyelik  Parembol  se

Stajer� DÐktua BWA

4.1 Genik�

H parembol  apoteleÐ to shmantikìtero perioristikì par�gonta thc epÐdoshc asur-

m�twn diktÔwn me kuyelwt  arqitektonik , ìpwc eÐnai ta dÐktua BWA. An�loga me

thn proèleus  touc, ta eÐdh parembol c se èna kuyelwtì sÔsthma radioepikoinwni¸n

taxinomoÔntai sÔmfwna me to Sq ma 4.1. Sugkekrimèna, ìtan h phg  thc parembol c

proèrqetai apì to Ðdio to sÔsthma onom�zetai endosusthmik , en¸ ìtan proèrqetai

apì diaforetikì sÔsthma onom�zetai diasusthmik . Me th seir� thc, h pr¸th kath-

gorÐa diakrÐnetai sth diakuyelik  parembol  (intercell interference), ìtan o parem-

Sq ma 4.1: EÐdh Parembol c se Kuyelwt� Sust mata Radioepikoinwni¸n.
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b�llwn stajmìc an kei se diaforetik  kuyèlh me to stajmì pou upìkeitai se parem-

bol    thn endokuyelik  parembol  (intracell interference), ìtan o paremb�llwn

stajmìc an kei sthn Ðdia kuyèlh1. H melèth thc diakuyelik c parembol c diakrÐnetai

se omodiaulik  parembol  (cochannel interference, CCI) kai se parembol  geitonikoÔ

diaÔlou (adjacent channel interference, ACI).

H anaqrhsimopoÐhsh thc suqnìthtac pou uiojeteÐtai apì ta kuyelwt� sust mata

radioepikoinwni¸n sunep�getai ìti, se mia dedomènh perioq  k�luyhc, pollèc kuyè-

lec qrhsimopoioÔn koin  z¸nh suqnot twn (omodiaulikèc kuyèlec). Apì tic kuyèlec

autèc proèrqetai h omodiaulik  parembol . M�lista, ìpwc anafèrjhke sthn Enìth-

ta 1.5.2, ta stajer� dÐktua BWA pou leitourgoÔn sto eÔroc suqnot twn 10-66GHz

anaqrhsimopoioÔn olìklhro to diajèsimo eÔroc z¸nhc toul�qiston mia for� se k�je

kuyèlh. Se antÐjesh me to jermikì jìrubo, h parembol  CCI den mporeÐ na anti-

metwpisjeÐ aux�nontac thn isqÔ ekpomp c twn stajm¸n, gegonìc pou sunep�getai th

sunakìloujh aÔxhsh thc stajm c parembol c proc touc upìloipouc stajmoÔc tou

sust matoc.

Gia thn �mblunsh thc parembol c CCI pou emfanÐzetai sta sust mata LMDS

lìgw anaqrhsimopoÐhshc tou eÔrouc z¸nhc se k�je kuyèlh, efarmìzetai h teqnik 

thc enallag c pol¸sewn. Kat� sunèpeia, sthn paroÔsa ergasÐa wc ACI jewreÐtai

h parembol  pou prokaleÐtai lìgw thc apopìlwshc twn radiokum�twn pou ekpè-

mpontai apì èna stajmì pou leitourgeÐ sthn Ðdia suqnìthta all� se orjog¸nia pì-

lwsh. H prohgoÔmenh je¸rhsh diafèrei apì to sun jh orismì pou uiojeteÐtai apì

ta dÐktua kinht¸n epikoinwni¸n, ìpou h parembol  ACI proèrqetai apì fasmatik�

geitonik� s mata. OfeÐletai sta mh idanik� fÐltra tou dèkth pou epitrèpoun th merik 

dièleush shm�twn pou an koun se geitonik  suqnìthta. Wstìso, gia ta sust mata

pou melet¸ntai sto parìn kef�laio, upotÐjetai ìti to shmantikì eÔroc z¸nhc pou

diatÐjetai exasfalÐzei thn Ôparxh zwn¸n prostasÐac (guard bands) me eparkèc eÔroc.

Akolouj¸ntac thn t�sh twn sÔgqronwn stajer¸n diktÔwn BWA pou basÐzontai

sta prìtupa IEEE 802.16 kai ETSI BRAN HIPERACCESS, h melèth thc diakuye-

lik c parembol c pragmatopoieÐtai gia sust mata me pollapl  prìsbash TDMA

gia th zeÔxh upstream . Gia th zeÔxh downstream epilègetai to sq ma polÔplexhc

1Suqn�, h sugkekrimènh kathgorÐa parembol c exeidikeÔetai peraitèrw se endotomeak  (intra-

sector) kai diatomeak  (intersector) parembol .

92 Didaktorik  Diatrib  tou P.-D. M. Ar�poglou



Kef�laio 4. Diakuyelik  Parembol  se Stajer� DÐktua BWA

TDM. 'Oson afor� thn amfidrìmhsh, aut  ulopoieÐtai mèsw FDD   TDD, afoÔ

kai ta dÔo sq mata eÐnai apodekt� apì to prìtupo. Wstìso, sthn perÐptwsh tou

deÔterou sq matoc, apaiteÐtai o lìgoc twn qronik¸n sqism¸n pou anatÐjentai kat�

th leitourgÐa upstream kai downstream na eÐnai stajerìc se ìlec tic kuyèlec (static

TDD). Sthn antÐjeth perÐptwsh, up�rqei pijanìthta prìklhshc isqur c parembol c

metaxÔ stajm¸n pou brÐskontai tautìqrona se antÐjetec f�seic met�doshc. H melèth

thc parembol c lìgw efarmog c thc dunamik c polÔplexhc TDD (dynamic TDD) me

metablhtì ìrio metaxÔ twn qronik¸n sqism¸n upstream kai downstream brÐsketai ek-

tìc antikeimènou thc paroÔsac ergasÐac. H statistik  an�lush thc dunamik c TDD

se stajer� asÔrmata dÐktua kaj¸c kai orismènec teqnikèc an�jeshc pìrwn gia th

meÐwsh thc emfanizìmenhc parembol c, perigr�fontai sthn parapomp  [Jeo02].

H di�rjrwsh thc Ôlhc tou sugkekrimènou kefalaÐou èqeic wc ex c: Sthn Enìthta

4.2 pragmatopoieÐtai mia ekten c parousÐash thc diejnoÔc bibliografÐac wc proc to

antikeÐmeno thc diakuyelik c parembol c sta stajer� euruzwnik� asÔrmata dÐktua.

Sthn proparaskeuastik  Enìthta 4.3, paratÐjentai oi aparaÐthtoi orismoÐ kai oi up-

ojèseic pou èqoun gÐnei. AkoloujeÐ h montelopoÐhsh thc diakuyelik c parembol c se

LOS stajer� dÐktua BWA se suqnìthtec 10-66GHz sth zeÔxh downstream (Enìthta

4.4) kai sth zeÔxh upstream (Enìthta 4.5).

Sth genik  perÐptwsh, gia thn ektÐmhsh thc epÐdoshc tou sust matoc parousÐ-

a parembol¸n, qrhsimopoieÐtai to jemeli¸dec mègejoc isqÔc s matoc - proc - isqÔ

parembol c (Carrier-to-Interference Ratio, CIR). Sugkekrimèna, arqik� melet¸ntai

oi statistikèc idiìthtec tou CIR ìtan to epijumhtì kai ta paremb�llonta s mata upì-

keintai se dialeÐyeic upì sunj kec di�doshc NLOS all�, sth sunèqeia, epikentr¸ne-

tai, kurÐwc, se arqitektonikèc diktÔou LOS. Basikìc stìqoc thc melèthc parembol¸n

eÐnai o analutikìc prosdiorismìc thc pijanìthtac diakop c lìgw parembol c

OPI = Pr

{
C

I
≤ γth

}
(4.1)

H pijanìthta OPI apoteleÐ mia krÐsimh prodiagraf  thc QoS se kuyelwt� sust mata,

afoÔ, sthn pleioyhfÐa twn peript¸sewn, uperisqÔei tou lìgou CNR kat� ton pros-

diorismì thc sunolik c pijanìthtac diakop c. Sthn prohgoÔmenh sqèsh, h posìthta

C anaparist� thn isqÔ tou epijumhtoÔ s matoc kai I to �jroisma twn parembol¸n

CCI kai ACI pou lamb�nontai apì to stajmì anafor�c. Tèloc, h metablht  γth

sumbolÐzei sto parìn thn tim  katwflÐou tou lìgou CIR pou prodiagr�fetai apì to
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sÔsthma.

4.2 Episkìphsh thc diejnoÔc bibliografÐac

H ergasÐa [Gon99] apotèlese thn pr¸th prosp�jeia axiolìghshc thc epÐdrashc pou

èqei h omodiaulik  parembol  se èna kuyelwtì sÔsthma LMDS. Meg�lh barÔthta

dìjhke apì th sugkekrimènh ergasÐa sth qr sh kateujuntik¸n kerai¸n, tìso apì thn

pleur� twn stajm¸n SS ìso kai apì touc tomeÐc twn BS, dedomènou ìti oi melètec o-

modiaulik c parembol c tìte aforoÔsan omoiokateujuntikèc keraÐec   keraÐec eureÐac

k�luyhc se sust mata kinht¸n epikoinwni¸n. Sugkekrimèna, exet�sjhke h epÐdrash

tou eÔrouc HPBW twn kerai¸n, tou kateujuntikoÔ kèrdouc thc keraÐac kai thc

teqnik c elègqou thc isqÔoc sthn pijanìthta diakop c OPI . Sto [Far00] exet�zontai

epiplèon di�foroi trìpoi qwrismoÔ thc kuyèlhc se tomeÐc me ekmet�lleush orjog¸-

niwn pol¸sewn, gegonìc pou odhgeÐ sth di�krish metaxÔ twn eid¸n parembol c CCI

kai ACI, upì thn ènnoia pou autèc orÐsjhkan prohgoumènwc.

Amfìterec oi ergasÐec [Gon99] kai [Far00] upojètoun ìti h di�dosh sta sust mata

LMDS eÐnai sqedìn LOS (nearly LOS). Me ton ìro autì uponoeÐtai ìti oi zeÔxeic

metaxÔ stajm¸n b�shc kai sundromht  empodÐzontai merik¸c kai qarakthrÐzontai apì

dialeÐyeic lìgw skÐashc (shadowing). Autìc o tÔpoc dialeÐyewn perigr�fetai sta-

tistik� mèsw miac logarijmokanonik c t.m. ξ me mèsh tim  mhdèn  , epilègontac thn

klÐmaka dB, apì mÐa kanonik  t.m. me sun�rthsh puknìthtac pijanìthtac

p(ξ) =
1√

2π σξ

exp

{
− ξ2

2σ2
ξ

}
(4.2)

ìpou h par�metroc σξ eÐnai h tupik  apìklish lìgw skÐashc.

Sthn perÐptwsh thc skÐashc, kat� ton upologismì thc pijanìthtac diakop c OPI

prèpei na lamb�nontai upìyh pollaplèc phgèc parembol c jewr¸ntac ìti

I = 10 log

[
K∑

k=1

10Ik/10

]
(4.3)

ìpou Ik[dB] h isqÔc parembol c apì to stajmì k = 1, . . . , K pou upìkeitai se skÐash.

Epomènwc, gia na katasteÐ dunat  h statistik  montelopoÐhsh tou lìgou CIR, eÐnai

aparaÐthto na orisjeÐ mia nèa t.m. I pou apoteleÐ to �jroisma peperasmènou pl jouc

t.m. pou akoloujoÔn th logarijmokanonik  katanom . KaÐtoi den eÐnai gnwst  mia
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akrib c èkfrash gia thn katanom  enìc tètoiou ajroÐsmatoc, di�foroi ereunhtèc è-

qoun anaptÔxei proseggistikèc mejìdouc. Oi perissìterec apì autèc qeirÐzontai to

�jroisma twn logarijmokanonik¸n t.m. wc logarijmokanonik  katanom , epÐshc. Mia

mèjodoc pou exis¸nei tic ropèc pr¸thc kai deÔterhc t�xhc me autèc thc proseggisti-

k c katanom c èqei anaptuqjeÐ apì ton Fenton [Fen60], en¸ h mèjodoc Schwartz-Yeh

[Sch82] qrhsimopoieÐ anadromikèc sqèseic qwrÐzontac tic K t.m. se om�dec twn dÔo

t.m. kai exis¸nontac tic ropèc touc me tic akribeÐc ropèc pr¸thc kai deÔterhc t�xhc2.

'Allh shmantik  par�metroc, pou ephre�zei to mègejoc thc parembol c ìtan h

di�dosh eÐnai sqedìn LOS, eÐnai h tim  tou ekjèth apwlei¸n m, o opoÐoc, ìtan up-

�rqei skÐash, uperbaÐnei thn tim  2 pou antistoiqeÐ sth di�dosh LOS. Sto Sq ma

4.2 sqedi�zetai h pijanìthta diakop c OPI gia di�forec timèc thc sugkekrimènhc

par�metrou. Epiplèon, stic efarmogèc kinht¸n epikoinwni¸n, h tupik  apìklish σξ

èqei melethjeÐ epark¸c kai eÐnai gnwstì ìti lamb�nei timèc pou kumaÐnontai apì

2Shmei¸netai ìti ektìc apì autèc tic dÔo jemeli¸deic mejìdouc, h èreuna gia th beltÐwsh thc

prosèggishc tou ajroÐsmatoc peperasmènou pl jouc logarijmokanonik¸n t.m. exakoloujeÐ na eÐnai

epÐkairh �bl., gia par�deigma, [Pra06]�.

Sq ma 4.2: Pijanìthta diakop c OPI wc proc to kat¸flio CIR γth se èna kuyelwtì

sÔsthma LMDS gia di�forec timèc tou ekjèth apwlei¸n m.
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5 èwc 12dB se makrokuyèlec kai apì 4 èwc 13dB se mikrokuyèlec. EpÐshc, em-

fanÐzei mia elafr� aÔxhsh kaj¸c aux�netai h suqnìthta (eÐnai uyhlìterh kat� 0.8dB

sta 1800MHz se sqèsh me ta 900MHz) [Stu01]. P�ntwc, gia sust mata LMDS

pou leitourgoÔn se suqnìthtec �nw twn 10GHz, den up�rqoun parìmoiec metr -

seic. Me anafor� sto Sq ma 1.7d (par�gontac anaqrhsimopoÐhshc 4), sto Sq ma

4.3 parousi�zetai h pijanìthta diakop c OPI gia dÔo timèc thc tupik c apìklishc

lìgw skÐashc. Ta Sq mata 4.2 kai 4.3 èqoun anaparaqjeÐ apì to [Far00] kai èqoun

exaqjeÐ b�sei thc mejìdou Schwartz-Yeh.

Plèon, èqei katasteÐ safèc gia thn ereunhtik  koinìthta ìti h leitourgÐa twn

stajer¸n diktÔwn BWA stic suqnìthtec 10-66GHz eÐnai efikt  mìno upì sunj kec

LOS, diaforetik� h epÐdosh tou diktÔou epidein¸netai dramatik� [ITU1410]. Sto

plaÐsio autì, dhmosieÔjhkan oi ergasÐec [Bos04a], [Bau05]. AforoÔn mia susth-

matik  an�lush thc parembol c se LOS dÐktua LMDS se dÔo diast�seic kai se treic

diast�seic, dhlad  apokleistik� sto epÐpedo tou azimoujÐou kai lamb�nontac upìyh

kai ta Ôyh twn ktirÐwn, antÐstoiqa. Wc montèlo di�doshc uiojeteÐtai h proteinìmenh

mejodologÐa thc SÔstashc ITU-R P.452 [ITU452] me efarmog  se epÐgeiouc mikroku-

Sq ma 4.3: Pijanìthta diakop c OPI wc proc to kat¸flio CIR γth se èna kuyelwtì

sÔsthma LMDS gia di�forec timèc thc tupik c apìklishc thc skÐashc σξ.
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matikoÔc stajmoÔc pou leitourgoÔn se suqnìthtec �nw twn 0.7GHz. H mejodologÐa

perilamb�nei èna statistikì par�gonta pou ekfr�zei th braquprìjesmh metabol 

(aÔxhsh   meÐwsh) tou lambanomènou s matoc lìgw poludiadromik¸n dialeÐyewn kai

fainomènwn estÐashc (focusing).

Wc proc th melèth thc parembol c se treic diast�seic, shmantik  eÐnai h sun-

eisfor� thc ergasÐac [Bau05], ìpou gÐnetai qr sh thc topografik c b�shc dedomènwn

tou Munich, D. H axÐa thc an�lushc ègkeitai sto gegonìc ìti, sthn pr�xh, ta dÐktua

LOS pou egkajÐstantai se astikèc perioqèc epib�lloun thn topojèthsh thc keraÐac

tou BS se ìso to dunatì megalÔtero Ôyoc. Kat� sunèpeia, eÐnai aparaÐthto na

lamb�nontai upìyh oi gwnÐec anÔywshc kai ta Ôyh twn ktirÐwn. Gia na enswmatwjeÐ

sto montèlo parembol c h qwrik  di�krish twn lambanomènwn shm�twn lìgw tou

kateujuntikoÔ kèrdouc thc keraÐac SS, lamb�netai upìyh ìti stic treic diast�seic,

to eÔroc HPBW sqhmatÐzei stere� gwnÐa. Ektìc apì thn parempìdish thc zeÔxhc kai

ton periorismì thc radiok�luyhc entìc thc kuyèlhc, h parousÐa enìc uyhloÔ ktirÐou

èqei kai eunoðk  epÐdrash sto mègejoc thc parembol c CCI. Autì isqÔei idiaÐtera ìtan

h di�dosh pragmatopoieÐtai me LOS, opìte o stajmìc SS dèqetai to megalÔtero mèroc

thc parembol c apì mia sugkekrimènh kurÐarqh phg . Tìte, h parembol  CCI mporeÐ

na exaleifjeÐ pl rwc, topojet¸ntac thn keraÐa tou sundromht  arket� qamhlìtera

se sqèsh me ton BS apì ton opoÐo exuphreteÐtai, ¸ste na paramènei se LOS wc proc

autìn all�, tautìqrona, o paremb�llwn BS (interfering BS, IBS) na brÐsketai ektìc

tou eÔrouc HPBW thc keraÐac tou SS. SunoyÐzontac, ta porÐsmata pou proèkuyan

apì th melèth tou lìgou CIR se treic diast�seic eÐnai:

• 'Otan o epijumhtìc BS èqei topojethjeÐ se sugkekrimèno Ôyoc, h aÔxhsh tou

Ôyouc topojèthshc tou IBS odhgeÐ se aÔxhsh thc parembol c sthn opoÐa upì-

keitai o sundromht c.

• 'Otan o IBS èqei topojethjeÐ se sugkekrimèno Ôyoc, h aÔxhsh tou Ôyouc topo-

jèthshc tou epijumhtoÔ BS odhgeÐ se meÐwsh tou posostoÔ twn sundromht¸n

thc kuyèlhc pou upìkeintai se parembol .

• Aux�nontac to Ôyoc topojèthshc ìlwn twn BS epiteÐnetai to prìblhma thc

parembol c se ìlo to dÐktuo.

• Kaj¸c k�je BS leitourgeÐ wc IBS stic geitonikèc proc autìn kuyèlec, h topo-
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jèthsh twn kerai¸n ìlwn twn BS sto Ðdio perÐpou Ôyoc apoteleÐ mia apotele-

smatik  sqedÐash tou diktÔou.

'Opwc ègine fanerì apì ta prohgoÔmena kef�laia , o plèon epibaruntikìc par�go-

ntac upob�jmishc thc di�doshc se stajer� dÐktua BWA pou leitourgoÔn �nw twn

10GHz upì sunj kec LOS eÐnai h apìsbesh lìgw broq c. M�lista, shmantik  eÐnai h

epÐdrash tou sugkekrimènou par�gonta kai sto lìgo CIR, ìpwc apok�luye h ergasÐa

[Par02], ìpou dìjhke idiaÐterh barÔthta ston upologismì thc katanom c tou CIR lìg-

w apopìlwshc, dhlad  thc parembol c ACI. Proc toÔto, tropopoi jhke kat�llhla

to fusikì montèlo prìbleyhc thc apìsbeshc lìgw broq c me thn onomasÐa EXCELL.

Par�llhla, polueteÐc metr seic tou CIR se èna sÔsthma LMDS egkatesthmèno sthn

Taiwan lamb�nontac upìyh thn epÐdrash broqopt¸sewn parousi�zontai sto [Chu05].

H suqnìthta leitourgÐac tou upì melèth sust matoc  tan 28.35GHz, en¸ kat� thn

an�lush jewr jhkan di�foretikèc timèc gia thn aktÐna thc kuyèlhc sto eÔroc 1-6Km.

H epèktash thc melèthc ìson afor� th leitourgÐa tou Ðdiou sust matoc me b�sh thn

yhfiak  diamìrfwsh M-QAM parousi�sjhke sto [Che07].

Sto upìloipo tou kefalaÐou parousi�zetai mia oloklhrwmènh statistik  an�lush

thc parembol c se èna sÔsthma LMDS parìmoio me autì pou mìlic perigr�fhke.

H an�lush èqei wc upìbajro ta fusik� montèla prìbleyhc thc apìsbeshc lìgw

broq c pou anaptÔqjhkan leptomer¸c sta prohgoÔmena kef�laia kai proorÐzetai gia

efarmog  se kajolik  klÐmaka.

4.3 OrismoÐ kai upojèseic tou montèlou

prìbleyhc thc diakuyelik c parembol c

AntÐjeta apì tic melètec pou parousi�sjhkan sthn Enìthta 4.2, to proteinìmeno

montèlo diakuyelik c parembol c [Pan07] embajÔnei sthn epÐdrash pou èqei h qwrik 

dom  thc broq c wc mèsou di�doshc sth diakuyelik  parembol . Ta sen�ria parem-

bol c kaj¸c kai ta antÐstoiqa statistik� montèla tou lìgou CIR exet�zontai qwrist�

gia tic zeÔxeic upstream kai downstream. Gia th zeÔxh downstream, to prìblhma

diaqwrÐzetai peraitèrw metaxÔ CCI kai ACI. Gia th zeÔxh upstream, to prìblhma

diaqwrÐzetai an�loga me thn kat�stash sthn opoÐa brÐsketai o brìqoc elègqou thc

isqÔoc.
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Sto Sq ma 4.4 parousi�zetai h k�toyh thc kuyelwt c arqitektonik c tou upì

melèth diktÔou BWA. ApoteleÐtai apì èna plègma tetragwnik¸n kuyel¸n, ìpou k�je

kuyèlh qwrÐzetai se tèsseric tomeÐc twn 90◦ (bl. Enìthta 1.5.2). Oi diaforetikoÐ

BS ja diakrÐnontai sta epìmena me anafor� stouc deÐktec touc, se antistoiqÐa me

ta stoiqeÐa enìc pÐnaka. Gia to qwrismì se tomeÐc epilègetai to sq ma twn dÔo

suqnot twn (suqnìthta 1 kai 2) kai twn dÔo pol¸sewn (V kai H) pou prot�jhke

apì to prìgramma CRABS3 wc ekeÐno pou sumbib�zei kat� ton kalÔtero dunatì

trìpo thn uyhl  fasmatik  apìdosh me th mikrìterh epib�runsh apì th diakuyelik 

parembol . Wstìso, epishmaÐnetai ìti h an�lush pou akoloujeÐ mporeÐ eÔkola na

epektajeÐ kai se diaforetikèc arqitektonikèc, afoÔ pr¸ta entopisjoÔn ta antÐstoiqa

sen�ria parembol¸n. H orizìntia kai h katakìrufh apìstash metaxÔ dÔo geitonik¸n

3Cellular Radio Access for Broadband Services.

Sq ma 4.4: Kuyelwt  arqitektonik  tou upì melèth diktÔou BWA: Tetragwnikèc kuyè-

lec me tomeÐc twn 90◦. H di�krish se tomeÐc pragmatopoieÐtai me qr sh dÔo suqnot twn (1

kai 2) kai dÔo pol¸sewn (H kai V.
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BS sumbolÐzetai me 2D, ìpou D h aktÐna thc kuyèlhc.

Ta sen�ria parembol c pou emfanÐzontai sta sust mata LMDS sundèontai sten�

me to di�gramma aktinobolÐac thc keraÐac tou sundromht . Gia to kateujuntikì

kèrdoc thc keraÐac tou SS sto azimoujiakì epÐpedo uiojeteÐtai to antÐstoiqo prì-

tupo KathgorÐac 1 tou ETSI tou Sq matoc 1.5. H prodiagraf  afor� tic dÔo

plèon tupikèc wc proc thn ulopoÐhsh z¸nec suqnot twn twn sÔgqronwn susthm�twn

LMDS, dhlad  tic z¸nec 24-30GHz [ETSI02] kai 40.5-43.5GHz [ETSI01]. To stenì

eÔroc HPBW pou qarakthrÐzei tic keraÐec twn sundromht¸n apoteleÐ kai th basik 

aitÐa apofug c thc endokuyelik c parembol c sta sust mata LMDS. Wc proc touc

BS, gÐnetai h upìjesh kerai¸n me omoiìmorfo kèrdoc sto eÔroc HPBW= 90◦ pou den

emfanÐzoun pleurikoÔc loboÔc. 'Opwc faÐnetai apì to Sq ma 1.4, mia tètoia upìjesh

eÐnai sumbat  me tic keraÐec tomèwn pou leitourgeÐ sthn pr�xh.

K�je BS ekpèmpei stajerì EIRP sth zeÔxh downstream. Sth zeÔxh upstream,

h isqÔc ekpomp c apì to sundromht  kajorÐzetai me statikì trìpo se sqèsh me

thn apìstash d apì ton BS kai me dunamikì trìpo me skopì thn antist�jmish thc

apìsbeshc lìgw broq c A mèqri thn tim  tou perijwrÐou elègqou thc isqÔoc MAPC .

Autì isodunameÐ me thn arqitektonik  elègqou thc isqÔoc dÔo epipèdwn thc (3.10).

H isqÔc ekpomp c apì ton SS sumbolÐzetai me PT,SS(d,A).

'Oson afor� to montèlo di�doshc, apì ta prohgoÔmena èqei gÐnei katanohtì ìti

ta dÐktua BWA nèac gene�c diakrÐnontai se upo-perioqèc thc kuyèlhc ìpou h di�-

dosh pragmatopoieÐtai upì NLOS kai se ekeÐnec tic upo-perioqèc ìpou h di�dosh

qarakthrÐzetai wc LOS (bl., gia par�deigma, thn arqitektonik  kuyèlhc tou Sq -

matoc 1.6). Sthn pr¸th kathgorÐa, pou afor� suqnìthtec k�tw twn 10GHz, to

plèon kat�llhlo montèlo di�doshc eÐnai ekeÐno twn dialeÐyewn lìgw skÐashc   polu-

diadromik c di�doshc, en¸, sth deÔterh, to plèon kat�llhlo montèlo di�doshc eÐnai

ekeÐno twn dialeÐyewn lìgw broq c. Epomènwc, sth genik  an�lush diakuyelik¸n

parembol¸n pou akoloujeÐ, toul�qiston to 60% thc pr¸thc z¸nhc Fresnel jewreÐtai

ìti den ephre�zetai apì k�je eÐdouc empìdia gia mikrì arijmì diadoqik¸n kuyel¸n.

Wc apotèlesma, oi ap¸leiec di�doshc jewroÔntai an�logec proc

Ap¸leiec Di�doshc ∝ 10A/10 × dm

ìpou d h apìstash metaxÔ BS kai SS kai m o ekjèthc apwlei¸n. SÔmfwna me th

suz thsh pou mìlic prohg jhke, h di�dosh gÐnetai upì sunj kec LOS kai, sunep¸c,
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m = 2, toul�qiston gia apost�seic thc t�xhc twn dÔo aktÐnwn kuyèlhc. 'Opwc

ja gÐnei fanerì sth sunèqeia, h apìstash aut  emperièqei thn pr¸th seir� parem-

ballous¸n kuyel¸n. To mègejoc A [dB] eÐnai h t.m. pou perigr�fei thn apì-

sbesh lìgw broq c se sugkekrimènh zeÔxh metaxÔ BS kai SS. Kat� thn an�lush

thc apìsbesh lìgw broq c, uiojeteÐtai to logarijmokanonikì montèlo thc Enìthtac

2.5.3. Sunep¸c, k�je sundromht c ofeÐlei na ikanopoieÐ sugkekrimènh prodiagraf 

pijanìthtac diakop c wc proc to lìgo CNR me b�sh thn pijanìthta

OPT = Pr

{
C

N
≤ γth

}
= Pr{A ≥ F} (4.4)

pou upologÐzetai sÔmfwna me thn (2.37). Sumperasmatik�, h sunolik  prodiagraf 

tou sust matoc epib�llei th summìrfwsh twn qrhst¸n proc tic pijanot tec diako-

p c lìgw jermikoÔ jorÔbou OPT kai lìgw parembol c OPI . Autì èrqetai se antÐ-

jesh me th sun jh praktik  sta kuyelwt� sust mata kinht¸n epikoinwni¸n, ìpou

arkeÐ h ikanopoÐhsh thc kat� polÔ austhrìterhc OPI . 'Omwc, ìpwc ja katadeÐxei h

an�lush pou akoloujeÐ, sta stajer� dÐktua BWA oi sundromhtèc den periorÐzontai

ìloi apì thn parembol  (interference limited), ìpwc, gia par�deigma, oi sundromhtèc

pou brÐskontai se kontin  apìstash apì ton BS.

H qr sh thc enallag c pol¸sewn upodhl¸nei ìti kat� th melèth thc diakuyelik c

parembol c prèpei na lamb�netai upìyh o par�gontac thc apopìlwshc. H anaqrhsi-

mopoÐhsh suqnìthtac apodÐdei perissìtero apodotik  ìtan aux�netai to mègejoc

XPD. Parìti oi dialeÐyeic lìgw broq c dhmiourgoÔn th megalÔterh suneisfor�

sth sunolik  apìsbesh, h apopìlwsh lìgw bl�sthshc (Enìthta 2.3.3) sunep�getai,

genik�, mikrìterec timèc XPD se sqèsh me thn apopìlwsh lìgw broq c (Enìthta

2.2.4). H tim  XPD eÐnai asjen c sun�rthsh thc apìsbeshc. Epomènwc, stic ari-

jmhtikèc ulopoi seic tou parìntoc, to mègejoc XPD jewreÐtai stajerì [Far00]. H

apopìlwsh apì orjog¸nia polwmènec phgèc montelopoieÐtai wc ACI, en¸ to mège-

joc XPD ameleÐtai kat� th montelopoÐhsh thc parembol c CCI. 'Epeita, ta dÔo eÐdh

parembol c antimetwpÐzontai apì koinoÔ kai upologÐzetai to sunolikì CIR.
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4.4 An�lush diakuyelik c parembol c sth

zeÔxh downstream

Sth sunèqeia, parousi�zontai ta sen�ria diakuyelik c parembol c sth zeÔxh down-

stream [Ara05a]. Epistrèfontac sto Sq ma 4.4 kai me anafor� sthn kuyèlh pou

exuphreteÐtai apì ton BS11, jewreÐtai ènac tuqaÐoc sundromht c SS topojethmènoc

ston tomèa H1 se apìstash dD (0 < dD ≤ √
2D) apì ton BS11. Genik�, up�rqoun

treic IBS pou qrhsimopoioÔn thn Ðdia suqnìthta kai pìlwsh me ton SS kai prokaloÔn

thn parembol  CCI pou ekfr�zetai apì th metablht  IC . Sto upì melèth sen�rio, o

sundromht c SS ektìc apì th l yh tou epijumhtoÔ s matoc apì ton BS11, upìkeitai

se parembol  apì èna apì touc treic tomeÐc H1 twn kuyel¸n (1,3), (3,1) kai (3,3).

Oi antÐstoiqoi BS twn dÔo pr¸twn kuyel¸n, BS13 kai BS31 se apìstash 4D apì

ton BS11, onom�zontai par�llhloi paremboleÐc. AntÐstoiqa, o BS33 se apìstash

4
√

2D apì ton BS11, onom�zetai diag¸nioc parembolèac. Kajènac apì touc treic IBS

sqhmatÐzei mia paremb�llousa zeÔxh proc ton SS pou to m koc thc sumbolÐzetai me

dI upì gwnÐa azimoujÐou θ wc proc th diadrom  m kouc dD. Gia k�je dunat  jèsh

sundromht  entìc tou tomèa, wc phg  thc parembol c CCI jewreÐtai o IBS pou eÐnai

oratìc upì th mikrìterh gwnÐa θ.

Me ton Ðdio trìpo, h parembol  ACI, pou ekfr�zetai mèsw thc metablht c IA, èqei

wc afethrÐa tomeÐc kuyel¸n pou qrhsimopoioÔn thn Ðdia suqnìthta all� orjog¸nia

pìlwsh se sqèsh me to stajmì jÔma thc parembol c (victim station). Sto upì

melèth sen�rio, tètoioi eÐnai oi tomeÐc V1 pou brÐskontai se optik  epaf  me ton SS.

Apì to Sq ma 4.4, oi pijanoÐ IBS proèrqontai apì touc tomeÐc V1 twn BS21, BS23

kai BS13
4

Agno¸ntac katarq n thn epÐdrash thc apìsbeshc lìgw broq c, gia ton pros-

diorismì tou CIR tou sundromht  SS tìso lìgw thc parembol c CCI ìso kai lìgw

thc parembol c ACI upì sunj kec kajaroÔ ouranoÔ efarmìzetai h sqèsh
(

C

Ii

)

cs

=
EIRPBS,D ·GR,SS(0◦)
EIRPBS,I ·GR,SS(θ)

· FSL(dD)

FSL(dI)
· 1

1/X
, i = C or A (4.5)

Sthn (4.5), oi deÐktec D kai I ekfr�zoun megèjh thc epijumht c kai thc paremb�l-

lousac zeÔxhc, antÐstoiqa, ìpwc autèc entopÐsjhkan kai exeidikeÔjhkan prohgoumè-
4O BS13 perilamb�netai stouc pijanoÔc paremboleÐc lìgw tou ìti praktik� to eÔroc HPBW

uperbaÐnei elafr¸c tic 90◦.
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nwc. EpÐshc

X =

{
1 ìtan Ii = IC

XPD ìtan Ii = IA
(4.6)

O par�gontac GR,SS(θ) antistoiqeÐ sto kateujuntikì kèrdoc thc keraÐac tou SS

wc proc to mègisto kèrdoc GR,SS(0) pou kumaÐnetai sun jwc apì 30 èwc 40dBi.

Epiplèon, FSL(d) = (λ/4πd)2 eÐnai oi ap¸leiec eleÔjerou q¸rou gia zeÔxh m kouc

d se m koc kÔmatoc λ.

Me b�sh thn (4.5), sta Sq mata 4.5 kai 4.6 sqedi�zetai h katanom  tou CIR

entìc tou tomèa gia parembol  CCI kai ACI, antÐstoiqa, kai gia k�je pijan  jèsh

(x, y) tou sundromht  upì sunj kec kajaroÔ ouranoÔ. H jèsh tou BS eÐnai h k�tw

dexi� koruf  tou tomèa, h aktÐna thc kuyèlhc D eÐnai 3Km kai h keraÐa tou SS

akoloujeÐ to prìtupo 24-30GHz tou ETSI. Sta Sq mata 4.7 kai 4.8 parousi�zontai

ta Ðdia megèjh gia parembol  tÔpou CCI kai ACI, antÐstoiqa, jewr¸ntac, wstìso,

ìti h keraÐa tou SS akoloujeÐ to prìtupo 40.5-43.5GHz tou ETSI. Kai sta dÔo

sq mata pou aforoÔn thn parembol  ACI, oi isodunamikèc grammèc tou CIR èqoun

sqediasjeÐ gia XPD = 16dB. H tim  aut  èqei proèljei apì peiramatik� dedomèna

pou katagr�fhkan sto Northglenn, U.S. [Pap97] kai apoteleÐ mia realistik  upìjesh

Sq ma 4.5: Katanom  CIR(x, y) entìc tou tomèa gia parembol  CCI sth zeÔxh down-

stream upì sunj kec kajaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, keraÐa SS sÔmfwna me

to prìtupo 24-30GHz tou ETSI). H jèsh tou BS eÐnai h k�tw dexi� koruf  tou tomèa.
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se sqèsh me thn tim  XPD pou anamènetai na metrhjeÐ se èna koinì sÔsthma. Se

antÐjesh me thn parembol  CCI twn Sqhm�twn 4.5 kai 4.7 pou emfanÐzoun summetrÐa

perÐ th diag¸nio tou tomèa, h parembol  ACI twn Sqhm�twn 4.6 kai 4.8 eÐnai mh

summetrik  exaitÐac thc jèshc tou tomèa V1 tou BS23. Epiplèon, apì ta anwtèrw

sq mata ex�getai to genikì sumpèrasma ìti oi timèc tou CIR lìgw CCI eÐnai arket�

qamhlìterec se sqèsh me ekeÐnec lìgw ACI.

Sth sunèqeia, eis�getai h apìsbesh lìgw broq c kai upologÐzetai h katanom  tou

sunolikoÔ CIR lamb�nontac upìyh kai ta dÔo eÐdh parembol c CCI kai ACI. 'Opwc

eÐnai gnwstì, dÔo diaforetik� eÐdh parembol c sundu�zontai gia ton upologismì tou

sunolikoÔ CIR mèsw thc sqèshc

(
C

IC + IA

)−1

=

(
C

IC

)−1

+

(
C

IA

)−1

(4.7)

 , enallaktik�, se dB

(
C

IC + IA

)
[dB] = −10 log

[
10−

(C/IC )[dB]

10 + 10−
(C/IA)[dB]

10

]
(4.8)

Sq ma 4.6: Katanom  CIR(x, y) entìc tou tomèa gia parembol  ACI sth zeÔxh down-

stream upì sunj kec kajaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, keraÐa SS sÔmfwna me

to prìtupo 24-30GHz tou ETSI, XPD = 16dB). H jèsh tou BS eÐnai h k�tw dexi� koruf 

tou tomèa.
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Efarmìzontac thn (4.8), o sunolikìc lìgoc CIR sth zeÔxh downstream upì sunj kec

broq c upologÐzetai me b�sh th sun�rthsh
(

C

I

)

down

= CIRdown(AD, AIC
, AIA

) = AIC
+ AIA

− AD−

−10 log

[
10

AIC
−( C

IA
)

cs
10 + 10

AIA
−( C

IC
)

cs
10

]
(4.9)

ìpou AD, AIC
kai AIA

eÐnai logarijmokanonikèc t.m. pou antiproswpeÔoun thn apì-

sbesh lìgw broq c sthn epijumht  zeÔxh BS11-SS kaj¸c kai tic aposbèseic lìgw

broq c stic dÔo paremb�llousec zeÔxeic me orizìntia kai katakìrufh pìlwsh, antÐ-

stoiqa. Oi ìroi (C/IC)cs kai (C/IA)cs eÐnai ekfrasmènoi se dB kai kajorÐzontai kat�

perÐptwsh apì thn (4.5). 'Allwste, h (4.8) prokÔptei apì thn (4.9) jètontac ìlec

tic t.m. apìsbeshc Ðsec me mhdèn.

H sun�rthsh pou ekfr�zei to sunolikì CIRdown wc sun�rthsh tri¸n t.m., eÐnai

kai aut  t.m.. H paroÔsa enìthta aposkopeÐ ston upologismì thc katanom c thc.

M�lista, antÐ gia th genik  pijanìthta diakop c OPI thc (4.1), epilègetai o ori-

smìc miac plèon exeidikeumènhc pijanìthtac, h opoÐa sto ex c ja anafèretai wc AIP

Sq ma 4.7: Katanom  CIR(x, y) entìc tou tomèa gia parembol  CCI sth zeÔxh down-

stream upì sunj kec kajaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, keraÐa SS sÔmfwna me

to prìtupo 40.5-43.5GHztou ETSI). H jèsh tou BS eÐnai h k�tw dexi� koruf  tou tomèa.
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(Acceptable Interference Probability) [Pan07]

AIP = Pr

[(
C

IC + IA

)

down

≤ γth, 0.5 ≤ AD ≤ F

]
(4.10)

H pijanìthta AIP antiproswpeÔei thn ethsÐwc apodekt  pijanìthta ¸ste o lìgoc

CIR enìc sundromht  na paramènei qamhlìtera apì to perij¸rio parembol c γth,

en¸, sugqrìnwc, h apìsbesh lìgw broq c sthn epijumht  zeÔxh den uperbaÐnei to

perij¸rio dialeÐyewn F . Dhlad , o orismìc thc pijanìthtac AIP epitrèpei na apomo-

nwjeÐ h statistik  sumperifor� tou lìgou CIR apì thn prodiagraf  diakop c lìgw

jermikoÔ jorÔbou OPT thc (4.4), jewr¸ntac dedomèno ìti h teleutaÐa ikanopoieÐtai.

Sthn (4.10), h tim  0.5dB antistoiqeÐ sto k�tw ìrio thc apìsbeshc lìgw broq c. O

upologismìc thc pijanìthtac AIP apaiteÐ thn tripl  olokl rwshc thc trisdi�stathc

logarijmokanonik c katanom c �bl. Enìthta A'.3�. Wstìso, metasqhmatÐzontac me

b�sh thn (A'.11) tic logarijmokanonikèc t.m. AD, AIC
kai AIA

se kanonikèc t.m.

Uk =
ln Ak − ln Am,k

Sa,k

, k = D, IC , IA (4.11)

Sq ma 4.8: Katanom  CIR(x, y) entìc tou tomèa gia parembol  ACI sth zeÔxh down-

stream upì sunj kec kajaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, keraÐa SS sÔmfwna me to

prìtupo 40.5-43.5GHz tou ETSI, XPD = 16dB). H jèsh tou BS eÐnai h k�tw dexi� koruf 

tou tomèa.
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kai met� apì kat�llhlouc majhmatikoÔc qeirismoÔc, h telik  èkfrash gia thn pi-

janìthta AIP aplopoieÐtai sth sqèsh

AIP =

∫ u(F )

u(aS)

duD

∫ uth
C

−∞
duIC

pUDUIC
(uD, uIC

)

[
1− 0.5 erfc

(
uth

A − µ√
2σ

)]
(4.12)

Ta ìria olokl rwshc tou exwterikoÔ oloklhr¸matoc sqetÐzontai me th sun�rthsh

u(x) =
ln x− ln Am,D

Sa,D

(4.13)

ìpou

aS =





0.5 ath
D < 0.5

ath
D 0.5 ≤ ath

D < F
F ath

D ≥ F
(4.14)

kai ath
D h lÔsh thc exÐswshc CIRdown(ath

D , 0, 0) = γth.

Ex�llou

uth
i =

ln ath
Ii
− ln Am,Ii

Sa,Ii

, i = C,A (4.15)

ìpou ath
IC

kai ath
IA

oi antÐstoiqec lÔseic twn exis¸sewn

CIRdown(AD, ath
IC

, 0) = γth

CIRdown(AD, AIC
, ath

IA
) = γth

'Oson afor� tic statistikèc paramètrouc µ kai σ, autèc prokÔptoun apì tic (A'.21)

kai (A'.22) me kat�llhlh epilog  deikt¸n

µ =
ρnDIA

− ρnICIA
ρnDIC

1− ρ2
nDIC

uD +
ρnICIA

− ρnDIC
ρnDIA

1− ρ2
nDIC

uIC
(4.16)

σ =

(
1− ρ2

nDIC
− ρ2

nDIA
− ρ2

nICIA
+ 2ρnDIC

ρnDIA
ρnICIA

1− ρ2
nDIC

)1/2

(4.17)

H pUDUIC
sumbolÐzei th disdi�stath kanonik  sun�rthsh puknìthtac pijanìthtac

�bl. (A'.12)�. O prosdiorismìc twn logarijmik¸n suntelest¸n thc susqètishc ρnij

an� zeÔgh twn tri¸n t.m. perigr�fetai analutik� sthn Enìthta A'.5 tou Parart -

matoc A'. Tèloc, oi statistikèc par�metroi thc logarijmokanonik c katanom c thc

apìsbeshc lìgw broq c twn tri¸n zeÔxewn Am,i kai Sa,i, i = D, IC , IA prokÔptoun

kat� ta gnwst� apì tic (2.36) kai (2.37), afoÔ pr¸ta efarmosjeÐ h diadikasÐa exa-

gwg c twn paramètrwn Rm, Sr tou rujmoÔ broqìptwshc apì peiramatik� dedomèna  

apì touc q�rtec broq c thc ITU-R sÔmfwna me to Par�rthma D'.
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Sto Sq ma 4.9 parousi�zetai h sunolik  katanom  CIR(x, y) sth zeÔxh down-

stream gia parembol  CCI kai ACI. Ousiastik�, to sugkekrimèno sq ma antistoiqeÐ

sth lÔsh thc uperbatik c exÐswshc (4.10) se k�je shmeÐo tou tomèa upojètontac

ìti ìloi oi SS ikanopoioÔn thn prodiagraf  AIP = 0.001% wc proc thn parembol .

'Oson afor� thn pijanìthta diakop c tou CNR, èqei upotejeÐ ìti OPT = 0.01%.

H suqnìthta leitourgÐac eÐnai 28GHz, h aktÐna thc kuyèlhc D = 3Km, h diastaÔ-

rwsh pìlwshc XPD = 16dB, en¸ gia ta dedomèna broqìptwshc èqei efarmosjeÐ

h mejodologÐa twn qart¸n broq c tou Parart matoc D' gia thn Aj na, GR. Sto

Sq ma 4.9 parathreÐtai ìti to mègejoc CIRdown periorÐzetai kurÐwc apì tic kat�

polÔ qamhlìterec timèc CCI kai, kat� sunèpeia, h katanom  tou CIR entìc tou tomèa

katal gei na eÐnai sqedìn summetrik . SugkrÐnontac me ta Sq mata 4.5 kai 4.7 (sun-

j kec kajaroÔ ouranoÔ), oi upo-perioqèc qamhloÔ CIR tou tomèa èqoun dieurunjeÐ

kai emfanÐzontai perioqèc qamhlìterou CIR se sqèsh me to el�qisto upì sunj kec

kajaroÔ ouranoÔ. Autì sumbaÐnei opoted pote k�poioc sundromht c SS brÐsketai

stic plèon apomakrusmènec jèseic apì ton BS.

Sto Sq ma 4.10 dÐdontai kampÔlec thc pijanìthta AIP wc proc to kat¸flio

Sq ma 4.9: Sunolik  (CCI+ACI) katanom  CIR(x, y) entìc tou tomèa sth zeÔxh down-

stream upì sunj kec dialeÐyewn sÔmfwna me th prodiagraf  AIP = 0.001% gia thn Aj na,

GR (aktÐna kuyèlhc D = 3Km, suqnìthta leitourgÐac f=28GHz, XPD = 16dB).
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γth gia th qeirìterh jèsh sundromht  stic oriakèc jèseic sth gwnÐa dD = D kai

sth diag¸nio dD =
√

2D tou tomèa kai gia to Ðdio dÐktuo. Oi stajerèc kam-

pÔlec antistoi-qoÔn se parembol  apì par�llhlouc paremboleÐc kai oi diakekommènec

kampÔlec se parembol  apì diag¸niouc paremboleÐc. AfoÔ to sunolikì CIRdown

exart�tai kurÐwc apì thn parembol  CCI, den parathreÐtai shmantik  diafor� metaxÔ

thc parembol c apì touc par�llhlouc paremboleÐc sthn orizìntia kateÔjunsh kai

touc par�llhlouc paremboleÐc sthn katakìrufh kateÔjunsh, molonìti sthn pr¸th

perÐptwsh h parembol  ACI ofeÐletai ston BS21 (se apìstash miac kuyèlhc), en¸ sth

deÔterh ston BS13 (se apìstash dÔo kuyel¸n). EpÐshc, h arijmhtik  efarmog  tou

proteinìmenou montèlou diakuyelik c parembol c pragmatopoi jhke gia diaforetikèc

aktÐnec kuyèlhc pou antistoiqoÔn se makrokuyelwt  (D = 5Km), mikrokuyelwt 

(D = 3Km) kai pikokuyelwt  (D = 1Km) arqitektonik  LMDS. Gia par�deigma, gia

tic treic autèc timèc aktÐnac kai kat¸flio γth = 13dB, to et sio posostì AIP apì

Sq ma 4.10: Katanom  thc pijanìthtac AIP sunart sei tou γth gia th qeirìterh jèsh

tou tomèa sth diaf¸nia koruf  (mègisth apìstash apì ton BS). Oi stajerèc kampÔlec

antistoiqoÔn se parembol  pou proèrqetai apì par�llhlouc paremboleÐc kai oi diakekommènec

kampÔlec se parembol  pou proèrqetai apì diag¸niouc paremboleÐc. Oi timèc thc aktÐnac

thc kuyèlhc antistoiqoÔn se makrokuyelwt  (D = 5Km), mikrokuyelwt  (D = 3Km) kai

pikokuyelwt  (D = 1Km) arqitektonik  LMDS.
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diag¸nia parembol  isoÔtai me 0.065%, 0.026% kai 1.16E-03%, en¸ apì par�llhlh

parembol  me 0.044%, 0.017% kai 3.47E-04%, antÐstoiqa.

Apì ta anwtèrw prokÔptei to sumpèrasma ìti h parembol  ACI èqei axioshmeÐ-

wth suneisfor� sto sunolikì CIR ìtan h mèsh tim  thc diastaÔrwshc pìlwshc

XPD eÐnai idiaitèrwc qamhl  ¸ste oi timèc thc parembol c CCI kai ACI na gÐnontai

sugkrÐsimec. Mia tètoia perÐptwsh sqedi�zetai sto Sq ma 4.11, ìpou to sunolikì

CIRdown sthn plèon apomakrusmènh jèsh tou tomèa me XPD = 16dB sugkrÐnetai

me thn tim  XPD = 10dB. P�ntwc, h teleutaÐa epilog  gia to XPD eÐnai exairetik�

qamhl  kai apant�tai mìno gia meg�la Ôyh fullwm�twn kai sugkekrimèna eÐdh dèn-

drwn se proastikèc   agrotikèc perioqèc [Pap97]. Me b�sh ta sumper�smata pou

mìlic diatup¸jhkan, h diereÔnhsh thc diakuyelik c parembol c sthn epìmenh enìthta

pragmatopoieÐtai apokleistik� gia thn perÐptwsh CCI.

Sq ma 4.11: EpÐdrash qamhl¸n tim¸n tou megèjouc XPD sthn katanom  thc pijanìth-

tac AIP sunart sei tou γth gia th qeirìterh jèsh tou tomèa p�nw sth diag¸nio.
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4.5 An�lush diakuyelik c parembol c sth

zeÔxh upstream

Gia thn ektÐmhsh thc diakuyelik c parembol c sth zeÔxh upstream qrhsimopoieÐtai wc

stajmìc anafor�c o BS33. Me anafor� sto Sq ma 4.12, o tuqaÐoc SS sto eswterikì

tou tomèa H1 thc sugkekrimènhc kuyèlhc ekpèmpei to epijumhtì s ma proc ton BS33.

Oi qr stec pou an koun touc tomeÐc H1 twn kuyel¸n (1,3), (1,1) kai (3,1) eÐnai t¸ra

oi pijanoÐ paremb�llontec sundromhtèc (Interfering SS, ISS). 'Opwc proanafèrjhke,

k�je sundromht c èqei diajèsimo èna sq ma elègqou thc isqÔoc dÔo epipèdwn ¸ste na

diathreÐ thn QoS thc kuyèlhc sth dik  tou kuyèlh. Sthn paroÔsa enìthta, exet�zo-

ntai oi epipt¸seic thc qr shc aut c thc teqnik c FMT sth diakuyelik  parembol .

Proc toÔto, h an�lush qwrÐzetai se dÔo mèrh: Arqik�, gÐnetai h upìjesh ìti h

apìsbesh lìgw broq c sthn epijumht  zeÔxh, AD, antistajmÐzetai pl rwc apì ton

Sq ma 4.12: Sen�rio diakuyelik c parembol c sth zeÔxh upstream: O stajmìc anafor�c

BS33 lamb�nei to epijumhtì s ma apì to sundromht  SS, en¸ oi ISS stouc BS13, BS11  

BS31 eÐnai pijanoÐ paremboleÐc.
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prosarmostikì brìqo elègqou, dhlad , ìti h t.m. AD lamb�nei qamhlìterec timèc

apì to perij¸rio elègqou thc isqÔoc MAPC �bl. (3.10)�. Sth sunèqeia, h an�lush

kalÔptei thn eidik  perÐptwsh ìpou AD > MAPC .

'Opwc kai sthn perÐptwsh thc zeÔxhc downstream, oi jèseic twn kuyel¸n pou

prokaloÔn isqur  parembol  eÐnai ekeÐnec ìpou oi BS twn ISS eujugrammÐzontai me

to stajmì anafor�c BS33. Kaj¸c eÐnai sp�nio kai oi treic ISS stic jèseic isqur c

parembol c na ekpèmpoun tautìqrona thn Ðdia qronik  sqism , oi upologimoÐ tou CIR

pragmatopoioÔntai lamb�nontac upìyh mìno èna ISS se apost�seic dI kai dW apì

ton BS33 kai ton BS apì ton opoÐo exuphreteÐtai, antÐstoiqa. Oi antÐstoiqec t.m. thc

apìsbeshc lìgw broq c sumbolÐzontai me AI kai AW . O lìgoc CIR gia th zeÔxh

upstream ìtan h apìsbesh lìgw broq c brÐsketai entìc tou dunamikoÔ eÔrouc tou

brìqou elègqou thc isqÔoc dÐdetai apì th sqèsh
(

C

I

)

up

=
PT,SS(dD, AD) GT,SS(0◦) GR,BS/10AD/10

PT,ISS(dW , AW ) GT,ISS(θ) GR,BS/10AI/10

FSL(dD)

FSL(dI)
(4.18)

ìpou GR,BS to kateujuntikì kèrdoc kat� th l yh apì thn keraÐa tou stajmoÔ BS33.

To kèrdoc autì èqei upotejeÐ stajerì se ìlo to eÔroc twn 90◦, en¸ θ h gwnÐa pou

sqhmatÐzetai apì tic zeÔxeic tou ISS proc ton BS33 -m kouc dI- kai proc ton BS pou

ton exuphreteÐ -m kouc dW -. H ex�rthsh thc isqÔoc ekpomp c PT,ISS apì ta dW kai

AW ofeÐletai ston èlegqo thc isqÔoc sth zeÔxh upstream pou pragmatopoieÐtai kai

apì k�je ISS gia th diat rhsh tou QoS sth dik  tou kuyèlh. H (4.18) gr�fetai upì

sumpag  morf  se dB wc sun�rthsh dÔo t.m.
(

C

I

)

up

= CIRup(AW , AI) =

(
C

I

)

cs

− AW + AI (4.19)

ìpou o ìroc tou lìgou CIR upì sunj kec kajaroÔ ouranoÔ eÐnai
(

C

I

)

cs

= [GT,SS(0◦)−GT,ISS(θ)]− 20 log

(
dW

dI

)
(4.20)

'Ena axioshmeÐwto sumpèrasma pou prokÔptei apì ta anwtèrw eÐnai ìti, lìgw tou

elègqou thc isqÔoc, h tim  CIRup, thn opoÐa antilamb�netai o BS33 gÐnetai anex�rthth

apì th jèsh twn upì exuphrèthsh sundromht¸n kai exart�tai mìno apì paramètrouc

twn ISS. Epomènwc, o orismìc thc pijanìthtac AIP tropopoieÐtai kat�llhla wc ex c

[Pan07]

AIP = Pr

[(
C

I

)

up

≤ γth, 0.5 ≤ AW ≤ F

]
(4.21)
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Akolouj¸ntac mia �mesh statistik  an�lush, h telik  èkfrash gia to AIP eÐnai

parìmoia me aut n thc (4.12), me th diafor� ìti eÐnai meiwmènh kat� mia di�stash

afoÔ h h sun�rthsh CIRup eÐnai sun�rthsh dÔo t.m. antÐ tri¸n ìpwc sumbaÐnei sthn

perÐptwsh thc zeÔxhc downstream.

Sta Sq mata 4.13 kai 4.14, h proteinìmenh mejodologÐa efarmìzetai se èna dÐktuo

BWA pou leitourgeÐ sthn Aj na, GR, se suqnìthta leitourgÐac 42GHz me aktÐna

kuyèlhc 3Km. To sÔsthma ikanopoieÐ tic prodiagrafèc AIP = 0.001% kai OPT =

0.01% ìson afor� thn parembol  kai to jermikì jìrubo, antÐstoiqa. Sto Sq ma 4.13

parousi�zetai h katanom  tou megèjouc CIRup entìc tou tomèa, ìtan h parembol 

proèrqetai apì èna ISS se opoiad pote jèsh (x, y) tou tomèa H1 thc kuyèlhc BS11.

EpishmaÐnetai ìti oi ap¸leiec thc epijumht c zeÔxhc SS–BS33 antistajmÐzontai pl rwc

apì to brìqo elègqou thc isqÔoc. To Sq ma 4.14 anaparist� to Ðdio prìblhma, all�

jewr¸ntac èna par�llhlo ISS pou an kei sthn kuyèlh BS13. 'Etsi, antÐjeta me

thn perÐptwsh thc zeÔxhc downstream ìpou oi suntatetagmènec (x, y) aforoÔsan th

jèsh tou stajmoÔ jÔmatoc thc parembol c sthn kuyèlh anafor�c, sthn perÐptwsh

Sq ma 4.13: Katanom  CIR(x, y) entìc tou tomèa sth zeÔxh upstream sust matoc

LMDS pou leitourgeÐ sthn Aj na, GR, upì thn prodiagraf  AIP = 0.001% (suqnìth-

ta leitourgÐac f = 42GHz, aktÐna kuyèlhc D = 3Km). Phg  thc parembol c eÐnai ènac

diag¸nioc ISS sthn kuyèlh BS11.
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Sq ma 4.14: Katanom  CIR(x, y) entìc tou tomèa sth zeÔxh upstream sust matoc

LMDS pou leitourgeÐ sthn Aj na, GR, upì thn prodiagraf  AIP = 0.001% (suqnìth-

ta leitourgÐac f = 42GHz, aktÐna kuyèlhc D = 3Km). Phg  thc parembol c eÐnai ènac

par�llhloc ISS sthn kuyèlh BS13.

thc zeÔxhc upstream aforoÔn th jèsh tou ISS sth dik  tou kuyèlh. Apì ta sq mata

aut� sumperaÐnetai ìti shmantik  parembol  emfanÐzetai apì paremboleÐc stic plèon

apomakrusmènec jèseic thc kuyèlhc touc. Autì antÐkeitai sth diasjhtik  antÐlhyh

ìti uyhlèc timèc parembol c prokaloÔntai apì tic plhsièsterec proc to stajmì jÔma

phgèc parembol c kai ofeÐletai sto brìqo elègqou thc isqÔoc.

Prokeimènou na diereunhjeÐ peraitèrw to qeirìtero sen�rio parembol c CCI, ex-

et�zetai h perÐptwsh ìpou h apìsbesh lìgw broq c sthn epijumht  zeÔxh uper-

baÐnei to dunamikì eÔroc tou sq matoc elègqou thc isqÔoc, prokal¸ntac prìsjeth

epib�runsh sth zeÔxh SS–BS33. Eidikìtera, gia ton prosdiorismì tou lìgou CIRup,

prèpei sthn (4.19) na lhfjeÐ upìyh h epiplèon apìsbesh AD−MAPC . Tìte, h CIRup

metatrèpetai se sun�rthsh tri¸n t.m., dhlad ,

CIRup(AD, AI , AW ) =

(
C

I

)

up

=

(
C

I

)

cs

− (AD −MAPC)− AW + AI (4.22)

H pijanìthta AIP orÐzetai antÐstoiqa apì th sqèsh

AIP = Pr

[(
C

I

)

up

≤ γth,MAPC ≤ AD ≤ F + MAPC

]
(4.23)
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Sq ma 4.15: EpÐdrash tou katwflÐou MAPC sthn katanom  thc pijanìthtac AIP

sunart sei tou γth gia to qeirìterh sunduasmì jèsewn SS kai ISS.

h opoÐa diasfalÐzei ìti h apìsbesh AD an kei sto pedÐo tim¸n pou endiafèrei, en¸

isqÔei MAPC ≥ 0.5dB.

Met� apì mia statistik  an�lush parìmoia me thn prohgoÔmenh, h telik  èkfrash

èrqetai sth morf 

AIP =

∫ u(F+MAPC)

u(aS)

duD

∫ ∞

uth
W

duW pUDUW
(uD, uW )

[
1− 0.5erfc

(
uth

I − µ√
2σ

)]
(4.24)

ìpou h tim  u(F + MAPC) prokÔptei apì thn (4.13). Wstìso, h par�metroc aS

kajorÐzetai t¸ra me b�sh th sqèsh

aS =





MAPC ath
D < MAPC

ath
D MAPC ≤ ath

D < F + MAPC

F + MAPC ath
D ≥ F + MAPC

(4.25)

Oi par�metroi uth
W , uth

I , µ kai σ upologÐzontai apì tic (4.15)�(4.17) all�zontac

kat�llhla touc deÐktec kai efarmìzontac th sun�rthsh CIRup thc (4.22) antÐ thc

(4.9).

'Opwc proanafèrjhke kat� th suz thsh tou Sq matoc 4.13, oi qamhlèc st�jmec

CIR proèrqontai apì tic plèon apomakrusmènec jèseic twn ISS. EntoÔtoic, gia thn

perÐptwsh pou exet�zetai, h epÐdrash thc diaforik c apìsbeshc lìgw broq c stic dÔo
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sugklÐnousec zeÔxeic ISS–BS33 kai SS–BS33 gÐnetai plèon dusmen c ìso aux�netai h

gwnÐa metaxÔ twn dÔo radiodiadrom¸n [Pan03c]. Gia to lìgo autì, h di�taxh ìpou o

ISS brÐsketai se apìstash dW =
√

2D apì ton BS11 kai o epijumhtìc sundromht c

SS se apìstash dD = D sthn (orizìntia   katakìrufh) koruf  tou BS33 sunist�

to qeirìtero dunatì jèsewn sundromht , afoÔ tìte megistopoieÐtai h gwnÐa metaxÔ

epijumht c kai paremb�llousac zeÔxhc. To Sq ma 4.15 parousi�zei kampÔlec thc

pijanìthtac AIP wc proc to kat¸flio γth gia aut  thn eidik  perÐptwsh, jewr¸ntac

ta perij¸ria elègqou thc isqÔoc MAPC = 0.5, 3 kai 5dB. H pr¸th kampÔlh apoteleÐ

èna par�deigma enìc sundromht  pou den diajètei mon�da elègqou thc isqÔoc (lì-

gw oikonomikìterou   aparqaiwmènou exoplismoÔ), en¸ o paremb�llwn sundromht c

diajètei mia tètoia mon�da.

116 Didaktorik  Diatrib  tou P.-D. M. Ar�poglou



Kef�laio 5

Diakuyelik  Parembol  se

Stajer� DÐktua CDMA-BWA

5.1 Genik�

H teleutaÐa dekaetÐa èqei qarakthrisjeÐ apì thn kajolik  epikr�thsh thc pollapl c

prìsbashc CDMA (Code Division Multiple Acces) sta kuyelwt� dÐktua kinht¸n

epikoinwni¸n WCDMA (Wideband CDMA) trÐthc gene�c (3G) [Mil00]. H epituqÐa

thc teqnologÐac CDMA, h opoÐa an kei sthn eurÔterh kathgorÐa sqhm�twn aplwmè-

nou f�smatoc (spread spectrum), ofeÐletai kat� kÔrio lìgo se orismèna shmantik�

pleonekt mata, ìpwc h kajolik  anaqrhsimopoÐhsh suqnìthtac, h  pia diapomp 

(soft handoff), oi eggeneÐc dunatìthtec diaforik c l yhc, h elastikìthta wc proc

th qwrhtikìthta kai h uyhl  fasmatik  apìdosh [Che06].

Oi shmantik� auxhmènec apait seic gia uphresÐec (kurÐwc IP) me oloèna kai uyh-

lìterouc rujmoÔc met�doshc kai beltiwmènh fasmatik  apìdosh eÐnai oi kinht riec

dun�meic gia thn an�ptuxh twn diktÔwn kinht¸n epikoinwni¸n gene�c 3G kaj¸c kai

twn eperqìmenwn gene¸n pèra thc trÐthc (beyond 3G), pou jemeli¸nontai epÐ thc

teqnologÐac CDMA. Sto plaÐsio thc ITU, ta dÐktua 3G onom�zontai IMT-2000,

en¸ sthn Eur¸ph eÐnai gnwst� wc UMTS (Universal Mobile Telecommunication

Systems) [Pra98]. H trÐth gene� diktÔwn kinht¸n epikoinwni¸n,  lje na antikatast -

sei to exairetik� epituqhmèno stic H.P.A. prìtupo CDMA deÔterhc gene�c IS-95

[IS-95].

Mikrìterh an�ptuxh èqei gnwrÐsei h pollapl  prìsbash CDMA se euruzwnik�
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dÐktua BWA, en¸ h upoqrewtik  efarmog  thc periorÐzetai se k�poiec ekdìseic tou

protÔpou IEEE 802.11 kai tou UTRA (UMTS Terrestrial Radio Access) [Haa00]

sust mata pou qarakthrÐzontai apì di�dosh NLOS. To parìn kef�laio pragmateÔe-

tai mia nèa prìtash gia thn uiojèthsh thc teqnik c CDMA apeujeÐac akoloujÐac (Di-

rect Sequence-CDMA, DS-CDMA) se LOS stajer� dÐktua BWA stic suqnìthtec

10-66GHz me kÔrio kÐnhtro th beltiwmènh antimet¸pish thc diakuyelik c parembol c.

H sugkekrimènh prìtash èrqetai se antÐjesh me thn kurÐarqh t�sh thc uiojèthshc

sÔmfwna me to prìtupo IEEE 802.16 thc teqnik c TDMA apì ta sÔgqrona dÐk-

tua WiMAX. 'Etsi, met� thn parousÐash sthn Enìthta 5.2 twn basik¸n arq¸n thc

teqnik c DS-CDMA, sthn Enìthta 5.3 perigr�fontai oi leptomèreiec miac pijan c ar-

qitektonik c gia stajer� dÐktua BWA me b�sh th CDMA. AkoloujeÐ sthn Enìthta

5.4 h sÔgkrish twn susthm�twn TDMA- kai CDMA-LMDS wc proc th diakuye-

lik  parembol  uiojet¸ntac k�poiec aplousteutikèc upojèseic. H sÔgkrish aut 

aposkopeÐ sto na katadeÐxei to endeqìmeno pleonèkthma thc deÔterhc arqitektonik c

se sqèsh me thn pr¸th, toul�qiston wc proc th zeÔxh upstream. Tèloc, sthn Enìth-

ta 5.5 paratÐjetai mia statistik  an�lush tou lìgou CIR, parìmoia me ekeÐnh pou

pragmatopoi jhke sto Kef�laio 4 gia sumbatik� sust mata LMDS, lamb�nontac

upìyh th qwrik  anomoiogèneia twn dialeÐyewn lìgw broq c.

5.2 Basikèc Arqèc DS-CDMA

Kat� th met�dosh enìc s matoc aplwmènou f�smatoc, to eÔroc z¸nhc pou kata-

lamb�netai eÐnai pollapl�sio tou el�qistou apaitoÔmenou eÔrouc z¸nhc. An kai h

teqnik  aut  faÐnetai mh apodotik  ìtan emplèketai ènac mìno qr sthc, ta pleonekt -

mat� thc emfanÐzontai ìtan gÐnetai tautìqronh kai apì koinoÔ qr sh tou aplwmènou

f�smatoc apì perissìterouc qr stec qwrÐc na emfanÐzetai metaxÔ touc parembol .

Epomènwc, ta sust mata aplwmènou f�smatoc eÐnai exairetik� apodotik� wc proc to

eÔroc z¸nhc se perib�llonta pou qarakthrÐzontai apì parembol  lìgw pollapl c

prìsbashc (Multiple Access Interference, MAI).

Ektìc apì thn kat�lhyh polÔ meg�lou eÔrouc z¸nhc, ta s mata aplwmènou f�s-

matoc eÐnai yeudotuqaÐou qarakt ra kai diajètoun idiìthtec parìmoiec me autèc tou

jorÔbou. H akoloujÐa   k¸dikac ex�plwshc eÐnai mia duadik  akoloujÐa pou emfanÐze-
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tai wc tuqaÐa, all� mporeÐ na anaparaqjeÐ kat� nteterministikì trìpo apì to dèkth

proc ton opoÐo proorÐzetai to s ma. Ta s mata aplwmènou f�smatoc apodiamor-

f¸nontai sto dèkth mèsw thc autosusqètishc me mia topik� paragìmenh ekdoq  thc

akoloujÐac ex�plwshc. H eterosusqètish me thn kat�llhlh akoloujÐa ex�plwshc

epanasumptÔssei to s ma kai epitrèpei thn an�kthsh tou arqikoÔ s matoc dedomènwn

sten c z¸nhc. Se k�je �llh perÐptwsh, h susqètish apì èna �llo genik¸c anepi-

jÔmhto qr sth emfanÐzetai sthn èxodo tou antÐstoiqou dèkth wc jìruboc.

To plèon shmantikì pleonèkthma twn teqnik¸n aplwmènou f�smatoc eÐnai h egge-

n c ikanìthta apìrriyhc thc parembol c. Efìson se k�je qr sth anatÐjetai ènac

monadikìc k¸dikac ex�plwshc pou eÐnai sqedìn orjog¸nioc wc proc touc k¸dikec twn

upoloÐpwn qrhst¸n, o dèkthc mporeÐ na diaqwrÐsei ton k�je qr sth mèsw tou k¸dik�

tou, par� to gegonìc ìti ìloi oi qr stec katalamb�noun to Ðdio f�sma tautìqrona.

Mèqri k�poio pl joc qrhst¸n, autì sunep�getai ìti h parembol  pou dhmiourgeÐ o

ènac qr sthc ston �llon eÐnai amelhtèa. Autì isqÔei kai se peript¸seic ekoÔsiac

parembol c apì s mata sten c z¸nhc (jamming). AfoÔ ìloi oi qr stec moir�zontai

tautìqrona koinì tm ma tou f�smatoc, h uiojèthsh sqhm�twn aplwmènou f�smatoc

mporeÐ na aplopoi sei shmantik� th sqedÐash thc anaqrhsimopoÐhshc thc suqnìthtac,

anajètontac se ìlouc touc qr stec ta Ðdia kan�lia.

H anjektikìthta wc proc tic dialeÐyeic lìgw poludiadromik c di�doshc apoteleÐ

èna prìsjeto kÐnhtro gia thn efarmog  twn teqnik¸n aplwmènou f�smatoc stic asÔr-

matec epikoinwnÐec. EÐnai gnwstì ìti ta euruzwnik� s mata upofèroun apì dialeÐyeic

epilektikèc wc proc th suqnìthta. AfoÔ h enèrgeia twn shm�twn aplwmènou f�-

smatoc katanèmetai omoiìmorfa se èna polÔ meg�lo eÔroc z¸nhc, se k�je qronik 

stigm , mìno èna mikrì tm ma tou f�smatoc upìkeitai se dialeÐyeic.

Sto pedÐo tou qrìnou, h anjektikìthta wc proc tic dialeÐyeic lìgw poludi-

adromik c di�doshc ofeÐletai sto gegonìc ìti oi kajusterhmènec ekdoqèc tou s matoc

èqoun mikr  susqètish me thn arqik  akoloujÐa ex�plwshc, opìte kai èqoun amelhtèa

èxodo apì to dèkth. Epiplèon, ta sust mata aplwmènou f�smatoc me qr sh dekt¸n

Rake ekmetalleÔontai epoikodomhtik� tic pollaplèc sunist¸sec tou s matoc gia na

belti¸soun thn epÐdosh tou sust matoc. Ousiastik�, o dèkthc Rake apoteleÐtai, apì

mia tr�peza susqetist¸n, o kajènac apì touc opoÐouc susqetÐzetai me sugkekrimènh

poludiadromik  sunist¸sa tou epijumhtoÔ s matoc. Oi èxodoi apì k�je susqetist 
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pollaplasi�zontai me kat�llhlo b�roc sÔmfwna me thn èntash thc sunist¸sac kai

akoloujeÐ �jrois  touc gia thn telik  ektÐmhsh tou s matoc.

Se èna sÔsthma DS-CDMA, ta dedomèna basik c z¸nhc exapl¸nontai mèsw tou

apeujeÐac pollaplasiasmoÔ me thn akoloujÐa ex�plwshc. K�je palmìc thc akolou-

jÐac ex�plwshc apokaleÐtai chip. Sto Sq ma 5.1 faÐnetai to aplopoihmèno lei-

tourgikì di�gramma enìc sust matoc DS-CDMA me diamìrfwsh duadik c f�shc

BPSK [Rap99], to opoÐo apoteleÐ mia apì tic pollèc dunatèc ulopoi seic pompo-

dèkth sust matoc DS-CDMA. Sugkekrimèna, ta sugqronismèna sÔmbola dedomènwn

prostÐjentai kat� modulo-2 (⊕) sta chip thc akoloujÐac ex�plwshc prin apì th

diamìrfwsh f�shc. Sthn pleur� tou dèkth qrhsimopoieÐtai ènac sÔmfwnoc apodi-

amorfwt c BPSK.

Jewr¸ntac thn exidanikeumènh perÐptwsh ìpou apousi�zoun o jìruboc kai h

Sq ma 5.1: Aplopoihmèno leitourgikì di�gramma sust matoc met�doshc DS-CDMA me

diamìrfwsh BPSK. (a) Pìmpoc (b) Tm ma IF tou dèkth.
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parembol , to lambanìmeno s ma aplwmènou f�smatoc enìc tuqaÐou qr sth ekfr�ze-

tai upì th morf 

s(t) =

√
2Es

Ts

m(t)p(t) cos(2πfct + θ) (5.1)

ìpou m(t) h akoloujÐa dedomènwn, p(t) h akoloujÐa ex�plwshc, fc h suqnìthta

fèrontoc kai θ h gwnÐa f�shc gia t = 0. H kumatomorf  dedomènwn apoteleÐtai apì

mh epikaluptìmenouc orjog¸niouc palmoÔc me pl�toc ±1. To s ma m(t) apoteleÐtai

apì sÔmbola dedomènwn di�rkeiac Ts. To s ma p(t) apoteleÐtai apì palmoÔc chip

me orjog¸nia sun jwc morf , pl�touc ±1 kai di�rkeiac Tc. To qronikì shmeÐo

met�bashc metaxÔ sumbìlwn dedomènwn kai chip tautÐzetai ètsi ¸ste o lìgoc tou Ts

proc to Tc na eÐnai akèraioc. An W to eÔroc z¸nhc tou s matoc aplwmènou f�smatoc

s(t) kai B to eÔroc z¸nhc tou m(t) cos(2πfct+θ), h ex�plwsh lìgw pollaplasiasmoÔ

me thn akoloujÐa p(t) èqei wc apotèlesma W À B.

To Sq ma 5.1b apeikonÐzei to dèkth tou sust matoc. Upojètontac ìti sto dèkth

epitugq�netai sugqronismìc twn kwdÐkwn, to lambanìmeno s ma dièrqetai apì èna

euruzwnikì fÐltro kai pollaplasi�zetai me èna topikì antÐgrafo thc akoloujÐac

ex�plwshc p(t). Dedomènou ìti p(t) = ±1, o pollaplasiasmìc autìc dhmiourgeÐ

sthn eÐsodo tou apodiamorfwt  to epanasumptugmèno s ma

s1(t) =

√
2Es

Ts

m(t) cos(2πfct + θ) (5.2)

Met� thn antÐstoiqh apodiamìrfwsh, apì to s ma BPSK s1(t), anakt�tai to s ma

plhroforÐac m(t).

'Ena proseggistikì mètro thc dunatìthtac apìrriyhc twn parembol¸n se èna

sÔsthma DS-CDMA eÐnai o lìgoc W/B, gnwstìc me tic onomasÐec par�gontac ex�plw-

shc (spreading factor), kèrdoc epexergasÐac (processing gain)   kèrdoc ex�plwshc

(spreading gain). Gia th sunèqeia thc diatrib c uiojeteÐtai o trÐtoc ìroc orizìmenoc

apì th sqèsh

GS =
Ts

Tc

=
W

B
(5.3)

'Oso megalÔtero eÐnai to kèrdoc ex�plwshc GS, tìso aux�nei h ikanìthta katastol c

thc parembol c tou sust matoc.

Didaktorik  Diatrib  tou P.-D. M. Ar�poglou 121



Kef�laio 5. Diakuyelik  Parembol  se Stajer� DÐktua CDMA-BWA

5.3 Efarmog  se Stajer� DÐktua BWA

Sta plaÐsia twn protÔpwn WiMAX, oi teqnologÐec BWA qrhsimopoioÔn apoklei-

stik� parallagèc thc teqnik c TDMA gia thn pollapl  prìsbash. AntÐjeta, h

efarmog  thc pollapl c prìsbashc DS-CDMA se stajer� dÐktua BWA se qilios-

tometrik� m kh kÔmatoc èqei proselkÔsei el�qista to endiafèron thc ereunhtik c

koinìthtac, kurÐwc lìgw k�poiwn praktik¸n zhthm�twn pou prokÔptoun. Eidikìte-

ra, molonìti shmantikì tm ma tou f�smatoc èqei ekqwrhjeÐ gia efarmogèc LMDS,

oi uyhloÐ rujmoÐ met�doshc qr sth pou exuphretoÔntai apì ta upì melèth sust ma-

ta, kajistoÔn amfÐbolh thn epÐteuxh kerd¸n ex�plwshc eparkoÔc tim c. Epiplèon,

ìpwc prokÔptei apì to Kef�laio 2, h poludiadromik  di�dosh apoteleÐ deutereÔonta

par�gonta dialeÐyewn se mikrokumatikèc zeÔxeic LOS se qiliostometrik� m kh kÔ-

matoc. Epomènwc, oi di�forec teqnikèc pou èqoun anaptuqjeÐ sta dÐktua kinht¸n

epikoinwni¸n gia thn epoikodomhtik  epexergasÐa twn sunist¸sewn lìgw poludi-

adromik c di�doshc (p.q. o dèkthc Rake) den eÐnai ikanèc na prosfèroun axiìlogh

beltÐwsh thc epÐdoshc tou sust matoc.

Se peÐsma aut¸n twn epiful�xewn, oi prwtopìrec ergasÐec [Hal00], [Sar01] diex -

gagan shmantikèc prokatarktikèc èreunec sto antikeÐmeno twn diktÔwn CDMA-LMDS.

Oi ergasÐec autèc katal goun sto sumpèrasma ìti, toul�qiston gia th zeÔxh up-

stream, h qr sh thc teqnik c DS-CDMA prosfèrei megalÔterh anoq  sth diakuye-

lik  parembol  sugkritik� me ta kajierwmèna sq mata TDMA. To prohgoÔmeno

sumpèrasma stoiqeiojeteÐtai me aplì trìpo sthn Enìthta 5.4.

Se sqèsh me th diereÔnhsh thc anaqrhsimopoÐhshc suqnìthtac pou pragmatopoi jh-

ke sthn Enìthta 1.5.2, stic ergasÐec [Nov03], [Tsa02] kai [Hal00] proteÐnontai di�forec

proseggÐseic wc proc th diaÐresh se tomeÐc se dÐktua CDMA-LMDS. Melet¸ntai oi

gnwstèc teqnikèc thc anaqrhsimopoÐhshc suqnìthtac kai thc enallag c pol¸sewn

pou suzht jhkan se prohgoÔmena kef�laia. Wstìso, h uiojèthsh thc DS-CDMA

prosfèrei èna prìsjeto pedÐo gia th di�krish metaxÔ geitonik¸n tomèwn thc kuyèlhc

kai, sugkekrimèna, to pedÐo twn akolouji¸n ex�plwshc. Eidikìtera, apì thn para-

pomp  [Nov03] sumperaÐnetai ìti eÐnai apodotikìterh h diaÐresh se tomeÐc ìtan pra-

gmatopoieÐtai apokleistik� sto pedÐo twn kwdÐkwn. Autì faÐnetai sto Sq ma 1.7d,

ìpou se k�je tomèa qrhsimopoieÐtai olìklhro to eÔroc z¸nhc (par�gontac anaqrhsi-

mopoÐhshc 4). Sthn prokeimènh perÐptwsh, h auxhmènh diakuyelik  parembol  anti-
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Sq ma 5.2: Kuyelwt  arqitektonik  tou diktÔou CDMA-LMDS: Tetragwnikèc kuyèlec

me tomeÐc twn 90◦. H di�krish se tomeÐc pragmatopoieÐtai me qr sh diaforetik¸n kwdÐkwn

ex�plwshc. To sq ma apeikonÐzei epÐshc ta sen�ria parembol c sth zeÔxh downstream gia

èna tuqaÐo SS ston tomèa 1 thc kuyèlhc (1,1).

stajmÐzetai apì to uyhlìtero kèrdoc ex�plwshc. Kat' autì ton trìpo, prokÔptei

h kuyelwt  arqitektonik  tou Sq matoc 5.2, sto opoÐo h arÐjmhsh twn tomèwn den

antistoiqeÐ se diaforetikèc suqnìthtec all� se diaforetikèc akoloujÐec ex�plwshc.

Oi akoloujÐec ex�plwshc pou qrhsimopoioÔntai sta sust mata DS-CDMA mpo-

roÔn na diaqwrisjoÔn stic akoloujÐec yeudojorÔbou (Pseudo-Noise, PN) kai stic

orjog¸niec (orthogonal) akoloujÐec. H epÐdosh twn akolouji¸n ex�plwshc k�je

eÐdouc kajorÐzetai apì tic idiìthtec thc autosusqètishc kai thc eterosusqètis c

touc. Jewr¸ntac dÔo akoloujÐec ex�plwshc p(j)(t) kai p(k)(t), h autosusqètish

orÐzetai wc

Rkk =

Q∑
i=1

p
(k)
i p

(k)
q+i q = −(Q− 1), . . . , Q (5.4)
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kai h eterosusqètish wc

Rjk =

Q∑
i=1

p
(j)
i p

(k)
q+i q = −(Q− 1), . . . , Q (5.5)

ìpou pi ∈ {−1, +1} to pl�toc thc akoloujÐac se k�je perÐodo Tc. Oi akolou-

jÐec PN eÐnai yeudotuqaÐec akoloujÐec pou par�gontai apì grammikoÔc kataqwrhtèc

olÐsjhshc (linear shift registers). Basikì qarakthristikì twn orjog¸niwn akolou-

ji¸n eÐnai ìti h tim  thc eterosusqètis c touc eÐnai mhdèn sthn perÐptwsh sÔgqronhc

met�doshc. Apì tic dÔo anwterw epilogèc, stic ergasÐec [Sar01], [Ara05b] pro-

tim jhkan oi orjog¸niec akoloujÐec ex�plwshc prokeimènou na epiteuqjeÐ h diaÐresh

se tomeÐc. H sugkekrimènh epilog  ègine me skopì na apofeuqjeÐ h endokuye-

lik  parembol  kai sthrÐzetai sto ex c skeptikì: Sta sust mata LMDS, h mè-

tria epÐdrash twn dialeÐyewn lìgw poludiadromik c di�doshc, kaÐtoi akur¸nei th

dunatìthta twn qrhst¸n na axiopoi soun endeqìmeno diaforikì kèrdoc apì tic ka-

justerhmènec ekdoqèc tou s matoc, praktik�, diathreÐ thn orjogwniìthta metaxÔ twn

kwdÐkwn sto dèkth.

Gia na ekmetalleujoÔn thn ¸rimh teqnologÐa twn kuyelwt¸n diktÔwn epikoinw-

ni¸n DS-CDMA deÔterhc gene�c, oi ergasÐec [Sar01], [Ara05b] proteÐnoun èna sq ma

an�jeshc kwdÐkwn parìmoio me autì tou protÔpou IS-95 [IS-95]. H leitourgÐa thc

ex�plwshc se k�je qr sth pragmatopoieÐtai mèsw thc an�jeshc miac orjog¸niac

akoloujÐac WH (Walsh-Hadamard) m kouc 4N , ètsi ¸ste ènac tomèac na mporeÐ

na exuphret sei mèqri N sundromhtèc (pl rec fortÐo). Sth sunèqeia, to s ma pou

prokÔptei pollaplasi�zetai me mia meg�lou m kouc akoloujÐa PN. O pollaplasi-

asmìc autìc aposkopeÐ sth di�krish metaxÔ twn BS, h opoÐa epitugq�netai mèsw

diaforetik c qronik c olÐsjhshc thc akoloujÐac PN se k�je BS. Se k�je kuyèlh,

h diaÐresh se tomeÐc pragmatopoieÐtai qwrÐzontac to sÔnolo twn kwdÐkwn WH se

tèssera diakrit� uposÔnola me apotèlesma k�je kuyèlh na apoteleÐtai apì tèsseric

tomeÐc (arijmoÔntai wc 1, 2, 3, 4 sto Sq ma 5.2).

'Opwc apokalÔptei to Sq ma 5.2, sth zeÔxh downstream, ìloi oi BS geitonik¸n

kuyel¸n apoteloÔn phgèc parembol c CCI. Wstìso, se sugkekrimènh jèsh tou SS

k�je tomèa (tomèac 1 thc kuyèlhc (1,1) sto par�deigma tou Sq matoc 5.2), to pl joc

twn IBS periorÐzetai apì to stenì eÔroc HPBW thc keraÐac l yhc. Diathr¸ntac

touc sumbolismoÔc tou prohgoumènou kefalaÐou kai paraleÐpontac thn epÐdrash twn
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dialeÐyewn, h genik  èkfrash gia th mèsh tim  tou lìgou CIR sth zeÔxh downstream

eÐnai (
C

I

)

down

=
C

Iintra + Iinter

× W

B
(5.6)

ìpou o arijmht c

C ∝ EIRPBS,D GR,SS(0) (1/dD)m (5.7)

eÐnai an�logoc thc isqÔoc tou epijumhtoÔ s matoc. An W to eÔroc z¸nhc twn chip

kai B to eÔroc z¸nhc tou s matoc plhroforÐac, to kl�sma W/B isodunameÐ me to

kèrdoc ex�plwshc GS. EpÐshc, o pr¸toc ìroc tou paronomast 

Iintra ∝ (1− α)(N − 1)EIRPBS,D GR,SS(0) (1/dD)m (5.8)

parist�nei th sunolik  isqÔ apì ton BS11 proc touc upìloipouc (N−1) sundromhtèc

ston tomèa (endokuyelik  parembol ) kai α eÐnai o par�gontac orjogwniìthtac metaxÔ

twn akolouji¸n ex�plwshc. Uiojet¸ntac akoloujÐec tÔpou WH kai lamb�nontac up-

ìyh th mètria epÐdrash twn dialeÐyewn lìgw poludiadromik c di�doshc, α = 1, opìte

Sq ma 5.3: Sen�rio parembol c sth zeÔxh upstream jewr¸ntac wc stajmì jÔma ton

BS22.
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o ìroc Iintra exaleÐfetai. O deÔteroc ìroc tou paronomast  gr�fetai

Iinter ∝ N

K∑

k=1

EIRP
(k)
BS,I G

(k)
R,SS(θk) (1/d

(k)
I )m (5.9)

kai proèrqetai apì ton paremb�llonta IBS k, k = 1, . . . , K, pou exuphreteÐ N en-

ergoÔc qr stec k�poiou tomèa geitonik c kuyèlhc (diakuyelik  parembol ).

AntÐjeta, sto Sq ma 5.3 exet�zetai to sen�rio thc parembol c CCI sth zeÔ-

xh upstream. Sto upìyh sq ma epilègetai o BS22 wc stajmìc anafor�c. IsqÔei

ìti opoiosd pote sundromht c pou an kei ston tomèa 1 geitonik c kuyèlhc dra wc

paremb�llwn ISS proc ton BS22. Wstìso, isqur  parembol  prokaleÐtai mìno apì

jèseic tou tomèa ìpou h keraÐa twn ISS eujugrammÐzetai tìso me ton oikeÐo BS

ìso kai me ton BS22. Oi jèseic autèc sqhmatÐzoun antÐstoiqec perioqèc entìc tou

tomèa parìmoiec me tic skiasmènec perioqèc tou Sq matoc 5.3, h epif�neia twn opoÐwn

exart�tai apì ta qarakthristik� thc keraÐac twn sundromht¸n. H genik  èkfrash

gia th mèsh tim  tou lìgou CIR sthn perÐptwsh thc zeÔxhc upstream eÐnai
(

C

I

)

up

=
C

Iintra + Iinter

× W

B
× q (5.10)

ìpou

C ∝ PT,SS GT,SS(0) (1/dD)m (5.11)

h isqÔc pou lamb�netai apì ton epijumhtì qr sth. O pollaplasiastikìc par�gontac

q lamb�nei timèc sto eÔroc sto eÔroc 0 èwc 1 pou antiproswpeÔei thn epÐdrash

tou ellipoÔc elègqou thc isqÔoc (imperfect power control), ìtan up�rqei sf�lma

kat� thn ektÐmhsh tou diaÔlou apì to brìqo elègqou. 'Omwc, dedomènou ìti sta

sust mata LMDS oi sundromhtèc eÐnai stajeroÐ kai ìti ta fainìmena dialeÐyewn pou

epibarÔnoun to dÐaulo an koun sthn kathgorÐa twn arg¸n dialeÐyewn, mporeÐ na tejeÐ

q = 1. Epiplèon, oi par�gontec

Iintra ∝ (1− α)(1− j)
N−1∑
n=1

P
(n)
T,SS G

(n)
T,SS(0) (1/d

(n)
D )m (5.12)

Iinter ∝ N

K∑

k=1

N∑
n=1

P
(k,n)
T,SS G

(k,n)
T,SS(θk,n) (1/d

(k,n)
I )m (5.13)

antistoiqoÔn sthn endokuyelik  kai th diakuyelik  parembol  CCI, antÐstoiqa. Ei-

dikìtera, h (5.12) apoteleÐ to �jroisma twn shm�twn me afethrÐa touc upìloipouc

(N − 1) sundromhtèc ston tomèa 1 thc kuyèlhc (2,2). H par�metroc j kumaÐnetai

126 Didaktorik  Diatrib  tou P.-D. M. Ar�poglou



Kef�laio 5. Diakuyelik  Parembol  se Stajer� DÐktua CDMA-BWA

sto di�sthma [0,1] kai endeqìmenh aÔxhs  thc ekfr�zei th meÐwsh thc endokuye-

lik c parembol c ìtan efarmìzetai h teqnik  thc apì koinoÔ anÐqneushc pollapl¸n

qrhst¸n (joint multiuser detection, MUD) [Lup89]. Oi dèktec MUD basÐzontai sto

ìti, en¸ h diakuyelik  parembol  eÐnai tuqaÐac fÔshc, den sumbaÐnei to Ðdio me thn

endokuyelik  parembol  afoÔ o BS gnwrÐzei tic akoloujÐec ex�plwshc ìlwn twn

sundromht¸n touc opoÐouc exuphreteÐ. H basik  arq  leitourgÐac thc apì koinoÔ

anÐqneushc sunÐstatai sthn tautìqronh epÐlush enìc sunìlou grammik¸n exis¸sewn,

to pl joc twn opoÐwn aux�nei me thn aÔxhsh twn sundromht¸n tou tomèa. Peris-

sìtera stoiqeÐa gia thn teqnik  MUD wc trìpou meÐwshc thc parembol c MAI se

sust mata CDMA-LMDS parèqontai sthn parapomp  [Nov02].

Tèloc, wc proc thn (5.13), to zeÔgoc (k, n) anafèretai sto sundromht  n, n =

1, . . . , N , pou an kei sthn paremb�llousa kuyèlh k, k = 1, . . . , K, antiproswpeÔei,

dhlad , th diakuyelik  parembol .

5.4 SÔgkrish Diakuyelik c Parembol c metaxÔ

Susthm�twn TDMA- kai CDMA-LMDS

Sthn parapomp  [Ara07] pragmatopoieÐtai mia aplopoihmènh sÔgkrish twn parem-

bol¸n CCI pou prokaloÔn oi dÔo enallaktikèc arqitektonikèc pollapl c prìsbashc,

kai, sugkekrimèna, to sÔsthma TDMA-LMDS pou analÔjhke sto prohgoÔmeno ke-

f�laio kai to sÔsthma CDMA-LMDS pou analÔetai sto parìn kef�laio. H apì-

sbesh tou s matoc jewreÐtai an�logh tou tetrag¸nou thc apìstashc (m = 2) kai

o rujmìc met�doshc koinìc gia ìlouc touc stajmoÔc. Prokeimènou na diasfali-

sjeÐ ìti h sÔgkrish gÐnetai kat� dÐkaio trìpo, pragmatopoioÔntai oi akìloujec upo-

jèseic ìson afor� th diaÐresh se tomeÐc. Sthn TDMA perÐptwsh, oi tèsseric tomeÐc

prokÔptoun diair¸ntac to sunolikì eÔroc z¸nhc 4N se tèsseric anex�rthtec z¸nec

suqnot twn. Sthn CDMA perÐptwsh, autì epitugq�netai me th qr sh enìc sunìlou

4N orjog¸niwn kwdÐkwn se k�je kuyèlh1. Gia thn aplopoÐhsh thc sÔgkrishc,

ameloÔntai h dunatìthta enallag c pol¸sewn kaj¸c kai ta fainìmena XPD gia ta

1Gia na paraqjeÐ pl joc 4N orjog¸niwn kwdÐkwn apaitoÔntai akoloujÐec m kouc 4N .Sunep¸c,

afoÔ to m koc miac orjog¸niac akoloujÐac antistoiqeÐ sto kèrdoc ex�plwshc tou k¸dika, to kèrdoc

ex�plwshc isoÔtai kai autì me 4N .
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dÔo sust mata. Apotèlesma thc arqitektonik c pou mìlic perigr�fhke eÐnai ìti k�-

je tomèac kuyèlhc apoteleÐtai to polÔ apì N sundromhtèc. Epiplèon, gia ìlouc

touc BS upotÐjetai ìti ekpèmpetai h Ðdia st�jmh EIRPBS. H tim  tou lìgou CIR

pou upologÐzetai gia th sÔgkrish lamb�nei upìyh apokleistik� thn parembol  CCI

apì/proc sundromhtèc pou an koun sthn pr¸th seir� paremballous¸n (dhl. omodi-

aulik¸n) kuyel¸n2 kai eÐnai eujugrammismènoi me thn phg  thc parembol c, dhlad ,

metadÐdoun upì mègisto kèrdoc keraÐac proc to stajmì jÔma. Epomènwc, h prosèg-

gish tou probl matoc afor� th qeirìterh perÐptwsh kai h st�jmh CIR sthn opoÐa

upìkeintai oi stajmoÐ exart�tai apokleistik� apì tic apost�seic metaxÔ BS-SS.

Gia thn anwtèrw di�taxh kai upojèseic, h tim  CIR gia th zeÔxh downstream

(sundromht c pou upìkeitai se parembol  apì èna mìno IBS) sto sÔsthma TDMA

upologÐzetai apì mia aplopoihmènh ekdoq  thc (4.5)
(

C

I

)TDMA

down

=

(
dI

dD

)2

(5.14)

An jewrhjeÐ ìti o SS brÐsketai sth diag¸nia koruf  tou tomèa (qeirìterh jèsh tou

tomèa), tìte dD =
√

2D kai dI = 5
√

2D (pou antistoiqeÐ se ènan IBS se apìstash

dÔo kuyel¸n) kai o lìgoc CIR katal gei Ðsoc me 14dB. Sth zeÔxh upstream enìc

stajeroÔ sust matoc BWA qrhsimopoieÐtai sun jwc h teqnik  APC. UiojeteÐtai,

loipìn, mia aplopoihmènh ekdoq  thc (3.10) agno¸ntac tic dialeÐyeic, sÔmfwna me

thn opoÐa h isqÔc ekpomp c apì ton SS eÐnai an�logh tou m kouc thc zeÔxhc BS-

SS. Met� apì aplèc algebrikèc pr�xeic ex�getai to sumpèrasma ìti, sto sÔsthma

TDMA-LMDS, h qeirìterh tim  CIR tìso sthn kateÔjunsh downstream ìso kai

sthn kateÔjunsh upstream eÐnai h Ðdia kai isoÔtai me 14dB.

Me qr sh thc (5.6), h tim  tou CIR sth zeÔxh downstream tou sust matoc

CDMA-LMDS prokÔptei
(

C

I

)CDMA

down

=
4N

N

(
dI

dD

)2

(5.15)

ìpou W/B = 4N , α = 1 kai h parembol  proèrqetai apì ènan IBS se apìstash miac

kuyèlhc, o opoÐoc metadÐdei proc N energoÔc sundromhtèc thc dik c tou kuyèlhc

(brÐsketai, dhlad , upì pl rec fortÐo). Gia thn Ðdia akrib¸c gewmetrÐa epijumhtoÔ
2Sthn TDMA, lìgw tou sq matoc anaqrhsimopoÐhshc suqnìthtac pou epilègetai, h parembol 

apì thn pr¸th seir� stajm¸n antistoiqeÐ se paremb�llontec stajmoÔc se apìstash dÔo kuyel¸n,

en¸ sthn CDMA h apìstash aut  mei¸netai sth mÐa kuyèlh.
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SS, dD =
√

2D, dI = 3
√

2D kai h (5.15) dÐdei 15.5dB. An kat� ton upologismì tou

CIR lhfjeÐ upìyh kai deÔteroc IBS se apìstash dÔo kuyel¸n (dI = 5
√

2D), h tim 

tou CIR mei¸netai sta 14.2dB, h opoÐa exakoloujeÐ na uperbaÐnei elafr¸c aut  tou

sq matoc TDMA. Oi upologismoÐ gia to CIR sth zeÔxh upstream eÐnai perÐplokoi

kaj¸c h parembol  CCI proèrqetai apì to posostì sundromht¸n tou tomèa stic

skiasmènec perioqèc tou Sq matoc 5.3 (perioqèc tou tomèa pou dhmiourgoÔn isqur 

parembol ). SÔmfwna me thn ergasÐa [Sar01], mia realistik  upìjesh gia to posostì

autì eÐnai 25%, en¸ apì to gewmetrikì èlegqo pou pragmatopoi jhke sthn ergasÐa

[Ara05b] me b�sh ta prìtupa kerai¸n kat� ETSI prokÔptei to posostì 13% gia

sundromhtèc stouc treic paremb�llontec tomeÐc (orizìntio, katakìrufo kai diag¸nio

tomèa). Gia thn paroÔsa prosèggish, ìpou exet�zetai h qeirìterh perÐptwsh, upotÐje-

tai ìti 50% twn phg¸n parembol c prokaloÔn isqur  parembol . Me antikat�stash

tou posostoÔ autoÔ sthn (5.8) (amel¸ntac tic teqnikèc APC kai MUD) lamb�netai

to apotèlesma 18.5dB. Sumperasmatik�, h epÐdosh wc proc to CIR sth zeÔxh down-

sream metaxÔ twn susthm�twn TDMA-LMDS kai CDMA-LMDS eÐnai sugkrÐsimh,

en¸ h CDMA epideiknÔei megalÔterh anoq  sthn parembol  kat� thn kateÔjunsh

met�doshc upstream. Gia th jemelÐwsh autoÔ tou endiafèrontoc sumper�smatoc, to

opoÐo prosfèrei shmantik  emb�junsh se sqèsh me thn pleonektikìterh teqnologÐa

pollapl c prìsbashc, apaitoÔntai prìsjetec melètec sta plaÐsia enìc plèon realis-

tikoÔ perib�llontoc leitourgÐac kai, endeqomènwc, peiramatik� dedomèna. M�lista,

to epìmeno kef�laio thc diatrib c epikentr¸netai se teqnikèc meÐwshc thc parembol c

sth zeÔxh downstream, h efarmog  twn opoÐwn kajist� thn pollapl  prìsbash DS-

CDMA pleonektikìterh kai stic dÔo kateujÔnseic met�doshc. Se k�je perÐptwsh,

h pijan  beltÐwsh thc qwrhtikìthtac pou prosfèretai apì ta sust mata CDMA-

LMDS den mporeÐ na agnohjeÐ. Gia lìgouc plhrìthtac, mnhmoneÔetai h anafor�

[Bos04b], ìpou katagr�fetai mia parìmoia beltÐwsh thc qwrhtikìthtac se stajer�

dÐktua BWA me uiojèthsh thc teqnik c TCM (Trellis Coded Modulation). H teqnik 

aut  emfanÐzei pollèc omoiìthtec me to sq ma CDMA pou parousi�zetai sto parìn.
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5.5 Statistik  An�lush thc Diakuyelik c

Parembol c se DÐktua CDMA-LMDS

Sthn paroÔsa enìthta parousi�zetai h statistik  an�lush tou logou CIR stic zeÔ-

xeic downstream [Ara05b] kai upstream [Ara05d] lamb�nontac upìyh th qwrik  dom 

thc broq c wc mèsou di�doshc kat� analogÐa me thn antÐstoiqh melèth tou KefalaÐou

4 (Enìthtec 4.4 kai 4.5, antÐstoiqa). Oi aparaÐthtec upojèseic gia thn efarmog 

tou statistikoÔ montèlou diakuyelik c parembol c eÐnai parìmoiec me ekeÐnec thc

Enìthtac 4.3, en¸ oi leptomèreiec pou aforoÔn eidik� thn anagwg  tou montèlou

se sust mata CDMA-LMDS èqoun skiagrafhjeÐ stic prohgoÔmenec enìthtec tou

parìntoc. Autèc epanalamb�nontai amèswc katwtèrw me sunoptikì trìpo upì th

morf  shmeÐwn:

� H kuyelwt  arqitektonik  tou diktÔou CDMA-LMDS apeikonÐzetai sto Sq ma

5.2. ApoteleÐtai apì tetragwnikèc kuyèlec aktÐnac D, ìpou oi tèsseric tomeÐc

an� kuyèlh qrhsimopoioÔn anex�rthta uposunìla kwdÐkwn ex�plwshc WH epi-

legmèna apì to sunolikì pl joc 4N . Olìklhro to diajèsimo eÔroc z¸nhc

anaqrhsimopoieÐtai se k�je tomèa, en¸ den qrhsimopoieÐtai k�poia teqnik  e-

nallag c pol¸sewn.

� Oi di�foroi BS anagnwrÐzontai apì qronik� olisjhmènec ekdoqèc thc Ðdiac

akoloujÐac PN meg�lou m kouc.

� Kat� ta gnwst�, to kateujuntikì kèrdoc thc keraÐac tou SS jewreÐtai sÔmfwno

me tic prodiagrafèc tou ETSI [ETSI02] kai [ETSI01].

� Oi keraÐec twn BS qarakthrÐzontai apì omoiìmorfo kateujuntikì kèrdoc sto

eÔroc HPBW = 90◦ kai den emfanÐzoun pleurikoÔc loboÔc.

� To ekpempìmeno apì k�je BS EIRP sth zeÔxh downstream jewreÐtai stajerì.

� Sth zeÔxh upstream, h isqÔc ekpomp c apì to sundromht  kajorÐzetai me sta-

tikì trìpo an�loga me thn apìstash d apì ton BS. Kat� sunèpeia, h isqÔc

ekpomp c apì k�je SS antiproswpeÔetai apì th sun�rthsh PT,SS(d). Sthn

perÐptwsh aut , paraleÐpetai h enswm�twsh sto brìqo elègqou miac dunamik c

mon�dac gia thn antist�jmish twn qronometablht¸n dialeÐyewn lìgw broq c,
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ìpwc ègine sthn antÐstoiqh an�lush tou prohgoÔmenou kefalaÐou, gegonìc pou

ja odhgoÔse se meg�lh analutik  poluplokìthta.

� Wc proc to perib�llon di�doshc, jewreÐtai dedomènh h Ôparxh sunjhk¸n LOS

gia apost�seic merik¸n kuyel¸n.

� Kaj¸c h di�dosh pragmatopoieÐtai upì sunj kec LOS, kurÐarqo montèlo di-

aleÐyewn eÐnai h apìsbesh lìgw broq c. Proc toÔto, uiojeteÐtai kat� ta gnw-

st� to logarijmokanonikì montèlo kai k�je qr sthc ofeÐlei na summorf¸netai

me sugkekrimènh pijanìthta diakop c lìgw jermikoÔ jorÔbou �bl. (4.4)�.

5.5.1 An�lush diakuyelik c parembol c sth zeÔxh

downstream

Epistrèfontac sto Sq ma 5.2, ja ektimhjeÐ h katanom  tou lìgou CIR tou sun-

dromht  SS ston tomèa 1 thc kuyèlhc (1,1). Upojètontac ìti gia apost�seic mèqri

dÔo kuyèlec oi zeÔxeic eÐnai LOS, up�rqoun pènte pijanoÐ IBS. Eidikìtera, ektìc apì

to epijumhtì s ma to opoÐo lamb�nei o SS apì ton BS11, an�loga me th jèsh tou entìc

tou tomèa upofèrei apì diakuyelik  parembol  CCI pou proèrqetai eÐte apì èna apì

ta trÐa zeÔgh IBS {BS12,BS13}, {BS21,BS31}, {BS22,BS33} eÐte apì ènan mìno IBS

(BS23   BS32). Sth sunèqeia, parousi�zetai h perÐptwsh parembol c apì zeÔgoc IBS,

dhlad  upotÐjetai ìti oi phgèc thc parembol c brÐskontai sthn plhsièsterh kuyèlh

kai sth deÔterh geitonik  kuyèlh, I1 kai I2, antÐstoiqa, O antÐstoiqoc lìgoc CIR

dÐdetai apì th sqèsh
(

C∑2
i=1 Ii

)

down

=
EIRPBSGR,SS(0◦)/

(
10AD/10d2

D

)
∑2

i=1 KiEIRPBSGR,SS(θi)/
(
10AIi

/10d2
Ii

) × W

B
(5.16)

Sthn (5.16), oi deÐktec D, I1, I2 antistoiqoÔn sto epijumhtì s ma kai ta s mata

apì touc dÔo IBS, antÐstoiqa. Oi gwnÐec θi, i = 1, 2, eÐnai oi gwnÐec azimoujÐou pou

sqhmatÐzontai apì thn epijumht  zeÔxh BS11-SS kai tic paremb�llousec zeÔxeic me

m kh dD, dI1 , dI2 , antÐstoiqa. Oi par�gontec Ki, i = 1, 2, ekfr�zoun to pl joc twn

energ¸n qrhst¸n stouc tomeÐc 1 twn dÔo IBS. EpÐshc, GR,SS(θ) eÐnai to kateujuntikì

kèrdoc thc keraÐac tou SS. Ekfr�zontac thn (5.16) se dB prokÔptei

CIRdown(AD, AI1 , AI2) = AI1 + AI2 − AD − 10 log

[
10

AI1
−( C

I2
)

cs
10 + 10

AI2
−( C

I1
)

cs
10

]

(5.17)
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H t.m. CIRdown eÐnai sun�rthsh twn t.m. thc apìsbeshc lìgw broq c sthn epijumht 

kai stic dÔo paremb�llousec zeÔxeic AD, AI1 kai AI2 , antÐstoiqa. Oi antÐstoiqec timèc

CIR upì sunj kec kajaroÔ ouranoÔ upologÐzontai apì thn (5.6) jètontac α = 1. Oi

lìgoi (C/Ii)cs ekfr�zontai se dB upì thn aplopoihmènh morf 
(

C

Ii

)

cs

= 10 log

[
1

Ki

W

B

(
dIi

dD

)2
]

+ [GR,SS(0◦)−GR,SS(θi)] i = 1, 2 (5.18)

O sunolikìc lìgoc CIR upì sunj kec kajaroÔ ouranoÔ ex�getai me aplì trìpo apì

thn (5.17) jètontac AD = AIi
= 0.

Kat� trìpo parìmoio me th statistik  antimet¸pish tou CIR gia th zeÔxh down-

stream tou KefalaÐou 4, orÐzetai h pijanìthta AIP

AIP = Pr

[(
C∑2
i=1 Ii

)

down

≤ γth, 0.5 ≤ AD ≤ F

]
(5.19)

H pijanìthta AIP antiproswpeÔei thn ethsÐwc apodekt  pijanìthta paramon c tou

lìgou CIR k�tw apì to perij¸rio parembol c γth, en¸, sugqrìnwc, h apìsbesh

lìgw broq c sthn epijumht  zeÔxh den uperbaÐnei to perij¸rio dialeÐyewn F . Me th

bo jeia tou metasqhmatismoÔ (4.11), h telik  èkfrash gia thn pijanìthta AIP eÐnai

panomoiìtuph me thn (4.12) afoÔ tropopoihjoÔn kat�llhla oi antÐstoiqoi deÐktec twn

metablht¸n pou emplèkontai. Epomènwc

AIP =

∫ u(F )

u(aS)

duD

∫ uth
1

−∞
duI1pUDUI1

(uD, uI1)

[
1− 0.5 erfc

(
uth

2 − µ√
2σ

)]
(5.20)

Ta ìria tou exwterikoÔ oloklhr¸matoc prosdiorÐzontai apì th sun�rthsh (4.13)

me qr sh thc (4.14) gia ton upologismì thc paramètrou aS. Epiplèon

uth
i =

ln ath
Ii
− ln Am,Ii

Sa,Ii

, i = 1, 2 (5.21)

ìpou ath
I1

kai ath
I2

oi antÐstoiqec lÔseic twn exis¸sewn

CIRdown(AD, ath
I1

, 0) = γth

CIRdown(AD, AI1 , a
th
I2

) = γth

'Oson afor� tic statistikèc paramètrouc µ kai σ, autèc prokÔptoun apì tic (A'.21)

kai (A'.22) me kat�llhlh epilog  deikt¸n

µ =
ρnDI2

− ρnI1I2
ρnDI1

1− ρ2
nDI1

uD +
ρnI1I2

− ρnDI1
ρnDI2

1− ρ2
nDI1

uI1 (5.22)
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Sq ma 5.4: Katanom  CIR(x, y) entìc tou tomèa sth zeÔxh downstream upì sunj kec

kajaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, suqnìthta leitourgÐac 28GHz). H jèsh tou

BS eÐnai h k�tw dexi� koruf  tou tomèa.

Sq ma 5.5: Katanom  CIR(x, y) entìc tou tomèa sth zeÔxh downstream upì sunj kec

dialeÐyewn sÔmfwna me th prodiagraf  AIP = 0.001% gia thn Aj na, GR (aktÐna kuyèlhc

D = 3Km, suqnìthta leitourgÐac 28GHz).
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Sq ma 5.6: Katanom  thc pijanìthtac AIP sunart sei tou γth gia sundromht  pou eÐnai

topojethmènoc sth diag¸nia koruf  (mègisth apìstash apì ton BS). Oi stajerèc kampÔlec

antistoiqoÔn se parembol  apì par�llhlouc paremboleÐc kai oi diakekommènec kampÔlec se

parembol  apì diag¸niouc paremboleÐc. Oi timèc thc aktÐnac thc kuyèlhc antistoiqoÔn se

makrokuyelwt  (D = 5Km), mikrokuyelwt  (D = 3Km) kai pikokuyelwt  (D = 1Km)

arqitektonik  CDMA-LMDS.

σ =

(
1− ρ2

nDI1
− ρ2

nDI2
− ρ2

nI1I2
+ 2ρnDI1

ρnDI2
ρnI1I2

1− ρ2
nDI1

)1/2

(5.23)

ìpou ρnij o logarijmikìc suntelest c susqètishc metaxÔ zeug¸n twn tri¸n t.m. pou

emplèkontai.

Gia thn efarmog  thc prohgoÔmenhc diadikasÐac, jewreÐtai èna upojetikì dÐktuo

LMDS egkatesthmèno sthn Aj na, GR, pou leitourgeÐ sta 28GHz me katakìrufh

pìlwsh. Efìson oi sundromhtèc sta dÐktua BWA qiliostometrikoÔ m kouc kÔmatoc

eÐnai stajeroÐ, h sqedÐash kai h diastasiopoÐhsh tou sust matoc prèpei na gÐnetai

me b�sh th qeirìterh perÐptwsh parembol c, diaforetik� k�poioi sundromhtèc den ja

ekplhr¸noun tic apait seic thc QoS se mìnimh b�sh. Gia to lìgo autì, se ìlec tic

arijmhtikèc efarmogèc pou akoloujoÔn, gÐnetai h upìjesh ìti ìloi oi tomeÐc leitour-

goÔn upì pl rec fortÐo, dhlad  ìti Ki = N . Epiplèon, lìgw thc qr shc orjog¸niwn

akolouji¸n, to kèrdoc ex�plwshc eÐnai GS = 4N kai h aktÐna thc kuyèlhc upotÐjetai

D = 3Km.
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Sq ma 5.7: EpÐdrash twn klimatik¸n sunjhk¸n sthn katanom  thc pijanìthtac AIP

sunart sei tou γth gia th qeirìterh jèsh SS entìc tou tomèa.

Agno¸ntac, katarq n, thn epÐdrash twn dialeÐyewn, to Sq ma 5.4 anaparist�

thn katanom  tou CIR(x, y) entìc tou tomèa sth zeÔxh downstream upì sunj kec

kajaroÔ ouranoÔ gia k�je jèsh (x, y) tou SS. H jèsh tou BS eÐnai h k�tw de-

xi� koruf  tou tomèa. Lamb�nontac upìyh th statistik  an�lush twn prohgoumè-

nwn paragr�fwn, to Sq ma 5.5 parousi�zei to Ðdio sÔsthma upì thn prodiagraf 

AIP = 0.001%. SugkrÐnontac ta Sq mata 5.4 kai 5.5 parathreÐtai ìti oi upo-perioqèc

qamhloÔ CIR tou tomèa dieurÔnontai, en¸ oi upo-perioqèc uyhloÔ CIR sumptÔsso-

ntai. EpÐshc, emfanÐzontai isodunamikèc CIR se qamhlìterec timèc apì thn el�qisth

upì sunj kec kajaroÔ ouranoÔ. GÐnetai fanerì ìti, ìson afor� thn parembol , oi

qeirìterec jèseic sundromht  eÐnai oi korufèc tou tomèa ìpou θi = 0◦ kai, epomènwc,

h tim  tou kèrdouc GR,SS(θi) megistopoieÐtai.

Sto Sq ma 5.6 sqedi�zetai h katanom  thc pijanìthta AIP sunart sei tou γth

gia touc sundromhtèc pou brÐskontai sth qeirìterh diag¸nia kai par�llhlh jèsh se

apìstash
√

(2)D kai D apì ton oikeÐo BS, antÐstoiqa. Oi kampÔlec sqedi�sjhkan

gia aktÐnec kuyel¸n D = 5, 3 kai 1Km ¸ste na antistoiqoÔn se makro-, mikro- kai

pikokuyelwt  arqitektonik  diktÔou CDMA-LMDS. Gia par�deigma, upojètontac ìti

gia to upì melèth sÔsthma uiojeteÐtai to k�tw ìrio γth = 12dB, oi sundromhtèc sth

qeirìterh jèsh epi thc diag¸niac koruf c paramènoun k�tw apì aut  thn tim  gia
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2.89E-06% (D = 1Km), 4.16E-03% (D = 3Km) kai 1.43E-02% (D = 5Km) tou

et siou qrìnou, en¸, apì to Sq ma 5.4, h qamhlìterh tim  tou CIR upì sunj kec

kajaroÔ ouranoÔ prokÔptei Ðsh me 14.2dB. To apotèlesma autì deÐqnei xek�jara

touc epiplèon periorismoÔc se sqèsh me th diakuyelik  parembol  ìtan lamb�netai

upìyh h diaforik  apìsbesh lìgw broq c.

Tèloc, to Sq ma 5.7 parousi�zei thn ex�rthsh thc diakuyelik c parembol c apì

tic klimatikèc sunj kec thc perioq c egkat�stashc kai, sugkekrimena, th statistik 

tou shmeiakoÔ rujmoÔ broqìptwshc, ìpwc aut  prokÔptei apì th SÔstash ITU-R

P.837 [ITU837]. H epÐdosh tou Ðdiou sust matoc ìtan autì egkatastajeÐ upì tic

klimatikèc sunj kec thc Atlanta, US kai Paris, FR, sugkrÐnetai me thn perioq  twn

Ajhn¸n, pou apoteleÐ to basikì par�deigma ulopoÐhshc tou proteinìmenou montèlou

kajìlh thn èktash thc paroÔsac enìthtac.

5.5.2 An�lush diakuyelik c parembol c sth zeÔxh

upstream

To sen�rio diakuyelik c parembol c sth zeÔxh upstream apeikonÐzetai sto Sq ma

5.3 kai h an�lush diaforopoieÐtai shmantik� apì aut n tou KefalaÐou 4 se sumbatik�

sust mata TDMA-LMDS kat� thn Ðdia kateÔjunsh met�doshc. Lamb�nontac upìyh

mìno thn pr¸th seir� paremballous¸n kuyel¸n, h opoÐa ìmwc prokaleÐ to shma-

ntikìtero mèroc thc parembol c CCI, o stajmìc BS22 jewreÐtai wc stajmìc jÔma

thc parembol c. O sundromht c SS pou brÐsketai ston tomèa 1 thc kuyèlhc anafor�c,

metadÐdei to epijumhtì s ma proc ton BS22, en¸ ìloi oi sundromhtèc tou tomèa 1 twn

BS21, BS11 kai BS12 apoteloÔn pijanoÔc ISS.

Efìson o akrib c upologismìc thc katanom c tou CIR sth zeÔxh upstream eÐ-

nai arket� polÔplokoc, gÐnontai orismènec aplopoihtikèc upojèseic. 'Oson afor� tic

timèc tou lìgou CIR upì sunj kec kajaroÔ ouranoÔ, lamb�nontai upìyh mìno oi Ki

sundromhtèc kajenìc apì touc treic paremb�llontec tomeÐc pou prokaloÔn isqur 

parembol , dhlad  ekeÐnoi oi ISS gia touc opoÐouc o BS22 eÐnai oratìc upì mègisto

kèrdoc keraÐac [Sar01]. Upojètontac ìti oi sundromhtèc eÐnai katanemhmènoi omoiì-

morfa, oi skiasmènec perioqèc twn tomèwn sto Sq ma 5.3 parèqoun mia proseggisti-

k  eikìna twn antÐstoiqwn jèsewn isqur c parembol c. An k�je tomèac leitourgeÐ

upì pl rec fortÐo, dhlad  up�rqoun N energoÐ sundromhtèc an� tomèa, tìte, gia
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to prìtupo keraÐac sundromht  tou ETSI stic suqnìthtec 24-30GHz, oi skiasmènec

perioqèc stic par�llhlec kuyèlec katalamb�noun to 2% thc èktashc tou tomèa kai

sth diag¸nia kuyèlh to 9%. Enallaktik�, gia to prìtupo keraÐac sundromht  tou

ETSI stic suqnìthtec 40.5-43.5GHz, oi skiasmènec perioqèc stic par�llhlec kuyèlec

katalamb�noun to 5.5% thc èktashc tou tomèa kai sth diag¸nia kuyèlh to 21%.

'Oson afor� thn an�lush upì sunj kec broq c, gÐnetai h upìjesh ìti oi Ki sun-

dromhtèc se k�je paremb�llonta tomèa eÐnai sugkentrwmènoi sto plèon apomakrus-

mèno shmeÐo apì ton BS o opoÐoc tic exuphreteÐ. H sugkekrimènh upìjesh dikaiolo-

geÐtai apì th morf  twn skiasmènwn perioq¸n pou par�goun isqur  parembol . Wc

apotèlesma, oi treic t.m. apìsbeshc lìgw broq c AI1 , AI2 kai AI3 pou prokÔptoun

upologÐzontai gia m kh zeÔxewn 3D, 3
√

2D kai 3D, antÐstoiqa. Lamb�nontac upìyh

to statikì èlegqo thc isqÔoc an�loga me thn apìstash tou k�je SS apì ton BS thc

kuyèlhc tou kai tic upojèseic pou diatup¸jhkan prohgoumènwc, prokÔptei h genik 

sqèsh gia to lìgo CIR sth zeÔxh upstream

(
C∑3
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)

up

=
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Sthn (5.24), me d
(n)
Ii

, d
(n)
Wi

sumbolÐzontai ta m kh twn zeÔxewn apì ton ISS n, n =

1, . . . , Ki, tou paremb�llontoc tomèa i, i = 1, 2, 3, proc ton BS22 kai ton BS thc

kuyèlhc tou, antÐstoiqa. Anakatat�ssontac thn (5.24), prokÔptei h sun�rthsh tou

lìgou CIR sth zeÔxh upstream se dB
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ìpou oi memonwmènoi ìroi CIR upì sunj kec kajaroÔ ouranoÔ prokÔptoun apì tic

sqèseic

(
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 i = 1, 2, 3 (5.26)

Kat� trìpo parìmoio me thn an�lush gia th zeÔxh downstream, h pijanìthta
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AIP orÐzetai apì th sqèsh

AIP = Pr




(
C∑3
i=1 Ii

)

up

≤ γth, 0.5 ≤ AD ≤ F


 (5.27)

Akolouj¸ntac th statistik  an�lush pou akolouj jhke prohgoumènwc gia antÐ-

stoiqec peript¸seic, h telik  èkfrash gia thn pijanìthta AIP eÐnai

AIP =

∫ u(F )

u(aS)

duD

∫ uth
1

−∞
duI1

∫ uth
2

−∞
duI2pUDUI1

UI2
(uD, uI1 , uI2)

[
1− 0.5 erfc

(
uth

3 − µ√
2σ

)]

(5.28)

Ta ìria tou exwterikoÔ oloklhr¸matoc prosdiorÐzontai apì th sun�rthsh (4.13) me

qr sh thc (4.14) gia ton upologismì thc paramètrou aS. Epiplèon, oi par�metroi

uth
i , i = 1, 2, 3 upologÐzontai ìpwc sthn Enìthta 5.5.1, afoÔ pr¸ta upologisjoÔn oi

timèc ath
Ii

pou ikanopoioÔn tic exis¸seic

CIRup(AD, ath
I1

, 0, 0) = γth

CIRup(AD, AI1 , a
th
I2

, 0) = γth

kai

CIRup(AD, AI1 , AI2 , a
th
I3

) = γth

Epiplèon, oi statistikèc par�metroi µ kai σ, prokÔptoun apì tic (A'.28) kai (A'.29)

me kat�llhlh epilog  deikt¸n

µ =
1

det(C)
[(Q11ρnDI3 + Q12ρnI1I3 + Q13ρnI2I3)uD+

+(Q12ρnDI3 + Q22ρnI1I3 + Q23ρnI2I3)uI1+

+(Q13ρnDI3 + Q23ρnI1I3 + Q33ρnI2I3)uI2 ] (5.29)

σ = [1−Q(ρnDI3 , ρnI1I3 , ρnI2I3)]
1/2 (5.30)

O pÐnakac sundiakÔmanshc C, h sun�rthsh Q(.) kai oi ìroi Qij orÐzontai sto Par�rth-

ma A'.4.

Upojètontac ìti den up�rqei diajèsimo sq ma APC, h katanom  CIR(x, y) gia

k�je jèsh (x, y) tou epijumhtoÔ SS entìc tou tomèa upì sunj kec kajaroÔ ouranoÔ

parousi�zetai sto Sq ma 5.8. Oi isodunamikèc grammèc èqoun th morf  omìkentrwn
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tetartokuklÐwn kai sqedi�sjhkan gia aktÐna kuyèlhc D = 3Km kai keraÐa SS sum-

bat  me to prìtupo 24-30GHz tou ETSI, pou sunep�getai ìti stouc upologismoÔc

sumperil fjhkan ISS me gwnÐa mikrìterh apì HPBW=4◦ wc proc ton BS22. An�loga

me th jèsh tou epijumhtoÔ SS, to eÔroc tim¸n tou CIR pou lamb�nei o BS22 kumaÐnetai

apì 62dB (ìtan o SS brÐsketai sthn plhsièsterh dunat  jèsh proc ton BS22) èwc

22.4dB (sth diag¸nia koruf  tou tomèa). Apì thn �llh pleur�, ìtan oi sundromhtèc

diajètoun APC, h tim  tou CIR sth zeÔxh upstream gÐnetai anex�rthth thc jèshc

tou epijumhtoÔ SS. Apì thn (5.26), aut  h stajer  tim  tou CIR prokÔptei 26.7dB.

To Sq ma 5.9 parousi�zei thn Ðdia katanom  CIR(x, y) entìc tou tomèa upì sun-

j kec dialeÐyewn (AIP = 0.001%) qwrÐc thn parousÐa mon�dac elègqou thc isqÔoc.

JewroÔntai oi klimatikèc par�metroi thc Aj nac, GR, kai suqnìthta leitourgÐac

f =28GHz. 'Opwc kai sthn perÐptwsh thc zeÔxhc downstream, oi perioqèc qamhloÔ

CIR tou tomèa dieurÔnontai kai, efìson o SS brÐsketai pèra apo mia sugkekrimènh

apìstasth apì ton BS22), o lìgoc CIR upoleÐpetai thc el�qisthc tim c upì sun-

j kec CIR pou eÐnai 22.4dB. Gia thn upì exètash perÐptwsh, autì sumbaÐnei gia

perÐpou 11% thc perioq c tou tomèa. An h prodiagraf  thc et siac AIP auxhjeÐ

Sq ma 5.8: Katanom  CIR(x,y) entìc tou tomèa sth zeÔxh upstream upì sunj kec ka-

jaroÔ ouranoÔ (aktÐna kuyèlhc D = 3Km, keraÐa SS sÔmfwna me to prìtupo 24-30GHz tou

ETSI). H jèsh tou BS eÐnai h k�tw dexi� koruf  tou tomèa.
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sth ligìtero austhr  tim  0.005%, tìte mìno to 4% twn sundromht¸n tou tomèa

upoleÐpetai thc el�qisthc tim  upì sunj kec kajaroÔ ouranoÔ. AntÐjeta, gia thn

austhrìterh prodiagraf  AIP = 0.0005%, to 17% twn sundromht¸n tou tomèa

katorj¸noun na uperboÔn th sugkekrimènh tim . Ta posost� aut� mporeÐ na em-

fanÐzontai kat� polÔ auxhmèna se gewgrafikèc perioqèc me perissìtero oxumèna

qarakthristik� broqìptwshc.

Tèloc, apì to Sq ma 5.10, sqedi�zontai ta posost� thc et siac pijanìthtac

AIP wc proc to perij¸rio parembol¸n γth gia th qeirìterh pijan  jèsh sundromht 

(sth diag¸nia koruf  tou tomèa) me kai qwrÐc APC. 'Opwc anamenìtan, o èlegqoc thc

isqÔoc belti¸nei thn tim  tou CIR twn apomakrusmènwn SS, me antÐtimo th qamhlìterh

tim  CIR upì sunj kec kajaroÔ ouranoÔ gia touc upìloipouc qr stec tou tomèa thc

kuyèlhc.

Apì tic analÔseic thc diakuyelik c parembol c stic prohgoÔmenec enìthtec ex�go-

ntai orismèna endiafèronta sumper�smata. Pr¸ton, lìgw twn omìkentrwn kÔklwn

pou sqhmatÐzoun oi isodunamikèc CIR sth zeÔxh upstream, h tim  tou lìgou CIR

exart�tai apokleistik� apì thn apìstash tou epijumhtoÔ SS apì ton BS anafor�c.

Sq ma 5.9: Katanom  CIR(x,y) entìc tou tomèa sth zeÔxh upstream sust matoc LMDS

pou leitourgeÐ sthn Aj na, GR, upì thn prodiagraf  AIP = 0.001% (suqnìthta leitourgÐac

f =28GHz, aktÐna kuyèlhc D = 3Km).
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Sq ma 5.10: Katanom  thc pijanìthtac AIP sunart sei tou γth gia sundromht  pou

eÐnai topojethmènoc sthn plèon apomakrusmènh koruf  tou tomèa p�nw sth diag¸nio. To

sÔsthma CDMA-LMDS eÐnai ìmoio me autì tou Sq matoc 5.9.

AntÐjeta, sth zeÔxh downstream, h tim  CIR exart�tai kai apì th gwnÐa apì ton BS

anafor�c. DeÔteron, h statistik  an�lush epibebai¸nei ìti sta sust mata CDMA-

LMDS, h zeÔxh pou eÐnai eu�lwth sthn parembol  eÐnai h zeÔxh downstream. M�-

lista, an lhfjeÐ upìyh h asummetrÐa thc kÐnhshc stic dÔo kateujÔnseic met�doshc

dedomènou ìti h zeÔxh downstream sun jwc leitourgeÐ upì uyhlìterouc rujmoÔc se

sqèsh me th zeÔxh upstream, ta dunat� kèrdh ex�plwshc gÐnontai akìma mikrìtera,

odhg¸ntac se upob�jmish thc epÐdoshc. Sunep¸c, oi teqnikèc meÐwshc thc parem-

bol c sta dÐktua CDMA-LMDS prèpei na epikentr¸nontai sth zeÔxh downstream.

To Kef�laio 6 pou akoloujeÐ perigr�fei mia tètoia teqnik  gia ton èlegqo thc parem-

bol c kat� th sugkekrimènh kateÔjunsh met�doshc.
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Kef�laio 6

'Elegqoc Diakuyelik c

Parembol c se Stajer� DÐktua

CDMA-BWA Mèsw Teqnik¸n

Pollapl¸n Rujm¸n (Multirate)

6.1 Genik�

Sto Kef�laio 4 pragmatopoi jhke h statistik  an�lush thc diakuyelik c parem-

bol c gia èna kajierwmèno stajerì dÐktuo BWA, gia to opoÐo, tupik�, epilègetai

h teqnik  TDMA wc sq ma pollapl c prìsbashc. AntÐstoiqa, sto Kef�laio 5

antimetwpÐsjhke to Ðdio prìblhma gia èna stajerì dÐktuo BWA, ìpou h pollapl 

prìsbash pragmatopoieÐtai enallaktik� mèsw DS-CDMA. Mia apl  antipar�jesh

twn dÔo arqitektonik¸n pollapl c prìsbashc sthn Enìthta 5.4 katèdeixe ìti, kaÐtoi

den èqei enswmatwjeÐ sta sÔgqrona prìtupa BWA, to sÔsthma CDMA-LMDS em-

fanÐzei megalÔterh anoq  sth diakuyelik  parembol  sth zeÔxh upstream. AntÐjeta,

oi dÔo arqitektonikèc èqoun parìmoia epÐdosh wc proc th diakuyelik  parembol  sth

zeÔxh downstream.

Apì to parìn kef�laio proteÐnetai mia nèa teqnik  gia thn peraitèrw beltÐw-

sh kai èlegqo thc diakuyelik c parembol c sth zeÔxh downstream susthm�twn

CDMA-LMDS. Proc thn kateÔjunsh aut , qrhsimopoieÐtai mia tropopoihmènh ek-

doq  twn teqnik¸n pollapl¸n rujm¸n met�doshc (multirate) pou efarmìzontai se
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dÐktua kinht¸n epikoinwni¸n CDMA trÐthc gene�c. Sta dÐktua aut�, oi sugkekrimènec

teqnikèc parèqoun se k�je qr sth th dunatìthta diaforopoÐhshc tou rujmoÔ met�-

doshc. Kat� ton trìpo autì, exuphretoÔntai qr stec me diaforetik  QoS (p.q.

fwn , dedomèna, video) me ekmet�lleush twn elkustik¸n dunatot twn pou prosfèrei

h teqnologÐa DS-CDMA.

Oi dÔo basikèc kathgorÐec teqnik¸n pollapl¸n rujm¸n eÐnai [Ott95]:

• H teqnik  CDMA pollapl¸n kwdÐkwn (Multicode-CDMA, MC-CDMA) pou

parousi�zetai sthn Enìthta 6.2.

• H teqnik  CDMA metablhtoÔ par�gonta ex�plwshc (Variable Spreading Fac-

tor CDMA, VSF-CDMA)1 pou parousi�zetai sthn Enìthta 6.3.

H parousÐash twn teqnik¸n stic epìmenec dÔo enìthtec sunodeÔetai apì thn par�-

jesh thc ploÔsiac diajèsimhc bibliografÐac me epÐkentro ta dÐktua kinht¸n epikoi-

nwni¸n pollapl¸n rujm¸n met�doshc. EpishmaÐnetai ìti, ektìc apì tic dÔo anwtèrw

teqnikèc, èqoun kat� to pareljìn protajeÐ dÔo akìma peript¸seic sqhm�twn pol-

lapl c prìsbashc CDMA pou uposthrÐzoun pollaploÔc rujmoÔc met�doshc kai,

sugkekrimèna, to sq ma prìsbashc CDMA metablhtoÔ rujmoÔ chip (Variable Chip

Rate CDMA, VCR-CDMA) [Wu94] kai to sq ma prìsbashc CDMA mikt¸n diamo-

rf¸sewn (mixed modulation) [Mct94]. Wstìso, oi dÔo teleutaÐec teqnikèc den è-

tuqan thc eureÐac anagn¸rishc kai efarmog c twn dÔo pr¸twn.

Sthn Enìthta 6.4 exet�zetai h efarmog  twn teqnik¸n MC-CDMA kai VSF-

CDMA sto sÔsthma CDMA-LMDS tou prohgoÔmenou kefalaÐou me stìqo th meÐwsh

thc diakuyelik c parembol c sth zeÔxh downstream. Sthn Enìthta 6.4.1 parousi�-

zontai oi basikèc ènnoiec pou sundèontai me thn proteinìmenh teqnik . AkoloujeÐ

sthn Enìthta 6.4.2, h parousÐash enìc praktikoÔ algorÐjmou gia thn an�jesh twn

kwdÐkwn ¸ste to sÔnolo twn sundromht¸n na ikanopoioÔn ta mètra epÐdoshc CIR

pou tÐjentai apì to sÔsthma. O algìrijmoc autìc apodeiknÔetai ìti odhgeÐ sth

bèltisth an�jesh kwdÐkwn. Tèloc, sthn Enìthta 6.4.3 axiologeÐtai h epÐdosh thc

proteinìmenhc teqnik c. Autì gÐnetai kat� dÔo trìpouc: Arqik�, kai ìmoia me ta

prohgoÔmena kef�laia, pragmatopoieÐtai h statistik  an�lush tou CIR me b�sh th
1H teqnik  VSF-CDMA anafèretai epÐshc wc teqnik  metablhtoÔ m kouc ex�plwshc (Variable

Spreading Length, VSL) kai wc teqnik  metablhtoÔ kèrdouc ex�plwshc (Variable Spreading Gain,

VSG).
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makroprìjesmh statistik  tou diaÔlou. H sugkekrimènh prosèggish anafèretai wc

statik  politik  an�jeshc twn kwdÐkwn kai axiologeÐtai mèsw arijmhtik¸n efarmog¸n

tou statikoÔ montèlou. Kat� to deÔtero trìpo, lamb�nontai upìyh oi dunamikèc

idiìthtec tou diaÔlou, me apotèlesma h an�jesh kwdÐkwn na gÐnetai me dunamikì trìpo

(dunamik  politik  an�jeshc twn kwdÐkwn). To dunamikì autì montèlo axiologeÐtai

mèsw miac endeleqoÔc exomoÐwshc, apì thn opoÐa katadeiknÔetai tìso h shmantik 

beltÐwsh thc epÐdoshc tou lìgou CIR se sqèsh me to aplì sÔsthma DS-CDMA

ìso kai h kalÔterh axiopoÐhsh twn pìrwn tou sust matoc se sqèsh me th statik 

politik  an�jeshc twn pollapl¸n kwdÐkwn.

6.2 H Teqnik  CDMA Pollapl¸n KwdÐkwn (MC-

CDMA)

H teqnik  MC-CDMA prwtoemfanÐsjhke sta mèsa thc prohgoÔmenhc dekaetÐac [I95a],

[I95b], [Ott95] kat� thn proetoimasÐa thc trÐthc gene�c kinht¸n epikoinwni¸n wc

lÔsh gia thn exuphrèthsh twn uphresi¸n polumèswn. SÔmfwna me thn teqnik  aut ,

ìtan ènac qr sthc apaiteÐ èna pollapl�sio m tou basikoÔ rujmoÔ met�doshc, meta-

trèpei th ro  dedomènwn tou apì seiriak  se par�llhlh (S/P) apoteloÔmenh apì

m roèc shm�twn basikoÔ rujmoÔ met�doshc. K�je tètoia ro  pollaplasi�zetai me

diaforetikì k¸dika ex�plwshc kai ìlec oi roèc upertÐjentai prin thn �nw metatrop 

suqnìthtac pou pragmatopoieÐtai sto tm ma RF tou pompoÔ.

Oi leitourgÐec autèc apeikonÐzontai sto di�gramma pompoÔ MC-CDMA tou Sq -

matoc 6.1, to opoÐo apoteleÐtai apì pollaploÔc kl�douc tou sumbatikoÔ pompoÔ CD-

MA. Sto sq ma, h par�metroc m, m = 1, . . . , M , dhl¸nei to pollapl�sio tou basikoÔ

rujmoÔ met�doshc pou apaiteÐ o qr sthc, ìpou m = 1 eÐnai o basikìc (el�qistoc) ru-

jmìc met�doshc kai m = M o mègistoc epitreptìc rujmìc pou mporeÐ na uposthrÐxei

to sÔsthma. EpÐshc, h par�metroc m dhl¸nei to pl joc twn par�llhlwn kl�dwn

pou eÐnai energoÐ. Oi akoloujÐec aI kai aQ eÐnai oi k¸dikec pou qrhsimopoioÔntai

gia th di�krish metaxÔ twn BS twn diaforetik¸n kuyel¸n. Oi qr stec pou an koun

sthn Ðdia kuyèlh diajètoun touc Ðdiouc k¸dikec BS. Oi akoloujÐec Cm eÐnai tuqaÐec

akoloujÐec ex�plwshc tic opoÐec qrhsimopoieÐ o qr sthc ìtan metadÐdei se rujmì

uyhlìtero tou basikoÔ. Sth sunèqeia, parousi�zetai mia mèjodoc gia thn paragwg 
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twn pollapl¸n akolouji¸n ex�plwshc kat� trìpo ¸ste na diathreÐtai h metaxÔ touc

orjogwniìthta. 'Opwc gÐnetai fanerì apì to Sq ma 6.1, me exaÐresh thn pollapl�sia

isqÔ pou apaiteÐtai, to sÔsthma MC-CDMA den apaiteÐ tropopoi seic sto tm ma RF.

SunoyÐzontac, se èna sÔsthma MC-CDMA oi qr stec uyhloÔ rujmoÔ exuphre-

Sq ma 6.1: Arqitektonik  pompoÔ se sÔsthma MC-CDMA.

Sq ma 6.2: Teqnik  prìsbashc MC-CDMA gia paroq  pollapl¸n rujm¸n met�doshc.
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toÔntai mèsw thc polÔplexhc twn dedomènwn touc se perissìterec akoloujÐec ex�plw-

shc. Apotèlesma eÐnai h plhroforÐa enìc qr sth na apostèlletai mèsw pollapl¸n

par�llhlwn diaÔlwn. H arq  leitourgÐac thc teqnik c MC-CDMA gÐnetai peris-

sìtero enarg c mèsw tou paradeÐgmatoc tou Sq matoc 6.2, ìpou oi qr stec mètriou

kai uyhloÔ rujmoÔ met�doshc metadÐdoun se dipl�sio kai tetrapl�sio rujmì se sqèsh

me to basikì qrhsimopoi¸ntac 2 kai 4 k¸dikec, antÐstoiqa.

Oi apait seic sugqronismoÔ/an�kthshc sthn pleur� tou dèkth eÐnai idiaÐtera a-

paithtikèc akìma kai gia touc sumbatikoÔc dèktec CDMA monadikoÔ k¸dika. Jetikì

stoiqeÐo eÐnai ìti o dèkthc MC-CDMA den apaiteÐ aÔxhsh thc poluplokìthtac tou

sugqronismoÔ kat� m forèc se sqèsh me to sumbatikì. H ex ghsh sqetÐzetai me to

gegonìc ìti se èna sÔsthma kinht¸n epikoinwni¸n, ta s mata apì touc par�llhlouc

kl�douc upìkeintai stic Ðdiec dialeÐyeic lìgw poludiadromik c di�doshc, opìte, gia

thn an�kthsh twn shm�twn apì touc par�llhlouc kl�douc, arkeÐ h qr sh enìc mìno

kukl¸matoc.

Apì th jemeli¸dh ergasÐa [I95a] proteÐnetai ènac trìpoc paragwg c epiplèon

kwdÐkwn gia thn apofug  thc autì-parembol c (self-interference) ìtan ènac qr sthc

k�nei qr sh pollapl¸n kwdÐkwn. To sq ma èqei wc ex c: Se k�je qr sth pou

eis�getai sto sÔsthma anatÐjetai ènac prwteÔwn k¸dikac. Stìqoc eÐnai oi pollaploÐ

k¸dikec mèsw twn opoÐwn metadÐdei k�poioc qr sthc na katastoÔn orjog¸nioi metaxÔ

touc. Proc toÔto, an C1 eÐnai o prwteÔwn k¸dikac enìc qr sth pou qrhsimopoieÐ

uyhlìtero rujmì met�doshc se sqèsh me to basikì, oi epiplèon k¸dikec Ci par�gontai

apì ton prwteÔonta mèsw thc sqèshc

Ci = C1 ×Di, ìpou Di ⊥ Dj, i 6= j (6.1)

Profan¸c, Ci ⊥ Cj, i 6= j. H orjogwniìthta aut  diathreÐtai sto dèkth, efìson ta

fainìmena di�doshc pou ephre�zoun ta s mata apì touc par�llhlouc k¸dikec eÐnai

koin�.

Shmantik  bibliografÐa up�rqei diajèsimh ìson afor� thn epÐdosh thc teqnik c

MC-CDMA. H prodiagraf  miac oloklhrwmènhc arqitektonik c MC-CDMA gia thn

prìsbash sto dÐaulo sta plaÐsia enìc diktÔou ATM parousi�zetai sthn ergasÐa

[Liu96], en¸ mia arqitektonik  gia thn exuphrèthsh eterogenoÔc kÐnhshc pou apoteleÐ-

tai apì diaforetikèc sunist¸sec parousi�zetai sthn ergasÐa [Ch099]. O upolo-

gismìc thc pijanìthtac lanjasmènou yhfÐou gia sust mata pollapl c prìsbashc
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MC-CDMA analÔetai sthn ergasÐa [Lee01]. H èreuna sqetik� me thn pollapl 

prìsbash MC-CDMA epikentr¸jhke ston upologismì thc qwrhtikìthtac tètoiwn

susthm�twn upì poikÐlec upojèseic ìson afor� tic paramètrouc tou sust matoc:

OrÐzontac th qwrhtikìthta wc to pl joc qrhst¸n diaforetik¸n uphresi¸n pou ex-

uphretoÔntai tautìqrona apì to sÔsthma, h parapomp  [Ayy99] parèqei mia analutik 

ektÐmhsh thc qwrhtikìthtac lamb�nontac upìyh th lambanìmenh isqÔ apì touc qr -

stec k�je kathgorÐac kai ton par�gonta drasthriìthtac twn qrhst¸n dedomènwn. O

analutikìc upologismìc thc statistik c thc qwrhtikìthtac se sÔsthma MC-CDMA

parousÐa enìc exeidikeumènou sq matoc elègqou thc isqÔoc prosarmosmènou sthn

tim  tou lìgou CIR parousi�zetai sthn parapomp  [Kim01]. H teleutaÐa upojètei

ìti to sÔsthma exuphreteÐ eterogen  kÐnhsh CBR (Constant Bit Rate). Tèloc, h

parapomp  [Kan02] exet�zei th qwrhtikìthta tou sust matoc MC-CDMA ìtan autì

sunup�rqei fasmatik� me èna sumbatikì sÔsthma DS-CDMA monadikoÔ k¸dika, ¸-

ste na melethjeÐ h epÐdosh upì thn tautìqronh parousÐa diktÔwn deÔterhc kai trÐthc

gene�c.

6.3 H Teqnik  CDMA MetablhtoÔ Par�gonta

Ex�plwshc (VSF-CDMA)

H teqnik  VSF-CDMA emfanÐsjhke par�llhla me thn MC-CDMA apì ta mèsa thc

prohgoÔmenhc dekaetÐac [I95c]. AnaptÔqjhke wc ap�nthsh sto prìblhma thc polu-

plokìthtac exoplismoÔ pou sunep�getai h prìsbash MC-CDMA lìgw thc apaÐthshc

gia pollaplèc mon�dec pompodèkth proc upost rixh uyhlìterwn rujm¸n met�doshc

[Min00]. AntÐjeta, me thn teqnik  VSF-CDMA, se k�je qr sth anatÐjetai mìno mia

akoloujÐa ex�plwshc me metablhtì kèrdoc. 'Otan oi akoloujÐec ex�plwshc metaxÔ

twn di�forwn qrhst¸n eÐnai orjog¸niec, h teqnik  anafèretai wc OVSF-CDMA (Or-

thogonal VSF).

H arq  leitourgÐac thc VSF-CDMA apeikonÐzetai sto Sq ma 6.3, ìpou o qr sthc

me apait seic uyhloÔ rujmoÔ met�doshc pragmatopoieÐ th leitourgÐa thc ex�plwshc

mèsw miac akoloujÐac dipl�siou kai tetrapl�siou m kouc se sqèsh me to qr sth

mètriou kai qamhloÔ rujmoÔ met�doshc, antÐstoiqa. Gia k�je kathgorÐa qr sth

parousi�zetai sto �nw mèroc h antÐstoiqh di�rkeia tou yhfÐou met� ton pollaplasi-
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asmì me th diaforetikoÔ m kouc akoloujÐa ex�plwshc tou k�tw mèrouc. 'Allwste

apì ton orismì tou kèrdouc ex�plwshc GS sthn (5.3) gÐnetai fanerì ìti h upodi-

aÐresh thc periìdou chip Tc prokaleÐ antÐstoiqh aÔxhsh tou rujmoÔ met�doshc kat�

ton Ðdio par�gonta, apotèlesma pou ermhneÔetai apì to gegonìc ìti h susqètish pou

pragmatopoieÐtai sto dèkth kat� th diadikasÐa an�kthshc tou s matoc plhroforÐac

èqei mikrìterh di�rkeia.

Ex�llou, h ulopoÐhsh thc OVSF-CDMA eÐnai dunat  mèsw twn orjog¸niwn kw-

dÐkwn WH pou suzht jhkan sto prohgoÔmeno kef�laio. M�lista, h sugkekrimènh

kathgorÐa kwdÐkwn diakrÐnetai apì mia idiaÐtera eunoðk  idiìthta twn pin�kwn Hadamard,

h opoÐa epitrèpei th metabol  thc di�stashc tou k¸dika. Sugkekrimèna, oi pÐnakec

Hadamard uyhlìterhc di�stashc upologÐzontai apì thn anadromik  sqèsh

H2n =

[
Hn Hn

Hn Hn

]
(6.2)

ìpou o deÐkthc k�je stoiqeÐou tou sÔnjetou pÐnaka dhl¸nei th di�stas  tou, h �nw

paÔla to sumpl rwma tou stoiqeÐou (2,2), en¸ H1 = 1 kai H1 = 0. Gia na exaqjoÔn

n orjog¸niec akoloujÐec WH apì èna pÐnaka Hadamard n × n, arkeÐ ta '0' k�je

seir�c na antikatastajoÔn apì '-1'.

Sq ma 6.3: Teqnik  prìsbashc VSF-CDMA gia paroq  pollapl¸n rujm¸n met�doshc.
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H anadromik  paragwg  kwdÐkwn OVSF megalÔterhc di�stashc apì k¸dikec

mikrìterhc di�stashc mporeÐ na anaparastajeÐ mèsw duadik¸n dèndrwn [Ada97], [Min00].

Se aut  thn perÐptwsh, gia thn anagn¸rish tou k�je k¸dika anatÐjentai se autìn

dÔo arijmoÐ-tautìthtec: ènac arijmìc pou antistoiqeÐ sto epÐpedo tou dèndrou kai

ènac arijmìc pou antistoiqeÐ ston kl�do tou dèndrou. Ta epÐpeda tou dèndrou ari-

jmoÔntai apì k�tw proc ta p�nw kai, epomènwc, ènac k¸dikac uyhlìterou epipèdou

diakrÐnetai apì mikrìterh di�stash se sqèsh me ènan k¸dika qamhlìterou epipèdou.

Sthn ergasÐa [Woo02] proteÐnetai ènac enallaktikìc trìpoc paragwg c orjog¸niwn

kwdÐkwn OVSF me b�sh th jewrÐa twn peperasmènwn probolik¸n epipèdwn (finite

projective planes). Oi orjog¸nioi k¸dikec sqedi�zontai antistoiqÐzontac ta shmeÐa

enìc sunìlou peperasmènwn probolik¸n epipèdwn se chip uyhloÔ/qamhloÔ pl�touc.

H dunatìthta metablht c ex�plwshc epitugq�netai mèsw anadrom c metaxÔ aut¸n

twn pollapl¸n epipèdwn.

6.4 Efarmog  sth zeÔxh downstream gia ton

èlegqo thc diakuyelik c parembol c

6.4.1 Basikèc 'Ennoiec

Sthn paroÔsa enìthta, proteÐnetai h tropopoihmènh efarmog  twn teqnik¸n pol-

lapl¸n rujm¸n pou suzht jhkan prohgoumènwc aposkop¸ntac ston èlegqo thc

parembol c CCI sth zeÔxh downstream twn stajer¸n diktÔwn CDMA-BWA [Ara06].

GÐnetai h je¸rhsh ìti exakoloujoÔn na isqÔoun h arqitektonik , oi antÐstoiqoi ori-

smoÐ kai oi leptomèreiec ulopoÐhshc twn upìyh diktÔwn, ìpwc autèc perigr�fhkan

sto Kef�laio 5. ExaÐresh apoteleÐ to pl joc twn IBS pou lamb�nontai upìyh kat�

touc upologismoÔc. 'Etsi, gia th dieukìlunsh thc an�lushc kaj¸c kai gia lìgouc

sunèpeiac me thn upìjesh LOS, h apìstash apì thn opoÐa o stajmìc anafor�c lam-

b�nei ta paremb�llonta s mata periorÐzetai se mia kuyèlh antÐ dÔo, me antÐstoiqh

meÐwsh tou pl jouc twn IBS. Kat� sunèpeia, h statistik  an�lush thc Enìthtac

5.5.1 mei¸netai kat� mia di�stash, afoÔ upologÐzetai h parembol  mìno apì touc

�mesa geitonikoÔc BS kai ìqi apì BS se apìstash dÔo kuyel¸n.

H kentrik  idèa pÐsw apì thn proteinìmenh teqnik  eÐnai h beltÐwsh tou lìgou CIR
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twn SS pou brÐskontai se epibarumènec perioqèc tou tomèa, ìpwc autèc entopÐsjhkan

sto Sq ma 5.5 tou KefalaÐou 5. H beltÐwsh aut  epitugq�netai me antÐtimo th merik 

epideÐnwsh tou lìgou CIR stic eunoðkèc perioqèc tou tomèa [Ara05c]. 'Etsi, h pro-

teinìmenh teqnik  mporeÐ na jewrhjeÐ wc trìpoc elègqou kai dieujèthshc thc parem-

bol c se olìklhrh thn èktash tou tomèa ¸ste na amblÔnontai oi akraÐec diaforèc

tou CIR kai to sÔnolo twn sundromht¸n na ikanopoieÐ austhrìterec prodiagrafèc

wc proc thn parembol .

Dedomènou ìti oi sundromhtèc se èna sÔsthma LMDS eÐnai stajeroÐ, orismènec

perioqèc tou tomèa upofèroun apì qamhlì CIR se mìnimh b�sh. To gegonìc autì

epib�llei h an�lush na pragmatopoieÐtai gia th qeirìterh perÐptwsh se antidiastol 

me thn an�lush thc mèshc epÐdoshc pou sun jwc uiojeteÐtai sta dÐktua kinht¸n

epikoinwni¸n. Sto plaÐsio autì kai gia to upìloipo thc an�lushc, oi tomeÐc upotÐjetai

ìti leitourgoÔn upì pl rec fortÐo, dhlad  to pl joc sundromht¸n an� tomèa eÐnai

Ki = N , ìpou N to mègisto pl joc sundromht¸n pou mporeÐ na exuphret sei o

tomèac2. Sta epìmena, oi sundromhtèc ston tomèa thc kuyèlhc ja anagnwrÐzontai

mèsw tou dianÔsmatoc N = {1, 2, . . . , n, . . . , N}.
Katarq n, h isqur  parembol  mporeÐ na meiwjeÐ anajètontac se sugkekrimènouc

SS akoloujÐec WH auxhmènou m kouc, sÔmfwna me thn arq  leitourgÐac thc teqnik c

OVSF-CDMA. Epomènwc, an o sundromht c n ∈ N apaiteÐ beltÐwsh tou lìgou CIR

kat� 2m forèc prokeimènou na ikanopoieÐ thn prodiagraf  AIP tou sust matoc, h

akoloujÐa ex�plws c tou aux�netai antÐstoiqa kat� 2m forèc (m = 0, 1, . . . , M). W-

stìso, autì sunep�getai ìti o rujmìc met�doshc mei¸netai kat� ton Ðdio par�gonta

2m epÐshc. Gia thn antist�jmish aut c thc meÐwshc, ston Ðdio sundromht  anatÐjetai

pl joc 2m akolouji¸n auxhmènou m kouc, to opoÐo isodunameÐ me thn teqnik  MC-

CDMA. Me �lla lìgia, gia thn exisorrìphsh tou CIR se olìklhrh thn èktash tou

tomèa, sundu�zontai oi teqnikèc OVSF-CDMA kai MC-CDMA. Oi epiplèon akolou-

jÐec ex�plwshc auxhmènou m kouc par�gontai se pollapl�sia tou 2 me ekmet�lleush

thc anadromik c idiìthtac twn pin�kwn Hadamard pou perigr�fetai apì thn (6.2).

'Estw ìti to pl joc orjog¸niwn akolouji¸n m kouc 2m pou anatÐjentai sto

sundromht  n ∈ N orÐzontai wc Cn ∈ {20, 21, . . . , 2m, . . . , 2M}, sqhmatÐzontac to

2UpenjumÐzetai ìti, sÔmfwna me thn perigraf  thc arqitektonik c CDMA-LMDS, se k�je tomèa

thc kuyèlhc up�rqoun diajèsimoi N orjog¸nioi k¸dikec gia th di�krish metaxÔ twn qrhst¸n.
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di�nusma C = {Cn} di�stashc N . Me b�sh thn teqnik  elègqou thc parembol c

CCI pou mìlic analÔjhke, o lìgoc CIR upì sunj kec kajaroÔ ouranoÔ katal gei

sthn akìloujh tropopoihmènh ekdoq  thc (5.18) [Ara06]

(
C

I

)n

cs

= 10 log




Cn∑
n∈N

Cn

W

B

(
dI

dD

)2


 + [GR,SS(0◦)−GR,SS(θ)] (6.3)

ìpou o �nw deÐkthc n upodhl¸nei ìti o lìgoc CIR upologÐzetai b�sei tou proteinìme-

nou sunduasmoÔ twn teqnik¸n OVSF- kai MC-CDMA. IsqÔei W/B = GS = 4N kai

to antÐstoiqo m koc thc akoloujÐac WH tou sundromht  n eÐnai Cn × 4N , ìpou

Cn ≤ 2M ∀n ∈ N. O arijmht c kai o paronomast c sto kl�sma tou pr¸tou ìrou

thc (6.3) eÐnai an�logoi thc enÐsqushc thc isqÔoc tou epijumhtoÔ s matoc kai thc

sunolik c parembol c CCI apì ton plhsièstero IBS, antÐstoiqa, lìgw thc qr shc

pollapl¸n kwdÐkwn 3. Epiplèon, o sunolikìc lìgoc CIR tou sundromht  n sth

zeÔxh downstream upì sunj kec dialeÐyewn, met� thn uiojèthsh thc proteinìmenhc

teqnik c ja sumbolÐzetai me CIRn
down(AIP%), ìpou h pijanìthta AIP upologÐzetai

apì thn (5.20) gia èna mìno IBS.

6.4.2 BeltistopoÐhsh thc politik c an�jeshc kwdÐkwn

Apì tic anaforèc [Sar01] kai [Ara05c] ègine safèc ìti h an�jesh pollapl¸n orjog¸ni-

wn akolouji¸n ex�plwshc auxhmènou m kouc se krÐsimec wc proc thn parembol 

perioqèc tou tomèa prosfèrei shmantik  beltÐwsh thc epÐdoshc. EntoÔtoic, kamÐa

apì tic dÔo ergasÐec den sunodeÔetai apì sugkekrimènh prìtash gia thn katanom 

tou pl jouc twn kwdÐkwn se k�je SS tou tomèa. To jèma autì eÐnai exairetik�

krÐsimo, idiaÐtera an lhfjeÐ upìyh to ìti h an�jesh pollapl¸n kwdÐkwn se orismè-

nouc qr stec sunep�getai aÔxhsh thc parembol c CCI gia touc SS stouc opoÐouc

ja anatejoÔn ligìteroi apì to mègisto dunatì arijmì 2M k¸dikec. Sthn epìmenh

par�grafo, perigr�fetai ènac aplìc kai praktikìc algìrijmoc pou exasfalÐzei ìti

se k�je SS anatÐjetai o bèltistoc arijmìc akolouji¸n.

To upì melèth prìblhma beltistopoÐhshc mporeÐ na diatupwjeÐ wc akoloÔjwc:

Upì dedomèno mègisto epitreptì arijmì kwdÐkwn an� SS, 2M , stìqoc eÐnai h e-
3Dedomènou ìti h katanom  pollapl¸n kwdÐkwn auxhmènou m kouc eÐnai koin  se k�je tomèa

kuyèlhc thc perioq c exuphrèthshc tou sust matoc CDMA-LMDS.
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laqistopoÐhsh tou sunolikoÔ arijmoÔ orjog¸niwn akolouji¸n ex�plwshc se olìklhro

ton tomèa, en¸, tautìqrona, ìloi oi SS tou tomèa ikanopoioÔn to perij¸rio parem-

bol c γth. Dhlad ,

min
Cn

[∑
n∈N

Cn

]
ètsi ¸ste CIRn

down > γth, ∀n ∈ N, upì ton periorismì Cn ≤ 2M .

(6.4)

To anwtèrw prìblhma elaqistopoÐhshc emfanÐzei pollèc omoiìthtec me tupikoÔc al-

gorÐjmouc elègqou thc isqÔoc pou aposkopoÔn sth megistopoÐhsh tou CIR gia th di-

asf�lish thc QoS se kinht� termatik�4. EpishmaÐnetai ìti o periorismìc tou mègistou

epitreptoÔ pl jouc kwdÐkwn an� SS epib�lletai apì teqnologikoÔc periorismoÔc kai

apì thn poluplokìthta tou exoplismoÔ twn pompodekt¸n MC-CDMA, ìpwc anafèr-

jhke prohgoumènwc.

'Estw C? to di�nusma pou apoteleÐ lÔsh tou probl matoc elaqistopoÐhshc (6.4).

'Ena tètoio di�nusma mporeÐ na dhmiourghjeÐ me afethrÐa to monadiaÐo di�nusma Cn = 1

(m = 0) ∀n, efarmìzontac se autì mia seir� austhr� auxhtik¸n bhm�twn. 'Ena

b ma tou algorÐjmou ekteleÐtai opoted pote h tim  CIRn
down tou sundromht  n eÐnai

qamhlìterh apì γth. To b ma eÐnai thc morf c

an CIRn
down ≤ γth tìte aÔxhsh tou Cn apì 2m se 2m+1

O arijmìc twn aparaÐthtwn auxhtik¸n bhm�twn prokeimènou na prokÔyei to di�nu-

sma C? orÐzetai monos manta. Wstìso, h seir� me thn opoÐa aut� ekteloÔntai den

ephre�zei thn telik  lÔsh. Olìklhroc o algìrijmoc se morf  yeudok¸dika èqei wc

ex c:

1. LET C = {Cn = 1}1×N

2. CALCULATE CIRn
down < for all n in N = {1, 2, . . . , n, . . . , N}

3. REPEAT

4. Changes in Cycle := 0

4Endeiktik� anafèrontai mia apì tic pr¸tec ergasÐec sto antikeÐmeno [Zan92] kai mia plèon prìs-

fath [Kos05].
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5. FOR (each n) DO

6. IF (CIRn
down < γth) AND (Cn < 2M) THEN

7. INCREASE Cn from 2m to 2m+1

8. Changes in Cycle + +

9. END IF

10. END FOR

11. CALCULATE CIRn
down < for all n in N = {1, 2, . . . , n, . . . , N}

12. UNTIL (@ n such that CIRn
down < γth ) OR (Changes in Cycle == 0)

H sÔgklish tou algorÐjmou eÐnai exasfalismènh eÐte up�rqei k�poia an�jesh kw-

dÐkwn pou ikanopoieÐ ìlouc touc periorismoÔc eÐte ìqi. Sth deÔterh perÐptwsh, met�

apì peperasmèno arijmì epanal yewn, stouc sundromhtèc pou den ikanopoioÔn tic

apait seic CIR, anatÐjentai apl¸c o mègistoc arijmìc akolouji¸n, asqètwc an autì

den apoteleÐ lÔsh tou probl matoc.

Ac upotejeÐ k�poia gewmetrÐa di�taxhc gia thn opoÐa eÐnai gnwstì ìti h katanom 

twn kwdÐkwn metaxÔ twn sundromht¸n eÐnai bèltisth. Gia th sugkekrimènh di�taxh, h

ektèlesh tou proteinìmenou algorÐjmou katal gei sto di�nusma C?, en¸ h bèltisth

lÔsh sumbolÐzetai wc Copt. Ja apodeiqjeÐ o isqurismìc ìti ta auxhtik� b mata pou

par�gontai gia ta dianÔsmata C? kai Copt apì thn proteinìmenh politik  an�jeshc

kwdÐkwn eÐnai panomoiìtupa.

Apìdeixh� 'Opwc upagoreÔei h arqik  sunj kh tou algorÐjmou, kat� to pr¸to

b ma, to di�nusma C? apoteleÐtai apì mon�dec. 'Estw ìti èna apì ta auxhtik� b mata

pou ekteleÐtai gia k�poio Cn den perilamb�netai sto sÔnolo bhm�twn tou dianÔ-

smatoc Copt. SÔmfwna me th bèltisth lÔsh, autì sunep�getai ìti to Cn den prèpei

na auxhjeÐ, paramènontac sthn arqik  kat�stash Cn = 1 mèqri thn olokl rwsh

ìlwn twn bhm�twn tou algorÐjmou. Wstìso, èna auxhtikì b ma gia opoiond pote

SS n prokaleÐtai ìtan h tim  tou CIR tou eÐnai qamhlìterh apì γth. AfoÔ apì

ton algìrijmo epitrèpontai apokleistik� auxhtik� b mata, oi epìmenec epanal yeic

tou algorÐjmou mporoÔn na prokalèsoun mìno qeirotèreush tou CIR. Epomènwc, h

upìjesh thc bèltisthc lÔshc sunep�getai ìti to sugkekrimèno b ma perilamb�netai
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aparait twc kai sto Copt. To Ðdio skeptikì isqÔei gia ìlec tic epìmenec epanal yeic

thc politik c an�jeshc kwdÐkwn kai, sunep¸c, den eÐnai dunatì to di�nusma C? na

perilamb�nei ligìtera auxhtik� b mata se sqèsh me to Copt. Gia ton Ðdio lìgo, den

eÐnai dunatì to di�nusma C? na perilamb�nei perissìtera auxhtik� b mata se sqèsh

me to Copt. Sumperasmatik�, kaj¸c h seir� me thn opoÐa lamb�noun q¸ra ta auxhtik�

b mata den paÐzei rìlo, ta dÔo dianÔsmata eÐnai panomoiìtupa.

6.4.3 Axiolìghsh thc epÐdoshc

6.4.3.1 Statik  an�jesh kwdÐkwn

Ac jewrhjeÐ sÔsthma CDMA-LMDS pou leitourgeÐ sthn Aj na, GR, sta 42GHz kai

me aktÐna kuyèlhc D = 2Km. EpÐshc, ac jewrhjeÐ ìti k�je SS ofeÐlei na ikanopoieÐ

to zeÔgoc prodiagraf¸n {γth = 14dB, AIP = 0.001%} wc proc thn parembol .

Efarmìzontac th statistik  an�lush tou KefalaÐou 5 gia sust mata DS-CDMA

Sq ma 6.4: Katanom  CIR(x,y) entìc tou tomèa met� thn efarmog  tou proteinìmenou

algorÐjmou elègqou thc diakuyelik c parembol c CCI. SÔsthma CDMA-LMDS pou lei-

tourgeÐ sthn Aj na, GR, upì tic prodiagrafèc γth =14dB kai AIP = 0.001% (suqnìthta

leitourgÐac f=42GHz, aktÐna kuyèlhc D=2Km).
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monadikoÔ k¸dika, sun�getai ìti perÐpou to 17.5% twn SS tou tomèa den epitugq�noun

th summìrfwsh wc proc thn epitrepìmenh parembol  gia th sugkekrimènh tim  γth.

Sth sunèqeia, epib�llontac ton proteinìmeno algìrijmo elègqou thc CCI, prokÔptei

h katanom  tou CIR se k�je shmeÐo (x, y) tou tomèa tou Sq matoc 6.4. Sto su-

gkekrimèno sq ma, to sÔnolo twn SS ikanopoieÐ to ìrio twn 14dB wc proc to CIR,

en¸ eÐnai eunìhto ìti oi perioqèc tou tomèa pou perib�llontai apì thn isodunamik 

twn 15dB èqoun timèc CIR pou kumaÐnontai sto eÔroc 14-15dB. To mègisto pl joc

kwdÐkwn an� SS pou apaiteÐtai gia na epiteuqjeÐ to apotèlesma autì eÐnai 4 (M = 2)

akoloujÐec auxhmènou m kouc. Sto Sq ma 6.5 parousi�zetai to p¸c katanèmontai oi

k¸dikec stic di�forec perioqèc tou tomèa sÔmfwna me to di�nusma C?.

Exet�zontac peraitèrw th dunatìthta tou algorÐjmou na prosfèrei beltiwmèn-

h epÐdosh wc proc to CIR, sta Sq mata 6.6 kai 6.7 apeikonÐzontai oi antÐstoiqec

katanomèc me ta Sq mata 6.4 kai 6.5, all� gia thn austhrìterh prodiagraf  γth =

16dB. M�lista, h sugkekrimènh tim  γth uperbaÐnei to el�qisto CIR sth qeirìte-

rh jèsh tou tomèa upì sunj kec kajaroÔ ouranoÔ kat� to sq ma CDMA-LMDS

monadikoÔ k¸dika ex�plwshc. Gia tic Ðdiec prodiagrafèc kai upì sunj kec dialeÐyewn,

Sq ma 6.5: Katanom  pl jouc kwdÐkwn entìc tou tomèa sÔmfwna me to di�nusma C? gia

to sÔsthma tou Sq matoc 6.4.
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Sq ma 6.6: Katanom  CIR(x,y) entìc tou tomèa met� thn efarmog  tou proteinìmenou

algorÐjmou elègqou thc diakuyelik c parembol c CCI. SÔsthma CDMA-LMDS pou lei-

tourgeÐ sthn Aj na, GR, upì tic prodiagrafèc γth =16dB kai AIP = 0.001% (suqnìthta

leitourgÐac f=42GHz, aktÐna kuyèlhc D=2Km).

PÐnakac 6.1: Posostì thc perioq c tou tomèa sto opoÐo anatÐjentai Cn = 2m akoloujÐec

ex�plwshc auxhmènou m kouc gia di�forec timèc tou γth

γth =

Pl joc 9dB 10dB 11dB 12dB 13dB 14dB 15dB 16dB

kwdÐkwn

Cn = 2m (m) % thc perioq c tou tomèa

1 (0) 100 99.96 97.64 93.68 86.48 78.12 67.28 44.6

2 (1) - 0.04 2.36 6.32 12.68 15.48 13.52 11

4 (2) - - - - 0.84 6.4 14.64 11.68

8 (3) - - - - - - 4.56 13.52

16 (4) - - - - - - - 14.64

32 (5) - - - - - - - 4.56
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Sq ma 6.7: Katanom  pl jouc kwdÐkwn entìc tou tomèa sÔmfwna me to di�nusma C? gia

to sÔsthma tou Sq matoc 6.6.

to 25.1% perÐpou tou tomèa odhgeÐtai se diakop  thc leitourgÐac lìgw parembol c

gia to arqikì sÔsthma DS-CDMA me ènan k¸dika ex�plwshc. AntÐjeta, me efar-

mog  thc proteinìmenhc teqnik c, to Sq ma 6.6 katadeiknÔei ìti ìloi oi SS brÐskontai

uyhlìtera tou katwflÐou γth, me antÐtimo thn aÔxhsh twn apaitoÔmenwn kwdÐkwn an�

SS apì 4 (thc prohgoÔmenhc efarmog c gia γth = 14dB) se 32 (M = 5). Gia to

dedomèno sÔsthma, den eÐnai dunat  h eÔresh kat�llhlou dianÔsmatoc C? ¸ste na

ikanopoihjoÔn apait seic akìma uyhlìterec tou katwflÐou twn 16dB, afoÔ h qr sh

perissìterwn kwdÐkwn aux�nei dramatik� th diakuyelik  parembol .

Apotelèsmata gia to posostì thc perioq c tou tomèa  , isodÔnama, twn omoiìmor-

fa katanemhmènwn sundromht¸n, pou k�noun qr sh sugkekrimènou arijmoÔ akolou-

ji¸n ex�plwshc auxhmènou m kouc, apì thn tim  γth = 9dB (sq ma monadikoÔ k¸dika)

mèqri th mègisth dunat  tim  gia thn opoÐa up�rqei di�nusma C? (γth = 16dB) su-

gkentr¸nontai ston PÐnaka 6.1. Se sunduasmì me ta sq mata pou prohg jhkan, o

PÐnakac 6.1 faner¸nei thn exisorrìphsh tou CIR se olìklhrh thn èktash tou tomèa

pou epitugq�netai apì thn proteinìmenh teqnik : Sugkritik� me to arqikì sq ma

CDMA-LMDS pou qrhsimopoieÐ ènan aplì k¸dika, h tim  tou lìgou CIR stic dus-
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meneÐc perioqèc tou tomèa aux�nei, en¸ oi pleonektikèc perioqèc tou tomèa, dhlad 

ekeÐnec pou apoteloÔntai apì qr stec pou qrhsimopoioÔn ligìterouc apì 2M k¸dikec,

upofèroun apì auxhmènh parembol , paramènontac, wstìso, entìc twn orÐwn twn

prodiagraf¸n.

6.4.3.2 Dunamik  an�jesh kwdÐkwn

Mèqri t¸ra, melet jhke h epÐdrash thc makroprìjesmhc statistik c thc apìsbeshc

lìgw broq c sth diakuyelik  parembol . Anafèretai wc politik  statik c an�jeshc

twn kwdÐkwn, afoÔ h epÐdosh tou proteinìmenou sq matoc elègqou thc parembol c

mèsw pollapl¸n kwdÐkwn auxhmènou m kouc kaj¸c kai tou algorÐjmou an�jes c

touc dokim�sjhke ènanti thc statistik c katanom c tou CIR. Me �lla lìgia, gia th

summìrfwsh me to zeÔgoc sqediastik¸n apait sewn {γth, AIP}, stouc sundromhtèc

anatÐjetai kat�llhloc arijmìc kwdÐkwn se mìnimh b�sh.

Aut  h upo-bèltisth sqedÐash tou diktÔou mporeÐ na beltiwjeÐ shmantik� me

dunamik  an�jesh twn kwdÐkwn lamb�nontac upìyh th dunamik  sumperifor� tou

perib�llontoc di�doshc dedomènou ìti krÐsimh epib�runsh thc parembol c apì th di-

aforik  apìsbesh lìgw broq c sumbaÐnei mìno gia merik� lept� kat� th di�rkeia tou

ètouc. Epomènwc, h dunamik  politik  an�jeshc twn kwdÐkwn epitrèpei th dèsmeush

twn epiplèon pìrwn tou sust matoc mìno ìtan autì eÐnai aparaÐthto. Gia na epibebai-

wjeÐ h beltiwmènh epÐdosh thc politik c an�jeshc pollapl¸n kwdÐkwn ènanti tou ar-

qikoÔ sq matoc, pragmatopoieÐtai ekten c exomoÐwsh tou fusikoÔ diaÔlou mèsw thc

genn triac paragwg c qronoseir¸n apìsbeshc lìgw broq c tou Parart matoc E', h

opoÐa basÐzetai sto montèlo Maseng-Bakken. H genn tria ekteleÐtai perissìterec

forèc gia th sÔnjesh twn qarakthristik¸n tou diaÔlou tìso gia thn epijumht  ìso

kai gia tic paremb�llousec zeÔxeic. Ta qarakthristik� tou diktÔou jewroÔntai Ðdia

me prin. H dunamik  par�metroc tou rujmoÔ broqìptwshc eÐnai dR = 1.852 · 10−3s−1,

en¸ aut  thc apìsbeshc lìgw broq c, dA, lamb�nei diaforetikèc timèc antÐstoiqa me

th zeÔxh gia thn opoÐa upologÐzetai kaj¸c exart�tai apì to m koc thc5.

Mia shmantik  leptomèreia thc exomoÐwshc eÐnai ìti sta telik� apotelèsmata den

emfanÐzontai oi qronikèc perÐodoi gia tic opoÐec sumbaÐnei diakop  thc leitourgÐac sthn

epijumht  zeÔxh lìgw upèrbashc tou perijwrÐou dialeÐyewn, dhlad  twn qronik¸n

5H suqnìthta leitourgÐac eÐnai f = 42GHz.
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Sq ma 6.8: Posostì tou qrìnou gia to opoÐo sugkekrimèno posostì tou tomèa upofèrei

apì diakop  leitourgÐac lìgw CIR ìtan γth =16, 18 kai 20dB. SugkrÐnontai dÔo enallaktik�

sq mata CDMA an�jeshc kwdÐkwn: (a) MonadikoÔ k¸dika. (b) Pollapl¸n kwdÐkwn me

kÔklo an�jeshc twn 10s.

periìdwn ìpou isqÔei AD > F . Autì gÐnetai gia lìgouc sunèpeiac me ton orismì

thc pijanìthtac AIP sthn (5.17). EpÐshc, gia lìgouc praktik c ulopoÐhshc thc

proteinìmenhc teqnik c se pragmatik� sust mata, gia th dunamik  metabol  twn kw-

dÐkwn an� SS me to qrìno, antÐ thc an�jeshc twn kwdÐkwn se pragmatikì qrìno,

epilèqjhke k�je kÔkloc an�jeshc na diarkeÐ 10s. Me autì ton trìpo, jusi�zetai

mèroc thc epÐdoshc tou sust matoc gia na epiteuqjeÐ qamhlìtero fortÐo epexergasÐac

kai mikrìterh poluplokìthta sto dÐktuo. K�je for� pou o upologismìc thc nèac

katanom c kwdÐkwn ston tomèa den katal gei se k�poia lÔsh C?, ta stoiqeÐa tou

dianÔsmatoc C diathroÔn tic upo-bèltistec timèc pou èlaban kat� ton prohgoÔmeno

epituqhmèno kÔklo an�jeshc. Sunep¸c, sto sunolikì qrìno diakop c thc leitourgÐac

lìgw parembol c suneisfèroun apokleistik� oi perÐodoi gia tic opoÐec CIRn
down >

γth.

Oi dÔo diaforetikèc politikèc an�jeshc kwdÐkwn (CDMA aploÔ k¸dika, dunamik 

CDMA pollapl¸n kwdÐkwn) sugkrÐnontai mèsw tou Sq matoc 6.8a kai 6.8b. Kajèna

apì ta sq mata aut� apoteleÐtai apì istogr�mmata pou emfanÐzoun to posostì tou

sunolikoÔ qrìnou gia to opoÐo sugkekrimèno posostì tou tomèa brÐsketai ektìc
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Sq ma 6.9: SÔgkrish thc kat�lhyhc twn pìrwn tou sust matoc (k¸dikec auxhmènou

m kouc) metaxÔ thc statik c kai thc dunamik c an�jeshc twn kwdÐkwn.

leitourgÐac gia γth=16, 18 kai 20dB. Apì to Sq ma 6.8b parathreÐtai ìti me efarmog 

thc politik c an�jeshc pollapl¸n kwdÐkwn auxhmènou m kouc, h tautìqronh diakop 

leitourgÐac lìgw parembol c se perissìterouc SS emfanÐzetai kurÐwc gia to idiaÐtera

austhrì kat¸flio γth=20dB en¸, akìma kai se aut  thn perÐptwsh, to fainìmeno

gÐnetai amelhtèo gia posost� tou tomèa �nw tou 6%. Apì thn �llh pleur�, shmantik�

posost� diakop c lìgw CCI pou fj�noun mèqri kai to 34% thc perioq c tou tomèa

sumbaÐnoun me to arqikì sq ma CDMA aploÔ k¸dika sto Sq ma 6.8a.

O basikìc stìqoc thc diexagwg c thc anwtèrw exomoÐwshc eÐnai na katadeiq-

jeÐ h shmantik  beltÐwsh wc proc to CIR pou epitugq�netai me thn efarmog  thc

teqnik c elègqou tou CIR se sqèsh me to arqikì sq ma pollapl c prìsbashc tou

KefalaÐou 5. 'Ena epiplèon kÐnhtro eÐnai na katadeiqjeÐ h kalÔterh axiopoÐhsh twn

pìrwn tou sust matoc apì th dunamik  an�jesh pollapl¸n kwdÐkwn se sqèsh me

th statik  ekdoq . Shmei¸netai ìti ta dÔo sq mata eÐnai isodÔnama wc proc thn pi-

janìthta diakop c AIP . Aut  h pleur� thc exomoÐwshc diereun�tai sto Sq ma 6.9,

ìpou sqedi�zetai h kanonikopoihmènh wc proc ton plhjusmì N twn SS sun�rthsh

kìstouc tou probl matoc elaqistopoÐhshc (6.4),
∑

n∈N Cn, wc sun�rthsh tou peri-
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jwrÐou parembol c γth gia th statik  kai th dunamik  ekdoq  tou sq matoc an�jeshc

pollapl¸n kwdÐkwn. Gia na exasfalisjeÐ ìti h sÔgkrish eÐnai dÐkaih, o mègistoc ari-

jmìc kwdÐkwn M sth dunamik  perÐptwsh periorÐzetai apì thn tim  pou proèkuye apì

to analutikì montèlo. 'Etsi, gia to dedomèno sÔsthma, prokeimènou h sÔgkrish na

èqei nìhma, periorÐzetai sto eÔroc tim¸n 10-16dB tou γth, gia to opoÐo eÐnai dunat  h

eÔresh enìc dianÔsmatoc C?. 'Oson afor� th statik  an�jesh kwdÐkwn, gia th sqedÐ-

ash thc antÐstoiqhc kampÔlhc sto Sq ma 6.9 qrhsimopoi jhkan oi timèc tou PÐnaka

6.1. Gia th dunamik  an�jesh, ta apotelèsmata thc exomoÐwshc mesostajmÐsjhkan

wc proc to sunolikì qrìno exomoÐwshc. 'Opwc anamenìtan, h dunamik  ekdoq  tou

proteinìmenou algorÐjmou odhgeÐ se drastik  meÐwsh twn desmeumènwn pìrwn sthn

èktash tou tomèa (idiaÐtera gia meg�lec timèc tou katwflÐou γth), kajist¸ntac to

sÔsthma sqedìn isodÔnamo apì aut  th skopi� me th CDMA monadikoÔ k¸dika.
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Par�rthma Aþ

Logarijmokanonik  Katanom 

Aþ.1 Monodi�stath

'Estw t.m. X pou akoloujeÐ th logarijmokanonik  katanom  me paramètrouc mx kai

Sx (mèsh tim  kai tupik  apìklish thc kanonik c t.m. ln X, antÐstoiqa). H sun�rthsh

puknìthtac pijanìthtac dÐdetai apì th sqèsh [Pap02]

pX(X) =
1√

2πSxX
exp

[
−

(
ln X −mx√

2Sx

)2
]

(Aþ.1)

H mèsh tim  thc t.m. Xn, ìpou n pragmatikìc arijmìc, eÐnai [Stu01]

E[Xn] = exp

{
nmx +

n2S2
x

2

}
(Aþ.2)

Oi par�metroi mx kai Sx mporoÔn na ekfrasjoÔn sunart sei thc mèshc tim c µx =

E[X] kai thc tupik c apìklishc σx thc t.m. X me b�sh tic epìmenec sqèseic [Stu01]

mx = ln

(
µx√

1 + (σx/µx)2

)
(Aþ.3)

S2
x = ln

(
1 +

σ2
x

µ2
x

)
(Aþ.4)

Oloklhr¸nontac thn (A'.1) prokÔptei

Pr{X ≥ x} =
1

2
erfc

(
ln x−mx√

2Sx

)
(Aþ.5)

ìpou

erfc(x) =
2

π

∫ ∞

x

e−z2

dz (Aþ.6)
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h sumplhrwmatik  sun�rthsh sf�lmatoc, proerqìmenh apì th sun�rthsh sf�lmatoc

erf(x) =
2

π

∫ x

0

e−z2

dz (Aþ.7)

Oi anwtèrw sunart seic qarakthrÐzontai apì tic idiìthtec

erf(x) = erf(−x) (Aþ.8)

erf(x →∞) = 1 (Aþ.9)

erfc(x) = 1− erf(x) (Aþ.10)

Aþ.2 Disdi�stath

Ac jewrhjoÔn dÔo t.m. X1 kai X2 pou akoloujoÔn th logarijmokanonik  katanom 

me paramètrouc mxi
kai Sxi

(i = 1, 2) me suntelest  susqètishc ρ. Oi antÐstoiqec

kanonikopoihmènec anhgmènec t.m. U1 kai U2 orÐzontai mèsw twn metasqhmatism¸n

Ui =
ln Xi −mxi

Sxi

(i = 1, 2) (Aþ.11)

KajemÐa apì tic t.m. Ui akoloujeÐ thn kanonik  katanom  me mèsh tim  0 kai tupik 

apìklish 1 [Pap02]. An ρn o suntelest c susqètishc twn t.m. U1 kai U2, h apì

koinoÔ katanom  touc eÐnai kanonik  kai èqei th morf  [Pap02]

pU1U2(u1, u2) =
1

2π
√

1− ρ2
n

exp

{
− 1

2(1− ρ2
n)

[u2
1 + u2

2 − 2ρnu1u2]

}
(Aþ.12)

Apì thn teleutaÐa sqèsh upologÐzetai h apì koinoÔ sun�rthsh puknìthtac pijanìth-

tac twn X1 kai X2. Qrhsimopoi¸ntac to metasqhmatismì thc (A'.11), upologÐzetai h

ajroistik  pijanìthta upèrbashc thc tim c x

Pr{X1 ≥ x,X2 ≥ x} = Pr{U1 ≥ u, U2 ≥ u} =

∫ ∞

u

∫ ∞

u

pU1U2(u1, u2)du1du2 (Aþ.13)

Efarmìzontac to je¸rhma Bayes prokÔptei

pU1U2(u1, u2) = pU1(u1)pU2/U1(u1, u2) = pU2(u2)pU1/U2(u1, u2) (Aþ.14)

ìpou

pU1/U2(u1, u2) =
1

2π
√

1− ρ2
n

exp

{
−(u1 − ρnu2)

2

2(1− ρ2
n)

}
(Aþ.15)

164 Didaktorik  Diatrib  tou P.-D. M. Ar�poglou



Par�rthma Aþ. Logarijmokanonik  Katanom 

kai

pU2(u2) =
1√
2π

exp

(
−u2

2

2

)
(Aþ.16)

Antikajist¸ntac tic treic teleutaÐec sqèseic sthn (A'.13) prokÔptei h telik  èkfrash

Pr{U1 ≥ u, U2 ≥ u} =
1

2

∫ ∞

u

pU2(u2)erfc

(
u− ρnu2√
2(1− ρ2

n)

)
du2 (Aþ.17)

Tèloc, ìson afor� ton upologismì thc apì koinoÔ pijanìthtac dÔo kanonik¸n

t.m. pou metab�llontai se dÔo diaforetik� diast mata isqÔei [Pap02]

Pr{a ≤ U1 ≤ b, c ≤ U2 ≤ d} =

=

∫ b

a

pU1(u1)
1

2

[
erfc

(
c− ρnu1√
2(1− ρ2

n)

)
− erfc

(
d− ρnu1√
2(1− ρ2

n)

)]
du1 =

=

∫ d

c

pU2(u2)
1

2

[
erfc

(
a− ρnu2√
2(1− ρ2

n)

)
− erfc

(
b− ρnu2√
2(1− ρ2

n)

)]
du2 (Aþ.18)

Aþ.3 Trisdi�stath

Ac jewrhjoÔn oi t.m. X1, X2, X3 pou akoloujoÔn th logarijmokanonik  katanom 

me paramètrouc mxi
kai Sxi

kai suntelestèc susqètishc ρij (i, j = 1, 2, 3, i 6= j).

Oi antÐstoiqec kanonikopoihmènec anhgmènec t.m. U1, U2, U3 orÐzontai mèsw thc

(A'.11) kai akoloujoÔn thn kanonik  katanom  me mèsh tim  0 kai tupik  apìklish

1, en¸ oi suntelestèc susqètis c touc sumbolÐzontai me ρnij
(i, j = 1, 2, 3, i 6= j).

H apì koinoÔ katanom  twn U1, U2, U3 prosdiorÐzetai efarmìzontac to je¸rhma tou

Bayes [Pap02]

pU1U2U3(u1, u2, u3) = pU1U2(u1, u2)pU3/U1U2(u1, u2, u3) (Aþ.19)

ìpou pU1U2(u1, u2) h apì koinoÔ sun�rthsh puknìthtac pijanìthtac twn anhgmènwn

t.m. U1 kai U2 -bl. (A'.12)- kai pU3/U1U2(u1, u2, u3) h desmeumènh katanom  thc t.m.

U3

pU3/U1U2(u1, u2, u3) =
1√

2πσ3/1,2

exp

{
−(u3 − µ3/1,2)

2

2σ2
3/1,2

}
(Aþ.20)

H U3 eÐnai kanonik  t.m. me mèsh tim  µ3/1,2 kai tupik  apìklish σ3/1,2

µ3/1,2 =
ρn13 − ρn12ρn23

1− ρ2
n12

u1 +
ρn23 − ρn12ρn13

1− ρ2
n12

u2 (Aþ.21)
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σ3/1,2 =

(
1− ρ2

n12
− ρ2

n13
− ρ2

n23
+ 2ρn12ρn13ρn23

1− ρ2
n12

)1/2

(Aþ.22)

Gia ton upologismì thc pijanìthtac upèrbashc thc tim c x isqÔei diadoqik�

Pr{X1 ≥ x,X2 ≥ x,X3 ≥ x} = Pr{U1 ≥ u, U2 ≥ u, U3 ≥ u} =

=

∫ ∞

u

∫ ∞

u

∫ ∞

u

pU1U2U3(u1, u2, u3)du1du2du3 (Aþ.23)

Antikajist¸ntac tic (A'.19) èwc (A'.22) sthn (A'.23) prokÔptei h telik  èkfrash thc

pijanìthtac upèrbashc

Pr{U1 ≥ u, U2 ≥ u, U3 ≥ u} =
1

2

∫ ∞

u

∫ ∞

u

pU1U2(u1, u2)erfc

(
u− µ3/1,2√

2σ3/1,2

)
du1du2

(Aþ.24)

Tèloc, paratÐjentai orismènec qr simec sqèseic pou aforoÔn ton upologismì thc

apì koinoÔ pijanìthtac tri¸n kanonik¸n t.m. pou metab�llontai se trÐa diaforetik�

diast mata [Pap02]

Pr{a ≤ U1 ≤ b, c ≤ U2 ≤ d e ≤ U3 ≤ f} =

=

∫ b

a

∫ d

c

pU1U2(u1, u2)
1

2

[
erfc

(
e− µ3/1,2√

2σ3/1,2

)
− erfc

(
f − µ3/1,2√

2σ3/1,2

)]
du1du2 (Aþ.25)

Aþ.4 Tetradi�stath

Ac jewrhjoÔn oi t.m. X1, X2, X3, X4 pou akoloujoÔn th logarijmokanonik 

katanom  me paramètrouc mxi
kai Sxi

kai suntelestèc susqètishc ρij (i, j = 1, 2, 3, 4,

i 6= j).

Oi antÐstoiqec kanonikopoihmènec anhgmènec t.m. U1, U2, U3, U4 orÐzontai mèsw thc

(A'.11) kai akoloujoÔn thn kanonik  katanom  me mèsh tim  0 kai tupik  apìklish

1, en¸ oi suntelestèc susqètis c touc sumbolÐzontai me ρnij
(i, j = 1, 2, 3, 4, i 6= j).

H apì koinoÔ katanom  twn U1, U2, U3, U4 prosdiorÐzetai efarmìzontac to je¸rhma

tou Bayes [Pap02]

pU1U2U3U4(u1, u2, u3, u4) = pU1U2U3(u1, u2, u3)pU4/U1U2U3(u1, u2, u3, u4) (Aþ.26)

ìpou pU1U2U3(u1, u2, u3) h apì koinoÔ sun�rthsh puknìthtac pijanìthtac twn anhg-

mènwn t.m. U1, U2 kai U3 -bl. (A'.12)- kai pU4/U1U2U3(u1, u2, u3) h desmeumènh katanom 
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thc t.m. U4

pU4/U1U2U3(u1, u2, u3, u4) =
1√

2πσ4/1,2,3

exp

{
−(u4 − µ3/1,2,3)

2

2σ2
4/1,2,3

}
(Aþ.27)

H U4 eÐnai kanonik  t.m. me mèsh tim  µ4/1,2,3 kai tupik  apìklish σ4/1,2,3

µ4/1,2,3 =
1

det(C)
[(Q11ρn14 + Q12ρn24 + Q13ρn34)u1+

+(Q12ρn14 + Q22ρn24 + Q23ρn34)u2 + (Q13ρn14 + Q23ρn24 + Q33ρn34)u3] (Aþ.28)

σ4/1,2,3 = [1−Q(ρn14, ρn24, ρn34)]
1/2 (Aþ.29)

O 3× 3 pÐnakac sundiakÔmanshc orÐzetai wc

C = [Cij = ρnij]3×3 (Aþ.30)

kai ρnij eÐnai o logarijmikìc suntelest c susqètishc metaxÔ twn Ui, Uj, i 6= j. H

orÐzousa tou pÐnaka C dÐdetai apì th sqèsh

det(C) = 1− ρ2
n12 − ρ2

n13 − ρ2
n23 + 2ρn12ρn13ρn23 (Aþ.31)

O antÐstrofoc tou pÐnaka C ekfr�zetai wc

C−1 =
1

det(C)
[Qij]3×3 (Aþ.32)

ìpou 



Q11 = 1− ρ2
n23

Q22 = 1− ρ2
n13

Q33 = 1− ρ2
n12

Q12 = Q21 = ρn13ρn23 − ρ12

Q13 = Q31 = ρn12ρn23 − ρ13

Q23 = Q32 = ρn12ρn13 − ρ23

(Aþ.33)

StoiqeÐa tou pÐnaka Q qrhsimopoioÔntai kat� ton orismì thc antÐstoiqhc sun�rthshc

kai, sugkekrimèna,

Q(u1, u2, u3) =
1

det(C)
(Q11u

2
1 + Q22u

2
2 + Q33u

2
3 + 2Q12u1u2 + 2Q13u1u3 + 2Q23u2u3)

(Aþ.34)

Gia ton upologismì thc pijanìthtac upèrbashc thc tim c x isqÔei diadoqik�

Pr{X1 ≥ x, X2 ≥ x, , X4 ≥ x} = Pr{U1 ≥ u, U2 ≥ u, U3 ≥ u, U4 ≥ u} =

=

∫ ∞

u

∫ ∞

u

∫ ∞

u

∫ ∞

u

pU1U2U3U4(u1, u2, u3, u4)du1du2du3du4 (Aþ.35)
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Antikajist¸ntac ta anwtèrw sthn (A'.26) prokÔptei h telik  èkfrash thc pijanìth-

tac upèrbashc

Pr{U1 ≥ u, U2 ≥ u, U3 ≥ u, U4 ≥ u} =
1

2

∫ ∞

u

∫ ∞

u

∫ ∞

u

pU1U2U3(u1, u2, u3)×

×erfc

(
u− µ4/1,2,3√

2σ4/1,2,3

)
du1du2du3 (Aþ.36)

Aþ.5 Logarijmikìc Suntelest c Susqètishc

Ac jewrhjoÔn oi t.m. A1 kai A2 pou akoloujoÔn th logarijmokanonik  katanom 

me paramètrouc µi (mèsh tim ) kai σi (tupik  apìklish) (i = 1, 2). Epiplèon, me ρ

anaparÐstatai o suntelest c susqètishc metaxÔ twn dÔo metablht¸n. Profan¸c,

oi metablhtèc N1 = ln A1 kai N2 = ln A2 akoloujoÔn thn kanonik  katanom  me

paramètrouc ηi kai Si (i = 1, 2). O suntelest c susqètishc twn nèwn t.m. sum-

bolÐzetai me ρn kai onom�zetai logarijmikìc suntelest c susqètishc. Apì touc

orismoÔc twn rop¸n sthn Enìthta A'.1 prokÔptoun oi epìmenec sqèseic

µi = exp

(
ηi +

S2
i

2

)
(i = 1, 2) (Aþ.37)

σ2
i = exp(2ηi + S2

i )[exp(S2
i )− 1] (i = 1, 2) (Aþ.38)

O suntelest c susqètishc orÐzetai wc [Pap02]

ρ =
E[A1A2]− µ1µ2

σ1σ2

(Aþ.39)

H tim  tou ginomènou twn dÔo t.m. upologÐzetai wc ex c

E[A1A2] = E[eN1+N2 ] =

∫ ∞

−∞

∫ ∞

−∞
ex1+x2pN1N2(x1, x2)dx1dx2 (Aþ.40)

ìpou pN1N2(x1, x2) eÐnai h apì koinoÔ sun�rthsh puknìthtac pijanìthtac pou ek-

fr�zetai sunart sei twn paramètrwn η1, S1, η2, S2, ρ. Met� apì algebrikèc pr�xeic

katal gei kaneÐc sthn èkfrash

E[A1A2] = exp

(
η1 + η2 +

S2
1

2
+

S2
2

2
+ ρnS1S2

)
(Aþ.41)

Antikajist¸ntac stic (A'.26), (A'.27) kai (A'.30) sthn (A'.28) prokÔptei

ρ =
exp(ρnS1S2)− 1√

[exp(S2
1)− 1][exp(S2

2)− 1]
(Aþ.42)
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Tèloc, lÔnontac wc proc ρn, prokÔptei h telik  morf  tou logarijmikoÔ suntelest 

susqètishc

ρn =
1

S1S2

ln

(
1 + ρ

√
[exp(S2

1)− 1][exp(S2
2)− 1]

)
(Aþ.43)
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Par�rthma Bþ

Katanom  G�mma

Bþ.1 Monodi�stath

Ac jewrhjeÐ h t.m. X pou akoloujeÐ thn katanom  g�mma me statistikèc paramètrouc

v kai β. H sun�rthsh puknìthtac pijanìthtac dÐdetai apì th sqèsh [Pap02]

pX(X) =
βv

Γ(v)
xv−1e−βx (Bþ.1)

ìpou Γ(v) h sun�rthsh g�mma pou orÐzetai apì to olokl rwma [Abr65]

Γ(v) =

∫ ∞

0

tv−1e−tdt (Bþ.2)

H mèsh tim  thc t.m. Xn, ìpou n jetikìc pragmatikìc arijmìc, eÐnai

E[Xn] =
Γ(v + n)

βnΓ(v)
(Bþ.3)

Oi par�metroi v kai β mporoÔn na ekfrasjoÔn sunart sei thc mèshc tim c µx kai thc

tupik c apìklishc σx thc t.m. X mèsw twn epìmenwn sqèsewn

v =

(
µx

σx

)2

(Bþ.4)

β =
µx

σ2
x

(Bþ.5)

Oloklhr¸nontac thn (B'.1) kai sÔmfwna me ton orismì thc ateloÔc sun�rthshc g�mma

[Abr65]

γ(a, x) =

∫ x

0

ta−1e−tdt (Bþ.6)

h telik  èkfrash thc pijanìthtac upèrbashc eÐnai

Pr{X ≥ x} = 1− γ(v, βx)

Γ(v)
(Bþ.7)
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Epiplèon, h ropogenn tria sun�rthsh miac t.m. X pou akoloujeÐ thn katanom 

g�mma dÐnetai apì thn èkfrash [Pap02]

Mx(t) = E[etx] =

(
1− t

β

)−v

(Bþ.8)

Tèloc, paratÐjentai orismènec qr simec sqèseic pou sqetÐzontai me thn katanom 

g�mma

Pr{a ≤ X ≤ b} =
γ(v, βb)

Γ(v)
− γ(v, βa)

Γ(v)
(Bþ.9)

Γ(a, x) = Γ(a)− γ(a, x) =

∫ ∞

x

e−tta−1dt (Bþ.10)

Bþ.2 Disdi�stath

Ac jewrhjoÔn dÔo t.m. X1 kai X2 pou akoloujoÔn thn katanom  g�mma me paramètrouc

(v1, β1) kai (v2, β2), antÐstoiqa. O metaxÔ touc suntelest c susqètishc sumbolÐzetai

me ρ. Kaj¸c stic peript¸seic pou antimetwpÐzontai sta plaÐsia thc paroÔsac dia-

trib c, oi arijmhtikèc timèc twn v1 kai v2 diafèroun el�qista, mporeÐ na uiojethjeÐ h

prosèggish

v =
√

v1v2 ' v1 ' v2 (Bþ.11)

Lamb�nontac upìyh th summetrik  disdi�stath katanom  g�mma [Kou90], apodeiknÔe-

tai ìti h ropogenn tria sun�rthsh twn metablht¸n X1 kai X2 dÐdetai apì th sqèsh

Mx1x2(t1, t2) = E[et1x1+t2x2 ] =

[
1− β2t1 + β1t2

β1β2

+
(1− ρ)t1t2

β1β2

]−v

(Bþ.12)

Pr�gmati, eÔkola apodeiknÔetai ìti oi perij¸riec sunart seic katanom c èqoun ro-

pogenn triec sunart seic thc morf c

Mx1(t1) = Mx1x2(t1, 0) =

(
1− t1

β1

)−v

(Bþ.13)

Mx2(t2) = Mx1x2(0, t2) =

(
1− t2

β2

)−v

(Bþ.14)

Epiplèon, o upologismìc thc deÔterhc rop c odhgeÐ sto apotèlesma

E[X1X2] =
∂2Mx1x2(0, 0)

∂t1∂t2
=

v2 + vρ

β1β2

(Bþ.15)

Sunep¸c, o suntelest c susqètishc metaxÔ twn t.m. X1 kai X2 prokÔptei

ρ =
E[X1X2]− E[X1]E[X2]

σx1σx2

(Bþ.16)
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Sth sunèqeia apodeiknÔetai ìti h apì koinoÔ sun�rthsh puknìthtac pijanìthtac twn

t.m. X1 kai X2 eÐnai

pX1X2(x1, x2) =
(1− ρ)v

Γ(v)

∞∑
i=0

ρi Γ(v + i)

i!
pX′

i
(x)pY ′i (y) (Bþ.17)

ìpou X ′
i kai Y ′

i t.m. pou akoloujoÔn thn katanom  g�mma me paramètrouc (v +

i, β1/(1 − ρ)) kai (v + i, β2/(1 − ρ)), antÐstoiqa. Gia tic an�gkec thc apìdeixhc, h

(B'.13) gr�fetai sth morf 

Mx1x2(t1, t2) = (1− ρ)v

[(
1− t1

β′1

)(
1− t2

β′2

)]−v

1− ρ(

1− t1
β′1

)(
1− t2

β′2

)



v

(Bþ.18)

ìpou {
β′1 = β1

1−ρ

β′2 = β2

1−ρ

(Bþ.19)

AnaptÔssontac thn (B'.18) se seir� prokÔptei

Mx1x2(t1, t2) = (1− ρ)v

[(
1− t1

β′1

)(
1− t2

β′2

)]−v ∑ v(i)

i!


 ρ(

1− t1
β′1

)(
1− t2

β′2

)



i

(Bþ.20)

ìpou

v(i) = v(v − 1) · · · (v + i− 1) =
Γ(v + i)

Γ(v)
(Bþ.21)

H (B'.20) gr�fetai kai wc

Mx1x2(t1, t2) =
(1− ρ)v

Γ(v)

∞∑
i=0

ρi Γ(v + i)

i!
MX′

i
(t1)MY ′i (t2) (Bþ.22)

Epiplèon, h (B'.22) prokÔptei apeujeÐac apì thn (B'.17) lìgw tou ìti

E[et1x1+t2x2 ] =
(1− ρ)v

Γ(v)

∞∑
i=0

ρi Γ(v + i)

i!
E[et1X′

i ]E[et2Y ′i ] (Bþ.23)

Tèloc, h apì koinoÔ pijanìthta upèrbashc dÔo tim¸n x1 kai x2 dÐnetai apì thn akìlou-

jh sqèsh

Pr{X1 ≥ x1, X2 ≥ x2} =

=

∫ ∞

x1

∫ ∞

x2

pX1X2(x1, x2)dx1dx2 =

=
(1− ρ)v

Γ(v)

∞∑
i=0

ρi Γ(v + i)

i!

∫ ∞

x1

pX′
i
(x)dx

∫ ∞

x2

pY ′i (y)dy =

=
(1− ρ)v

Γ(v)

∞∑
i=0

ρi Γ(v + i)

i!

[
1− γ(v + i, β′1x1)

Γ(v + i)

] [
1− γ(v + i, β′2x2)

Γ(v + i)

]
(Bþ.24)
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Par�rthma Gþ

Upologismìc twn Paramètrwn H

thc Qwrik c Dom c tou Mèsou

Broqìptwshc

Gþ.1 Upologismìc thc Paramètrou H

H par�metroc H orÐzetai wc to diplì olokl rwma tou shmeiakoÔ suntelest  auto-

susqètishc ρ0 thc eidik c apìsbeshc broq c kat� to m koc L thc zeÔxhc

H =

∫ L

0

∫ L

0

ρ0(l, l
′)dldl′ (Gþ.1)

Ex�llou, o suntelest c ρ0 exart�tai mìno apì thn apìstash

d = |l − l′| (Gþ.2)

Epomènwc,

ρ0(l, l
′) = ρ0(l

′, l) (Gþ.3)

Apì tic (G'.1) kai (G'.3) prokÔptei

H = 2

∫ L

0

∫ l

0

ρ0(l, l
′)dldl′ (Gþ.4)

Jètontac x = l − l′ kai y = l′, me allag  metablht¸n h (G'.4) èrqetai sth morf 

H = 2

∫ L

0

∫ L−x

0

ρ0(x)dxdy (Gþ.5)

h opoÐa aplopoieÐtai sto aplì olokl rwma

H = 2

∫ L

0

ρ0(x)(L− x)dx (Gþ.6)
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Gþ.1.1 Montèlo EÔkratwn Perioq¸n

SÔmfwna me to montèlo pou efarmìzetai se eÔkratec perioqèc [Lin75], o suntelest c

ρ0 dÐdetai apì thn (2.31), h opoÐa, sth genik  thc morf , anapar�getai apì thn

akìloujh sqèsh

ρ0(x) =

{
G√

G2+x2 x ≤ Dr
G√

G2+D2
r

x > Dr
(Gþ.7)

ìpou Dr h mègisth di�stash tou broqopur na. Me b�sh thn teleutaÐa sqèsh, gia

x ≤ Dr h (G'.6) gr�fetai

H = 2

∫ L

0

G(L− x)√
G2 + x2

dx (Gþ.8)

 

H = 2LG

∫ L/G

0

dz√
1 + z2

− 2G2

∫ L/G

0

zdz√
1 + z2

(Gþ.9)

EÔkola apodeiknÔetai ìti [Abr65]
∫

dz√
1 + z2

= sinh−1(z) + c (Gþ.10)

∫
zdz√
1 + z2

=
√

1 + z2 + c (Gþ.11)

opìte h telik  èkfrash thc (G'.9) dÐdetai apì thn (2.34)

H = 2LG sinh−1

(
L

G

)
+ 2G2


1−

√(
L

G

)2

+ 1


 (Gþ.12)

Akolouj¸ntac parìmoia b mata, apodeiknÔetai ìti gia x > Dr h par�metroc H gÐnetai

H = 2LG sinh−1

(
Dr

G

)
+ 2G2


1−

√(
Dr

G

)2

+ 1


 +

G(L−Dr)
2

√
G2 + D2

r

(Gþ.13)

Gþ.1.2 Montèlo Tropik¸n kai Upotropik¸n Perioq¸n

SÔmfwna me to montèlo pou efarmìzetai se tropikèc kai upotropikèc perioqèc [Mor76],

o suntelest c ρ0 dÐdetai apì thn (2.39), h opoÐa, sth genik  thc morf , anapar�getai

apì thn akìloujh sqèsh

ρ0(x) =

{
exp [−c

√
x] x ≤ Dr

exp
[−c

√
Dr

]
x > Dr

(Gþ.14)

Me b�sh thn teleutaÐa sqèsh, gia x ≤ Dr h (G'.6) gr�fetai

H = 2

∫ L

0

(L− x) exp
[−c

√
x
]

dx (Gþ.15)
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H =
4L

c2

∫ c
√

L

0

z exp(−z)dz − 4

c4

∫ c
√

L

0

z3 exp(−z)dz (Gþ.16)

EÔkola apodeiknÔetai ìti [Abr65]

∫
z exp(−z)dz = − exp(−z)(z + 1) + c (Gþ.17)

∫
z3 exp(−z)dz = − exp(−z)(z3 + 3z2 + 6z + 6) + c (Gþ.18)

opìte h telik  èkfrash thc (G'.16) dÐdetai apì thn (2.34)

H = 4
c2L− 6 + 2(3 + 3c

√
L + c2L) exp(−c

√
L)

c4
(Gþ.19)

Akolouj¸ntac parìmoia b mata, apodeiknÔetai ìti gia x > Dr h par�metroc H gÐnetai

H = 4
c2L− 6 +

[
c3(Dr − L)

√
Dr + c2(3Dr − L) + 6 + 6c

√
Dr

]
exp(−c

√
L)

c4
+

+ exp(−as

√
Dr) + (L−Dr)

2

(Gþ.20)

Gþ.2 Upologismìc thc Paramètrou H12

H par�metroc H12 orÐzetai wc to diplì olok rwma tou shmeiakoÔ suntelest  etero-

susqètishc ρ12 thc eidik c apìsbeshc lìgw broq c kat� m koc dÔo sugklinous¸n

zeÔxewn L1 kai L2

H12 =

∫ L1

0

∫ L2

0

ρ12(l1, l2)dl1dl2 (Gþ.21)

To mègejoc ρ12 exart�tai apì thn apìstash metaxÔ twn shmeÐwn stic dÔo sugklÐ-

nousec zeÔxeic. Upojètontac ìti oi dÔo epÐgeiec zeÔxeic sqhmatÐzoun gwnÐa θ kai ìti

ta dÔo shmeÐa apèqoun apost�seic l1 kai l2 (0 ≤ li ≤ Li) apì thn arq  thc zeÔxhc

(bl. Sq ma G'.1), h metaxÔ touc apìstash eÐnai

d(l1, l2) =
√

l21 + l22 − 2l1l2 cos θ (Gþ.22)
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Sq ma Gþ.1: Orismìc twn gewmetrik¸n megej¸n dÔo sugklinous¸n zeÔxewn.

Gþ.2.1 Montèlo EÔkratwn Perioq¸n

SÔmfwna me to montèlo pou efarmìzetai se eÔkratec perioqèc, o suntelest c ρ12

dÐdetai apì thn akìloujh sqèsh

ρ12(d) =





G√
G2+d2(l1,l2)

d(l1, l2) ≤ Dr

G√
G2+D2

r

d(l1, l2) > Dr
(Gþ.23)

kai o upologismìc thc paramètrou H12 pragmatopoieÐtai me arijmhtikì trìpo.

Gþ.2.2 Montèlo Tropik¸n kai Upotropik¸n Perioq¸n

SÔmfwna me to montèlo pou efarmìzetai se tropikèc kai upotropikèc perioqèc, o

suntelest c ρ12 dÐdetai apì thn akìloujh sqèsh

ρ12(d) =

{
exp

[
−c

√
d(l1, l2)

]
d(l1, l2) ≤ Dr

exp
[−c

√
Dr

]
d(l1, l2) > Dr

(Gþ.24)

kai o upologismìc thc paramètrou H12 pragmatopoieÐtai me arijmhtikì trìpo.
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Par�rthma Dþ

Exagwg  twn Statistik¸n

Paramètrwn tou RujmoÔ

Broqìptwshc apì Dedomèna

Broq c

Dþ.1 Q�rtec Broq c

Lamb�nontac upìyh ìti o upologismìc twn statistik¸n mèswn tou rujmoÔ bro-

qìptwshc eÐnai aparaÐthtoc gia thn prìbleyh thc apìsbeshc kai thc skèdashc lì-

gw broqìptwshc kai ìti h plhroforÐa aut  eÐnai aparaÐthth se ìlh thn epif�neia

thc Ghc, o tomèac radioepikoinwni¸n thc ITU exèdwse th sqetik  SÔstash ITU-

R P.837 [ITU837]. Apì th sugkekrimènh SÔstash proteÐnetai stouc sqediastèc

susthm�twn radioepikoinwni¸n h qr sh twn qart¸n broq c (rain maps), sÔmfw-

na me touc opoÐouc kai an�loga me to gewgrafikì m koc kai pl�toc, h Gh diaireÐ-

tai se tomeÐc twn 1.5◦ × 1.5◦. H tr�peza dedomènwn pou sunodeÔei th sÔstash

proèrqetai apì thn epexergasÐa metr sewn di�rkeiac 15 et¸n apì to Eurwpaðkì

Metewrologikì Kèntro ECMWF kai apoteleÐtai apì ta arqeÐa keimènou ESARAIN-

PR6.TXT, ESARAIN MC.TXT kai ESARAIN MS.TXT pou perièqoun dedomèna gia

tic antÐ-stoiqec paramètrouc:

Pr6[%]: Pijanìthta upèrbashc periìdwn broq c di�rkeiac èxi wr¸n.

179
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Mc[mm]: Et sio Ôyoc broqìptwshc sunektikoÔ tÔpou.

Ms[mm]: Et sio Ôyoc broqìptwshc strwsigenoÔc tÔpou.

Skopìc tou proteinìmenou montèlou eÐnai o upologismìc thc st�jmhc rujmoÔ

broqìptwshc Rp pou uperbaÐnetai gia sugkekrimèno posostì tou sunolikoÔ qrìnou

p% se dedomènh topojesÐa. H mejodologÐa efarmìzetai me b�sh ta akìlouja b mata:

B ma 1o: Upologismìc twn paramètrwn Pr6, Mc kai Ms gia ta tèssera plhsièstera

shmeÐa proc to gewgrafikì pl�toc Lat kai to gewgrafikì m koc Lon thc epijumht c

topojesÐac. To pl�toc Lat lamb�nei timèc sto eÔroc +90◦N èwc −90◦S se b mata

twn 1.5◦. To m koc Lon lamb�nei timèc sto eÔroc 0◦E èwc 360◦E se b mata twn 1.5◦.

B ma 2o: Apì tic timèc twn paramètrwn Pr6, Mc kai Ms sta tèssera geitonik�

shmeÐa tou plègmatoc, oi timèc Pr6(Lat, Lon), Mc(Lat, Lon) kai Ms(Lat, Lon) sthn

epijumht  topojesÐa upologÐzontai me efarmog  di-grammik c parembol c.

B ma 3o: UpologÐzetai h mèsh et sia pijanìthta broqìptwshc P0 mèsw thc sqèshc

P0(Lat, Lon) = Pr6(Lat, Lon)
(
1− e−0.0117Ms(Lat,Lon)/Pr6(Lat,Lon)

)
(Dþ.1)

An h pijanìthta Pr6 isoÔtai me mhdèn, h mèsh et sia pijanìthta broq c kaj¸c kai

o rujmìc broqìptwshc pou uperbaÐnetai gia opoiod pote posostì enìc mèsou ètouc

eÐnai mhdèn. An isqÔei to teleutaÐo, ta akìlouja b mata eÐnai peritt�.

B ma 4o: O rujmìc broqìptwshc Rp pou uperbaÐnetai gia k�je posostì tou suno-

likoÔ qrìnou p%, ìpou p ≤ P0 prosdiorÐzetai apì th sqèsh

Rp(Lat, Lon) =
−B +

√
B2 − 4AC

2A
(Dþ.2)

ìpou

A = ab (Dþ.3)

B = a + c ln(p/P0(Lat, Lon)) (Dþ.4)
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C = ln(p/P0(Lat, Lon)) (Dþ.5)

kai

a = 1.11 (Dþ.6)

b =
(Mc(Lat, Lon) + Ms(Lat, Lon))

22932 P0

(Dþ.7)

c = 31.5 b (Dþ.8)

Dþ.2 Upologismìc statistik¸n paramètrwn apì

peiramatik� dedomèna

Ta peiramatik� dedomèna pou eÐnai diajèsima gia tic katanomèc twn t.m. R (rujmìc

broqìptwshc)   A (apìsbesh lìgw broq c) emfanÐzontai sun jwc sth morf  antÐ-

stoiqwn zeug¸n xi, Pi, i = 1, 2, . . . , n, ìpou xi h tim  tou megèjouc kai Pi h pijanìth-

ta upèrbashc thc tim c aut c. Gia thn t.m. tou rujmoÔ broqìptwshc, oi q�rtec bro-

q c pou parousi�sjhkan sthn prohgoÔmenh enìthta exasfalÐzoun thn pijanìthta

upèrbashc (se morf  posostoÔ) k�je st�jmhc rujmoÔ broqìptwshc, upokajist¸-

ntac merik¸c thn anagkaiìthta gia topik� peiramatik� dedomèna pou, asfal¸c, an

up�rqoun diajèsima eÐnai saf¸c plèon axiìpista. Sth sunèqeia, perigr�fontai di-

adikasÐec b�sei twn opoÐwn prosdiorÐzontai oi statistikèc par�metroi thc katanom c

tou rujmoÔ broqìptwshc   thc apìsbeshc lìgw broq c ìtan uiojeteÐtai to logari-

jmokanonikì montèlo   to montèlo thc katanom c g�mma.

Dþ.2.1 Logarijmokanonikì montèlo

Wc pr¸to b ma thc mejìdou, gia k�je tim  thc pijanìthtac Pi kajorÐzetai h antÐ-

stoiqh tim  ui thc anhgmènhc kanonik c t.m. U �bl. (A'.11)� apì th sqèsh

ui =
√

2 erfc−1(2Pi) (Dþ.9)

'Omwc, isqÔei

ui =
ln(xi)− ln(mx)

Sx

(Dþ.10)

 

ui = Azi + B (Dþ.11)
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ìpou

zi = ln xi (Dþ.12)

A =
1

Sx

(Dþ.13)

B = − ln mx

Sx

(Dþ.14)

dhlad  prokÔptei mia grammik  sqèsh metaxÔ twn ui kai zi. Epomènwc, h mèjodoc twn

elaqÐstwn tetrag¸nwn odhgeÐ eÔkola ston upologismì twn suntelest¸n grammik c

palindrìmhshc A kai B kai, apì ekeÐ, ston upologismì twn statistik¸n paramètrwn

mx kai Sx.

Dþ.2.2 Montèlo katanom c g�mma

'Estw ìti up�rqoun diajèsima n peiramatik� shmeÐa thc kampÔlhc ajroistik c katano-

m c me suntetagmènec (xi, Pi). Apì ta shmeÐa aut� prokÔptei h kampÔlh

y = f(x) = −dP

dx
(Dþ.15)

Efarmìzontac thn anwtèrw sqèsh gia thn katanom  g�mma, h (D'.15) gr�fetai

y = f(x) =
βvxv−1e−βx

Γ(v)
(Dþ.16)

Lamb�nontac upìyh ìti, ìtan upologÐzetai h par�metroc v gia tic t.m. R kai A lam-

b�nei sun jwc mikrèc timèc (thc t�xhc tou 10−3), isqÔoun oi epìmenec proseggistikèc

sqèseic {
(βx) ' 1
Γ(v) ' 1/v

(Dþ.17)

Sunep¸c, h (D'.16) gr�fetai

y =
ve−βx

x
(Dþ.18)

Jètontac

z = ln(x y) (Dþ.19)

prokÔptei h grammik  sqèsh

z = ln v − βx (Dþ.20)

Me efarmog  grammik c palindrìmhshc kai thc mejìdou twn elaqÐstwn tetrag¸nwn

prosdiorÐzontai kat� prosèggish oi statistikèc par�metroi v kai β.
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Gia ton akribèstero prosdiorismì twn v kai β qrhsimopoieÐtai h èkfrash thc

pijanìthtac upèrbashc

P (x, v, β) = 1− γ(v, βx)

Γ(v)
(Dþ.21)

SÔmfwna me th mèjodo twn elaqÐstwn tetrag¸nwn, ta v kai β epilègontai ètsi ¸ste

h par�stash

S =
n∑

i=1

[P (xi, v, β)− Pi]
2 (Dþ.22)

na elaqistopoieÐtai. Sunep¸c isqÔoun oi akìloujec sunj kec
{

∂S
∂β

= 0
∂S
∂v

= 0
(Dþ.23)

Met� apì pr�xeic, prokÔptei to sÔsthma exis¸sewn

n∑
i=1

[P (xi, v, β)− Pi] xv
i e−βxi = 0 (Dþ.24)

n∑
i=1

[P (xi, v, β)− Pi]

[
Γ(v)

∫ βxi

0

zv−1 e−z ln z dz − Γ′(v)γ(v, βxi)

]
= 0 (Dþ.25)

Gia thn epÐlush tou sust matoc (D'.24) kai (D'.25) mporeÐ na efarmosjeÐ k�poia

epanalhptik  arijmhtik  mèjodoc me arqikèc timèc gia tic v kai β ekeÐnec pou ka-

jorÐsjhkan apì ton proseggistikì upologismì pou prohg jhke.

'Allh mia praktik  proseggistik  mèjodoc me stìqo ton prosdiorimì twn v kai β

eÐnai h ex c: Me arqik  tim  tou v ekeÐnh pou prokÔptei apì th grammik  palindrìmhsh,

epilègetai k�poio shmeÐo (xk, Pk) (kat� protÐmhsh sthn our� thc kampÔlhc, sthn

opoÐa antistoiqoÔn oi qamhlèc pijanìthtec upèrbashc) kai epib�lletai h jewrhtik 

kampÔlh na dièrqetai apì to shmeÐo autì. Tìte, gia x = xk, h (D'.21) gÐnetai

Pk = 1− γ(v, βxk)

Γ(v)
(Dþ.26)

epitrèpontac, ètsi, ton kajorismì tou antÐstoiqou β. Sth sunèqeia, upologÐzetai to

�jroisma S sÔmfwna me thn (D'.22). H Ðdia diadikasÐa epanalamb�netai gia di�forec

geitonikèc timèc tou v metab�llontac to b ma kat� 1/10 tou qiliostoÔ. To zeÔgoc

pou elaqistopoieÐ to �jroisma S eÐnai to plèon kat�llhlo. H sugkekrimènh mè-

jodoc apodeiknÔetai taqÔterh kai apotelesmatikìterh apì tic prohgoÔmenec kaj¸c

exanagk�zei th jewrhtik  kampÔlh na prosarmìzetai sta peiramatik� dedomèna gia

thn perioq  tim¸n pou endiafèrei.
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Par�rthma Eþ

Genn tria Qronoseir¸n

Apìsbeshc lìgw Broq c

Eþ.1 Montèlo Maseng-Bakken

Sto Kef�laio 2, eidikìtera stic Enìthtec 2.5.4 kai 2.5.5, parousi�zetai to upìbajro

gia th dunamik  an�lush thc statistik c tou shmeiakoÔ rujmoÔ broqìptwshc R(z, t)

kai thc apìsbeshc lìgw broq c A(z, t) wc qwroqronik¸n diadikasi¸n [Pan02b]. To

perieqìmeno thc ekeÐ an�lushc apoteleÐtai apì thn par�jesh twn basik¸n upojèsewn

kai exis¸sewn pou odhgoÔn, telik�, ston upologismì thc fasmatik c puknìthtac

isqÔoc twn dÔo t.m..

Sto parìn par�rthma gÐnetai emb�junsh sth qronik  metabol  twn R(z, t) kai

A(z, t) qrhsimopoi¸ntac to dunamikì montèlo twn Maseng-Bakken [Mas81]. SÔmfwna

me to montèlo autì, h stoqastik  diaforik  exÐswsh pou akoloujeÐ h apìsbesh lìgw

broq c èqei thn akìloujh morf 

dA(t) = K1A(A)dt + dWA(A) (Eþ.1)

ìpou WA(A) stoqastik  diadikasÐa anex�rthtwn diafor¸n, h diaforik  tim  thc

opoÐac orÐzetai wc h diafor� thc apìsbeshc gia dÔo qronikèc stigmèc pou diafèroun

kat� ∆t

dWA(A) = A(t + ∆t)− A(t) (Eþ.2)

H dWA(A) ikanopoieÐ tic ex c idiìthtec tou leukoÔ jorÔbou
{

E[dWA(A)|A] = 0
E[(dWA(A))2|A] = K2A(A)dt

(Eþ.3)
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ìpou K1A(A) kai K2A(A) oi nteterministikèc sunart seic thc t.m. A(t) pou sqetÐ-

zontai me tic dÔo pr¸tec desmeumènec (conditional) ropèc thc WA(a). H sun�rthsh

puknìthtac pijanìthtac pr¸thc t�xhc pA(A(t), t) thc stoqastik c anèlixhc A(t)

sqetÐzetai me tic prohgoÔmenec ropèc mèsw thc exÐswshc di�qushc tÔpou Fokker-

Planck [Pan02b]

∂pA(A, t)

∂t
= 0.5

∂2

∂A2
[K2A(A)pA(A, t)]− ∂

∂A
[K1A(A)pA(A, t)] (Eþ.4)

Shmei¸netai ìti upì ton ìro diadikasÐa di�qushc (diffusion process) apokaleÐtai k�je

parametrik  stoqastik  anèlixh suneqoÔc qrìnou pou diakrÐnetai apì thn isqur 

idiìthta Markov kai ta deÐgmat� thc eÐnai sqedìn p�ntote suneqeÐc sunart seic tou

qrìnou. Epeid  mìno periorismèno pl joc peript¸sewn stoqastik¸n diaforik¸n

exis¸sewn tÔpou Fokker-Planck epilÔontai analutik� [Kar81], h morf  thc K2A(A)

epilègetai ètsi ¸ste na metapÐptei se mia apì autèc. H epilog  pou gÐnetai apì to

montèlo Maseng-Bakken gia thn upì melèth sun�rthsh eÐnai

K2A(A) = 2dAA2S2
a (Eþ.5)

ìpou dA [s−1] h dunamik  par�metroc pou perigr�fei to rujmì metabol c thc sto-

qastik c anèlixhc thc apìsbeshc lìgw broq c kai Sa h tupik  apìklish thc st�simhc

puknìthtac pijanìthtac pA(A). Uiojet¸ntac to logarijmokanonikì montèlo gia th

makroprìjesmh (long term) statistik  thc apìsbeshc lìgw broq c, h pA(A) akolou-

jeÐ th morf  thc (2.22). H epilog  thc K2A(A) sÔmfwna me thn (E'.5) odhgeÐ ston

upologismì kai thc sun�rthshc K1A(A) mèsw thc diaforik c exÐswshc

0.5
∂2

∂A2
[K2A(A)pA(A)] =

∂

∂A
[K1A(A)pA(A)] (Eþ.6)

h opoÐa prokÔptei apì thn (E'.4) jètontac (∂/∂t = 0). Antikajist¸ntac sthn (E'.6)

thn puknìthta pijanìthtac pA(A), prokÔptei h telik  morf  thc sun�rthshc

K1A(A) = dAA
[
S2

r − ln(A/Am)
]

(Eþ.7)

ìpou Am h gnwst  mèsh tim  thc kanonik c t.m. ln A.

Efarmìzontac to mh grammikì metasqhmatismì

xA(t) =
ln A(t)− ln Am

Sa

(Eþ.8)
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kai qrhsimopoi¸ntac touc kanìnec diafìrishc kat� Ito [Kar81], prokÔptei h sto-

qastik  diaforik  exÐswsh tÔpou Langevin1

dxA(t) = −dAxA(t)dt + dWxA
(xA) (Eþ.9)

ìpou

dWxA
(xA) = xA(t + ∆t)− xA(t) (Eþ.10)

H teleutaÐa eÐnai mia stoqastik  anèlixh anex�rthtwn diafor¸n kai gia th rop  n-

ost c t�xhc isqÔei

KnxA
(xA) = lim

∆t→0

1

∆t
E [(xA(t + ∆t)− xA(t))n|xA(t)] (Eþ.11)

Oi dÔo pr¸tec ropèc dÐdontai apì tic sqèseic
{

K1xA
(xA) = −dA xA

K2xA
(xA) = 2 dA

(Eþ.12)

Me b�sh tic (E'.3) kai (E'.12), isqÔei

dWxA
(xA)

dt
=

√
2dAn(t) (Eþ.13)

ìpou n(t) h stoqastik  diadikasÐa tou leukoÔ jorÔbou. Me antikat�stash thc

(E'.13) sthn (E'.9), h teleutaÐa gÐnetai

dxA(t) = −dAxA(t)dt +
√

2dAn(t) (Eþ.14)

Sunep¸c, h apìsbesh lìgw broq c A(t) wc stoqastik  diadikasÐa mporeÐ na ana-

paraqjeÐ me b�sh to leitourgikì di�gramma tou Sq matoc E'.1, ìpou, se pr¸to st�-

dio, qrhsimopoieÐtai kat�llhlo bajuperatì fÐltro gia thn ulopoÐhsh thc diaforik c

exÐswshc (E'.14) kai, se deÔtero st�dio, ekteleÐtai o mh grammikìc metasqhmatismìc

thc (E'.8).

Endiafèron prokaleÐ to gegonìc ìti to dunamikì montèlo Maseng-Bakken aforoÔ-

se, sthn arqik  tou morf , apokleistik� thn t.m. thc apìsbeshc. Wstìso, ìpwc

èdeixan oi suggrafeÐc sto [Bur90], to Ðdio montèlo efarmìzetai me epituqÐa kai gia

thn t.m. tou rujmoÔ broqìptwshc. Kat� sunèpeia, h an�lush pou prohg jhke mporeÐ

na epanalhfjeÐ autoÔsia kai sthn perÐptwsh tou shmeiakoÔ rujmoÔ broqìptwshc me

antikajist¸ntac ta megèjh apìsbeshc me ekeÐna tou rujmoÔ broqìptwshc.
1Gia perissìterec leptomèreiec bl. Par�rthma Z thc diatrib c [Pan02b].
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Sq ma Eþ.1: Genn tria qronoseir¸n apìsbeshc lìgw broq c.

Eþ.2 Upologismìc thc dunamik c paramètrou

thc apìsbeshc lìgw broq c dA

H kat�llhlh epilog  thc dunamik c paramètrou thc apìsbeshc lìgw broq c dA sum-

b�llei me krÐsimo trìpo sthn epituq  prosèggish thc stoqastik c diadikasÐac A(t).

H upì melèth par�metroc, pou suqn� sumbolÐzetai kai me th metablht  β, apoteleÐ

s mera antikeÐmeno ektetamènhc ereunhtik c drasthriìthtac. An up�rqoun diajè-

simec pragmatikèc qronoseirèc tou A(t) apì peiramatikèc metr seic, h ektÐmhsh tou

dA mporeÐ na pragmatopoihjeÐ antikajist¸ntac thn (E'.5) sthn (E'.3)

dA =
E [(A(t + ∆t)− A(t))2|A(t)]

2S2
a A2(t) ∆t

(Eþ.15)

ìpou ∆t to di�sthma deigmatolhyÐac, en¸ o qrìnoc deigmatolhyÐac prèpei na eÐnai

mikrìteroc apì d−1
A .

Ex�llou, apì thn prwtoporiak  ergasÐa [Mas81] proteÐnetai mia stajer  tim  gia

th dunamik  par�metro me kajolik  efarmog  se ìlec tic perioqèc thc Ghc. H tim 

pou epilèqjhke eÐnai

dA = 0.111min−1 = 0.00185s−1

Neìterec èreunec [Gre04] pou basÐsjhkan se peiramatik� dedomèna apì to dorufìro

ITALSAT katèdeixan ìti h par�metroc dA lamb�nei timèc sto eÔroc 3.16·10−4 ≤ dA ≤
3.16·10−3. EpÐshc, apì to prìgramma [Lem04] thc ESA (European Space Agency) kai

met� apì endeleq  sÔgkrish me peiramatik� dedomèna proèkuye ìti mia ikanopoihtik 

prosèggish gia perioqèc thc Boreiodutik c Eur¸phc eÐnai h tim  dA = 10−4s−1.

Sthn paroÔsa enìthta proteÐnetai èna analutikì plaÐsio [Pan03a] gia ton upo-

logismì thc dunamik c paramètrou thc apìsbeshc lìgw broq c dA, h opoÐa antimetw-

pÐzetai wc diaforetik  se sqèsh thn antÐstoiqh dunamik  par�metro tou shmeiakoÔ

188 Didaktorik  Diatrib  tou P.-D. M. Ar�poglou



Par�rthma Eþ. Genn tria Qronoseir¸n Apìsbeshc lìgw Broq c

Sq ma Eþ.2: SÔgkrish thc analutik c èkfrashc thc fasmatik c puknìthtac isqÔoc thc

apìsbeshc lìgw broq c me peiramatik� dedomèna apì to dorufìro ITALSAT pou proèkuyan

apì metr seic sth Barkel¸nh, ESP.

rujmoÔ broqìptwshc dR �bl. Kef�laio 2�. Sthn teleutaÐa, apodÐdetai h tim 

dR = 1.852·10−3s−1, h opoÐa, sÔmfwna me thn parapomp  [Bur90] èqei pagkìsmia isqÔ.

Lamb�nontac upìyh th fasmatik  an�lush thc Enìthtac 2.5.5, h akrib c èkfrash gia

th fasmatik  puknìthta isqÔoc thc apìsbeshc lìgw broq c eÐnai

PA(ω) =
A2

m exp(S2
a)

dAπ
exp

(
−π

ω

dA

)
Re

{
|S2

a|jω/dA

[
Γ

(
−jω

dA

)
− Γ

(
−jω

dA

,−S2
a

)]}

+(1/2π)A2
m exp(S2

a)δ(ω) (Eþ.16)

ìpou δ(ω) eÐnai h sun�rthsh dèlta tou Dirac. To Sq ma E'.2 parousi�zei mia sÔgkri-

sh metaxÔ thc analutik c èkfrashc (E'.16) me th fasmatik  puknìthta isqÔoc thc

apìsbeshc lìgw broq c pou metr jhke apì dedomèna tou gewstatikoÔ dorufìrou

ITALSAT sth Barkel¸nh, ESP [Cat00]. H doruforik  zeÔxh apì to dorufìro

ITALSAT leitourgeÐ sth suqnìthta twn 39.5GHz kai me gwnÐa anÔywshc 40◦.

To epìmeno b ma kat� ton upologismì thc paramètrou dA eÐnai h epÐlush thc

dipl c uperbatik c exÐswshc

PA(ωc, dA) = PAL(ωc, dR) = PAH(ωc, dR) (Eþ.17)
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me skopì ton prosdiorismì, arqik�, thc qarakthristik c suqnìthtac ωc kai, sth

sunèqeia, thc paramètrou dA. Oi sunart seic PAL kai PAH antistoiqoÔn stouc dÔo

kl�douc thc (2.62) gia qamhlèc kai uyhlèc timèc tou ω, en¸ h PA isodunameÐ me thn

(E'.16).

Eþ.3 Paragwg  Qronoseir¸n Apìsbeshc lìgw

Broq c

'Eqontac diajèsima ta jemeli¸dh ergaleÐa apì th dunamik  an�lush twn prohgoÔ-

menwn paragr�fwn kajÐstatai, plèon, dunat  h paragwg  teqnht¸n qronoseir¸n

apìsbeshc lìgw broq c me b�sh th di�taxh tou Sq matoc E'.1 kai me skopì th re-

alistik  anaparagwg  tou fainomènou. H genn tria qronoseir¸n epitrèpei th dokim 

kai th rÔjmish twn prosarmostik¸n brìqwn elègqou FMT (bl. Kef�laio 3) gia thn

efarmog  thc teqnik c tou elègqou thc isqÔoc kaj¸c kai twn teqnik¸n AM kai AC.

Tautìqrona, parak�mptetai h anagkaiìthta diexagwg c qronobìrwn kai dapanhr¸n

peiramatik¸n metr sewn kat� th diastasiopoÐhsh tou sust matoc. Par�llhla, ìpwc

apodeiknÔetai apì to Kef�laio 6, sumb�llei sth melèth thc epÐdoshc susthm�twn

Sq ma Eþ.3: Par�deigma paragwg c qronoseir¸n apìsbeshc lìgw broq c gia mia epÐgeia

zeÔxh m kouc 3Km sthn Aj na, GR.
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BWA, ìpou h genn tria efarmìzetai sta plaÐsia thc exomoÐwshc tou sust matoc me

dunamik  an�jesh kwdÐkwn.

'Etsi, mia b ma - proc - b ma diadikasÐa sÔnjeshc logarijmokanonik¸n qrono-

seir¸n apìsbeshc sunÐstatai sta epìmena b mata:

B ma 1o: Katarq n, upologÐzontai oi statistikèc par�metroi Am kai Sa thc lo-

garijmokanonik c katanom c, eÐte apeujeÐac apì peiramatik� dedomèna sÔmfwna me

th Enìthta D'.2.1 eÐte sÔmfwna me th diadikasÐa twn qart¸n broq c thc Enìthtac

D'.1 tou Parart matoc D'.

B ma 2o: UpologÐzetai h dunamik  par�metroc dA thc apìsbeshc, ìpwc perigr�fei

h prohgoÔmenh enìthta.

B ma 3o: Efarmìzetai h dièleush miac diadikasÐac leukoÔ jorÔbou apì èna baju-

peratì fÐltro pr¸thc t�xhc (p.q. fÐltro Butterworth) me kanonikopoihmènh suqnìth-

ta apokop c 2dA. Sthn èxodo tou fÐltrou emfanÐzetai h diadikasÐa xA(t).

B ma 4o: Me th seir� thc, h diadikasÐa xA(t) dièrqetai apì th mh grammik  di�taxh

Am exp[SaxA(t)] ¸ste, telik�, na prokÔyei h diadikasÐa A(t).

Sto Sq ma E'.3 parousi�zetai èna par�deigma efarmog c twn prohgoÔmenwn bh-

m�twn. To par�deigma afor� zeÔxh egkatesthmènh sthn Aj na, GR, m kouc 3Km.

Epilègontai oi suqnìthtec 28, 42GHz ¸ste na diafaneÐ to p¸c diaforopoieÐtai h

èxodoc apì th genn tria ìtan metab�lletai k�poio jemeli¸dec qarakthristikì thc

zeÔxhc.
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