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Kecpo’c)\ocbo 1

ELGOLT(OY‘f] CTA Aopucpopbxdc

Alxtua Enuxoltvoviomy

1.1 Ic‘copbxf] ocvocSpop.v'] oTo ‘cn)\snbxowwvbaxd
olxTua Sopucpépcov

Katd 1o 8eltepo ued tou exootol onwva, Lnhede Ut avaBiwor Tou ev-
Stapépovtog yiar Tor SixTud UETAPOPAS BESOUEVLY PACLOUEVA ATOXAEIGTIXY OE
dopugdpouc. Ta Sopupopuxd cuoTAUATA ETOVLViaG ard Takd oy Eva and
o xOpta onuelor TNE VINAAC TRAETIOWVWVLIIXAS TEYVOhOYlag, UE TNV o&loo-
uelwTrn xou EEYWEIOTY IXAVOTNTO TOL SLETOUY GTO VoL UTOPOUY VO GUVSEGOUY
TIC TEPLOGOTEQREC ATO TIC XATOWNUEVES TEQLOYEC TOU TAAVATY LS.

Qo1600, N Lrounyavia tiow arnd Ty Sopugopnt| Teyvoloyla TpoPAEneTaL Vo
yYvweloel toydtatn avdntun, ue Unapdn xoVOUALWY Yol THY EYXATACTACY) TWY
PLNOBOEWY TEYVIXS, o&lag TOAGOY Sioexatouuuelwy dolaplny cuotTudtwy,
XL TOV LUEAVOUEVO AVTAYWYIOUO TOCO GTNHV TOPOY T UTNPECUWY, 6GO XL O-
TOV XATAGAEVAGTING Touga. Owovouwxol avahutég TpoPAénouy 6Tt o puiuog
avamtuine tne dopugopxrc Brounyaviac Yo Cemepdoel Tov puiud avdmTuE-
NS OAOXATPNG TNG TNAETLXOVWVIIXTC AYORdC OTo EpyoUeEva d€xa ypovia. Tt
TEOXAAEGE qUTY| TNV ToyUTotn avaoteogr H andvinon Beloxetar oty olv-

Ueomn 300 OOVOUX®DY XL TEYVOLOYIXWY TACEWYV:

e H éxpnén tou Internet. H dexactio Tou 90 Yo umopolioe va yopox-
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tnetoTel 1 dexaetior TNy onola to Internet evnivamdnxe. Xfuepa un-
doyel wto antoteutn (xou owavouevn) LAtnom Yl Ty UTERES XL PTN-
voTepeg untnpeoteg Internet, xou mohhég etanplec omeddouy Yo var UTopovy
VoL TpOoopEROUY aUTES TIC UTNpesieg eupelag Lovng (broadband services).
Ta dixtua Sopugdpwy Tagéyouv Evay YpriYopo TEOTO Yo TNV TPOGEY-
YoM TWV TEAATOV, eNEWT Sev otnpilovial 6TNV XATACKELT| EVOC ETLYELOL
Stxtoou ubmiig TayvnTag, To omolo umopel va ypeelaoTel TOMAG Yeo-
vt yroe vou emtevyvel. Emmiéov, ue v eugdvion tng unneeciac tou
[oyxoouiov Iotol (World Wide Web).

e IIpbodog otny dopugopixr teyvoloylo. H Toyelo teyvoloyuxn
npdodoc 1 onolo winoe v avdntuln Tou Internet Borinoe exlong v
onuavTixy Te6odo tTne Tekeutatag AEENG TNG TEYVOLOYIUC GTNV XATAOXEUT
Sopupdpwy xau tepuatix®y (terminals). A&ilet va onuewwdel, 6Tt 1 ehdt-
TWOT TV UEYEDOUC TV NAEXTEOVIXWY XUXAWUATWY EXAVE SUVATH TNHY
eYXATAGTACT) GAO %o To ToAUTAOXOL xat cUvieTou hardware Sopupdowy
xa TepuaTXav. Otdopugdpot, oL ontolol TakloTERA ATy ahd AvUUETASOTES
(repeaters) tonodetnuévol oto Sdotnua, tweo drdétouy neplocdTepeS
evoouatwuéves (on-board) Suvatodtntes enelepyaotoc, xou Stodétouy
SUVATOTNTA VAL YENOLLOTO0Y TOMNATAES XATEVDUYVTIXES BECUES EXTIOU-
Ttﬁg/)xf]q)ng mpog TNV emgdvel e I'ng, eve tawtdypova umopolv va
EMXOWWVOUV UE dAhoug SopupbEoug UE TNV Yprion cUVSEsELY LYNAGOY
cadlocuyvotThTwy. XUvietol “aoteplouol’ SopupoewY YouUNAic TEoyLdC
(Low Earth Orbiting satellites - LEO), oe ouvduaoud ue v yeron
TNAEPOVWY %Al TEPUATIXMY T 0Told UTopolV var Topaxohovdody Ty
xvnomn auTOY TV Sopupdpwy, xataoxeudlovtol xal ToToleTolvVTOL OE
TeOoyUd oTic Wépeg wac. Néec umdvteg ouyvotitwy ota 20-30 GHz, 7
yeron Twv onolwy mahondTepa oy aduvatn AOYw Tng EAELYNC LALXOD
o€ hoyd x607T0g, Twea elvor Statécueg Yy yprion oto tedio Twv Sopu-
POPLUOY TNAETLXOWVOVIOY. AuTé €yel cav anotélecua v adincT Tou
Stadéatuou ebpoug Lwvng (bandwidth) ota véa CUCTAUATA BOPLUPOEWY.
[Tavotata ta o evpéwe mopatneobueva oTotyela Tou avtixTurou Tng
TEOOB0U TWY NAEXTEOVIX®Y GE AU TH TNV Brounyavia utopoly va egaydoly

and v avéntuén twv direct-to-home (DTH) unnpeouwdy Sopugopixiic



1.2. Y0vtoun emiox6TNnon 1wV S0pUPOPLXMY TNAETLXOVWVLGOY 3

TNAEOPAONS, €V AT TA THO TAYEWS SLABLSOUEVA XATAVOAWTLXS NAEX-
TeoVXd TpolovTa oTny totopla. Ot umnpeoieg DTH, yenowonowwytog
utxed, owxovoutxd dopugopixd “mdta’ (dishes), épepoay Tic dopupoptxéc
utneectec oty evpela xatavdhwon ue Evav TeoTo, 0 onolog Sev HTay

SuVATOS UE TNV YPNON TEYVOLOYLOY TNE TEoTYoLUEVNC dexaeTiag.

Eved 1 yehon twy Sopugopx@y dixtiny ooy uépog tou xopuot (backbone)
Tou Internet ylveton €8 xou EOGLTEVTE YEOVIA, 1) YPNiON TV S0RPUPOELY Y-
o TV TapoyY| vdning TaybTnTac Tpdclacrc oe dixtua etvar oyeTd véa. H
emruyio TV VEOV Sixtimy Sopupdemy 0To Vo Tapéyouy LPNAAC ToyUTNTAC
TeOGPoon e€UETATOL AT THY IXAVOTNTA TWY TEOTOXOAAWY ToU To UTocTne{louy
07O VoL UT0ROVY VAL AELTOURYOUY GWOTA ol amodoTixd o€ auTtd TO TEPYSAANOY.
To mepBdhhov autd yapouxtneileton and ueydheg xotuotepions UETAd0oTS
(propagation delays) o€ oUyxplomn Ue aUTéC TwV ENiyELWY SXTOWY GTAV AVUPER-
OUOOTE GE YEMOTATIXOUS 0pUPHEOUS, EVK OTAV AVAPEQOUACTE GE BopUPHEOUS
LEO yopoxtneileton and Stapxws UeToBoahhOUEVT UE TO YpOVo ToToloYio Six-
toou (Bh. oy. 1.1).

1.2 E()V‘coy:q smo-xém]o'q TWV Sopucpopt.xo')v t'q)\smxow-

WYLOY

To 1edlo v Sopupopx®Y TNAETLXOVWVLGY Elvat Eva TAOVGLO, TOAUGUAAEX-
@6 medlo 1o omolo euThExetl SLdPOPES TEPLOYES TNG ETOTAUNG, OTWS NAEXTEOV-
g, unyavohoylog, xou acgovournyhc. Apxetd Biiio mapéyouy entoxomnn-
oelg tou medlov autol cav oAdTnTa.  Avdueca oe autd Tar BBAle Tor omola
YPNoLUOTOLUYTAL EUPELS oTuepa etvon autd Twv Maral & Bosquet, Gordon &
Morgan, Pratt & Bostian.

H mpdtn eugdvion tne Wéac yiow tny yehor S0pupdpwy OE YEWOTUTLXY
TpOoYL4 (35780 yLAtOUETPA TaVL A6 TOV IONUEPVE) YIOL TNV TOROY T THAETLXOLY-
OVLIXOY UTNEECLWY €Ytve antd Tov ouyypagéa Arthur C. Clarke oo Bi3hio Tou
"Profiles of the Future” nepl ta 1945. O mp®T0¢ TEYYNTOC TNAETLXOVWVLIXOS
dopupdpoc (SCORE to 1958) dev dpynoe va axohoudrioel tnv extdievon tou
Sputnik to 1957, xat 0 mp®Tog eunopxdc yewotatxds dopupdeoc (INTEL-
SAT 1, f; "Early Bird”) to 1965 odfynoav otnyv enoyt tne unepdahdootog
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Pentriad, Russian television Geostationary orbital ring (GEO)
(useful at apogee) Spaceway, Astrolink, Euroskyway, KaStar,
Molnya orbit Inmarsat, Intelsat, VSAT, television, etc:

Global Positioning
System (GPS)

Glonass

Teledesic (Celestri),
Glaobalstar, Skybridge

ICO.(Odyssey)
Medium Earth Orbit (MEO)

Orbital altitudes for satellite constellations

peak radiation bands of the Van Allen belts (high-energy protons)
orbits are not shown at actual inclination; thisis a guide to altitude only
from Lloyd' s satellite constellationshttp://www.ee.surrey.ac.uk/Personal/L.Wood/constellations/

Yyfuor 1.1: Kemhepravd ototyelar.
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(overseas) tnhegoviag ue T ypron Sopupbpou. O tpdtoc dopupbdpoc INTEL-
SAT etye duvatotnro eCumneétnone 480 TNAEQWVIXWY XAVIALWY, UE ETAOLO
x607toc $32500 avd xorvdht.

Yrig dexaetieg tou 70 - ‘80, 1600 1 ayopd TV S0PUPOPLXLY TNAETLXOLV-
WVLIX®Y UTNPECLOY OGO XOL 1) ATUTOVUEVY TeYVohoyla avamtOydnxe ue Toyelg
evduoie. Extéc and tny mapoyt TnAeguviog ot Sledvég eninedo xot UTNEEGLOY
UETAPORAC deBOUEVWY avdUECH OE UEYAAOUS ETlYELOUS oTodUo0C ToU avrixay
oe edvixole TnAETXoVVIIX0US popelc (national carriers), ot Tnhemtxovwvi-
axol 30pLPGEOL YENCULOTOLOLYTAL OAO XL TEQLGCOTERO VLA AVUUETASOGT TNAEOT-
X0l ofuatog. [8plinxe o diedvic opyavioudg INMARSAT, ue oxond tny
TOEOY | UTNRECLOY TNAEQPWVINC X0l UETAPORIC BESOUEVLY OTOV TOUEN TNS VOLu-
Thlog. To mpwrto netpduata e dixtua Sopupdowy Bactouéva oe packet switch-
ing Zextvnoav 1o 1976. Tehwd, 1 xataoxeur) custnudtwy Bacouéva ot Tep-
uatxd ITodd Muxpric Awauétpou (Very Small Aperture Terminals - VSATS)
YLoL TOQOY Y| UTNEECUWY OTwS ERUAAUEVOT) TUCTWTIXWY XAUpTOY o dayelplong
Bdoewv dedouévmy extvnoe otig apyéc tou 1980.

‘Onog avapépinxe nopandvw, otny dexaction Tou 90 1 avdrtuln evailox-
TIXWVY, XL CUVAUO OLXOVOULXOTEQMY TEY VOROYLWOY OTIWS TA BIXTUA OTTIXWY VWY
(fiber optic networks) otadtoxd eCapdvioe TOMES amd Tg avdyxeg Yo Siedvr
otaept| TNhegwvia. 26T600, 1) TEYVOLOYLX TPd0d0C enETpedEe TNV dnutoupyia
TN¢ S0pLPOEXTC TNAEGRACTS, 1) OTOlo EYIVE AVTAYWVIOTIXT| TNE 101 UTdEY0LCAS
xohwdoxrc (cable) tniedpaons. Kou eZoutiog e éxpning evdapépovtog npoc
To Internet, mpog 1o téhog Tng dexactiog 90, Lexivnoe 1 yprion Sopupopnmy
AAVAALDY ETLXOVWVINS Ylot TNV Slauetaywyr| dedouévwy avduecoa oe dedviig
[opoyeic YTrnpeowdy Internet (Internet Service Providers - ISPs) xou tou xo-
ouol emxowvwviog twv HITA.

YNy epy OuUEVT SexaeTia, N ay0pd TwY S0PUPOPIXMY TNAETXOWWVLKDY TEOXELTL
va yvwpeloet Ueydhn avdntulr, egoécov €yel auindel paydaio n {htnon yu-
o umneeoieg uhnAhc mpdoPBacrne oto Internet xodwde xou yio umnpeoieg g
Aeyouevng “bnploodic tnieopaong”. Ot 800 ueyahlTepeg TEYVOROYIXEC XouvO-
Touieg miavotata Yo elvon 1 eupdvion cueTNUATOY T OTOLAL YETICULOTOLOVY
v heyouevn Ka-band {odvn udmhdv ouyvothtov (20-30 GHz) xat cuothuata
arotehoVUEVaL amd Sexddec Ewg exatovtddes Sopupdpoue LEO. Ta cuothua-

TOL TTOL YPYNOLUOTOLOUVE TNV TEOAVAPEROUEYT) LAV GUYVOTHTWY StodéTouy €va
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ONUOYTIXO TAEOVEXTNUA, XA)OC EMLTPETOLY TNV YPNOT TEQUATIXWY GUOXEUGY
YL 10 yerotn ot omoieg Yo Stardétouy dExTn StauéTpou Ay dTERNC Ao EVaL UETEO
v v eniteudn dweprc entxovwviag two-way communication). Eniong, e-
p6cov To Sdéoluo Paoua GUYVOTHTLY To omolo TapéyeTar TNy LOVY auTH
CLYVOTATWY elvor TOAD UEYAA)TERO amd TIC KON YPENOWOTOVUEVES LOVES, UT-
boyeton LYNAGTEPES Y WENTOTNTES dxTOWY. ‘Onwe Yo avahuiel xan mopaxdTw,
Ta ovothuata Bactloueva oe dopugdoouc LEO umbdoyoviow tny mpocpopd
UTNEECWWY UE TOMD AyOTEREC XAJUCTEQHOEL UETABOONC, %ol ATATHOELS OF
EVEQYELL OTOLS TEQUATIXOUC OTadUoUC GTY Y1), CUYXPVOUEVA TAVTOL UE AUTA
Tar omolol ATOUTOUVTAL YL TNV ETXOWOVIN UE YEWOTATIXOUS dopugopouc. To
oyfua X delyver v twpwv] Totodétnon twv mepinou 200 eumopX®y YEW-
ooty S0puPoEwY. Me TNV YeHor TWY TEOAVAPEPUEVTWY TEYVOAOYLOY, T
TuxvVOTNTA AUTA UTopel va Simhactactel oty gpyouevy dexaetio. Moxporpo-
veoua, ot dopupopol Boloxovtar oty xatarinhotepn Y€on yio Ty Tpocpopd
uTnEESLWY avaueTddoone (broadcast services) oe AVTUYWVIOTIXES TUWWES XAl TNV
ToEOY T BUVATOTNTIC ETXOWVWVIAG OE TEPLOYEC OTOV TAAVATY UOC Ol 0Toleg dev
eCumnpeTolvTon xahd amd Ta enbyeta dixtua. 20Td00, elvon avepd HTL dev UT-
GEYEL ETUPXAC Y WRNTIXOTNTU QACUATOS YL TOUS BOPUPOPOUS YL VAL UTOPEGOUY
vaL exToT{couy onuavTtd ta enlyeta evodpuata 1 achpuota SixTud, axduo xou

AV AUTO HTAY TLO OLXOVOULXS EQPIXTO.

1.3 H Apstx‘covmﬁ Tou Internet Protocol

O opog Internet avagépeton oe ula eupelor culloyr packet switching Sux-
TOWV Ta omofar GLYVSEOVTAL UETAED TOUC UE TNV YP1|0T) EVOS XOWVOU TpOTOXOANOU,
T0 ovoualouevo Internet Protocol (IP) »ou Tic cuufdoelg Tou To axohouoiv
660V agopd TNy Spouohéynor routing xor TNy dtevduvolodotnorn addressing.
To xde dixtuo unopel va Wwiel cav éva Eeywplotéd “awtdvouo abotnua’ (au-
tonomous system), to onolo avohouPBdver Ty evdiovn tng Swoxivnong twv Oe-
SouEvwY UEoH GE aUTH UE OTOV TPOTO auTH Pploxel cwoTd, eV TapdAAnha
axohovlel cuyxEXPUIEVOLC UnyYaviouole oTa onueia Stuohvdeong (exchange
points) ue to dhha dixtua mou cuvdéetan. To mo eugavée yopaxtneloTxd
AUTAC TS apYLTEXTOVIXAC dxTUmY elvon OTL elvan amoxevtpwuévy (decentral-

ized), xou dev Srodéter Evay xaw u6vo dwyeptoth. Mo SAAY onuovTin Theupd
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aUTAS NS aEYLTEXTOVIXTC €lvon TO Tw¢ T ddpopa TEWTOHXOAA GUVERYALOV-
Tan WeTaE toug. To oyfua X detyver utor dSnuoguny 6dn tne apyttexTtovixng
Tou Internet Protocol, mou €yel tn uoppt| xhedtdpac. H 6dn auty| ancixovilel
v Umapdn evéc xowol mpwtoxéhlou (IP) to onolo 6hot ypnouwonowtv (o-
Ta onueta BLaoOv‘Ssong) alhd to emineda agaipeong mdvw xar xdTw and To
eninedo tou IP elvon o etepoyevy|. TNV meayUATIXOTATA, 1) avyXn Yol THY
StaoOVOEST SLapoEETIXGY StxTUWY 6Twe To apyx0 ARPAnet, SATNET xat to
Mobile Radio Network ctny neptoyy| Tou San Fransisco Bay o onolo mpodn-
cav v yeron tou Internet Protocol. ¥to oyfua X, areuxovellovtar mévte
enineda StOwong ta onola cuoyetilovton Ue Ty apyttextovixy Tou Internet
(ouyvd ovoudZovia “apyttextovixy TCP/IPY).

To mapodv Internet unogel v yapaxtneotel and Tic axoloudeg WLOTNTEC:

e Mn eyyunuévn nopddoor naxétwy (Best effort packet deliv-
ery). To Internet dev nopéyel xaula eyyinon doov apopd 1o ddéouo
bandwidth, xadvotépnon (latency), oewpd dpiEng twy Taxétwy, oxdUo
XL TNV EMLTUY Y Tapddoor evog maxétou. Avtileta, tor ToaxéTa SpoUOh-
OYOUVTUL GTOUS TPOORIGUOUEC TOUG TOCO Xahd 660 1) SixTuaxt| uTtodoun
unopel vor emtOyeL, xaL efvar SOUAELd TwY TEWTOXOAM®Y ot LMAdTEPX
enineda Tor omola yewilovton TNV emxowwvia avdueca oe 8o x6uBoug
TOU AVTAAAAGOOUY BEBOUEVA VO TAREYOUY T OTOEGONTOTE EYYUHOELS
OYETXS UE TV emxovevio ( OTwe owoT oelpd APIENS TwY TUXETWY,
a&LOTOTY pstocq)opdc). Auth n Souwxr) andQao €yEL GUVEIGPEREL OTIC
xohég WioTnTES EMéxtaong mou dradétel To Internet dmwg o E€pouue
OHUERY, TANPWOVOVTUC ATd TNV GAAT TO X60TOC TNG UTOGTHRKENS TWY €-
POPUOYWY OL OTOlEC AmaTOOY TOAD AUOTNEES EYYUNOELS 6COV APopd. TNV

/ / 7
ar6doon and To dixTuo.

e Etepoyévera. Me omowovdnnote tpémo xou av xottdet xaveic to In-
ternet autd Srardéter Eva TpouaxTIXd TOGH etepoyévetag. Ta yopox-
TNEWOTXE NS ATOS00NE TV XOUPWY XAl TwWV CGUVSECEWY ETIXOVOVING
rowihhouy mdpa toAl. H emtuylo Tou Sixtou Bactleton otny emtuyn-
UEVT EYXAUTAOTACT, X0 AELTOURYId TWY TEWTOXOAMWY exelvwy To omola
meoomadoly vo eCakelbouy ta mpoAfuata Tou Tiovton and auTO TO

ETEQOYEVEC TEP3dANOY.
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e Meydn eyxateatnuévn Bdomn. Yty dexaction Tou 90, o aprhudg Twv
x0uPBwv oto Internet awlAdnxe ue exdetind pvdud. Auth T oTiyun un-
doyouy mdve and 60 exatouulota xouBot, xou Sirhactdleton oYESOV %d-
Ve ypovo. Yav anotéheoua auThc TNg alinong, UTApyEL Uto auiavouevn
Suoxohiar 6Ty vlonoinon ahhay®v/BERTIOCEDY GTo TEWTOXOMNAL, X0~
vog autd Yo €dete mavolg xwdlvoug otV GwOoTH GUYVERYASIA TWY
LTOEYOVTOY x0UBwy. Néa mpwToxoAa 1| BEATUWOE TEWTOXOMAWY Ol
omoleg amoutolve ahhayég otoug xouBoug elvar udAlov 8OGxolo VoL ULo-
vetnloly extdc xou av autd ewcaydyouy Ul véa unneecia 1 omola dev
unopel va utootnelydel edxoha and T UTAEYOVTU TEWTOXOMAA, 1) TOPE-
YOLY uLa ToAY) UEYIAT Beitiwon otny anddoorn. 'Etot, to Bdpog négtet
010V dNULoUEYH/OYESIAGTH TWV TEWTOXOMAGWY Yol TNV EXTOVNOY) EVOC -
exddopou TPOTOU UE TOV OTOl0 OTOLEGSATOTE TPOTEWVOUEVES BEATIOCELS
Vo mpaypatomoodvTol xot Yo ETBEWVIETAL OTL 1) TEOTEWOUEVES AAAAYES

dev mapeunodilouv TV cuvepyaoio UE TNV 101 UTAEYOUCO EYXAUTECTH

uévn Bdon.

1.4 Aopucpépoz. & Internet

Efvow %01 yvwotd xar avamdgeuxtod 6t 1 xaduotépnon avdueoo oo 800
dxpaL EMXOWVWVIAC UE TNV YP101) YEWCTATIXMY S0pUQORLX®Y GUVIECEWY Efvor
NG TAENC apXETOVY exaTovTddwy milliseconds mo ueydhn and T TEPLOGHTERES
ouvdéoelc Internet udhnirc toydtnrac. Ilagdro mou Tor uehhovixd GUOTH-
uata Sopupdewy LEO otoyebouv otnv eldttworn authc g xoduotépnorng
(n omola ogethetar xatd x0pwo Ao6yo oty andotacT moU TEEMEL Vo xoAUeL
0 ofjua and ) ' oto Sopupdpo xar avtiotpoga), N anddoor AWTOV TWY
CLUCTNUATWY UE OPOUS CLUYVOTNTAS EUGPAVIONS Aoy oTn UETABOGT ahhd xou
e xoduotépnorng, elvon axdua oféBotar u€ypl TN oTyur) auty, ohhd To TI-
Yavotepo elvon 6TL Yo elvan yelpdTepn 08 GUYXELOT UE AUTHY TOL TapaTneeitaL
ocuvidwg ot entyela evolpuata cuctAuata. Toco ov ueydhec xaduoteproelc
xo (mhove) 1 MEYIAES LY VOTNTES EUPAVIoNC Aoy UTopolY var STuLouEY -
oouy mpofAfuaTta anodoong ot ouvdéoel Internet. Muyvd, ta mpoliuoTa
QUTE 0NV ATOB00T) UTOPOLY VO AVTIETWTLOTOLY UE XATIAANAO oyYedaoUO

TOU TPWTOXOANOL, ahhd 1) eumelpiar €yel amodeller 6T dev elvan peakloTind va
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AVUUEVETAL OTL OL OYESOTES TpwToXOMwY Vo hdBouv umddn Toug Tar e1dwd
YAEAUXTNELOTIXE TV 0pUPORXKY CUVIEGEWY OTAY GYESLALOUY TEWTOXOAA -
1 ayopd Twv S0pupdowy elvor TOAD e€edxeLUEVT Yo v yeilel BeATioTono-
cewv. Ildpa tadta, motedeton 6Tt To Internet xon ov Sopupoplxéc GuVBEGELS
UT0POOY VoL GUVALYWVLOTOUY TIC TREYOUGES TEYVOLOYIEC Yo Tapoy Y| TpOoPaong

evpelac Lovng, Yo Toug axdoloultoug hoyoug:

e H tpéyovoa anddoom touv Internet eivanw actadvs. Ou puduot
anwAelog maxétwy oto Internet umopel vo elvon apxetd Ly elvon op-
xeTd cuvnicuévo ol puiuol anwhelag TaxETwy o TufuaTta Tou Internet
va. thnowdlouy o 10 €wc 20% o€ xdmoteg oTIYUES AOYWL oLUPOENOTS
Twv x0uPwv. ITohhol yeroteg tou Internet orjuepa €youy mpdoPacr oc
auT6 U€ow TNE amhol TNAEPWYLX0U dtxthou, To omolo (ot TayTNTES TNS
tdZne twv 30Kb/sec) unopel vo tpocdéter exatovtddec milliseconds xo-
Yuotépnong yia weydha maxéta. Emmiéov, ol ypoévol e€unnpétnong twy
eCuTnEETNT®Y, oL onolol cuvidwe elvan TOAD Uxpol, uropel va yivouy
TohO ueydhot. Xe €va tétolo TepBdihoy, 1 ano6door) ULl SopuPOELXTS
oOVdeoT 8ev UOLdlEL X TOGO %Y. LTNY TEAYUATIXOTNTA, YL 0plo-
UEVES EQUEUOYEC OTWS Yia UETAd0oT video yaunifc mowdtnrag, elvou
SLuVATA 1) ATOXWBLXOTONGY) EVOC TETOOL GHUATOS TOL UETASIBETOL UE TN
yerion Sopugopiniic olVdeone o AydTERO YpOVo amd uta UETAB0oT UE
TN Yerion enlyeiwy ouvdécewy, av 1 Teheutaia avTiueTwrilel UeYaAlTER-
oug puiuoig anwhetag dedouévwy. Emedr| dev undpyet xavévag Eleyyog
WS TPOS TN YeNon oUTE SuvaTOTATA AUCTNEYC EMBOAAC TOMTIXAC GGOV
agopd o yenowonooluevo bandwidth and uta cOvdeor oto Internet
elvon axouo aoapéc 10 xatd to6co 1 anddoor auth Yo Betiwdel awcdntd

07O TPOOEYEC UENAOY.

e Elaoctixotnta Ty dnunopLiay epapuroywy. Ol yewotatixol Sopugpdoot
VewpolvTa tpoAnuatixol Yo eQapuoYE "TEayUATIX0L YedVoL' oL oTtoleg
€youv va xdvouv ue aAAnienidpact avilpwnwy ylo ToEdderyUd, ThAe-
PWVIXEC XAAOEC UE TNV YprioT BopuPoptdy cUVBEGEWY avTIUETWTI oLV
UEYIAES XADUGTERHOELS £TOL WOTE VAL XAVEL BUGKOAT €W EVOYANTLIX UL
ouvnouévn cuvouthia. Auto 1o €l80g EQUEUOYWY EYOUY YURUXTNELOTEL

“un-ehaoTixéc. Amo Ty dhhn mhevpd, d0o amd T mo Stadedouéveg e-
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popuoyéc oto Internet - to Web xar to email - efvar "ehactinéc’ ue tny
évvola OTL Bev amaLToLY AUGTNEES EYYUHOES WS TEOC TNV An6300T Tou
StxtOou €101 WOTE oL YPROTEC TOL Vo efvon wavorotuévol. Eve etvou
mavov 6Tl egapuoyéc evaiointeg oe xaduoTtephoel Tou SixTOoU (6mwe
1 TNAEQwvia UECW IP) Yo eZelydel ot0 xovVTVG UéNNoV, ToL CUGTAUA-
T LEO oyedidlovton edixd yioo Ty xahOTERT UTOGTHREY AUTWY TV

EQUQUOYWV.

e Acvppetpia oto bandwidth cupdneileton pe tnyv acvppetpio
oty droxivnom twy dedopévwy. Ta Sopugopnd dixtua Tou oyedLd-
Covton €T0L MOTE VO ERLTRETOLY TNV YEHON TEQUATIXWY YAUNAOD xOGC-
Toug, cuvidwg yTilovta Yipw amd Ul Totoloylo “acTépd’, oTNY onola
utar UEYSAT xepatar xou EVIGYLTEC UEYIANC oY DO YPNOULOTOLYTAL Yi-
o TNV UETAd0oY) dedouévewy UE UEYIAES TayOTNTEC 0TOUG TEAdTEC. §)-
07600, €TEWT TO TO UXEB36 XOUUATL EVOC TEQUATIXOD TOU YLETOULOTOLEL
0 TENATNG elva 0 eVIoYLTASC Loy 00S, YPNOULOTOLEITAL EVAC EVIOYUTAC UE
YUY oy 0, xaL dpa o TEAdTNG dev UTOPEL VoL ypnoLUOTOLoEL Eval ap-
AETA oYLEO YEEOV GRUN YL TNV UETAB0OT TEO¢ TNV XEVIPWXY| Xepald.
Eutuyg, 1o eidog tou acduuetpou bandwidth mou mogéyeton and autd
TOL CUOTAUATA EEVAL IPXETO YLOL EQUOUOYES TOU ARAUTOLY TNHY YPHOY) TOU
World Wide Web, uoxpdv tnv mo Snuogikf urtneeota tou Internet o-
cov agopd TNV yeNon Twv Topwv Tou dixtiou. Ilpbogatec uetproelg
xlvnong dedouévwy amd Sidpopoug utoloylotég, E8ellay TNy UTapdn uL-
¢ ACVUUETELOG AVIUETH OTNY OYXO TWY ELCERYOUEVRY Xl ECEQYOUEVLY
dedouévey ue Adyo 5 mpog 1. Ou oyedlacTé TwV S0puPopIX®Y GLGTY-
udtwv €youy 13N AdBet LTOGYY TOUC AUTH TNV ACLUUUETEIN XL TPOCPER-
ouv LBEWLXE dopugopxd cuoThuaTa, 6Twe To dixtuo DirecPC to omolo
ETULTEENEL GTOUC YPNoTeC Tou TNy Afdn dedouévwy ue puiduole tng -
ne Twv 400Kb/sec adhd 1o omofo amortel xou ™V Onapln EVOS XOVIALOU
emoTpo@ric Paclouevo oe cUVOEST UEow amhol TNAEQPWVIXOL StxThou

(Toy0nTag mepimou 30Kb/sec).



Kecpo’c)\ocbo 2

Kenhepravd otouyeia nepLypons
s xivnong (Keplerian

Elements)

2.1 Toa Enta Kr—:n)\spbowo'c E‘COLXSL'.OL

[o tov xodoploud TN Teoytds evog SopuPOEOL, ATAUTETAL 1) YVWOT) UOVO
entd otoyelwy. To clvoho auT®Y Twy enTd apriuwy ovoudleTtar "Sopupoptxd
otouyeto Tpoytdc’ satellite orbital elements, 1 uepixéc @opéc Kemheplavd o-
toyela (npog iy tou Johan Kepler [1571-1630]), f ankd ototyeia. Autot
ot apriuol opllouv ula éAhewlr, v mpoocavatolilovy ylow and tn I'n, xou
TonoYeTolY TOV SopuPdoo oty EAAEYT auTY oE Ul SeSoUEVY) ypoVIXT| OTLYUT.
Y10 uovtého Kepler, ou Sopupdpol xtvolvtow mhvw ot Lo EAAELTTIXY TPOY LA
otaepol oyAuatog xou @opdc. H I'n Boloxetor ndve ot éva amd tar eoTiomd
onuelo Tng EMhedng, xat oyt 010 x€vTeo NS (eXTOC xou av 1) ENELTTIXY TEOYLA
VAL OTNY TROYUATIXOTNTO XUXALXT).

LIV TEAYUATIXOTNTA To TEdyUaTa Elvon eAappmg To ToAOTAOXA and TO
uovtéro Kepler. To urndpyov hoyiouxd to onolo undpyet Yyl Tov uTOAOYIO-
U®Y TETOLWY TEOYLWY, AoUPdvel UTOYLY TO YEYOVOS QUTO ELGAYOVTUSC ULKEES
Stopdwoelg oto uovtého Kepler. O Swopiwoeic autéc elvon Yvwotég ooy di-
atapdéelc perturbations. Ot Swtapdlers autée elvon amapaitnTtes AOY® NG

avouoloYEVeLaS Tou Baputixol medtou tng I'ng, xaw e avtiotaong xatd v

11
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xlvnomn tou Sopupdpou oty atudopopa. H avilotaon auth unopel va ypnot-
uomotndel cav éva 6ydoo oTotyelo TpoyLdc.

To Baowxd ototyeio tpoytde evoc Sopupdpou etvan o e€hc (BA. oy. 2.1)

1. Xpovixo onueto avagpopds (Epoch)

2. Tpoyroxh Khior (Orbital Inclination)

3. Op07f Andxhior (Right Ascension)

4. Ynuelo ITepiyetov (Argument Of Perigee)

5. Exxevtpotnta (Eccentricity)

6. Méon Kivnorn (Mean Motion)

7. Méon Avoporioc (Mean Anomaly)

8. Avtiotaon (Drag) (rpootpetixd)

2.2 Epoch

/7

To Epoch, etvar yvwotd xoaw w¢ "Epoch Time” 4 "T0”. To ciOvoho twv
oToyelwy Teoyldc elvan uta “pwTtoypaplal, Evol OTYULOTUTO TNG TEOYLAC TOU
dopugpbpou ot xdmota ouyrexpLUEvn yeovir otiyur. To Epoch eivar évag
aprlu6g o onolog xodopllel TNy ypovixy oTiyur otny omola APdnxe autd To

OTLYULOTUTO.

2.3 Orbital Inclination

7

To Orbital Inclination elvor yvwotéd xon w¢ ”Inclination” v ”T0”.
H ehewntind tpoytd Peloxeton oe éva eninedo 1o omolo elvar yvwotd cav

’ / ’ / / / / /’ /
10 eninedo tpoyldc. To eninedo autd mdvTa Sépyetar and To xEvtpo Udlag Tng
I'ng, ahhd umopel va oynuatiler onowadrrote ywvia Ue To wonuepd eninedo

(to eninedo to onolo driépyetar and tov wnuepwd). H xhion auty eivon 1 yovia
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. Ywvia avapiBdadovrog
CUVDETUOU-TTERIYEIOU

urkog avafipddovrog
TUVOETHOU

p \ TPOXIGKA KAion

YPUHM TWV CuvBETUWY

Yyfuo 2.1: Kemhepravd ototyela.

avdueoa oTo eminedo TEoyldc xou To tonuepwd exinedo. Kotd olufaon, 1
xhlom elvar évag aprude avdueoa oe 0 xar 180 uolpeq.

Ynu: Ou tpoyiéc ue xhion 0 potpmv ovoudlovTal IoNUERIVES TPOYLES (smt&"]
o Sopupodpog Beloxetar oyedov Tédvw amd Tov Lonpspwo’). Teoytéc ue xhion
oyed6v 90 uotpdv ovoudlovton mohxéc (emedh) o Sopupdpoc Siépyeton v
and tov Bépewo xaw Néto II6ho). H tour tou tonueptvol emtnédou xat tou
emmédou Teoylde eivon uta evdeta 1 omola ovoudleton ypouur Twv xOUPBwv

(line of nodes).

2.4 Right Ascension of Ascending Node

H Right Ascension of Ascending Node, yvwoté xow wg "RAAN” ¥ "RA
of Node” # 700" ¥ ”Longitude of Ascending Node”

H "RAAN”, {ow¢ mpdxettal Yoo To o xoxwe ovoualoUevo GToLyelo Teo-
yic. Avo apriuol amoutodvIal Yo TOV TEOCAVATOAGUS TG TOU EMLTESOU TPO-

Y oto ywpo. O mpmtog elvon 1 Andxhion. Autdcg etvon o dedtepoc. Me tnv
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Yvoon uovo tng Anéxiorg, umdpyouy dnepa to TARYog enineda Tpoytds Ta
omota elvon Suvatd. H ypoauur twv x6uPwy unopel va Peloxeton omoudrinote
Tdvew oToV Wonuepvo. Av xadoplotel To mou TEUVEL 1} YeouUT TV xOUPwY TOV
wonuepvd, da €yovue Thipwe xaopioel to eninedo tpoylde. H ypauur twv
%€0UPwy TéUveEL Tov onuepWd o Blo onuela. Armarteitar 6uwe o xadoploudg
uévo tou evog ex Twv dVo. To éva ovoudletar avaPiBdlovtag xoufoc (ascend-
ing node), 6mou o dopuydpoc dtacylet Tov lonuepvd and voto teoc Boped. To
dAho ovoudZeton xatepyduevos xéufoc (descending node), 6mou o dopupdpoc
Stacyilet Tov wonuepvd anod Bopd mpog voto. Katd alufact, xodopilovue tnv
Véor to avoPiBdlovtog xoufBou.

Emniéov, undpyer xou 1 teptoteoy| tne I'nc. Autd onualvel o6t dev u-
TOPOVUE VO YPNOUWOTOLACOVUE TO XAAGOIXO GUOTNUN CUVTETAYUEVWY YEW-
Yool uhxoug xat Thdtoug, Yyl Tov xadoploud g Stediuvong Tng Yeou-
ufc Twv %x0UPBwy. Avti autol, YenoIoToWlUE TO AOTEOVOUXG CUGTNUN CUV-
TETAYUEVWY, To omolo yprowonolel cav cuvteTayuéveg Tny right ascension
xat right declination, xou to onolo dev mepoteépeton wall ue ™ I'n. H right
ascension ouCLACTIXE TEPLYPAPEL o Ywvia, TN Ywvio 1 omola oyrnuatileton
amd Eva ONUELD avapPopdS GTOY 0LEAVO XaL TO LWOTUERWS eninedo, dTav 1 right
ascension tou onuelouv autol elvon UNdév. XtV Actpovoula To ornueio autd
ovoudleton vernal equinox.

Ev téket, Right Ascension of Ascending Node eivar 1 ywvia, uetpodueyn

amd To ®EVTPO NG YNNG, avdueoa oo vernal equinox xou tov avaPBy3alovta

Bo.

Kotd obuPaon, RAAN eivar uta ywvia and 0 €wg 360 uoipeg.

4
0}
4
xou

Metd and auth Ty obOvioun meptypagtr unopet va Sodel Evac mo avotnede
optou6g Tou RAAN. Ac dewpricouue tny tpoytd Tou Hlou ylpw amd tn I'n. H
TEOYLE oL TH EyEL Ut ambxhion mepitou 23.5 uolpec. Ye actpovouwy| opohoyi-
o, 1 yovie oauth ovoudletan exhetntixr). H tpoytd tou Ahou ywelletar oe 4
tooueY€ln Tufuata xou ovoudlovton enoyéc. H ‘Avoln Cexwdel v nuépa
otnv onola o fhog duoyilel To onuepvd exinedo and voTo mpog Boped. Autd
T0 onueio ovoudletar avaPBalovtac xéufoc tne Teoyds Tou Hiwu. H tpoyid
Tou fhou €yet RAAN=0 clugnva ue Toug tagamdve optouols. H RAAN tne
TEOYLAC EVOS Bopupopou elvar 1 Ywvia Tou oynuatiCetar avdueoa 6To onuelo

10 omolo 1) Teoyd Tou Nhiou TEUVEL To LoNuEEVO ERinedo, xou Tou onueiou oTo
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omolo 1 TeoYLd Tou BoPLPOGEOL TEUVEL TO LOTUEEWVO ERiTESO.

2.5 XYrnyuelo Ilepiyeiou

To Ynueto Iepiyeiov, etvon yvwotéd xaw cav "AGRP” 4 "W0”.

[Tpbxettar yior Evay 6po o omolog ouclacTxd TepLypdpeL Ut Ywvio. Topa
Tou To ETINESO TPOYLIC ElVUL TEOCAVATONOUEVD GTO YWEO, UE TN YeHon Twy
TEOMYOUUEVWY OTOLYElWY, OmAUTELTAL O TEOGAVATONOUOS TNE EAAELTTIXHS TRO-
Y oo eninedo tpoytdc. Autd yilvetar Ue TNV yehon Ui Yoviag, 1 omola
elvon yvwoti| cav onueio megtyelou.

To onuelo oto onolo o dopupdpoc Poloxeton 6T ULKEOTERT ATOGTACT) UTO
™ I'n ovoudletar nepiyeo. To onueio oto omoio o Sopupdpog Peloxetar otny
ueyahitepn anéotaoy and ) I'n ovoudletar andyeo. H eudeia mou Siépyeton
amo6 TO TEP(YELD XAl TO ATOYELD OvOUdLETAL Yoouun Tev adidwy. Mepéc popéc,
1 yoouur, Twv adidwy ovoudleton o ueydhog dovag tng EAELdTS.

H yoouur twv adidwv Siépyetoar and to xévtpo tng I'ng. Trdpyer dhkn
uta yeauur| n orota Stépyeton and excl: 1 ypouur Tov xouBwyv. H ywvia tou
oynuatiCetar avdueoa cdutég Tic dVo eudelec ovoudletan onueio meptyeiou.
Yuyxexpuuéva elvon 1 Ywvia 1 otolo uetpdton and to avaPBi3dlov onuelo mpog
10 Teplyelo.

Hapdderyuo: ‘Otav AGRP=0, 1o neplyeo ouunintet ue tov avaPBiBdlovta
x0uPo. Autd onualvelr 6Tt 0 Sopupdpog PoloxeTal 6TO XOVTVOTERD oMuUEio
NS TEOYdS Tou w¢ mpog TN I'm, axpBide T oTiyur; mou avatédlel and Tov
lonuepvd. AvtioToya xou otny tepintworn 6mou AGRP=180.

Katd obuBaon, to AGRP eivar uta yovio uetalt 0 xon 360 uotpdv.

2.6 Exxev‘cp(’)‘cv]'coc

LA

H exxevipdénta, yvwoth xoa wg “ecce” 1 "EO” ¥ "e”. Xto tpoylond
uovtého Kepler, n teoytd evog Sopugopou eivar uta Erheuhn. H exxevtpdtnta
TEQLEYEL TNV TANEoopiat oyeTixd Ue To oyfua e éMewhne. Otav e = 0, 7
Teoyd efvon xuxdxr. Otav 1o e minowdler to 1, 1 tpoytd elvon uoldlel ue

cuVela.
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[ va efuacte o axpBelc, 1 tpoytd Kepler elvon utar xwvuer tout| n orola
unopel vou elvon elte eAhewmTir, xUxAY|, Tapaohixr, uTEPBOAXY|, 1| axdua
xat evdelo. XNy TEQITTWOY| LA OUWS EVOLUPEQOUUCTE UOVO YL ENNELTTIXES
Teoytéc. I Toug oxomolg aUTOUE, 1 EXXEVTROTNTA TPETEL Vo PBploxeTtar TNV

mepoy 0 <e < 1.

2.7 Ms’cv] Kivncn

H Méon Kivnor, yvwoti| xar wg "NO”.

Méyer todpa €yl xadopliotel 1 @opd Tou emmESOU TEOYLAC, 1 POEd TNC
eEAELTTXAC TROYLAC 070 ENnEdO AT, XAt To oy AU TN ENAELTTIXTC Teoytdc. To
EMOUEVO oL ypewdleTon etvar 1) Yveor Tou UeYEDoUC TNg EMNAELTTIXAC TEOY LS.
Me dhha Aoy, To THG0 uaxpud Beloxeton o Sopupdoog.

O tplrog vouog tou Kepler mepl tpoytoncic xivnong divel o axp3n oyéon
avaUESH oTNY Tay O TNTA TOL B0PLUPOEOL XL TNE ATOGTACTE Tou and T I'n. Ot
dopugdpot Tou Beloxovtar Thnoéotepa ot I'n nepioTpépovton ue UeEYaADTERT
TayOtnTa. Oudopugdpot tou Beioxovta mo uaxpud ard T I'n, teplotpégovton
Ue UxeoTepT ToryTNToL AuTd onualvel 6Tt To (Bto mpdyua Yo Tay epuxtd elte
ue tov xadoploud NG ToyUTNTAS UE TNV omolo xweltar o dopupoEog, elte UE
Tov xooploud g anéotachc Tou and T I'n.

Or Sopugdpol Tou Starypdpouy xuxhixr TpoyLd, xwvolvTaL UE oTadepr Tory OTN-
To o€ Oha Tor onuEia TNC TEoYLE Toug. ‘Apa To U6vo Tou amarteiton fvar )
Yvwor e TayoThTag authc. Ot Sopupdeol Tou xVolVTAL O UT XUXAXT TeO-
yié (e > 0) xwolvtan tayitepa 6tay Peloxovton mhnotéotepa oty I'n, xou mo
apYd 6tay Peloxovton o woxpud tng. Mo cuyndouévn taxtixy elvon 1 yerion
e Lwéong TWiC auTASC TS TayUTNTag. Xty AcTpovoula, autd ovoudleton
"Méon Kivnor. H Méon Kivnon cuvidwe uetpdtar ue apduolc teplotpoghc
YOpw amd T I'n avd nuépa. Exiong, uta teplotpopt| cuvndileton vo uetpdton
and to meplyElo €wg TO ETOUEVO.

Mepwég popéc avti yio 1o uéyedog autod ypnouwonotelton 1 tpoy oy teplodog,
xar oy Vel Tooytony| Ileplodog = 1/1\/[8’07] Kivnon. 'Evac dopugdpoc ue Méon
Kivnon 2, éyel Tpoytaxt| Ileplodo 12 wpwv.

Mepwéc popéc avti Tng Méone Kivnong Siveton o utxpog déovag tng eMeLn-

TiXrg TPOYtdS. AuTHC LlGOUTOL UE TO UGG TOU UHXOUS TNG TEOYLAS, Xat GUVOEETIL
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dueca ue v Méon Kivnon ue uta aniy e€lowon.
Yny medln), ot teplocoTtepol Sopupodpol Eyouy Méon Kivnor mou xuuatvetar

avdueoa o€ 1 €wg 16.

2.8 H Méo'q Ava.oc)\t.ocx'r'] Kf.w]c'q

H Méon Avouaiaxt Kivnorn, yvwoth xaw wg "M0” 4 "MA” ¥ "Phase”.

Me tnv yvoon twv tponyoluevwy UeYedwy, 1o u6vo To ontolo EyeL uelvel va
xaoplotel etvan o xadoploude evog onueiou avagopds tne Y€ong Tou Sopupdoou
Tvew oTNY TEoYLA Tou oe Ut dedouévn yeovix otiyur. To mpodto otouyelo
TpoyLdc mou opiotnxe (Epoch) xadopiler utor ouyxexpuuévn ypovixh otiyun,
doar To UGVO Tou ypeetdleton etvan o xodoploude TN Véong Tou SopuPdEou V-
® GTNY TROYLE TOL TNV OTLYUR AUTH.

Av 0 dopupdpog xvolvTay o xUXAXT TEoYLd (UE amoTéNeoUO VoL EYEL O-
Toepn Ty TNTal) xou xdmotog mopatnenThS oTo xévtpo tne I'ng uetpoloe Ty
Ywvia Tou oynuatiCel o Sopupdpog Ue To TEplyElo, TOTE AUTH 1) Ywvia amoTehet
v Méon Aveuohood Kivion. H Ty e yoviag autic xuuaiveton and 0
éw¢ 360 uolpeg, xar e€opiouol o 0 Tomoleteltan oto meplyelo, xan doo oTo
amdyelo Yo elvon 180 uolpec. Enedr duwe ol Sopugodpol xivodvtar o€ un xux-
AMxEC TEOYLEC xaL ool UE UETUPAUAAOUEVT ToyOTNTO, AUTY 1 AmAY, oyéor dev
elvon xar 600 axp3rc. H oyéorn auth wotdco woylel ndvra, aveldptnta and
TNV EXXEVTPOTNTA TNS Teoytde (dnhady| to eidoc tng). To mepiyeo ouuPaivet
mdvta otic 0 uolpeg, xar To andyelo mhvta otic 180.

oectiovAvtiotaon H Avtiotaomn, yvwot xaw og "N17.

H avtiotaon mou vplotator xatd tnv xivnor| tou o Sopugdpog otny at-
udcgopa e I'ng, €yet cav anotéhecua 1 tpoyLd Tou va @iivel UE 10 YpEdvo,
Onhadt| o Sopupdpoc TEPTEL Slapxws ot TEOYLES UxpoTepou Udoug. Koadwe o
Sopudpog ydvel Dog, 1 TayOTNTA TEQLIGTEOPNS TOU UEYUAWVEL. AuTtd TO O-
Totyelo Tpoytde hotmdy uag mhnpoopel Yy Tov pulud ue Tov omolo 1 Méon
Avouaiaxr Kivion uetdfdiheton Aoyw tng avtiotaong ¥ dhhwy TapaydvTmy.
AxpBéotepa, av A eivon 1 avtiotaon xow MA 1 Méon Avwuohwod Kivnon,
1d(MA)

loylel A = 3

Metpdrar oe wovddec meptotporic Yopw and tn I'm avd nuéoa. Luvhdwc

elvan €vag Tdpa ToAD uLxpog aprdudg. Tumixée Tyég ya Sopugpdpoug LEO elvou
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¢ TdENS Tou 107%. Tumxéc TUES YL B0pUPHEOUC UE TPOYLEC UEYAAVTEQOU
Uhoug elvan TN Tdéng Tou 10°7 1 UXROTERO.

Mepwéc @opéc, otolyelor TpoyLwY TOU dNUOCLEVOVTUL UTOPOUY VO TEPLE-
Youv apvnTixég TWES yioo TV Avtiotaon. Auto unopel va gatveton tapdhoyo,
OuL¢ uTdpyouy Tohhol héyol Yo Toug onoloug cuuPaivel autod. Tlpwta TEW-
TA, Ol UETPAOELC OL oToleg Tapryaryay auTd Tar oTolyelo UTopel var TepLéyouy
ueydho ogdiuata. Elvow cuvndiouévn n extiunon tov ototyeiwy tpoyldc and
Eval Uxpd aptiud TUPATNECEWY TOU TEAYUXTOTOLAUNXAY UEGH OE GUVTOUO
ypovixo ddotnua. Me tétoleg UeTprioele, elvon e€atpeTind SUOX0AT 1) alLOTIOTY
extiunon tng Avtiotaong. Muxed o@dhuata to omola oLy vd eugavilovion 6Ti
UETENOELS, UToRoUV Vo Swoouy apynTxés Twée AvtioTaong.

O deltepog Aoyoc Yo Ty eugavion apvntixic Turc Avtiotaong elvon e-
happne o mohdmhoxog. ‘Evag Sopupdpog vpicTtatow ToMAEC Suvduel xatd
™V xivnor| Tou, extde and Tic dYo mou Exouv avapeplel Uéypt Tpa (BapuTtiy
ENEN e I'ng, o atuoogaupe avtiotaon). Mepixée and autée tic Suvduels
(m.y. Poputx| ENEn g cEAAYNG XAt TOU HAOL) UTopolY Vo oTp®Eouy’ Tov
SopupoEo oE Uta TpOYLd EAAPEKS UeYaAUTEPOL Uoug. Autd umopel va cuufet
o€ ueYahuTepo Badud €dv o NAog xar 1 oehrivny elvon evduypouGUEVOL UE
NV TpOYLd ToL BopuPdEoL UE cLUYXEXPWEVO TeoTo. H 1 Tpoytd uetpniel dtav
ouufalvel auTo, ua eEhaped apynTe Ty AvtioTtaong unopel vo tagéyel Eva
eldo¢ "Pehtlwong’ mpoc TNy extiunon Tng TEAYUATXAC TROYLAC Tou S0pLUPOEOL

yor U OUVTO{JY} XPOVLXY] TESPLOSO.



Kecpo’c)\ocbo 3

Ewcopnxoé tv]kemxowwvwxoi

Bopucpépm - va]ptoc‘cmpoi

(constellations)

3.1 E()o‘cv]p.oc 809ucpépcov Iridium

Y€ ol TpooTAUEL TOVY WBLWTIXWY ETALOLWY TNAETUXOWOVLGOY YLd TNV TOQOY N
adIEAELTTNE "OOLUEVIXS ETXOVOVINE 0TO X006, TEoWIHUTKE N avdTTUET op-
AETWV VEWY CUGTNUATWY SopLPdEWY, Ta oTtola eYxaTakelToLY TNV Tapadoctax)
Yenfon TNS YEWOTATIXAC TEOYLAC, Teog ydety cuotnudtwy LEOxaw MEO. Ta
Stxtua ot auEdvouy TNy TEPLOY ) TOU UT0EOVY VoL EEURNPETACOLY, TUREY OVTIC
UTNEEGIEC OE TEPLOYES TOU XOGUOU GTIC OTOIOEC 1) TNAETLXOVWVLOXT UTOSOUY)
elvan Atyotepo avemtuyuévy, onwe Acta, Agpwr, Avatohuxr; Evpwnn, Notw
Auepuer) xou Ti¢ mohég meptoyés. AuTtd Tol GUCTAUATA SopUYPOPWY TaPEYOLY
OWOVUEVLXT] XGALPT GTOUC YENOTEC TOUC, XUTL TO 0To{o €va TUTXO GUCTNHU
Sopupbdewy GEOBev unogel va magéyet. 'Eva tétoto cbotnua dopugpdewy LEO,
o Iridium 1ng Motorola, ohoxhnpadnxe xou t€dnxe o Aettovpyia to 1998.

H apywer) 6éa tou Iridium eugavictnxe 1o 1987, xau ¥tav 10 1pmT0 WL
OTXO OXOVUEVLXS o 0PUATO GUCTNHUN ETXOVWVIS TO onolo Tapéyel unneeateg
pwvrc, dedouévwy, tTnheouototuniag xa ewonolnong otov x6cuo. H apyxy
TOU U0pYT TeptAduUPave 77 SopupOEOLS, XoL TAPE TO GVOUW TOU ATt TO dTOUO

Tou ototyetou Iridium to omolo Swdéter 77 nhextpdvia YOpw and TOV TLEY-
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va tou. Qotdoo, oc U Tpoondiela UeyoTomolnong TS xIALgNg o TNg
ENATTWONE TOU XOGTOUC, O UOTEPLOUOS” TwY dopuPbewY BelTioToTol|UNXE, XOU
amartoVoe TAeov 66 Sopupopouc. O TpdToC TomoléTnone TwV Sopupdowy ot
Tpoytd oto Iridium Baocileton o évay “acTERIoUS’ TOL TEOTAVNXE AMd TOUC
Adauc & Pidep.

Oudopugopol tou Iridium PBeioxovro Tonodetnuévor oe Uhog 780 ythiouéTe-
oV and TNy empdvela e I'ng, xou ot 66 Sopugpdpot Beioxovtal xataveunuévol
oe €2 enineda, 10 xdde Evar amd autd mepEyel 11 Sopugdpouc PAére oy rua
3.1. To eninedo autd Stadétouy oyedoV xUXAXEC TPOYLES, XaL AMEYOUY UETALY
Toug 31,6 uoipeg, extog and Ta avtileTa TEPLOTPEPOUEV enimeda €var xon €L,
Ta omolo améyouy 22 uolpeg. H ehdytotn ywvio AMdne yu évay enlyeo ota-
Yuo etvon 8,2 uolpeg, xdtL 10 onolo ueylotonolel Ty TEELOY T xdALdng xde
30pUPOEOL XL BEATIWVEL THY TOLOTNTA TV GUVBECEWY OE GUYXQLOT UE YOoUN-
Motepeg TwES T Ywviag. O uécog ypdvog Y Tov onolo elvon opatdg xdie
dopugdpog elvan tepinou 10 Aentd.

To xOpLa yopaxtnelotixd Tou cucthuatog Iridium etvon ov Sopugodpeot, ot
enlyeleg mOAES, xaL Tal oL TEpUATIXES cuoxeLES. Ot Sopupdpol YpnouLoTolLY
Sra-Sopugopixéc ouvdéoelc (inter-satellite links - ISLs) yio tnv dtauetarywy
Twv dedoudvey. Ot tomég enlyeleg moAeg avoraufdvouy Tig Staduaciec ap-
yonolnong Twy xAoewy xou TN dtacLvdeorng tou Iridium ye ta %O undp-
yovta TnAepovixd Sixtua. To Iridium Siver tn SuvatdTnTa 0TOUC YEHOTES TOU
var hauPdvouy xhfioec oe onoodrnote onueio e I'g xon av Peloxovtar ue
™V YeYom EVOC xar ubvou aptduol xAfcews. ‘Eyet oyediactel yio tny enéx-
TAUOT) TWY UTOEYOVIWY ETLYElwY oTadep@y xat xvntev Sixtiwy Tnhepwviac. To
Iridium oyedidotnxe yio vo Topéyel UTNEEGIES XWVNTHC TNAEPWVING OE TEPLOYES
6mou 1 avtioToymn entyela unnpesio dev etvon Stdéotur, X émou to PSTN dev
elvon apxetd aventuyuévo. H tpéyouca Tiur| utag cuoxevhc emtxovwviog yia
10 dixto Iridium eivon mepimou $3000. T v npdoPoon oto dixtuo, unde-
yeL éva uniaio tdylo x6otoc g t8Ene twv $70. H yperon tou cuostAuatog
x60tilel mepimou $2 pe $3 1o hentd yio e€epydueves xhfoes mpog e HITA,
xou $7 UE $8 vy eCEQYOUEVES AMNAOELS OE GANES YDPES (oupnsp&ocyﬁocvopévwv
X0 TV XAAOEWY ot oTofeg éyouv oav onueio évapéne mhola). Ot eoepydueves

ANAOELC YPEWYOYTOL GTOV XAROVVTAL.
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Yyfua 3.1: Aopugopixde oynuotiouds Iridium 66.
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3.1.1 Iridium XyedLacudg ToL 80pLPOPLXOY CYNUATLOUOU

constellation design

Ta nepocdtepa and ta HO1 LTAEYOVTA SOPUPOEXE CUCTAHUATA TNHAETLXOLV-
wviag yenowonoiy xuplwe YewoTtatieols Sopupdpoug ol onolol Bploxovton
Tonodetnuévol ot Oog mepinmou 35800 ythouétowy and tny empdveta Tne I'ne.
Or Sopugdpot autol emtpémouy Thren xdAudrn g I'ng v yewypagued mhdtn
%€4Tw TV 70 Lolpey, UE TN YeHoT Tetwy U6vo Sopupdpny. H xauotépnorn Sid-
30om¢ TOL GRUATOS PO Lol XaTebUVOT Yia €val TETO cUoTNUA efvan TeEpiTou
120 ms. Me to cuoTAuaTa autd, elvon adivatn 1 yeHor TEPUATIXOY CUOXEUKDY
uxpol ueyédoug, xadwg amouteitor Ueydho ugyetog xepalag Yol TNV CwoTY
M tou ofuatoc. H araitnon and to Iridium tng moyxdoutag xdhudng
UE TNV YPNOT ULXPWY X0l EAAPEWY TEQUATIXWY GUOXELWY EYE GOV ATOTENED-
uo TNV yenomn evog “aoteptouol’ Sopupbpwy LEO. Ta Paowd mheovextiuota
TOU TEOGPECOUY oL dopuYOEOL auTol efval oL AYOTEREC ATALTAOELS OTNY oYY
TOU UETABBOUEVOL GUATOS, YaunhoTEET xouoTépNoT SLddoong ouaToC, XoL
(3N oTIC TEPLOYES TWV TOAWV.

H Toybtnta evog dopugpdeou LEO oyetind w¢ mpog ) I'n dlvetan amd

B sz/Q

VR

omou w elvon 1 ywvione Ty bTnTa TEpoTeoghc Tne I'ng, Ry 1 axtiva mept-

Vi

oTEOYNC TNE TpOYLdC EVAC Sopupdoou GEO , xar Ry 1 axtiva teplotpoghc Tng
TpoyLdC Tou dopupopou LEO . H ywviod taydtnta g I'ng wwodtar ue 0.2618
radians/opo and v e&lowon
w= M = 0.2618 radians/mpo
24 wpeg

H ooctiva tne tpoytde twv dopupdowy urohoyiletoar av npocdécovue tny
axtivae e I'ng otov onuepvd ue to Olhog oto omolo PBeloxeton o dopupdeog.
Auté éyel oav anotéheoua Twéc onwe R, = 42178 km xon Ry = 7158 km. H
TayOTnTa evog Sopugopou LEO w¢ npog ) I'n Yo elvon V) = 26804 km/h. O
TOUEAUETEOL TWV TEOYLOY TwY dopupdowy Tou Iridium odnyoldv ce uta teplodo
twv 100 mepinou hentwv. H ehdylotn yovia AMdne otnv onolo unopel €vag

YENoTNG Vo ETLXOWVWVACEL UE TO dopupdeo elvon 8,2 uolpec. T évar dedouévo
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onuelo otn I'n, 0 u€cog ypdvoc v Tov omolo Evag Sopupdpog eivarl “opatdc’
elvon 9 Aemtd, xan eite €vag elte dUo dopugdpol elvon opatol ot xdde ypovixy

otiyun. H meproyr| xdhudmng evoc Sopugpdpou diveton and tny e&lowon
A =27R%(1 — cosb)

7 7 4 7 7 7
OOV Re EWVAL 1) AXTWVA TNC FT]C xo 0 7] YWV TOU O(TEELXOVLCETO(L OTO GYNUA. H

Ywvia § utohoyiletar and tny eiowor

1 [ RecosE
0= [003 <m>] - F
omou R, m axtiva tng I'ng, E 1 ehdyotn yovia Adneg, xar h 1o Odog tou
Sopuboou.

H mepoyn xdhudne tou Sopupdpou, 6mwe gaivetar oto oyfua, Yo 16ov-
TaL UE 15299900km?, To omolo wolTaL ue war axtivor xdhudng g tdEng twv
2209km. Ot dopugdpot Iridium Cuyilouv mepinou 680 xhd xou €youy ava-
uevouevr didpxeta Lwhc TEVTE ETMOV.

Meéyer ofjuepa uTdpEyouy SV GYESIGTIXES TPOCEYYIOES GYET UE TNV
Umopdn cuVBEcERY avdueca otoug Sopupodpouc. Ot mpooeyyioe autés otnpi-
Covion GTO YEYOVOS TOU AV OL B0pUPOEOL YETIOULOTOLODVTAL CUY OAVUUETASOTES
(repeaters), 1 av dtaétovy evowuatwUEVY TEYVOhoYia cwitenvy (on-board
switching). O 30pUPOEOL TIOU YENOLUOTOOVTAUL GAY AVUUETAOOTES YETNOL-
UOTOLO0Y ULaL dpyLtTEXTOVIXT “AuYlouévou owhrval (bent-pipe). To ohua mou
uetadideton amd Evay yenotn avoueTadideTon and Tov dopupdeo oE Uta ERLYELN
TOAn 1 omola Bploxeton oty B teployy| xdAudng ue avtév. To anopaitnto
hardware yia v Siexnepainon tng xhfone Beloxetow oty TOAY. Autd TO €l
do¢ ouoThuatog anoutel Ty Onapdn Ulag TUATE oe xdie Teployr) xdhudhng Twv
30puPlEWY £TOL WOTE VoL UTOPEL VoL EEUTNEETHOEL TN SLACUVIEST] TWY YENOTWY
ue 7o dixtuvo. To obotnua GLOBALSTAR, 1o onolo egehlooetan and tny
etarpiar Loral QUALCOMM Satellite Services Inc. yenowonotel tnv apyrtex-
TovX!) AuYLoUEVoL cwAfva. Ot Sopugdpol ot omofol SL€TouY EVOWUATOUEVT
teyvohoyla switching €youv tnv SuvatéTrTa Yerioewe Sla-00puPoptt®y cUVSE-
oewv ISLs yio v Spouoloyrnon twv xhioewy. To ofua tou uetadideton and
Evav ypnhotn Spouoloyeltan avduecso amd Stdpopous SopuPOEOLS XL TEALXS

Topadidetar elte ot xdmota Tomny| entyeia TOAY elte oe xdmooy dhhov o).
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Autéd dnuiovpyet éva dixtuo GTOV OLPAVO xaL ETITEEREL TN YEVON UEYIAWY
ToTXWY TLAGY avtl o mOAng o xdlde meployry xdhudne. Méypl mpdoga-
T, 1) TEYVOAOYXT] TOAUTAOXOTNTA TN Y eNoNe Blo-80pupopxty cUVBECEWY Yo
TNV TEAYUATOTOMOT Sp0UOAOYNOT AVAUEGH GTOUS S0pLPAEOLC HTAY TEPLOP-
LOUEVT UOVO GE OTRATUWTIXES EQapuoYES. Ot oyedaotéc Tou Sixtdou Iridium
Cemépaoay autd Ta eumodia. ‘Etot, 1o dixtuo dopugdpwy Iridium ypenowuonotel

30puUPOEOUC UE EVOWUATOUEYT duvatoTnTa switching xar vtootipn ISLs.

3.1.2 Xuvdéoelg uetald twv Sopupdpwv (Intersatellite
Links)

O xdde Sopupdpog tou Sixtdou Iridium Swwtnpel uéypet xow téooepa ISLs.
Ta ISLs etvar cuvdéoelc mou cuvdnTovTal avdUESH GE S0pLPAEOLE TOU AKLVOUV-
Tou 670 (1o eninedo (xar ovoudlovton intra-plane), xou avdueoa o Sopupdeoug
oe yertovxd enineda (xar ovoudlovtan inter-plane). Ot cuvdéoelc intra-plane
StatneolvTaL LOVUA, UE xdie SopuphEo Vo GUVEETOL UE TOUS BOPLUPOEOUE TOU
Beloxovton auécng unpoctd xou ticw tou. Ot cuvdécelg inter-plane cuvdntov-
T duvouxd xon TepuatiCovTon xome oL SopUPOEOL UETAXVOUVTAL TEVW OTIS
Teoyéc Touc. Extog amd toug dopupdeoug oTa avTETWS xtyolueva enineda
éva xou €€L, 0 xde dopugpdpoc €yel 4 ISLs. Ot Sopugpdpot ot omolol Beloxovio
oto oo enineda €var xar €€L Statnpoly uévo 3 ISLs o xadévag toug, ta 800 ex
Twv onolwv elvar intra-plane. Ot Sopugdpol ota eninedo avtd dev emTEERETAL
va cuvddouy cuvdécelg ISLs uetald toug, Aoyw Tng TOALD Y YOopnS YwVLoxrg
uetaBoAfc 1) omolo TopaTrnee{Ton o€ S0pUPEEOUC TOU XWOUVTAL TAVW GE oV Ti-
Veta neploTpEPOUEVYL ETiNES AL

To ISLs mpoyuatonoodvtow 6Ty Tepoy? cuyvoTAtwy 22.55 éwg 23.55
GHz xou ue taydtntee g 1éng Ty 25 Mbps. H ywvia xatedduong avduesoa
oe dUo dopupbdooug oe Yertovixd enimeda TPOYLAS, oV YENOLUOTOLCOVUE GAY
avapopd T UNBEV Uolpeg TopdAAnha 6Tov WonuEpVO, xuualveton Tepitou £65
oe o teptoteopn. H yovio auty| uetaBdhieton ue utxpdtepo puud xovtd o-
TOV LONUEPLVO OTIOL 0L B0pLPHEOL ToU BoloXOVTA OE YELTOVIXES TPOYIES ATEYOLY
v ueyahOTeEEn duvaTy| andoTaoT), xo UETOBdAAETAL UE UEYahOTERO UG
AOVTY O0TOUC TOAOUC 6ToU SlacTavp®vovTal ol Teoylec. Auth 1 Staxduavon

x(dver amapadTnTy TV Y101 XATEVHUVOUEVWY XEQULMY TéV®W GTOUC SopuPHEOUS
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Yo Ty Statiipnon Twv inter-plane cuvdéoewy. Axoua xou Ue XATEVIUVOUEVES
xepaiteg, Vo Hrory mOAD dUox0oAN 1) SlaThHENON TV CUVBECEWY AUTWY UETUEY
Sopudowy Tou Peloxovtal ota eninedo Eva xon €41, xaL UAAOTO OE UEYAADTERAL
Yewypapxd TAdTY 6Tou 1o alysotio UETABAAAETOL UE UEYUADTERY Toy O TNTA.
Mt npocéyyion mou yenowonoteito Yo Ty Statripnor inter-plane cuvdéoewy
elvon 1) emhoyt| evog Tumxol aluuoudiou xovid o€ aUTé TWV SopUPSEWY TOU
Beloxovton xovtd otov tonuepvd. Tote 1 xepaio ex xaTaoxeLHC Vo oyedlaoTel
étol wote va umopel vou uetaxivniel uévo oe uta meployy| 1 omolo emLTEEREL
inter-plane cuvdécelc oe younhdtepa Yewypapxd TAdTN 6mou To aliuolio
uetaBdhheton mo apyd. Tumixéc Tyuéc ebvan 45 ue 50 uolpeg, xar oe Guv-
duaoud ue uta xepata mou umopel vor uetaxtvndel uetald 35 xar 40 uolpwy,
elvon apxetd Yo TNV Statheno inter-plane cuVSECEWY YLol YEWYQUPIXE TALTT
am6 50 €wg 60 uotpmv Popeta xan voTio. M avarmapdotact avtwy twv ISLs
potvetan 6T0 oYU, OToU 1 xde Tour TwV EVIELOY AVAUTAPLETAVEL TNV Vo
evOC EVERYOU B0pLUYOEOL.

To ISLs magéyouv oto dixtuo €va ueyahitepo Badud avtovoulog cuy-
APWYOUEVO UE AUTOV TWV SIXTUMV YEWOTATIXDY S0puoeny. AmartodvTal AyoTepeS
enlyeleg mOAeg ywtl 1 Spouoldynon Twv Sedoutvey tpayuatoroteital Stogé-
oou twv ISLs. 'Etot, to Iridium dev eaptdtar and T unnpeoieg mou mopé-
YOVTAL omd GANOUS 0pYAVIOUOUS, OTWS OL TOTUXES TNAETIXOVWVIAXESC ETAUPES,
10 ornofo uetapdleTton xou o€ UEYaAOTEPA %E€pdT EPHGOY TO AOGTOC YL TNV
Yenion enlyelwy CUVSECEWY EAATTWVETAL.

H noAvmhoxdtnta twv Sopupdpwy tou Iridium ogeileton and Ti¢ evowUATOUEVES
duvatotnTeg enelepyaoiog Tou amontouyTon Yoo Ty Stayelplon xor utooTHEEN
twv ISLs xar tnv dwatrenon tng cuvdeotudtnTag Tou dixtiou. Amodotixol oh-
yopuuor avdieons cuVSESEWY XL SPOUOAGYNONE UTOROVY VA EAATTOCOLY TNV
©xoUOTERNON 0L VAL EAATTOOOLY TOV YPOVO TPOETELERYATTAC (overhead). Avu-
Tol oL ahyopriuol TeEmel va cuYXAlvouy ToyUToToL o ULl AUoT) SpouoldY oS
Ue 660 TO JUVATOY ULXPESGTEPO YPOVO Tpoeredepyaoiog. Autd Vo el ooy due-
00 anoTéAeoua oTNY xah0TeRn Acttoupyio Tou dixthou. H onuacia oyediacuot

xow yenone T€towy ahyopiduwy Yo culntniel toapaxdtw.
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3.1.3 Alacuvdéceig tou Iridium pe enlyesia dixtua

To tnhemowvmvioxd dixtua avoraplotavtor cUVAIWS CoY YEUPHUATI, TWY
omolwy oL x0uPBol avTIoToly oLy O oNUEld EMXOVWVING, XAl OL AXUEC TOUG
avToTo 00V 6e xavdha uetddoone. To dixtuo Iridium ovctaotind Stolétel
000 emlneda xOUPwv, €va yia Toug SopUPAEOLS, XL EVaL YL TOUS ERLYELOUS
otoduole, xou ot Y€oelc UETAZ) TV UETAUBAAAOYTOL Slapx®S. Ay ATOTEAECU
auTtoy, oL GUYBECELS oL GUVOEoLY eTtlyeloug oTaduol¢ UE Toug Bopupdeoug
aAdZouy Ue TNV Tdpodo Tou yedvou. Auty 1 UeTaBoAY| LotdlEL UE AUTHY TOU
TopaTNEElTOL AVAUEGH GE UETAXVOUUEVOUS YeNoTES Xat oToduolg Bdong o Eva
UG BixTuo NWVNTAC TAEPLYiag. Ye €va Tétoto dixTuo, 0 YEHoTNg cuVdEsToL
otov oTaduo Bdong ue o .oyvpdtepo ofjua. Kodwe autodg ustoveltan and tny
TepLoy Y| xdhung evég otatuol Bdong mpog TNV TEpLoy T EVOS dAAoU, 1) GOVIESY
TOU UETUPERETAL OToV VEo otodud Bdong. Xto Sixtuo Iridium ua cOvdeon
eMTUYYAVETAL amtd Evay enlyelo oTaud Tpog TO S0pUPOEO UE TO LOYUEOTEROD
ofjua.  Ou Sopupoeol xvolvTal capns ToyUTEPA and Toug yeroteg tTou. T
T0 AOYO auTH, oL yerioteg umopel va Yewendoly 6t elvar axtvntol oe alyxpeton
UE TNV ToyLTNTA TV S0pUPOoWY, XM axOUN XaL EVag yYeNotne o omolog
Beloxetan uéoa oe éva agpomhdvo, TaldedeL UE TOND UxpdTERT) Toy UTNTA Ao
éva dopupopo. Kadwe ol dopupdeol Siépyovton and uta TepLoyr xdhudng, 1
oOVdeoT amd To BopuPdEo TEOC Tov AvTloToly o ETlYE oTOUG UETUPERETOL
amd TOV S0pUPOEO TOU UPHVEL TNV TEQLOYY| AUTH GTOV ETERYOUEVO B0pLUPOEO
Tou €pyeTan var xahOeL Ty TepLoy .

H ouvdeowudtnto avdueoa 6To eninedo twv 8opupdpmy ot To RiTedo TwVY
eniyelwy otodu®y elvon amod T puor e meptodiny|. H neplodog awts| unopel va
oploTel cav Tov ypdvo mou amouteiton Yoo TV eLDLYPAUULCY TV dVo EMLTES-
wv 6Ty B Yéon xou va amoxatacTaoly TiC (Bleg GUVBEGELS AVAUESA GTOUS
Sopugpdpoug xon Toug enlyetoug otoduols. ‘Onwe avagepdnxe xaL Tponyouuéy-
¢, 0 xdde Sopupodpog xdvel uta Then TeploTogh Yopw and TN I'n xdde 100
Aentd mepinou, €tol xde eninedo Sopupopwy PBeloxeton otnyv Bia Véon xdle
100 Aentd. Ov entyeor otoduol Bploxovtor otny (S Véon xdde 1440 hentd (1
npépoc). Efvow hoywd howmdy 6t 1) meptodog g ouvdeowudtnTog Tou Sixthou
unopel vo Bpedel ue Ty uétenon tou apriuol TV NUERGY GTOY 0Tl 0 ACTER-

/ 7, 4 / /7 /7 7 z 4
loUOC CUUTANEWVEL axépato apud Teptddwy. Baotlouevol odutéc Tig Tyuég
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OUOC, 0 UCTEPLOUOS” TwV B0pLPOEWY BEY GLUUTATE®VEL axXEpato apLiUd TEPLOS-
wv uéoa o déxa Nuépes. Autd gaiveton va Selyvel 6Tt 1) (St ouvdeoudTn T
uetad entyelwy otoadumy xou 5oplpopwy SeV ERLTUYYAVETAL OE TEQLOdXT| BdoT.
Qot600, 10 Uéyedog Tng TEpLoY S XIAUDNG EVOC BopuPOEOU XoL 1) ENSYIOTY Y-
ovio Midng tou otaduol mpénel vor hauBdvovtar undédhy Yo Tov xadoploud
NS GUVOEGUOTNTAC avdUEGH 6TOUS ENlyELOUS GTAUOOC XL TOUS BOPUPOEOUC.
Axduo xon av oL oyetinéc Véoelg UeTadh Sopupdpwy Xt ERLYEIWY oTodU®Y deY

7 2. ’ 7 /’ 7’ / ’
elvon axpBg ot dieg, ol ideg ouvdéoele elvon Suvatdy va mpayuatorotnloly.

3.1.4 Awexnepalnwon KAjoswy xow AettovpyLxdtnta Tou
Iridium

To cOotnua Iridium emitpénel 6GTOUC YPAOTEC TOU TNV TEPLAYWYN (roaming)
O€E OO TOV XOOUO UE TNV YeHoN EVOC xat u6vou apuol xhong. [ tny exni-
TevZn avutoy, o xde yeRotng dtadéter uto owxeior TOAN (home gateway) 1 omola
Srayeplleton Tic unnpeoieg Tou. Ot THAeC 6T0 GUCTAUA AUTO Elvarl TEPLOYLXES
(regional) xou unootnellouy UEYAheS YewYpapéc Teployéc. ['on mapdderyua,
utar TOAN utooTtneilel oAdxhnen T Bogeta Aueowr|. Ot mhheg yenotuebouy xou
oay onueta Staoclvdeong e to exntyeto dixtuvo Tnhegwvioc. Exione exteholy tig
Aettovpyiec tne mpoetoaoiog xhhone (call setup), evtomouol xAfone (call
location), xou yeéwone. H mihin mpéner va Sratnpel wia Bdorn dedouévwy ue
TeoglA cuvdpount®y xowe xou U Bdor dedouévwy ue Tic Véoelg Toug xdie
otiyun. Auth 1 Bdor dedouévwy ovoudleton home location register - HLR.

Kdée yerotne tou Iridium xodoptleton uovadnd and teetc aprduoie:

e Mobile Subscriber Integrated Services Digital Network Num-
ber (MSISDN)

e Temporary Mobile Subscriber Identification (TMSI)
e Iridium Mobile Subscriber Identity (IMSI)

O MSISDN etvor o tnheguwvinde apuiude xhfong tou yerotr. Eyel uéyedog
Tévte Pnelov, xou arotehel TURUA Tou dwdexadrgrou aprduol Tou amarteiton

VoL XAAECEL XATOLO YL VO ETUXOWWYHOEL UE TOV XATOYO auToL TOu apuoy.
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To mpwTo medio autol Tou dwdexadrigrou apruol etvar évag TeTpadhPloc ap-
wWude, o xwdog yweas. To dedtepo medio elvon évag toubrplog aprude, o
AxWOWOC YEWYPAPS TEPLOYNC. AUTOC 0 xwdLXOS YenouloToteital Yo Tov
xodoploud g owelag yweac home country oe mepoyéc o6mou utar mOAN &-
vrneetel tapandve and uta ywees. To tpito xar Tedeutato tedlo Tou aprduol
elvar o MSISDN. O TMSI etvou évag npocwpvog aprdude mou uetadidetar anod
10 dixTuo xaTd THY TpoeTowacta xdde xhhong. O apiude autdg aANALlEL o
TAXTA YPOVIXE SLICTAUATA VLot THY TEOOTAGI TNG ILWTIXOTNTAS TOU YEHOTY).
O IMSI etvou évag ubdvuog apriudg anodnrevuévog e uta x3eTa LovadLXy yia
xde yproTn xan TNV omola ElGdYEL 0 YPROTNEC OTNY TEPUATX TOU GLUOXELT]. O
apiude auTHC TEPLEYEL TANPOYOpleS anapaflTnTES Lot TOV Uovadixd xadoploud
ToU YeNoTn %ot NG owxelag TOANS Tou amd UL TOAT.

[ty Stexmepaiwon Twv xhoewy, 1o dixtuo Iridium mpénet va tapaxoiou-
Vel v Veomn evig yoRotn xadwg autog xwveltan 6e SLUQOPETIES YEWYPUPLXES
meployéc. ‘Otay évag yerRotne evepyonotel Tny cuoxeut| Tou, UeTadidel Eva oY-
ua “etowwdtnTag i Mdn' (“ready to receive”) otnv minotéotepn nohn. To
ofjua uetoPiBdleTon and Tov yeNoTh TPog Tov Sopupdpo Tou BeloxeTon axpBog
TV amd Tr CLYAEXPWIEVT TEPLOY T Xdhudhnc. Av o yprotng dev Peioxetar oTn-
v (B meproy ) xdhudne ue tnv mOAN, To ofua Stacyilel xdmota ISLs uéypt va
pTdoeL 0T0 SopuPoEo Tou BeloxeTal wxeB3KE Tdvw ard Ty TOAN. To ofua téTe
uetaéoetal oty TOAN. Av o yerotrg dev Bploxeton otny meployr owxelag mOA-
ng, 1 mOAn 1 omola howfdver To ofua “ETowoTTAS Yoo Mbn’ Yo avayvwploet
6TL 0 yeNoTNg elvan Emoxéntne Yo Ty TOAN auth. H mOAn xadopiler v ¥éon
TOU YPNOTN XAl ELWGAYEL TNV TANPogopia auth otov visited location register -
VLR. H 1O\ auty| otélvel mhnpogopieg Stauéoou ISLs otny oueta mhAn tou
Yehotn xou {ntder To mpoglh Tou YEHoTN xaL TNV Adew Yo TNV SEexTEpain-
on xAoewy Yo Tov yerotn. H owela mOAn otélvel tnv ddeta oty TOAT xou
eVNUEPWVEL TNV V€am Tou yerotn otov HLR.

Ov mokeg yewtlovtan Tic Swdixaoieg mpoetowaciac xhfoewy oto dixtuo
Iridium. ‘Otav mpayuatonoteitar Utor ¥Afon Tpog €vay yehoTrn Tou dxTiou
Iridium, oty Spouohoyeitor oty owelo TOAN tou ypRotn. H xAfjorn unopgel
var €yel mparyuatonotlel and enlyeo dixtuo Tnhegwvioc i and xdmowv dhho
yeriotn tou Iridium. H ouxela mOAn tou yerotn xadopiler tnv ¥éom tou and

v mhneogopia mou dtodétel otov HLR. H mOAn 161 otéhvel Eva ofjua xhiomng
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10 onolo Siépyetan u€ow ISLs uéypet Tov Sopupdeo mou Beloxetar axpBng Tévw
am6 Tov Yerotn. To ofua UETAPERETAL GTNY GUOXEUT| TOU YPHOTN XL TO TNAE-
pwvo yTund. Otav o yerotne apyioel va yenouwonolel Tn cUoXELT Tou, aUTY
oTéAVEL Eva ojua xaTethnuUévVoL To ontolo dtaoyilel To dixtuo uéow ISLs uéypl
v 1OAn. H nOAn téte Spouohoyel to toxéto dedouévwy (Tov 6To tapdderyud
UG UETAPEROLY q)ww’]) Stauécou tou Suxtvou Iridium otov yprhotn. To noxéTa
auTd dev ypetdletan var Spouoroynoldy uéow tng TOANG. Av 1 xhfon mpoépye-
TaL an6 €vay yerotn tou Iridium mpog évay dhhov yerotn Tou Iridium tote
Tor ToXETA AUTA SPOUOAOYOUVTUL ATOXAELGTIXG aTtd TO BiXTUO SoPUPOEWY XaL
ta ISLs touc. H minpogopiec mpoctowuacioc tng xAfong UETagEpOVTAL UECW
TNC TOANG, AAAE 0 pOAOS TN TOANG TEAELOVEL UOAC oTO OAoXATPeWIEL.

3.2 E()o‘cv]p.oc 809ucpépcov Teledesic

To dixtuo dopupdpwy Teledesic eivan €va dixtuo VNI TaybTNTAC XOU
YWENTUOTNTIC TO 0Toto GUVSUALEL TNV TAUPOYT| TAYXOCULIC XAAVYNG oL YOuLT)-
Mg xaduoTtépnone Sddoong evog cuoTAUATOS Sopupopwy LEO tnv evelli-
o xou oltomotion Tou Internet xon unyoviouols eAEyyou TOLOTNTOG UTTEE-
owwv (Quality of Service - QoS). Ouctaotixd 1o dixtuo Teledesic Yo mopé-
YEL owxovoulxy| Teocfaon uhnhic TaydTnTac o Ohec T meployéc TN I'ng oTig
oToleC 1 TUPOY Y| TETOWWY LTNEECLWY UE Elyeta UEoa Vo ATy oxovouxd aciu-
PopN-

To dixtuo Teledesic umopet va yenowwonotniel cav uta cLVdeoT TEdcBacnC
AVAUESH GE Evay YEHOTN xou Uta TOAY o€ €va entlyelo dixTuo, 1) cav éva uéco
oOVdeoNC yenoT®y 1 dixTtiny UueTall Toug. Me oyeddv mhrpn xdhudn tne I'ng
(95% tnc emgdvetag), 1o dixtuo Teledesic oyedidotnxe yoo TV vnooTAPEN

EXATOUMLRIWY YENOTWY TAUTOY POV

3.3 TeledesicXyedLaouog ToL 60LLYOELXOL GY1)-

matiopou constellation design
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3.3.1 Xvufatotnra pue oM undpyovTa dlxTua

To Sopuoptxd GLUOTAUATA ETUXOWVKVING TOU YETCULOTOLOLY YEWOTATIXOUC
30pUPOEOUC ATATOLY AAAXYEC OTA ETLYELX OTAVTUR XU TEWTOXOAA DX TVWOTS
YLOL TNV QVTLUETOTLOTN TS EVBOYEVHC xolLGTEPNONC UETABOCTC TOU TAPOLGLE-
Couv, 1 omola xat” ehdyioTo etvan Uo6 Seutepdrento. O otdyoc Tou Teledesic
elvon 1 ovuPatdtnTa ue Tar KO UTdEYoVTU OTAVTUL SIXTOWOTS, XL OYL 1) oh-
hayhy Toug. To dixtuo Teledesic oyedidotnxe Yoo v mapoyr) cuufotoTn-
ToC UE TS EQapuoyEéc mou Pactlovtal oTo onuepVd TpwTéxo . AuTéd VéTel
AUOTNPES ATAUTACELS GTOV OYESUCUS TOU GUCTAUATOS, CUUTEQLAUUSBAVOUEVNS
¢ amadtnong v uxer| xoduotéonon dddoong, youunho pudud eupdvione o-
POAUETWY OTN UETAB0OT], LYNAY SLadecUUOTNTA TWY UTNRECLWDY, XAl EVENXTY
xow LPnirc TayvnTag oOvdeorn. To Teledesic otnpileton oe éva exlyeo 1-
uhuo (tspyartxég GUOXEVES, BLXTLOXEC TOAEC XAl CUOTHUOTA AELTOUPYLag xou
eEAEYY 0L TOL SxThoU Xan €va dtaoTnUixd TUfua (To switching Sixtuo Sopupdp-
©V T0 0100 TUPEYEL TS GUVIECELS ETIXOVOVINC AVIUECO OTLS TEPUATIXES OCUGKEVES).
Ou tepuatinés cuoxevée anotelody T amohigelc Tou dixtdou Teledesic xou
TapEYouy TNV BlETapr avduecsa oTo Sopugopixd dixTuo xaL Toug exntyEloug
Telxo0g yprioteg xou Sixtua. Ilpayuatonowiv tnv uetdppact avdueoa ota
ECWTEPLS TPWTOXOM A Tou yenowuorotel To dixtuo Teledesic xar Tor oTdvTOR
TEOTOXOAA TWY ETLYEWWY SXTUMY, ATOUOVOYOVTISC ETCL TOV XDEL0 X0PUO TOU
Stxthou Tou elvar oL SopuPdEoL AT TNV TOAVTAOXOTNTA TOUS XA TUY OV IANAYES
TOUC.

Or tepuatixéc ovoxeuvég tou Teledesic emxowwyoly dueoa ue to dixTuo
Sopudpwy xar urtootneilouy Ut eupeiar Lovn TayuthTwyY obvdeong. To Tep-
uatd eniong Stoalétouv LTOCTAREY Ulag EVPElUC YXIUIC TG TEWTOXOANL
Suxtbwong, ovunepthauPavouévey twy IP, ISDN, ATM xou dhha. Av xou o
Behtiotomotnuévo Yo Tapoy | UTneectag o€ oTaepES TEPUATIXEC GUOXEVES, TO
dtxtuo Teledesic, unopel va UTOCTNEIEEL UETAPEQOUEVES XA XIVITES TEQUATIXES
CUOXEVES, XM XL TEQUATIXEC GUGKEVES YLOL VOUTIXEC X0 UEQOTOPLXES EQUP-
UOYEC.

O mepiocdtepol yproteg Ya Stalétouy aupidpouee cuvdéoelc oL onoleg
Yo mapéyouy TaylTnTEC Uéypel 64Mbps Yoo Afdn, xouw uéyer 2Mbps v o-

T0oTOMY| dedouévwy. Autd oe whluoxa ueyédoug, eivar megtnou 2000 gopég
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ueyoAlTERN TayOTNTA ARG oUTY TOU TAUPEYOLUV GUVBECEC UE TNV Ypromn x-
AACUGDY AVOROYIXWY LOBEUS GHUERAL.

H Suvatotntd tou umoo el ng ToAMATA®Y ToyLTHTOY 0OVBECTC, TEWTOXOM-
OV XL UTNEECLOV TopEyel eVEMElo UTOOTARENG EVOC ELPEWC QPAOUNTOC E-
popuoywy cuunepthaufavouévou tou Internet, etapodv Wiwtx®y Stiwy,
ETXOWWVIEC TOALUECWY, dlachvdeon Tomxdy dixtiwy (LAN).

O tepuatinée ouoxevée enlone Vo mopéyouv ta amapaitntor onueia Ot-
aoOvdeone Y too Constellation Operations Control Centers (COCC) xou
Network Operations Control Centers (NOCC). Ta COCCs csuvtovilouvy tny
apyxry Tonodétnon (deployment) 1wy Sopupdowy e TpoYLd, AVTXATAGTAON
TWY AVATANEWUATIXWY S0pUPOEMY, DAY VWOT) CYUAULTWY, ETLOXEVES XL TUQO-
ool (de-orbiting). Ta NOCCs cuurepthaufdvouy ua mAinddpa and Aet-
Toupyleg xataveunuévne duyelplong dxtbou xou ehéyyou émwe (doe de-

Souevwy, Soyelptor SxTOOU Xxal GUOTAUATA XUTAYPAPTC YPEDTEMV.

3.3.2 TI'pfyopo Switching ITaxétwy

To Swotnuxd Tufua Tou dethou Teledesic yenowuonotet yerjyopo switch-
ing maxétwy. Ot emxowmvieg avtwuetnriloviol and 1o 3iXTUo Gav PoY| ULXEMV
xat otadepy o uéyedog maxétwy. To xdie nuxé€to mepléyel ULE EmXEQUA-
da (header) n omola meptéyel tn debiuvorn TEooploUol xoL TANEOYORIES Yid
T0 TAX€TO, €val xwdoO SLoplwong cpaludTwy o omolog yeroulomoleitol Lo
TNV ENAAAUELGT NG AXEQAUOTNTOC TN ETMXEPAAISAC, XL TO xVELO TUAUIL TOU
Tax€tou, to dedouéva. H petotpont| amd xou mpog auTh T LoppY) TOXETWY
TEUYUATOTOLE(TAL OTIC TEQUATIXEC CUOXEVES GTIC ATOAEELS TOU SLtxTOOU.

H toroloyia evog dixtou Sopupdpwy LEO etvon Suvouixd uetoBoahhouevr.
To dixtuo mpénel Sopxe var TEocopUOlETaL OTIC AAAYES QUTEC Yior TNV ETl-
Teudn TN PEATIOTIC (¢ TEOC TNY GUYOALXN xwf)uorépnon) cUVBECTC AvAUEGL
ot tepuaTéc ouoxevés. To dixtuo Teledesic ypnowwonotel éva cuvduao-
ué dtevduvotodotnong Poactouévne otov mpooptoud (destination-based packet
addressing) xou evoc xotaveunuévou, tpocapuoctixol (adaptive) akyoptduou
Spouoldynone. XToyoc autwy elvar 1 eniteudn Uwpdy xaducTEPHoEWY Xow
utxenc StaxbuavoTe Twy TaxETwy xotd Urfxog tou Sixtdou. To xdle maxéto

neptéyel ) Sieduvon mpooptouol xou o xdde xéuPoc (Sopupdpoc) emhéyel
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autdvoua TNV Stadpour EAAYIOTNG xoUGTEPNONS TEOSC TOV TEOORELOUO AUTH.
H tepuatixr) cuoxevy| otov mpooptoud dotneel xou av elvar anopaltnTo ovo-
Statdooel Tar moxéTtor Tou AauBdvel €tol woTe va eCakeldel To povouevo Tng
Stoxuavorg oTg xadUGTERHOELS.

O xdle Sopupdpoc amoterel Eva x6uPo oto dixtuo xou Sradétel ISLs ue
dAhoug dopugpdpoug oTo Bl xou oTa yerTovxd Tou enimeda Tpoytdc. Auti
1 Swdtaly, oynuatiler éva mAéyua, éva dixtuo To omolo elvar aviexTind oc
opdiuaTa xou ToréS cuugoproels. To dixtuo cuVBUALEL To TAEOVEXTHUNTA
evoc circuit-switched duxtbou xan evdc packet-switched duxthou.

Amo6 v mhevpd Tou dixthou, 1 UTaEdY EVOC UEYAAOU A0TERIGUOY SopUPHE-
VY UE TNV SUVATOTNHTA OYNUATIOUOU GUVOECEWY UETAL) TWV TEOGPEREL £VOL UQL-
YUb TAEOVEXTNUATWY GE OPOLS TOLOTNTAC UTNEESTAS, AELOTLOTIG Xol YWENTXOTT-
ta¢. ‘Eva dixtuo ue mohhéc cuvdéoelc Tpocpépet ev YEVEL Eva oTBap0, aviex-
TIX6 0E GQPIAUATA GYESIAOUO 0 0T0l0C UTOREL VAL TPOGAPUOGTEL GE TOTOROYIXES
alhayég o o x6uPoug 1| cuvdEcelg Tou tapouctdlouy BAASN ¥ cuupoeno.
[ow Ty enfteudn UEYIANG YweNTIXOTNTAC XUl TUXVOTNTUC CUVOEGEWY, O xdUE
30puUPHEOC EYEL BUVATOTNTA TAUPOY G UEYIANS Y WENTIXOTNTAC GE GYETXSL [UXEY)
neployy) xdhudne. Emxoluntduevee mepoyéc xdhudng oe cuvdUAGUS UE TNV
Yenon EPEdpLx®Y BopuPbEWY GE TEOoyLd EMTEETOUY TNV TuyEld ETOAEVY| TOU
Stxtoou dtay Ut BAABT evoc Bopupbpou €yEL GUY ATOTEAECUN TNV EUPAVIOT)
TeoPAfuaTog oty xdhudn.

H younhdtepn Ldvn ouyvoTATOV UE apxeTd €upl (doud €T0L KOTE VA
XAVOTIOLEL TIC ATAUTACELS TWY UTNPECLOY OE ToLy UTYTOL X0 TOLOTNTA TOU UGG E-
Tan v tpoogepel o Teledesic etvar 1 undvta Ka. Ou cuvdéoelg emxovwvi-
A TEPUATLXNS GUGKELY|C - B0pUYPOEOL YENOULOTO0Y GUYVOTNTES TNE UTAYTOS
auThC oL onoleg elvan Sedvag SEGUEVUEVES Yo YpNON ATO UN-YEWOTATIX00S
Sopupopouc xou otig HITA, Seoucsuvuévee yia yerion and to Teledesic. O
ouvdéoelc Mng Aettoupyoly avdueoa ota 18.8 xan 19.3 GHz, xot oL cuvdé-
oelg anooTolrc avdueoo oto 28.6 xar 29.1 GHz. H mowdtnta cuvdéone oc
TETOLEG OUYVOTNTES TEPTEL ONUAVTIXG ATO XOUELXS QUUVOUEVA OTWS Bpoy Y|, xou
amd eunddiar T omolo TUPEUBIALOVTAL AVAUESH GTO S0RUPHEO XL TNV TEE-
uotixr|] cuoxeun. [ TNV amoguyY| Twv eunodiwy AUTOY XoL TOV TEPLOPLOUOG
TS ATOOTUOTC TOU TEEREL TO O VO SLAVOGEL OTA YOG CTEWUATA TNG

atudoupas, Totovetelton 1 anaitnon e yenone vbniic ywviae Mdng. O
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aotepouog Teledesic e€acpahiler cav ehdytotn yovia Ahdng Tic 40 polpeg v
OAT) TNV TEPLOY T TOU XAUAOTTEL.

H xoduotépnon uetddoong natlel onuavtind pOAo 0NV TOLOTNTA TWY THAETLXOLY-
WVIIXOY UTNEESLDY, EBXd Yl alhnhemdpaotixf entxowwvior (Tnhepwvixés
GUVBLINEZELS), xaL Lot Stdpopar xohepwUEVA TEMTOXOANA avTaANAYHC dedoUEY-
ov. T'a v Omapdn ouuBatoTnTac UE T anatTACE TwY TEAELTAWY TOU €-
youv avartuydel yio Ti¢ entyelec TRAETOWLVIIXES LUTOBOUES, oL Sopupdoot
Tou Teledesic Bploxovton o tpoytéc younhot Ldhoug, Arydtepou and 1400 yuh-
wouetpa. O ouvduaoudg vhniic ywvlag AMdng xou yaunhic Teoytds €xet oav
amoTélecua Uxpr] meployt| xdhudne yio xdde Sopupdeo, YeEYoVHC To omolo
ETUTEENEL TNV EMOVOLYENOLULOTOINGT, CLUYVOTHTWY AhAGL amontel UEYOADTEQO OQL-
Yubd Sopupdpwy yia THY %xGAudn OAOXANEOL TOU TAUV|TY).

3.4 XYuvdéoelg petald twv dopupbdewy (Inter-
satellite Links)

Ytov apy o oyediacud, o dixtuo Tekedeowg anoterolvTay and 840 Sopupdpoug
Tonoletnuévoug oe 21 enineda tpoylde ue 40 Sopupdpouc oe xde eninedo.
Mepwd ypovia apydtepa, 1 SdTaln oauTH ETAVACYESUGTNXE UE OTOYO TNV
eMdTTworn Tou apriuod SopuPOEWY UE ATOTEAECUA TOV OYESOUS EVHC ao-
TeEploU0L and 288 dopupodeoug, Tomodetnuévoug oe 12 exineda Tpoyldg ue 24

dopugdpouc oe xde eninedo.
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Eyfuor 3.2: Aopugopxds oynuatiouds Teledesic288.
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Eyfuor 3.3: Aopugopxds oynuatiouds Teledesic840.



Kecpo’c)\ocbo 4

Yuothuato ApoUoloYNoNS YL

60pLPOEOVS YAUNAAS YHLVNS
teoyLdc (LEO)

4.1 ELcocY(oyv']

Y€ aUTO TO XEQPIANO oVOhDOUUE TO TEOBANUA TN SPOUOAOYTOTC TWY TUXETWY
o€ Sopupopd dixtua Sopupdowy younhhic YHivie Teoylac (LEO). Ou Eenvr-
oouue e€nywvTag oe Bddog Rd1 UTEYOVTA XL TPOTEWVOUEVI GUGTAUATIL dpO-
uohéynonc. Ou ywploovue to cusTAUNTY aUTd o€ xartaveunuéva (distributed)
xou eCoptnuéva and xevtpxd éheyyo (non-distributed, centralized). Axoho0-
Ywg Yo EMUETEWOOVUE TNV TROCOY Y| U O Eva VEO avoxTd TpoTo douncng
TV Sopuoptxwy dixtiwy. Ernione oe autd to véo tpdmo Yo avadboouue To
TEOTO SPOUOAGYNONC TWV TUXETWY, TOUC TEPLOPIGUOUS XL TA TAEOVEXTHUATY
TOU.

To xuptdtepa cuoTHUATA SopuPdEwY awTH TNV oTyur| etvon ta Teledesic xou
Iridium. E8® SweuxpwiCovue 6Tt to Iridium etvon éva 81 undpyov chotnua
TNAEQOVLXAS ETLXOVWVIOC (voice communications) UeE TNV YenoT Sopupdowy
eve) 0 Teledesic elvon €va TpoTeEVOUEVOD GUOTNAUA BOPLUPOEWY YL ETLXOVGLYIAL
dedouévwv (data communications). Ta 0o outd cuothuato elvar yopox-
e Td oty PBAoypacpia yatl xor to 300 aroteholy cuothuata LEO nou

gyouv viormoundel B elvon €towa mpog viomoinor. Emmiéov anotelodv mo-

36
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cadetyuata tomoloyiag Sopupdowy mou elvar Epyovioar cav TEdTAoT ANd E-
Tanpeleg ToEOYAC UTNEECLOY %ol O)L AR6 OTEATIWTIXEC LTNEESiES. AuoTnyng
dev umdpyouy TANEoYoplec Yo ToTmohoYiEC doPUPOEWY TOU YETCLLOTOLVYTOL
Yl 6TEATLOTIX00C 6%0T00UE Xa)K¢ auTd Yo UToPO\GE VoL ATOTEAEGEL GNUAVTIXT
Tpocixn oTic 800 mponyolueveg oyedidoele xou va uag Bondrcet va dodue

fowg xamotd TpofAfuaTa aro SLaopeTLXY) GXOTLd.

4.2 Koataveunuevor AAyopLduol 8poohoYNomNs

‘Evoc ahydprduoc Spouohéynone ovoudleton xotaveunuévoe (distributed)
otay umopel v exteleitan aveldptnTar amd Toug SaPoeTIX0NC xOUPBoUS EVOS
Suxtbou [1]. O xataveunuévor akydprduol Spouoldynone otnpllovioar otr-

v yefomn xuplwg unoloywotxhc woybwe CPU power, uvAung memmory xou
UNYUUdTwY messages Yl Vo UTOPEGOUY Yo utohoyicouv toug mivaxeg Spo-
uordynong twv tux€twy Routing tables.

Ye auTé To TUU Vo avahOGoVUE xon Yo GUYXPIVOUUE BLUPOPETIXOUE XAUTAVEUT
uevoug alyoprduoug Spouoldynong Tou SlaEpouy TG0 GTNY AELTOVEYXOTNTA
TOUC 600 XL GTNY Yenoluonolnon topwy resources. "Totepa Yo avaklGOLUE TO
TAEOVEXTHUOTA XL TOL UELOVEXTHUATA EVOS XATAVEUNUEVOL ahyoplduou xodwg

XL TOLC TEEPLOPLG{JO\,)C TOL.

4.3  Koataveunuevog Ahyoptduwog Agoohoynong
and Toug Ekici-Akyildiz-Bender

4.3.1 Aoy} Tov duxthHou, apyLxEg UTo¥EoELg

Ov xhaowxol ahyderduol SpouoldyLong EPUEUOCUEVOL YLot Sopupoptxd dixTua
eetdlovtan avahutixd oo dSaxtopxd Tou Hevdepoov [16]. Ye outd TO
onueio Yo avahboovue éva alyopriuo mou tpotdidnxe aro toug Ekici-Akyildiz-
Bender [2],(3]. Autéc o Ahybprduoc eivar évoc xadopd xataveunuévog oh-
Yopruog UE TOA) UXEEC AmaUTACEL, G UVAUN X UTOAOYLOTXH oy V. Autdg
0 olyopruog eve dev elvon BEATIOTOC EX XATAOKEUTC TETUYALVEL AOXET KUY

anddoan av ouyxpwel ue tov Ahyderiuo Darting [21] eved elvon uno-Béltiotog
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oe oUYXploN UE Tov Tpomomomuévo akybprduo twyv Behhuav-Poed [11]. Ot
uToVEcE TOU ToU YEEWCETAL VLot VoL AEtToupYHioel amodotixd o Ahyopriuog

elvat ot axdhovdec:

1. To dixtuo amoteleiton and duoOUOEPT xatavour| Blwy SopuPoEwWY oL
omofo xatavéuovtal oe N StapopeTinés Tpoytés Yopw amo v YR, Ot
Tpoylec elvan enlong ouotduopga xataveunuévee yhew aro T yH. H

, , 7 , o 7
amOGTAGT TOug SiveTon amd % BAéne oy. 4.1.

Yyfuo 4.1: Teoyiéc v Sopupdpwy YUpw amo w0 Y.

2. H Tomohoylo tou dixtdou elvan 1 xhaocixr| mou yerotuonoteltal and toug
Sopupdpoug tonou Iridium [5], Snhady| o xée Sopupdog enxovwvel due-
oo UE TEGOERLE BopuPopouC BAETE oYy. 4.2 . Pucixd, yia Toug Sopupdooug
ToL avxoLY oIS BVo avtideta xaTeLIUVOUEVES TEoYLES seam BAETE oY
4.1 dév umdpyet 0 évag yertovixde Sopupdpos (aplotepd 1 Sedid) avdhoyo

otny Teoyla otny onolo avhxouy €tct €youy cuvolxd Teelc yeltovec
ny TpoY Y Y X PELC Y
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3. Xpnowonotelton 1 unddeon ot ov Sopupdpol Beloxoviar ot apyLxy €u-

Yuypduuton (Initial Alignment). Auté ev yéver elvar uto unddeon tou
LTOVETOLY OAOL WOTE Vo TOUS BYEL 0 YPAPOS TwV BopLUPOEWY CUUUETEXOC
xo Y wplg StapopeTNéC anOGTACEC UETAEY TWY S0pLUPOPKY XAl TWY TEO-
Ylwv oANd elvon 1oyvpd aupiBolo av Tpdyuatt uTopoVUE VoL €Y0UUE XdTL

té€too. I'evind unodétovue UL TPOGEYYLON TOU GUUUETEXO) YEAPOL.

. Ou Bopugdpor dnutovpyolv optlovtioug daxtiioug Bréne oy. 4.1. Ko
auTh 1 unédeon yenowonoleital Yoo Toug (Bloug AGYoug UE TOoTYOUUE-

VoL U6Vo Tou €8 0uCLao T YivETO xot ULal TpocEY Yo oTL 1) YY) elvon

oQALELXT).

o= riGHT

- ~ -
’ — -

T L

Direction of
movement

4 - _ -

O

\..\__\_\\ L/

Neighbor Planes

Yyfua 4.2: AvamapdoTaon Twy YELTOVRY X TV ATOGTECEMY TOUG.

5. Evo otov alyoprduo autod yenoulomoleltal To YEYOVOS 0TL 600 TLo UaxpELd
amd Tov onuepvo PBoloxeTtor o SaxTOAOS Tou avixeL o SopuPoEOC Yi-
o UL YeovinY| oTiyun t 1066 mo uwxer| elvar 1 andcTact| Tou and Tov
dtmhavo Tou dopupdeo. Tapdhavuta dev yprnowwomoleitor T0 YEYOVOC OTL
fowe 0 Sopupdpog Vo UTOEOUGE VoL ETLXOWVWYHCEL UE TOV B0pupdeo Tou

7’ / 7. 14 4 7 ’
Beloxetar oe andotacn dVo 1B xau Tl BAéne oy. 35. Autod lowg va
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0QelAETOL OE XATOLO XATACHEVACTING TEPLOPIGUS GTAL XAVIALYL ETUXOVO V-
ac TwY Sopugdewy tou Iridium ohhd etvar BEBouo otl oe uehhovtixoic

dopugdpoug clyoupa dev Yo arnotehel TEOBANUAL.

Eyfuor 4.3: Alhary) Twv aplotepd xou SeZLd YELTOVIXGY B0pLPOEWY GTOUS TONOUL.

Ed® Yo oploouue uepixéc €vvoleg mou Yo elvon YpRoWES GTNY XATAVON o
¢ Aettoupylag Tou ahyopuiuou dpouohoyiorng.Optlovue cav ISL (Inter-Satellite
Links) to xavdhio entxovwviag twy Sopupdpwy ue dopupdeous. Etal éyouue
o ISL uetaZl Sopugpdpwy Tou avixouy oty dto tpoyta (Intra-plane ISLs) xou
SopupbEwY Tou avixouy ot dtapopetixés Tpoytéc (Inter-plane ISLs). Ilgénet va
SLEUXPVACOLUE €36 OTL EVE oL GUVBETELC UETIED TwV SopuPdpwy Tou Beloxov-
Tar oty (Bt Tpoytd StatnpolvTar xodoAn TNV StdpXELd TS TEQLGTPOPNS TOU
Sopudeou YUEW ATO TNV YT, 0L CUYBECELS UETAL) BOPUPOEWY GE BLUPOPETIXES
TEOYEC TAOOLY VAL AELTOLEYOUY 6T oUTOl TANCLIGOUY XOVTE GTOUC TOAOUS
Bhéne oy. 4.3.
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To Sopugopwd dixtuo amoteleiton amd N SlapopeTéc TOAXEC TEOYLES,
xaL oL dopupdeol Tou avixouy TNy (Bla TeoyLd yweilovtor ueTal Toug dNo
ATOOTIUOT) %. Avutol Tou eldoug o dopugopxde oynuaTIoUOS ovoudlEToL
oty BBhoypapioa wg tonou Walker ue nopauétpouc MaN/N/N/O° [4]. K-
0OXOTOVUE TNV YEWYpapt| V€an evogc Sopupdpou ypnousonowwvtag To (el-
Yo [long, lats] To onola Setyvouv avticToya to Yewypagxd tou tAdtoc (lon-
gitude) xou 1o yewypapxd tou Vo (latitude). Edd ewodyeton v évvota e
“hoywhc €ong’ evoc Sopugdoou mhvw TNy Y1 logical location of a satellite.
Pavralouacte oti ) Y1 eivar ywplouévn oe otadepéc Aoywéc Y€oelg oL omoleg
xaTohouBdvovton dueca and Tov SopuPOPO TOL TIC XUAUTTEL EXELVY TNV OTLY-
uf. ‘Etot ua Aoyue Oéomn xortahoufdveton yior Alyo amo xdmoo Sopupbdeo
xaL UETA amd Tov auéows axdroudd tou xo o0to xoehc. Etou opilouue
™V hoyur) ¥éon evog Sopugpdoou A va Sidetar and 1o {edyog (p, s) 6ToU TO
p =0,...,N — 1 urodnhwvovtag tnv Tpoytd eve 10 0 § = 0,..., M — 1
elvow 1 Véom tou Sopupdeou ot ula tpoytd. H Spouohdyion yiveton Jewpvtog
TIC hoywég Véoelg oav xouBouc otoug omoloug Ya uTdpyel xdmotog Sopupdeog
A ywpic vo uag evdiagéper motdg elvon axpBng o dopugdpog autde. Etou
dev aoyololuacTe Ue TNy xivnon tou xde Sopupdpou LeyweloTd xoWe TO
uévo mou uag evitapépet elvar oL Aoyixéc autég Véoeg. BEPoa edw Yo mpéne
VoL AVAPEQOUUE OTL EVE AUTH 1) UEV0SOC AVTLUETOTLONS Tou TpofAuatos Spo-
uordynong elvon xohy| dev etvan BEATIOTH xS UTAPYOUV TEQLTTWOELS TOU
avokDovTaL apYOTEPA TOU €vag SopuPOEOg dev xaAOTTEL axEBOC Uat Aoyixy)
Véor. H andotaon uetald twv dopugdpwy mou Bploxovtor otny (Bt Tpoytd

elvon dedouévo xon dideton and v edlowon:

Lo = V3R /1 — cos(?’]?;()) (4.1)

6mou P elvan n oxtivar e tpoytdc. Evd 1 amdotaon uetald duvo Tpoyiwmv

xaL xat” ENEXTAOT) 300 YELTOVIX®Y SopupdpwY Tou PBoloxovial 6e SLapopeTIXES

TEOYEC elva:

L, = a-cos(lat) (4.2)

OTOL

360°
=V2 1-
a \/_R\/ cos(2 : N)
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4.3.2 Xproruot podnuatixol opiouol

H mpopBréduun xivnomn twy Sopupdeny uog enttpénel vor UtopolUE Vo oyedLd-
couue Eva amodotixd ahyopriuo Spouohdyionc. Ou oploouue xdmolEC EVVOLES,
Tépa ambd auTEC Tou Eyouue NON opicet, ot omolec Yo u ag Ponifcouy va
arodeifouue v opddTnTa Tou ahyopiduou twv Ekici-Akyildiz-Bender [2],[3].

Oprowég 4.3.1. Avatohnd xar Avtixd Huwogalpo. Eva onueio oto ywpo
Jewpettar ont Ppioketar oto Avatohiké (Avtikd) nuogaipo av Bploketar ota
avarodikd (Svtikd) tov mpdiTou pood mov opilovr or avtileta katevurdueves
tpoyi€s seams. To mpito uod twy avtideta katevOuvduevwr tpoyiwy opiletat
oav avtd omov évag 0opupdpos mov aviikel oTo oplo Kwoluevos tpos to Boppd
éyel €va yeltova ota dvtikd mov kweltar tpdg to Noto uéypt to dAdo dpio émouv
évag oopugdpog mov kweltar mpds to Boppd éyer ota avatodikd éva dopupdpo

mov kweltar npds to Ndro.

Oprtouds 4.3.2. Movondtt mou dépyeton and morholc xéufBoue (Multihop
Path):
‘Eva omodrimote Levydpt dopvpdpwy umopel va ouvrdéetar xpnoyuoroidrtas éva
povordtt mov Oépyetal and dAAovg koupovs. Opilovue éva povordn P, — S,
&g Ty dutetayuévn Mota and ovoéoeg netalt dopvpdpwrv (1SLs) {lg ¢}
€To1 WHOTE TO:

Py, — Sn = {lsos1s Usysas -+ ls, 15} (4.3)

va oynuatiler éva povordt n kéuPwv n-hop path arnd tov apyikd kdupo Sy

(bopupdpog tnyn) otdr tehikd kdupo Sy, (bopuvpdpog mpoopiojio).

Oprowég 4.3.3. Yuvolur| xaduotéprnon uetddoong total propagation delay:
H ovvolixi) kaBvotépnon petdooons D, oto povordnt P elvar atAws to dpo-
wpa AAwr twr tomkwy kavotepnoewy o€ kdle kopufo and tov orolo Miépyetat
0 povomdtt onAadn:
n—1
Dp = Z D(l3i5i+1) (44)
i=0
omov to D; , elvar n kaOvotépnon mov napatnpeitar petall twy dopupdpwr S

8

!
Kair S
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Oprowég 4.3.4. Movordtt Ehdyotne Kaduotépnone, Minimum Propaga-
tion Delay Path:
To novondu eAdyrong kadvotépnons Ps ¢ petad wwv dopupdpwr-kdufwr

So kai Sy, opiletar ¢g:

} (4.5)

P: = argmin{Dpyv Dpu
So—Sn g { Pgyosn?  Psyssn

omov Pg, — Sy, efvar to ovvolo dAwv twr povormativ and to Sy 0to Sy,

\%4 ’ ’ 7 ’ 2
Qc Pg s, optlouue 10 EAAYLOTO amd TA LOVOTATIA XUGTERNOTG TOL Bt
aoy(Couv omoadhnote ok neptoyr. Ouolwg opllovue we Pg_)sn T0 EAdYLO-
T0 amd T wovordTio xaductépnong T onola dev diaoyilouv onowadrrote o-
A meptoy Y. Hapatneeiote ott:

% . .
PS'O—)Sn = arg mln{DPs“/Oasn’ng)asn}

4.3.3 Koataoxeur) Tou Ydetrn ano@pdcewy

O ydptne anogdoewc (Decision Map) yenowornote{tar and xde Sopupdpo
yloe vou amogacioel oe mold ano T cLYBESELS Tou Yo Tpowlfioel To xde elo-
EQYOUEVO TOXETO WOTE TO TEMXO UOVOTATL Tou Vol axOAOUUHCEL TO TAXETO
YLoL TOV TPOORLOUO TOU VoL EYEL TNV UtxpoTtepr duvaty| xaduotépnorn. T tnv
AATAGAELY| TOU YT AmoPAcEWY Vol YPNOULOTOLAGOVUE TA SLAPORETIXS Y-
uuato xou Yewprjuata to onota xou Vo eletdoovue Alyo mapaxdtw. ES®
ogelAOVUE VA TORATNEHOOUUE OTL To TEo¢ e&étaoy dixTuo Sopupopwy elvor
YVwoto oty BiBhoypagla we tomog Suxtbou Mavydtay Manhattan Street
Network [5], o onolo xou éyer avahuiel extevide v nponyoluevn dexaetia.
[pémel duwe va Tpocélouue oTL o aUTH TNV TEpinTWoT To dixTuo uag eivan
oLVECTROWEVO twisted ot ToEUUOPPWUEVO x0WWS Ol ATOCTACELS UETAED TWY
Sopupdpwy Tou Beloxovtal ae StapopeTinés Tpoytés ahhdlouy (Uxpaivouy) oo
UETAXWOVUACTE OO TOV LONUEPYO TpOg Toug ToAoug BAéne oyfua 4.4

O ydptne anopdoewy (Decision Map) yenotuonoteiton and xde Sopupdeo
YLoL VO ATOQUGIoEL OE TOW amO TS YELTOVIXEC OLVBECELS Tou Vo TpowrioeL
T0 x&E ELGEQYOUEVO TUXETO WOTE TO TEAO UOVOTATL Tou Yo axdhovdrioel To
TOXETO YLOL TOV TEOOELOUOG TOL VoL EYEL TNV UxpoTep duvaty| xoduotépnon. Ei-

ValL QAVERO OTL 0 YdPTNG AmoPdoewy otneilel TNV Aettoupyio Tou GTNY UTtaEen
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Polar Region N,

Eyfuor 4.4: Tapdderyua yio to Afuua 1.

I\

eVOC Ypdpou VECEWY YLoL UL GUYXEXPUIEVT] GTLYUY| t o 0 oTolog TapauéVeL
o g aveldptnTa av Tic StagopeTinée Véoeig xatahauBdvouy SlapopeTixol
dopugdpot perfect graph. Axourn dev houPdvovtar un” édn oL ypovol enedep-
yaolag TwY TaxéTwy oToug dlaopeTixols dopugdpouc xadoe oL yedvol auTol
VewpolvTal AUEANTEOL GE GYEGT) UE TOV GUVOAXO YPOVO UETABOGNC TOU ToxXE-

TOu.

Aqupa 4.3.5. Ac vnodéoouue otL 0 Sopupdpog exxivnong Tou maxétou Sy
Beloxetar oty Véon (ps,, Ss,) % 0 dopupdeog mpooplouol S, otn Véon
(Ps,.5s,). Emionc vmodétouue ott ot Yo dopupdpol Boloxovtor extéC TwY
TOAX®Y TEpoy Y. Emmiéov Yewpolue ott o Sopugdpoc exxivnong Sy Peloxe-
TaL 08 UEYOAUTEQO TAGTOS amd Tov S0pupbEo Teooploluol S, dnhadh oy lel

\lats,| > |lats, |. Awxpivouue Tic TOEAXATE TEQLTTMOEL:

1. Av o1 Sy kar S,, Bpioxovtar otny dra mAevpd twy avtieta katevOuyduev-
wv Tpoy1y seam (oo (B0 nuogaipio, PA. opiopd 4.3.1), tdte to povondu
eAdyrotng katlvotépnong ard to So oto Sy, P s mepvder and wov
dopupdpo otn Oéon (ps,, Ss,), OnNAadn o dopupdpos avtds Ppioketar o-
o (010 0p1ldrTio dakTUAIdL e Tov Dopupdpo ekkivnong Sy kat otny (dwa
Tpoxid e Tov H0puPdpo TPoopo ol Sy, .

2. Av ot Sy kar S, Pplokovtar o€ dwapopetikn TAeupd twv avtideta katev-
Quvduevor tpoxidr seam (o€ dapopetikd nuopaipio, PA. opoudé 4.3.1),
téte Oiépyetar and tov dopupdpo pe 9éon (ps,, N — 1 — sg,), onkadrj tov
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dopupdpo mov Pploketar otov 010 oplévTio OaKTUAIDL pe TOY DOPUPSpPO
exkivnong Sy aAAd oto dAAo nuogaipo kar oTnr da tpoyrd e Tov

00pvPdpo TPooplo ol Sy,.

Anddaén. 1. Acvnodeécovue ot To uovondtt Pg o v Siépyeton and tny
mohxh) meployt|. Tote ta oprlbdvTia BriuaTo auTOY TOL UOVOTUTION TEAY-
uatonoovvTaL eite 670 {Bto SaxTUALSL ue auTd ToL Sopudpou exxivnong
elte oe SaxTuAida mou Bploxoviar oe UeyahlTEPO YEWYPAPWH TAdTOC
higher lattitude. Kdvovtac autd ta Bruata opilovtioe teind Yo @Td-
ooLUE 010 dopudeo Tou Peioxeton oty Véan (ps,, Ss,), ONRadH oTo
3o 0ptlovTio SaxTuAidt ue Tov Sy xou oty Bl Tpoyta ue tov S,. To
S0opudeo auth UTopEl va Tov del xavelc EUXOAA TUPATNEWVTAS TO Oy U
4.4 xou evrornilovtac Tov Sopupdeo Ue Toug dUo xixhoug. Amd autd Tov

/ / / ’ ’ /
dopubeo xdvovtac xddeta Bructa xaTaAyouUue TEAXS oToV S,,.

2 ’ * ’ 7
Ac urodéocouue ot 10 wovondt Pg g Saoyller tny mohwn meplo-
yh. Tote o oplovtior Privata yivovtaw oto Soxtukidt mou Pploxetou
AOVTIVOTEPA GTNY TOAXT| TEQLOYY| UEYQL VO PTAGOLUE GTNY TEOYLd TOU
Sp. Totepa tar xdetar Bruata yivovtonw uéca and v oAt TEPLOYN
uéyet va gtdcovue 10 S,. Aol 1o S, PeloxeTton oc UXEOTERO YEW-
Yoapxd Odog, ta xdetor Briuata Yo tepdoouy amd Tov Sopupdeo TN
Véom (ps,., Ssy), ONAad oo (B0 0plévTio SoxTuAiSL ue Tov Sy xou oy

Bt Tpoylor ue TOV S,

’ 2 2 ’ * ’ ’

2. Ouolwg ue mponyouuEveg £xouuE To uovordtt Pg g To omolo mepvdeL
and tov dopupdpo mou Beloxeton oty Véon (ps,, N — 1 — sg,), dnhadh
oo {810 0plovTio SaxTuAISL ue Tov Sy xon oy Bt Teoyla ue Tov S,.

Aqupa 4.3.6. Ac urtodécouue otL 0 Sy xou 0 Sy, Beloxovton oo (dto opllovtio

SoxTUALSL ExTOC oAy Teploywy. Emmhéwy unodétovue ot Ya diaoylcovue
2 2 / / / H 7

nohuxéc nepoyéc. Tote 1o oplévtio wovordtt Py s (Bh opioud 4.3.4) mep-

thauBdver 6ha tar opldvTia friucta mou utopoly va Yivouv oe SaxTuAISia and

v 9€on Sy Uyl TNY XOVTIVOTERT) TOAXT| REQLOY .
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Améoeiln. Agol Sev dracyilovue Toléc meployée, ta oplovTia BriuaTta Tpory-
uatonoloLYTAL e onolodfToTe SaxTUAISIL UeTal) Tne Véong Sy xo TNE xov-
TVOTEPTS TOAXYC TEPLOYNC APoL Ol BLUCLYOETELC UETULY TV B0QUPOLKY TOU
Beloxovton oe SlaopeTinée TPoyLEC (Inter plane ISLs) UEYAAWDVOLY 6GO ATO-
UOXEUYOUAOTE amd TOUS TOAOUS Xo TANGLALOVUE TPoS Tov Wnuepvd. 'Etot o
0ptlOVTIEC TROYLEC UE UXPOTEPO YEWYPAPdH o amd To Sy elvon acOUPOpES
ANOY® UeyohlTEENC XoUOTEPNONE TOU TEOEPYETUL ARd TNY an6oTucT. T ToUE-
TOUUE OTL UTAEYEL EVOL UOVOTIATL OTWS AUTO TOU QUVETUL UE TNV SLUXEXOUEVT
Yoauuy| oto oyfua 4.5. Mropolue va Bpolue éva xaADTEQO UOVOTATL and
Thevpdc xaduoTtépnone uetddoorng (méns oy. 4.5 évtovn chxpw’]) ®AVOVTOC
oL 0ptOVTLAL BAUATA OTNY TEOY LA Tou PeloXeTon XOVTIVOTERA GTNY TOALXT TEQL-
oY1, UETAXWOVUEVOL 0pILOVTIA GE oUTO TO SAXTUALSL Uy pL Vo pTdooUUE OTNHY
TEOYL TOL Sy naoL UETE VoL xdvouluEe xdeTa BriuaTo UEYEL VO YTACOLUE GTOV
Sp. Eivar €dxoho va Sodue ott 0 wovormdtt ue Ty éviovn ypauur| Staviel
ULXEOTERY AMOCTAOT ANd AUTO UE TNV SLUXEXOUEVY) YROUUUN, QoL Tol 0pllov-
T BAUaTd Tou yivovto oe UXEOTERY ATOOTUCT, XAl TO UNXOC TV XoETWY

Brudtov elvon (dto xon ya T 300 povordia. |

Yougwva ue 1o Auua 4.3.6, av 1o uovordt Pg 5 ev duoy(lel mohuxt
nepoyn (P s, ), téte T opllévia Briuata yivovrar oe Saxtuhidt uetadl e
ToAS TEPLOY T X ToL Sy, Av umdpyouv A SaxTuliBia ueTal Tou SopuPdEoy
exxivnong xau Tng Tohxrc Teployic TOTE uTdpyouy A+1 urodrgLa uovordTio
Yl TO Pgﬁsn, ovunepthofovouévng xou T mepintwong o optlovTio Briud-
Ta vau Yivouy oTo (B0 SaxTuAidL ue awTtd Tou Sopupdpou exxivnong. Av di-
aocyloouue Tohxt| Teploy, T0TE T0 Pg ¢ €lvar ebxoha utohoyiowo. Ye auth
NV TeplnTwon o apriuog Twv xddeTwy Brudtwy eivar dedouévoc xou oTatepog
xou Tor opLlovTiar Brivarta yivovton oto SaxTtuhidt mou PBploxeTon xovtvdTepa
OTNV TOAWXY| TEPLOYT) OTOU X0 EYOUUE TNV UXEOTERY AmOoTACT UETAC) TWY
30puPlEWY OF BLAPORETIXES TROYLES. LuYxpivOVTAC TO UHX0S TWV UOVOTOTIWY
mou Stoyllouy TOAXY TEPLOYN XAl TV UovoTaTuwy Tou dev Staoyilouy mo-
A TEPLOY T, UTOPOVUE VoL AmopacicoVUE Yia To oo elvar T0 BEATIGTO TEALXO
uovordtt mou Yo axorovdricovue. To emoueva Vewpruata uac Porddve va

AATACHEVACOUUE TOV YAQTT ATOPACEWY.

Ocehpnua 4.3.7. Ac unodéoouue oTL oL JopupdeoL exxivnomng X TE00ELGUO0
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So xou S, Bploxovron extodc g mOAXAC TEPLOY S xaL oTL 0 Sy Peloxetar o
UEYONOTERO YEWYPUPXO Thdtoc (lat) and tov S,. Erniong uvmodétouue ot
o Sp Peloxetoaw A (A > 0) PAuata paxpld and to doxtukidt mou Peioxeto
AOVTIVOTEPA GTNV TOAXY| TEQLOYT| %ot OTL TO SaxTUALSL 6To omolo avAxel o Sy
etvar 0 x (k > 0) 6tay autd ueTpéTon and Tov xovTv6tepo tého. To uovondmt

;{HS” Stacyilel Ty mohur Teploy Y| av 0 aprludc Twv 0ptllovTwy BrudTeny ny,

uetach tou Sy xou Tou S, AYOTOLEL:

N - cos(lat i) + 2 - (2 (k—a) +1

a

ny > max

4.6
0<a<A cos(lat + Oz%) + cos(latmin) (4

6mou 1o L, xou 10 o opilovton otic eCiomoeig (4.1) xar (4.2) avtiotouya, xa
T0 latmin Elvon 10 YEOYQUPWO TAGTOC TOU SaxTUALBLO) Tou BploxeTal o xOVTd

OTOV TOALXT) TEQLOYT).

Aréoadn. Yuyxplivouue Thy xaducTEENOT UETASOOTC TWV SLAPORETIXWY UOVOTUTUDY

and T0 Sy 070 S, 1660 AUTWY 1oL dtaoyilouv ToAXY TEQLOY T GGO XL AUTHV
mou dev StacyCouy ol teproyy. To uovondtt Tou TepvdeL and TohxT| TEPLO-
¥ meénetl v Stavioet (N — ny,) opllovtio fruato oo Saxtukidt tou Peioxeto
AOVTIVOTEPA GTNV TOAXY| TEQLOYY| O YEWYPAUPIXO TAATOS lat,,i, %o €yeL xo-
Yuotépnon uetddoong D,. Ta uovondtia Tou TEQVAVE EXTOC TOMXNS TEPLOYTC
extelel 1& oplovtia Priuata o Eva SaxTuhidt Tou etvar o Briuata xovTd 6TV
mtohxr) meployt), Y o = 0,ldots, A ue xaduotéonon uetddoone Dy yo. To
UOYOTIATL TOU TEPVAEL amd TNV TOAY| TEployY| Elvall UxpdTERO O UnXOg av
t0 D, elvon uixpdtepo and 10 Dy yia Oheg T Suvatéc Twée tou a. ‘Etol
€youUE OTL Loy EL:
Du < Dh+a
(N —ny)-a-cos(lat) + L, - (2-k+1)< n-a- (latmm—i-oz-%)ﬂLQ
[ vo unopécovue vor TOUUE OTL TO XAAUTEPO UOVOTATL Elvol oUTO TTOU
TEPVAEL amd TNV oY) epoyY) dnhadr to P§ 5 , 1 e€lowon 33 Yo mpEne
var Loy Vel Yior OAeg TG Suvatég Twég Tou a. Emhlwvtag tny ediowon yia ny,
Betoxouue to {nroduevo tou Yewphuatog ;5. LNy TepinTtwor mou to S, Peloxe-
ToL O UEYUAUTERO YEWYQPAPIXO TAATOC amd To Sy UTopolUE Vo anodeilouue
10 (810 UE TopOUOLL ETYERAUATE (OTNY TEAYUATIXOTNTA AVTIOTEEPOVUE TNV
©xaTeUYUVOT) TOU UOYOTATION X0 EYOUUE TO TUEATAYVL VEDENUA xowe 1) €-

AoytotoTNToL Ufxoug Tou wovoratlo) Sev ahhdlel av avTioTeédouue To onuelo
X NTA 41Xoug M e t i

~a- L, (4.7)
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exxivnong xou TPooptaluov). |

Me o Yewpnua 4.3.8 nopouctdlovue €va xplthplo emAOYNC To omolo uog
Bonidel va arogaocicovue av Yo tapaueivouue otov Bt 0pllovTio daxtiAo
1 o ueETAMNONCOLVUE GE B TOAMO UE UEYUADTEQD YEWYPAPLXO TALTOS YLaL VAl

ETLTOYOVUE UXPOTEPO UOVOTYTL.

Ocwpnua 4.3.8. Acunolécouue ott o Sopupdpog exxivnong Sy xow o Sopupdeog
Teooplouol S, Beloxovtar xou ot 500 EXTOC TOMXGDY TEPLOYWY XL OTL 0 Sy
Beloxetan o UEYUADTEQD YewYpAPLX6 TAdTOC lat and tov S,. A¢ unodéoouue
enlong ot o Sy Bploxetow A (A > 0) BrAuata uaxpld and tov SoxtOAo TOU
Beloxetar xovTvoTERU GTNY TOAXT TEQLOYY| XL OTL TO SaxTUALSL Tou BeloxeTan
0 Sy elvar 10 x we (k > 0) optldvtio doxTuAidL dToy autd UETPETUL And TOY
xovTvoTeEo Toho. To uovord Pg 5 €yel Oha o opilovTia fruata oto (Blo
SaxTUASL ue To Sy av dev 1 oyLel N cuvixn Tou Veweruatog 4.3.7 xou dv
0 apriuog Twv oploVTILY BNudtey, ny, UETALL Twv Sy xou S, avorotel T

axohovdn cuvifu:

) 2-a- L, 1
np < min

0<a<A o - cos(lat) — cos (lat +o- %)

(4.8)

Améoeln. Agol €yovue utodéoer otL 1 cuvirxn Tou Yewpruatog 4.3.7 dev
wavornoteitat, To wovondtt dev mpénet va Stacy(lel TV mohwt| meploy . o va
UTOPEGOVUE VO TEAYUATOTOGOVUE T 0ptlovTia Bhuata oTo (8t SaxTuAidL
ue 1o Sp Yo mpénel xde UovondTl o€ UEYARDTERD YEWYPUPIXO TALTOS VoL EYEL
ueyaltepn xaduotépnon dnhady| va elvon ueyaldtepo oc Ufxoc. Av Ue g
Dy, opicouue v xauctépnor UeTddoong Tou UoVOTAToU Tou SLEpyETAL ARd
70 SaxTUALSL Tou Sy xou UE Dy TNV x00UGTERNOT UETABOOTC TOU LOVOTATION
ToU ETAEYEL Vo xdvel Ta optlovTia Biuata oto SoxTuAidL mou Bploxeton o
Bruata poxptd amd o Sy (dnhadh to x doxTUAIDL) TéTE TpémeL Vo xavoToteitan

1) ToEOXATL GUVITXT Yot OAeC Tig duvatég Twég Tou a, 1 < a < A:

Dh < Dh+a
3609
np - a-cos(lat) < ny-a-cos(lat + a - et 2a Ly (4.9)

Av emthboouvue tny eZiowon (4.3.3) wg mpdg 1y, TOTE £YOUUE TO ATOTELECUL
[ |
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Me v Bordewa Twv 800 Tapandve Vewpnudtwy, ouclacTxd UE TNV YeNon
TV xprtnplwy Twv eglowoeny (4.6) xou (4.8) unopolue vo anogacicouue yi-
o v xatevduvorn mou Yo meEREL VoL TeowINCOUUE TO TAXETO WOTE AUTO VA
Beloxetar ndvia oo BélTioto wovondtt Py g . 'Etol ebxola xatacxeudle-
TaL €Vag YAPTNG AmopdoEwy Yo To Sopugopxd Sixtuo. Me v ypriomn Tou
YSpTn autod o xde Sopupdeog anogacilel dTay Aaufdvel Eva TaxETo av aUTH
Yo dtaoyloer Ty mohu mepoyh B Oyt Xto oyrfua 4.6 galveton o ydptng
ATOPACEWY Yo €V GUGTNUA BopLUPOEWY UE 12 Tpoyléc xau 24 Sopupdpoug avd
tpoyta (Teledesic proposed), dnhadr edwd to N=12 tpoyiéc xou to M=24 dop-
popot. Ta yewypapxd TAATY TV TEOYLOY Qaivovtol ue o cUUSoAo " GTov
d&ova X. To yewypapd ThdTog Tou TEEY0VToC 8opUPOEOL S, xoL ToL UTOAOLTA
BriuaTa yia vor gTdcouue 6Tov dopupdeo mpooplouol S, opllouv éva onueio
oTo Ydptn arnogdoewy. H mepoy ndvw and tnv evtovn ypouun elvar 1 tept-
oy mou wavonoteiton 1 eZiowon (4.6). H nepoyh xdtw and tny Swaxexouévn

Yooy elvon 1 mepLoyf mou txavoroteiton 1 e&lowon (4.8)
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