ATKTYA ETIIKOINSOINICON

AcoUppaTta AikTua
ETtikoIvwviwy



e HAekTpoHayvnTIKO wdopa cUXVOTATWY
e ZWvecg AsiToupyiac Twyv aouppdTwy OIKTUWY

e Emidpaon Tou acUppaTou TtepipdAAovToC oTda
OiKTUA ETTIKOIVWVIWY

e AoUpuara ToTikd dikTud
- Oikoyévela IEEE 802.11

L7 i1 A IALIATA TTAA
8 A7) GOUP RGN 700

- TipoTumro TEEE 802.16

e AoUppara TTpoowTikd 0ikTud
- Bluetooth

®
m

AikTua ETTiKoIvwviwv



oThpara: TTapadeiypara

Padiopwvia AM, FM
Exkmoumn TV
NopupopIKA EKTTOUTIA

Apopidpopec padloemikoivwyiec  AH@idpopn eTIKoIVWVid
(avaAoyikn)

Avaloyikd aooiiam TnAéiwva

Exkmoumn (avaAoyikn)

AikTua ETTiIKOIVWVIWYV



oTnHara: EppéAcia
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(wvn oUXVOTATWYV
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oUEvVO Yaoua

12cm 5cm

_83.5 Mhz 125 Mhz

|
2.4 Ghz ‘ 5.725 Ghz ‘

928 Mhz 2.4835 Ghz 5.850 Ghz

902 Mhz

802.11b 802.11a
Bluetooth
poUpVoIl HIKPOKUHATWYV

aocUppaTta ThAépwva

AikTua ETTiKoIvwviwv



iac Twv aovppatwyv dIKTUWV /3
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. 88 twc 108 MHz\
I mlks e

netakn TV
* B4 ¢wc 88 MHz, 174 ¢wc 216 MHz, 470 ¢wc 806 MHz
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iac Twv aocUppaTwy OIKTUWYV /3

¥ 36 AoUppara ouoThuata eupeiac {wvng
v - 746-794 MHz, 1.7-1.85 GHz, 2.5-2.7 GHz

MHz 300 MHz 3 GHz 30 GHz

’(uq}e)\wm ThAcpwvida f
\ - 800-900 MHz | , , ,
/Y‘ITanGIG TPOOWTIKWY ETTIKOIVWVIWV

&4 (Personal Communication Service, PCS)
\ - 1.85-1.99 GHz

AikTua ETTiKoIvwviwv



WLAN
(IEEE 802.11b/g) [
- 2.4 GHz

WLAN
(IEEE 802.11a)

300 MHz 3 GHz 30 GHz

Bluetooth -

. Local Multipoint Distribution
245 GHz Services (LMDS) :
+ 27.5-31.3 GHz

AikTua ETTiKoIvwviwv



WV AOUPHATWY ETIKOIVWVIWV/ IS

dokdpid

oxAuaTa

e

AikTua ETTiIKOIVWVIWYV



> Tlwg d1adideTal To onpa;
> Tloon e€aoBévnon umteioépxeTai;
» TIwc¢ gaivetal To onpa otov OEKTN;

AikTua ETTiKOoIvwviwy



aocUpuato mepiPpaillov

Tpeic paoikoi pnxaviopoi 01adoonc

T~

AvdkAdon TTepi©Aaon 2 kKEdaon
A<« D A= D A >D

> 01 emdpdoeic Tne diadoonc e€apTwvTadl 6X!I HOvo amo
Tn Cwvn peTddoonc aAAd kai amd To eUpo¢ {Wwvne Tou
pHeTadIdoEVOU OHUATOC

»XwpIkh arooTaon petall Tx-Rx

AikTua ETTiKoIvwviwv



Tapayovrec: ©opupoc

AvemOUuNTa oAPATa Tov mpooTiOevTal oTo onud

MTtopei va opeilovTal oe YUOIKA YaAIVOUEVA, OTTWG
T.X. KEpAuvoi, Prounxavikoc Bopupoc.

Mepikéc popéc 0 Oopupoc HovTeAOTIOIEITAI WC
onpa e 10XV Katavepnuévn ogolopopa o€ 0Ao To
pdopa ouxvoThATwY (Aeukoc Bopupoc)

O Adyog onparog mpog Bopupo (signal-to-noise
ratio, SNR) xpnoipgomoicital ouxvd w¢ HETPO
EKTIHNONC TNC TTo10TNTAC Tou d1avAov.

AikTua ETTiKoIvwviwv



apayovrteg: TTapeUPOoAEC (A%

e 2 AUATA TTOU TTAPAYOVTdIl ATIO OUCKEVEC TTOU
AEITOUPYOUV OTIC iOIEC TTEPITTIOU CUXVOTNTEC
utopei va rapepupdaAAouy peTall Touc.

- mapadeiypa: ouokevéc IEEE 802.11b kai Bluetooth
PoUPVO! HIKPOKUHATWY

- Ta ovoThpata CODMA (TToAAd amé Ta cUuyxpova acUppaTda
OUOGTAHATA KIVATWY ETTIKOIVWVIWY) TteplopilovTal KUpiwg
amo TapeUPOAEC

e O Abyog ohuartog mpog mapeuPoAn (signal to
interference and noise ratio, SINR) eivai éva
AdAAo HETPO TTOU XPNOILOTIOIEITAI OTNV EKTiPNON
TNC T010TNTAC O1dUAouv

AikTua ETTiKoIvwviwv
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rapayovrec: AilaAsipeic

e H 1oxUC ToUu oNnpATOC HEIWVETAI HE TV ATTOOTACN
HETACU TToUTTOU Kal OEKTN: ammwAgiec 01adpopAC
- OcewpceiTal cuvRBw¢ avTioTpOYwC avdAoyn He Thv
amoéoTaon, He ekBETN amd 2.5 éwe B
o Apyéc diaAeiyeig (okiaon - shadowing)
TTpokaAouvTtail amo peydAa eumodid TTou
apepPAaAAovTal HeTall TOUTTOU Kal OEKTN

e Taxeiec diaAciyeic TpokaAouvTal Ao oKEOAOTEC
OThV TTEPIOXNA TOU OEKTN

AikTua ETTiKoIvwviwv



e Eva oxnua diapopiknc AQuNnc €dyel TAnpoyopia
amoé moAAd ohpaTa Tou kartagOdvouv amo
O1aPOPETIKEC O1AdPOHEC HE OlaAcipeIC

e KardAAnAoc ouvduaopoc autwy Twy onpdTwy
eplopilel TRV emidpaon Twv dldAsiyewy Kai
BeATIWVE! TNV allomioTid TG HETAdoOoNC

e 271N 01dPopIkR ARYN XWPOU, 01 KEPAIEC ATTEXOUV
TOUAAXIOTOV HIOO HAKOC KUHATOC
- Ymdpxouv kai dAAa €idn diapopikh¢ ARYng
- TToAwang, ouxvoTnTac, Xpovou [ ]

AikTua ETTiKoIvwviwv



e Av ol A Kal B peTadwoouv Tautoxpova Tpoc Tov
C atov id10 diauAo, o C dev Ba ptopéael va Adpel
owoTd Thv TTAnpowopia: Ba vivel oUykpouaon

e Avdykn Umtapénc pnxaviopwy eAfyxou tpoapaonc
yia va kaBopilouv TI Ba yiveTal oe TETOIA
TEPITTTWON AAAQ Kal yid vd HEYIOTOTIOIOUV Th
ouvoAIKA 01aO&aiun XwpnTIKOTNTA.

AikTua ETTiKoIvwviwv



dopng

e O1 mapayovtec dopncg (péyeBocg, katavdAwon
1oxVU0C KaTavdAwaon, epyovopia, KAT.) TtaiCouv
evolapépovTa poOAO 0TV KIVATIKOTNTA KAl TV
voHadIkOTNTA

- Mobile computing: cuvemdyetar Tn duvaToéTnTa TNG
adIdAAEITTTAC KIVATIKOTNTAC

- Nomadic computing: o1 ouvdéaeig eAcuBepwvovTal Kal
etaveykaBioTavral otn véa Béon
e H didpkeia CwWAc TN umatapiag OETel
TEPIOPIOHOUC OTNV TTOAUTTAOKOTNTA £TTEC EpyaaTiaC
TTOVU ATTAITEITAI OTIC KIVNTEC OUOKEUEC

AikTua ETTiKoIvwviwv



e QI amaiThosi¢ aopdAsiac givai oAU
HEYAAUTEPEC OTIC AOUPUATEC ETTIKOIVWVIEC

e KputtToypdgpnon: ol €TIKOIVWViIEC OV TIPETIEN
va aTtoKWOIKOTTOI0UVTdI EUKOAA ATTO TPiTOUC

e TTioTomoinon auBevTIKOTNTAC: €ival TO KIVATO
TEPUATIKO auTO TTov 1oXUpileTal OTI €ivai;

AikTua ETTiKoIvwviwv



e EvaAAakTikh AUon ota evoupuaTta LAN

- XWpo! pe peydAec avoikTEC emigpaveiec (epyoTalia,
amoOAKEC, KATT.)

- 10TOPIKA KTipid

- HIKpd Ypageia
e AiaoUvdeon peTall KTIpiwv
e Nopadiki poapaon
e AikTua Ad hoc

MTtopei va ouvuTtdpXouv He evoUppUdTd CUCTAUATA

AikTua ETTiKoIvwviwv



e ECaoypaAilouv amaiThoeIc:
- KivnTikoéTnTac
- MeTeykardoTaong
- AikTOwonc ad hoc

o TTapéxouv TpOTIO KAAUYNC OE TTEPIOXEC TTOU
uttdpx el OUoKoAia kaAwdiwaong

e TTapéxouv uynAoUc puBuouc petddoonc (apkeTd
Mbps) ae popnTd Tepuarika
- IOV HEeTakIvoUvTal o€ Teploplapéveg meploxec ( T.X.

pHéoa og HeydAa KTipid, o€ TAVETIOTNHIOUTIOAEIC,
VOOOKOHEIAKOUC XWPOUC, EUTTOPIKA KEVTPA)

AikTua ETTiKoIvwviwv



o AiéAcuon

e YTooTApIZn peydAou apiBuol oTadBpwy

e Emkoivwvia pe otaBuou¢ evoupuaTtwy LAN
o [Tepioxnh kaAluyng aktivag 50 + 150 m

o [Tepiopiopévn kaTavdAwan 16XU0C atd ToUC
KivnTou¢ host

e AClomioTia peTddoong Kal dopdAsid €TIKOIVWVIAC
e AciToupyia xwpic adeia

e KivnmikoTnTa (Siamopmh/mepiaywyn)

e Auvapiki avadidpBpwaon

AikTua ETTiKoIvwviwv



E 802.11

H mpwTtn mpodiaypagh eykpibnke To 1997

Aeitoupyei otn (wvn 2.4 GHz industrial,
scientific and medical (ISM)

To mpoTUTIO TTPOdIAYPAPEl TO PUOIKO OTPWHA
(PHY) ka1 To MAC

- To orpwpa 802.11 MAC mrpayuaToToiei €Tiong
AgiToupyiec ou oxeTiCovTal e avwTepa oTpwyata (T.X.,
OpupupaTiopo, 816pBwaon AaBwyv, diaxeipion KIVATIKOTNTAC)

ApXIKd opioThke va AeiToupyei ota 1 kar 2 Mbps
- DSSS, FHSS n umépubpec

- Emektdocic (IEEE 802.11b, TEEE 802.11a, kAT.)
ETITPETIOUV UYNAOTEPOUC puBPOUC peTddoong kai (oTnv
mepimTwon Tou 802.11a) diawopeTikéC (WVEC CUXVOTATWY

AikTua ETTiKoIvwviwv



€c 802.11

e KaAUumTouv Ta oTpwpaTta kdtw amo 1o LLC

o [TepiAaupdvouv kai Ti¢ dieTTAPEC
eAéyxou/dlaxeipionc

AikTua ETTIKOoIVwVIwV



EEE 802.11

e Oudda epyaciac 802.11

- TTpodiaypaypn acUpuaTtng dicemapnc peTall aocUppaTou
client kai evoc ora®uol pdonc n onpeiou tpoapaonc,
kaBwc kai peTall aocupuatwy clients

e TEEE 802.11a
- Méxpr 54 Mbps otn (wvn 5 GHz
- Xpnoipotroici OFDM

e TEEE 802.11b (Wi-Fi)

- 11 Mbps (ue petdmTwon ota 5.5, 2 kai 1 Mbps) atn
(wvnh 2.4 GHz

- Xpnoipotoiei DSSS

e TEEE 802.11g
- 20+ Mbps otn (wvn 2.4 GHz

AikTua ETTiKoIvwviwv



2 Towua

Jevéng
OEOOUEVWY

PUoIKo
oTowLa

popac IEEE 802.11

ETTITTEDD ETTITTEDD ETTITTEDD
Xphotn EAEyxOU J1axipiong
Medium Access Control | Aiaxeipion
(MAC) MAC
Physical Layer A
Convergence Procedure i
(PLCP) \iaxeipt "
PHY

Physical Medium
Dependent (PMD)

AikTua ETTiKoIvwviwv



(Popag

Physical Medium Dependent (PMD)

- KaBopilel péOodo ekToUTTAC Kal ARYNE dedopéEVWY OTO
pHéoo petadoong, oupttepiAapypavopévwy Kai The
dlapoppwaonc Kai TnG KwolkoToinong

- E€apTtdrai amo To katd méco xpnoigomoicitar DSSS,
FHSS n IR
Physical Layer Convergence Procedure (PLCP)

- AvTioToixiCel Tnv PDU Tou otpwpatoc MAC os makéTo
kaTdAAnAo yia petddoon oto oTpwpa PMD

- TlpaypaTomolci avixveuon EpovToc
MAC
- KaBopilel Tov unxaviopd mpoapaonc pe pdon 1o CSMA

- TlpaypaTtoToici OpuppaTiopd KAl KpuTToYPdpnon Twy
TMTAKETWY BEBOUéVUJV AikTua ETTIKOIVWVILV




e To TpoTUTO avakoivwOnke 1o 1999
e Zwvn 2.4 - 2.483 GHz
e Xpnoiyomoiei DSSS

e PuBuoi petddoong puéxpr 11 Mbps

- O1 puBpoi peTdadoonc mpooappolovral autopdra oTav
uTtdpx el B6pupoc, otoTe pTTopei va Asitoupyei ota 1, 2,
5.5 i 11 Mbps

e TpoTol AciToupyiac

- Me dikTUO UTTOOOHAC
- Ad-hoc

e To cupUTepa XpnoigoTtoioUPEVO CAHEPA

AikTua ETTiKoIvwviwv



odopn (1)

Kivnroi
otaOyoi

e Basic Service Set (BSS)

e To onuecio tpoaPaonc AsiToupyei W¢ TOTTIKA YEPUpA

e (Oi oTaBuoi emikoivwvouv péow Tou AP, To oTroio
avapetapipaler mAaiola amwo kai TPo¢ Toug KIvRToUG
oTadpouc

AikTua ETTiKoIvwviwv



odopn (2)

Evolpuaro
o Access o LAN
£ Points &
KivnTtoi
oTaOyoi

e Extended Service Set (ESS)
e 2 UvoAo amdé BSS pe umodopn

e Ta AP emikoivwvouv peTall Toug yia va mpowBouv Td
TAdiola peTall Twv BSS kai va d1eukoAUvVouV Tn
HETAKIVNON TWV oTABUWY peTalu Twyv BSS

AikTua ETTiKoIvwviwv



S

Kivnroi
oTaOyoi

e Independent Basic Service Set (IBSS)
e Oi gTaBuoi emiKoIvwvoUuv HeTAll TOUC
e OrTav dev umtdpxel dueon (eUEn peTall dUo aTaduwy,

Evdg TPiTOC PTTopEi va AsiToupyei wg avapeTaPiPaoTig
(multi-hop communications)

AikTua ETTiKoIvwviwv



To ouoTnua diavoung (distribution system - )
XphoigoTtrolgital yia tn diacuvdeon Twyv BSS

- Evowpatwyuévo: Bva AP og auBumapkTo dikTUO
- EvoUppaTo: Ta AP ouvdéovtar pe kaAwdia
- AdgUppaTto: Ta AP ouvdéovTal e aocupparto TpoTO

AikTua ETTiKoIvwviwv
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- Association

e [Nia va amooTeiAel KATTOI0C KIVNTOC 0TAOUOC
uAvupa Ba mpémel va yvwpiler oe oo AP Ba
kavel tpoopaon

o TTpiv emiTpamei o KAmolov oTABOUO va oTeiAel Eva
HUAvVUHa péow kdmolou AP, mpémel o aTaBuocg va
ouoxeTioBei ye To uttoyn AP

- KdOe oTiyuh o oTaBpoc mpéTel va gival OUGX ETIOHEVOC
pe éva povo AP

- 'Eva AP pmopcei va cival ouoxeTiopévo pe TToAAOUC
oTadpoug

e KaBwc KkiveiTar petalu Twv BSS, évac Kivntocg

oTaBuoc PTopEi va eTTavacuoxeTioOei pe

diapopeTikO AP

AikTua ETTiKoIvwviwv



- Association

e Eykardoraon oxéonc pe 1o AP

e Oi1 oTaBuoi oapwvouv Thv TTEPIOXN OUXVOTATWY Kdal
emAEyouv To AP pe Tnv KaAUTepn TO16TNTA

ETTIKOIVWVIAC

- Evepyn adpwaon (amooToAn diepeuvnTikAg aiThong "Probe request” oc
OUYKeKpIUEVoug d1aUAoug Kal ARYn amavrnhong)

- TTaBntikn adpwon (ekTignon TNG TOI0TNTAC £TIKOIVWYIAC atd TrAdiold
pdpouc (beacon)

e Ta mAdioia pdpol mepiExouv To ovopa (SSID) kai Tn d1eUBuvon MAC Tou
AP

e Ta AP diatnpouv AioTa Twv oUOXETIONEVWY OTABHWY
- Idi16TnTeC TWyY oTaBpwy (pubpog dedopévwy)
e O di1euBUvoeic MAC Twyv oTaBuwy diatnpouvTal o€
Tivakeg mpowOnon¢ avdAoya pe Th BUpa Tou
evromiCovrai

AikTua ETTiKoIvwviwv




‘EAgyxoc TnC mpoopaong aTnv UTTodoun

Oi1 oTaBpoi dnAwvouv TNV TAUTOTNTA TOUC o€ AAAOUC
oTaduouc K oto AP Ttpiv Tnv amooToAn dedopévwy (N
Th ouox£Tion)

AvoIkTO ouoThua (Open System Authentication)

- Aev xpnoipomoici ahyépiBOpo mioToToIinONG AUBEVTIKOTNTAC

- TTpoemiAeypévo (default)

Aiapoipalopevo kAe1di (Shared Key Authentication)
- XpAon aAyopiBuwy kpumtoypdenong (m.x. WEP privacy algorithm)
- TTpoaipeTiko

AikTua ETTIKOIVWVIWV



TOPPATOU

e H default katdoTtaon civai "“in the clear” kai Ta
unvupara 0ev KputtToypdgouvTdi

o TTpoPpAémeTal KAt emAOYAR PNXAVIOHOC
kKpumtToypdenone, WEP

- 2TOXOC €ival va emiTeuxOei £va emitedo aopdAesiac,
TouAdxioTov 6TTw¢ 0 éva evoUppaTto LAN

® 2 NUEIWVETAI OTI N KPUTTTOYPAPNON TTOU TTAPEXEI
10 WEP civail oxeTikd sUkoAo va "omdoer”.

AikTua ETTiKoIvwviwv



a: Baoikn mpodiaypayn

e To MAC civai kKoivo yid 6An Thv oIKoYEéveEld
802.11

e Tpia €idn mtpooPaonc oTo YUOIKO OTPWHA:
- FHSS (Frequency Hopping Spread Spectrum)

- DSSS (Direct Sequence Spread Spectrum)
- OFDM (Orthogonal Frequency Division Multiplexing)

AikTua ETTIKOIVWVIWV



1: Puoiko oTpwua

e OFDM (TEEE 802.11qa)
- 5 GHz
- 54 Mbps

e High Rate DSSS (IEEE 802.11b, Wi-Fi)
- 246GHz ISM band

- Méxpi 7 diauAoi
- KaBe diauhoc 11Mbps

e OFDM (TEEE 802.119)
- 2.46Hz ISM band
- 54 Mbps

AikTua UTTOAOYIOTWV



802.11a 802.11b 802.11g

‘Evykpion 2emT. 1999 2emT. 1999 ToUvioc 2003 IouAloc_; 1997
TPOTUTIOU
AiaBéaoipo cUpoc | 300 MHZ 83.5 MHZ 83.5 MHZ 83.5 MHZ
dwvng
ZuxvoTnTa 5.15-5.356 2.4-2.48356 2.4-2.48356 2.4-2.48356
AeiToupyiag 5.725-5.8256
Ap1Buo¢ un 4 3 3 3
emiKaA. d1aUAwWV
PuBuéc 6,12,243648,1,2,55,11 1,2,55,11,6, |1,2
uerddoong ava 54 9 12,18, 24
diauAo (Mbps) 36, 48 54
AkTiva kahuyng | ~b0 péTpa ~100 péTpa ~100 péTpa

(eowT.) 100

(e€wTepika)
Niapépywon OFDM DSSS/CCK DSSS/CCK; DSSS, FHSS

DSSS/OFDM

SS: frequency hopping spread spectrum DSSS: direct sequence spread spectrum

FDM: orthogonal frequency division multiplexing AKTUG ETTIKOIVGOVIGY



TEEE 802.11: MAC



aon oTo HEoO

e Distributed Coordination Function (DCF)

- O1 oraBuoi avraywvilovTai yid Thv Ttpéopacn oTo HEoo
kal geTadidouv O0Tav To HEOO Yivel adpaveéc

- YmoxpewTikh oto 802.11

e Point Coordination Function (PCF)

- AeiToupyei povo as ouvduaopo pe Thv DCF

- TTpoaipeTikn

- To AP gpwTd TOoUC 0TABUOUC 0€ TTEPIOOOUC XWPIC
avTaywviopo kai divel mpoaoPpaon oe €va oTaduod

e MeTd 1o éPAC TNC TTEPIOdOU XWPIi¢ avTaywviopdd akoAouBei
TePiod0C avTaywviolou

AikTua ETTiKoIvwviwv
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e Avixveuon gépovTog - Carrier sensing (CSMA)
- 2Tov padiodiauho (physical carrier sensing)
- 270 oTpwua MAC (virtual carrier sensing)

e Avixveuon ouykpoUoewyv - Collision Detection
(CD)
- 2Tov padiodiauAo dev diapépel amd Th AdBoc petddoon
- AmooTtoAn emipepaiwong oto otpwpa MAC

AikTua ETTiKoIvwviwv



guon YEPOVTOC

o [Twc viveral,
- AvixveUegl Tnv Ttapouacia aAAwv XpnoTtwy PAETovTacg Ta
TTAKETA
- AvixveUel Tn 0paoTnp1oTNTa oTov diduAo HEOW TNC
1oXVU0C TOU OAUATOC atto AAAEC TThYEC
e H puaikn avixveuon épovToc £Xel Adyo
£PAPHOYAC O0TA AoUpHATIKA OikTUA:
- OXI pépov > UTOpEIC va HeETADOOEIC
- €dv peTadidel povo Evac oTadbuoc £xel 01aBEaipo 6Ao To
eupog wvng
- pEPOV - N YETAOOOEIC

- €dv akoUoel dAAn petadoan, 0ev Ba TTpokaA£aoel
oUyKkpouaoh
e £dv O0Uo oTadOoi peTadwoouv TAUTOXPOVd, UTTAPXEl UYKpouah

AikTua ETTiKoIvwviwv




ei To CSMA/CD;

e 210 IEEE 802.3 (Ethernet), o oTa®Buoc akovel
TOo HEoo, HeTadidel 6Tav To HETO eival eAeUBepo
Kdl TTapakoAouBci yia ouykpoUaoeIC
- Edv avixvelaoel oUykpouaon, HETA Hia Ttepiodo

omioBoxwpnong, o oTabuoc emavapeTadidel

e H avixveuaon oUykpouoncg O€v gival EQIKTA 0Td
WLAN

- O oTaBuodc d¢ yvwpilel To KATA TOCO TO CAKA
aAAo1WwBnke oThv yeITovIid TOU OEKTN
e To IEEE 802.11 xpnoipomoiei Carrier Sense
Multiple Access (CSMA), aAA@ avTi Tng
avixveuonc oUykpouong UIoBETEil TV amopuyn
oUyKpouong AiKTUG ETTKOIVGVIGV




atl aovuppatTwyv Kai
OIKTUWV

e Edv aupoTepol o1 A kai C avTiAngOoUv
TauToxXpovad To KavdAl adeio ©a aTeiAouv

- o1o Ethernet, n cUykpouon Oa avixveuBei amod Tov
aTmooTOAEd

- oTa aoUppara LAN, povo o TapaARTTRC TRV aviXveUel

AikTua ETTiKoIvwviwv



e O otaBuoc A d¢c Cépel 611 0 oTaBuoc B csivai -
amtaoxoAnpévoc Aaupdvovrtac améd tov otaduo C

- MTropei va apxioel Th 01KId Tou peTddoon Kai vd
TIPOKAAECEI OUYKpOUON

EupéAcia

uetadoonc/ AYNG L aunnna,,
Tou A o’ )

S ™ AjkTUa ETTIKOIVWOVIOV



eKTEOEINEVOU KOHPOU

e O otaBuoc B O¢éAel va petadwoel atov C, aAAd
AavBaopéva vopiler 011 Ba tapeppdAer Tn
nueTddoon Tou A mpoc Tov D
- Améxel amé Tn petadoon (peiwpévn amodoaon)

AikTua ETTiKoIvwviwv



e O A otéAvel pwTa To Reguest-to-Send (RTS) oTov B

e Aappavovrac 1o RTS, o B amavrad ye Clear-to-Send
(CTS)

e O kpupuévocg koupocg C akovel To CTS kai Ttapapével
OIWTTNAOC

o O ekTeBeipévocg KopPpoc akovel To RTS aAAa oxi 1o CTS
- H petddoon amoé tov D dev Ba mapepPpdAcl otov B

RTS RTS
(o) (A) (8) (e)
CTS CTS

DATA

e AmoTéAeopa Ttapopolo pe Thv avixveuon gépovroc (virtual
carrier sense)

AikTua ETTiKoIvwviwv



Eupulwvikn aclUpuatn wpooPpaon

WIMAX



TEEE 802.16

o OIKOVEVEIQ TPWTOKOAWY VId UNTPOTOAITIKA
aoUppara iktua (WMAN)

- KaBopilel eupulwvikh aocUppartn tpoopaon (BWA -
Broadband Wireless Access) yia otaBepolc¢ Kai
voHadIkoUC XPAOTEC

e YmooTthpilel
- TToAAd puaoika oTpwpara
- TTponyuéva ocuoTApaTa KePAIWyY
- KivnTtouc¢ oTtaBuoulc¢ ouvdpopnTwy
- Emkoivwvia onpeiou mpo¢ ToAAaTTAd onpceia
- AvdamTtuén oc diatain AEypaToc
® L€ EPAPUOYEC KATA TTOAU €UpUTEPEC TNC ATTARC
doUPHATIKAC TipoaPacng oTo "TeAeuTaio
XIAIopETPO"

AikTua ETTiKoIvwviwv



e TaxuTnTa petddoonc

- TpnyopdTepo amod Tic ouvnBeIC eUpUlWVIKEC UTTNPETIEC
e Aoupuaro

- Aev amaiteital eykardoraon KaAwdiwv

- EUKoANn eykatdoTaon o€ aypoTIKEC TTEPIOXEC
e Eupcia kaAuyn
- TToAU peyaAUTepn kaAuyn amé Ta WLAN
KAigakwon
TToi6TnTa UTtNpETiac
TToAU kKaAéc emdoociC
BeAnvekéc

AopdAcia

AikTua ETTiKoIvwviwv



oon

EUpoc Cwvnc | MéyioTtoc MéyioTo

puBUoC bps/Hz
802.11 20 MHz 54 Mbps 2.7 bps/Hz
802.16 1.5 -20 MHz |100 Mbps 5.0 bps/Hz

AikTua ETTiKoIvwviwv




e To mpoTumo 802.16 cival suéAiIkTo oXAHa 600V
apopd TIC oUXVOTNTEC Kal To eUpo¢ (WvnC TWV
padiodiavAwv
- AiavAor 1.5 MHz péxpr 20 MHz

e To MAC umrooThpilel ekaTovTadec R akopn
XIMadec xpnote¢ oe éva padiodiauho

e To MAC éxel oxediaoTei yia KAIHdkwon
aveldpTnTta Tou gUpouc (wvnc diavAou

e KaBwc o apiBudc ouvdpopuntwy auldvel, To pdopda
uttopei va avadlavepunOei
- O mtdpoxoc¢ pmopei va mpoPpei o€ XWPIOHO 0 TOUEIC

AikTua ETTiKoIvwviwv
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o Txediaoyévo £€ APXAG VI va UTOOTNPITE! YWV
Kai pivreo

e Mnxaviopoc (AThong-mtapddoong eupouc (Wvng

e 2 nuartodoaoia yia Tn duvapikn eykatdotaoh (QoS
enabled) umhpeoiwyv Kai powv

e YTooTnpIZn d1dpopoTroINHEVWY UTTNPETTWY

o Kevrpikh emiPoAn QoS oe ouvduaopd pe emiITALoV
HNXAvIoUoUC YIA ATTO0 dKPO 0€ dKPO ETTITNPNON
KABW¢ Kal doTuvopeuon TWv oTaBuwy

- KaBopiopoéc Tne ocipdc Kar Tou XpovodlaypdupaToc
EKTTOUTTING aTov padiodidauAo

- AcgiToupyiec yia Thv TtpopUBuion Twy TtapdpéTpwy QoS
TWV UTTNPECIWV Kdl powv avd oTaduo

AikTua ETTiKoIvwviwv



e BeATioTomoinuévo via Asitoupyia péxpt Ta 50 _

e 2 Xe0IAOUEVO YId XPNOTEC KATAVEUNHEVOUC O€
EUPEIEC TTEPIOXEC

® AVEKTIKO o€ peydAeg e€amAwaoeic kaBuaTépnong
moAAaTTAWYV d1adpopwy péxpt 10 ps

e Ta otpwyara PHY kai MAC oxedidoBnkav pe Thv
uTtoBean PeAnvekoUcC TTOAAWY XIAIOHETPWY

AikTua ETTiKoIvwviwv



1 To WIMAX;

2. 7TaOuo¢ ouvdpopnTh
(SS)

OIKIako
G C

ﬁ gvapoumﬁc

Emavaiimrng Mikpopeaaioc

ZTGG?SC )lbdonc ouUV3POUNTAG
S
Kivntog ata®uoc (MS)

AikTua ETTiIKOIVWVIWYV




e O otaBuoc paonc WiMAX
gival avTioToixocg He Tov
oTaduoé Pdonc TnC KIVNTAC
TnAspwviacg

- ‘BEvac oTraBuoc pdong
WIiMAX umopei va kaAUyel

Hid TTOAU peydAn epioxi
(uéxpr 8.000 km?)

e O OEKTNG €XEI HIKPO
OXETIKA HEYEOOC Kal
duvnTikd Oa pmopovoe va
TomoOeTNOc¢i o€ €va
UTtoAOYI0TRH OTTWC Ol

kdptec WiFi




® APXITEKTOVIKA onueio Ttpo¢ TToAAATTAd onpeia
e MnTpomoAITIKO OikTUO TTpOoPaATNC
e Acitoupyia TDD h FDD

e AvelapTnoia améd Ta TpwToKOAAa aTaBepou
dikTUOU (ATM, IP, Ethernet)

e YmoaThpiCn ToAAaTTAWY utthpeaiwy pe QoS

o 2Tpwpa MAC oxediaopévo He OKOTIO TN
BeATioTOTTOINON XPHONC TOU PACHATOC
e Q1 TpoTOoI TPOCPHACNC OTO PUOIKO HECO TTAPEXOUV

onHavTiki eueAifia atn xpnon d1aBéaipwy
ouxvoThTwy < 11 GHz ka1 10-66 GHz

AikTua ETTiKoIvwviwv



upyiag

e Xwpic oMTIKA €TTaPn

- XpnoipoTtrolei ouxvoTnTeg XapnAotepec Twy 11 GHz
e Me oTITIKA eTTAYn

- XpnoipoToiei ouxvoTepec uynAoTepec Twy 10 GHz

AikTua ETTiKoIvwviwv



e TToAAaTAR diavopuh Axou/Pivreo
e Ynyiakn TnAspwvia

o ATM

e AiadikTuo

o Nepupwon LAN

e AiaoUvdeon Backhaul

e Frame relay

AikTua ETTiKoIvwviwv



N mpwTtokoAAwv 802.16

YTmo-oTpwpua cUykAiong

e€apTWyevo amod Thv UTNpEaia S Towua {evénc
Ymo-otpwua MAC — Jedopévwy
Ymo-oTpwa acgpaAeiac
YTmo-oTpwpa cUykAIoNnG B Puaiko

Mo~ | = A AALA A2 | = A AALA 7 A

OFDM | QPSK |QAM-16 | QAM-64 oTpWHA

AikTua ETTiKoIvwviwv



o AicTtagph pe Ta TPWTOKOAAD AVWTEPWY
OTPWHATWY
- EvOuAdkwon mAaiciwv (PDU) mpwTokOAAWY avwTEpWyY

oTpwpdTwy oTa TAaiola Tou 802.16 MAC

e Karnyopiomoinon kivhong avwrepwy oTpwpHATWY
Kdl dvTIOTOIXNON TNC HE TV KATAAANAN pon Kali
ouvdeon MAC
- TTpooappoyn Twv XpoVvIKWY e€apTAGEWY TNC

TNAETTIKOIVWVIAKAC Kivhong o€ 1000UVAUEC UTTNPEDIEC
MAC

- MeTdppaon tapapéTpwy QoS TwWv avwTEPWV
TTPWTOKOAAWY oTh Hopph 802.16 MAC

AikTua ETTiKoIvwviwv



pwparoc MAC

e XpovoTIpoypdHHATIONOC HETAOOOEWY OTN POR
avooou
- H peradoon oto @uoiké oTpwpa umokelTal o QoS
e AITROEIC KAl TTAdpoXEC eUpouc Cwvng
e EykardoTaon ouvdéocwy
e Opupuariopog (fragmentation), makeTdpioua
e ARQ
o TTepiéxel uro-oTpwHa acpdAeiac
- ThoTomoinon auBevTIKOTNTAC
- Kpumttoypdpnon
- AopaAnc¢ avtaAAayn KAgId1wy

AikTua ETTiKoIvwviwv



e Ta mAaioia MAC peTadidovTdl 0TO PUOIKO OTPWHA
WC PITTEC

e H pimth 010 Yuoikd aTpwpa TeptAapuPaver ToAAEC
XpovoBupidec

e 2 uvdBpoion (Concatenation)

- TToAAd TtAaioia cuva®©poilovTal oc pia pimA HeTadoong
eiTe oTnV KABodo N 0TV Avodo

e OpupuaTIoHOC

- KdOe mAaioio pymopei va OpuppartioBei oe ep1000TEPA
TTAdiola

e TTakeTdpiopa
- TToAAd TtAaiola TakeTdpovTal oc £va TAdiolo

AikTua ETTiKoIvwviwv




Ka O1avAwv

o 10-66 GHz
- EuaioBnTo ot ToAAaTTAEC B1adpOpEC

- Amaiteital omTikA emaph (LOS)
- H amoopeon Adyw Ppoxnc cival onpavTiko Béua
Puoiko oTpwpa pe éva pépov (SC)

o 2-11 GHzZ
- Avoxh oc TToAAaTTAEC O1adPOHEC

Af‘\l ﬂﬂﬂl'!‘b:'!'ﬂl I\‘I‘f'!'llll;\ f“l‘fﬂaf\v'\ ,k‘l nC\
- Ay aniarieniar OItninrg citagry (INLVUV o)

- Buaikd oTpwya pe éva pépov (SCa) N TepioodTEPA
pépovra (OFDM, OFDMA)

AikTua ETTiKoIvwviwv



6aPaon Kai aggidpounon(:

2. Tnv KdBodo n pon civar TDM kai o1 oTaBpoi
TTPOOPWVOUVTAI HE Th OcIpd

2. Thv dvodo 01aTiBeTal oToug oTaBuouc¢ Hia oxIoHn
neTapAnToU pnkouc oc poh TDMA

Time Division Duplexing (TDD)

- AUPOTEPEC N dvodoc Kal h kaBodoc¢ poipdlovTail Tov idlo
padiodiauAo

- Auvapiki acuppeTpia
- 01 SS d¢ev petadidouv kail Aaupavouv Tautoxpovd
Frequency Division Duplexing (FDD)
- H davodoc¢ kai n kaBodoc ae diapopeTikoUC padiodiauAouc
- 2TdTIKA doUUUETPia
- YmootnpileTal nui-aggidpopn petadoon

e O1 SS d¢ev pyetadidouv kai Aappdvouv Tautdoxpova

AikTua ETTiKoIvwviwv



Duplexing (TDD)

Downlink Subframe Uplink Subframe

- ﬁld -

A
-
PSO Adaptive PS n-1
Frame j-2 | Frame j-1 Framej | Frame j+1 | Frame j+2

AikTua ETTiKoIvwviwv




DOWNLINK

UPLINK

<*+— frame —

Broadcast kg Half Duplex Terminal #1

% Full Duplex Capable User | Half Duplex Terminal #2

AikTua ETTiKoIvwviwv



aTioHo¢ oToug d1auAoucg
000U

e To TPOTUTTO TTAPEXEI HNXAVIOHO Yid TOV
XPOVOTIPOYPAUUATIOHO HETAOOOEWY TWV TIPOYIA pITTWV
oTov diauAo avodou kai kaBodou, aAAd dev opilel
aAyop1Bpuo xpovoTpoypdpaTiopou

e MeTddoon mAaigiou

- TTAaiolo ka©dédou: amd To oTaBuoé PAonC TTPOC TOUC
OUVOPOUNTEC

- TTAaiolo avodou: amod Toug cuvOPOoUNTEC TTPOC TO
oTtaud Pdong

P s e e S L 3 D o o o o o e e e e o e e e e e e e

——————————————————————————————————————————————————————————————————

DL- | UL- DL DL DL Initial | request

MAP | MAP | burst 1 burst 2 burst n maint. | conn. SS#1|SS#2 SS #k

pream.

4 uplink subframe >

v

\ downlink subframe

yd

O oT1aBuoéc paonc opilel TOTE KAl TTOI0I CUVOPOUNTEC
Oa Adpouv (DL map) kal 6a aTeilouv (UL map) AikTtua ETTiKOIVWVIGV




pua: Kabodoc

® 2 UveEXNC pon kaBodou
- Ta ouvexn petadoon Axou/pivreo
- Xphon amAoV oxnuato¢ TDM via tpoocpaon oTov
diauhAo
e EKpnKTIKh poh kaBddou
- Ta peradoon pimwyv (kivhon IP)
- TTpoopaon otov diauho DAMA-TDMA

AikTua ETTiKoIvwviwv



e Me ouvdéoeic (Connection-oriented)
- 'OAec o1 xwpic auvdean (connectionless) umtnpeaiec
avTigToixiCovTal o€ pia ouvdeon
- 2& KdOe d1eVBuvan, ol ouvdéaeic poadiopiovTal Ao
tia TautétnTa 16 bit Tnv CID (connection identifier)
e Baoikn apxn Tou oxediaopolU Tou MAC civai n
e€agpdAion Tn¢ To16TnTac uthpeoiac (QoS)

e H QoS mapéxetal péow powv uttnpeaiac (service
flows)
- MovopopeC poéC TAKETWY HE OUYKEKPIHEVEC
TtapdapéTpouc QoS

e KaBe CID oxetiCetal e tnv SFID (Service Flow ID) mou
kaBopilel TIC TTAPAPETPOUC TTOIOTNTAC YId Th CUYKEKPIHEVN
ouvdeon

- Egappoyn T600 otnhv kdBodo (DL) kai oThv dvodo (UL)




nwAaigiovu MAC

msb Isb

Meviki popon TAaiciou MAC Mop@n TTAaiciou aitThnong
(rutrog Header Type (HT) = 0) gupoug {wvng (HT =1)

AikTua ETTIKOIVWVIWV




mikeaAidac wAaigiov MAC

CI = CRC Indicator
CID = Connection identifier

EC = Encryption Control

EKS = Encryption Key Sequence
HCS = Header Check Sequence
HT = Header Type = 0
LEN = Length

Type = €ido¢ TAaiciou

AikTua ETTiIKOIVWVIWYV



mtapoxn €Vpouc {wvnc

e AUo kaThyopiec ouvdpounTwyv
- Tlapoxn ava oUvdeon GPC (Grant per connection)
- TTapoxh avd cuvdpounth GPSS (Grant per subscriber

station)

® AUPOTEPEC Ol KATNYOPIEC XPNOTWY aAiTouvTdl
eUpo¢ Cwvncg avd ouvdeon TTPoC IkavoToinon
teplopiopdwy QoS
- Tha GPC, 1o eUpoc Cwvnc civair eyyunuévo avd ouvdeon

- Ta GPSS, 10 eUpoc Cwvng ouvaBpoileTal oc pia
TTdpoXh TpoC Tov SS

AikTua ETTiKoIvwviwv



Upog Cwvng

® ATIPOKANTEC TTAPOXEC

- Aev umtdpxel avaykn aithonc sUpouc {wvnc yid
UTtNPECieC TToU Ttadpdyouv aTaBeph ToodTNTA
dcdopévwy o€ Tteplodikh paon

- Niampaypdreuon katd Tn di1dpKeld TG eykaTtdoTaong
e AmtooToAh makétou MAC aithong eUpouc (wvng

e Awpeadv petagopd (Piggyback) ata media Tou
mAaiciou MAC

o > puypopétpnon (Polling) amé To oTtaBud pdaong

AikTua ETTiKoIvwviwv



emIKEWYaAAIdAC aiThong
c
BWR = Bandwidth Request

- ap1Buog byte atnv dvodo mou {nTouvTal amoé Tov SS via to CID
CID = Connection identifier
EC = Encryption Control = O

HCS = Header Check Sequence
- 'EAeyxoc¢ AaBwyv emikepaAidac

HT = Header Type =1

Type = €ido¢ @iThoNG |4 o ! Type (3) BW Req.
e msb (11)
BWS Req. Isb (8) CID msb (8)

CID Isb (8) HCS (8)

AikTua ETTiKoIvwviwv



e TexvoAoyia avTikaraotaong Twv KaAwodiwv
e Mikphc eupéAciac acUppatecg (eUelc

e Mikpd, Onvo radio chip yia va eykaBioTarai o€
uTtoAoy10TEG, ThAEpwvda, palmtop, eKTUTTWTEG,
KATT.

e To Bluetooth emvonOnke To 1994

.‘-A.A --‘-A l“ll.‘

® IU DIUCIUUIH DPCLIUI .LHIC[ ol Uf Ooup \D.LU}

10pUBNKe 10 1998 amod Ericsson, IBM, Intel,
Nokia kai Toshiba yia va avanti€ el pia avoikTn

TTpodiaypagh
- Twpa ouppeTéxouv mavw amd 2500 eTaipieg

AikTua ETTiKoIvwviwv



£01A0TIKOC OTOXOC

e TexvoAoyia avrtikaraotaong kaAwodiwv
- 1 Mb/s

- amooraon kaAvyncg 10+ péTpa

- aoUpparn getadoon + paocikh wvn (yneiako pépog)
ue €va chip
e XaunAn 10x0g
e XaunAé KéoTo¢ avd ohueio (oTdxoc Ta $5)

AikTua ETTiKoIvwviwv



Internet

OAokAnpwpévo AP

AikTua ETTiIKOIVWVIWYV



2.4 GHz ISM Open Band

10-100 péTpa epupéAcia

EXVIKA XAPAKTNPIOTIKA

- Oikoupevikd eAeUBepn d1aBEaiun ouxvoeTnTa
- @dopa 79 MHz = 79 diauAor eupoug 1 MHz
- Frequency Hopping kai Time Division Duplex (1600 hops/sec)

_ Class T - 100 m (300 ft)
- Class IT — 20 m (60 1)
- Class IIT - 10 m (30 f)

TTeproxn

ZWwvn oUXVOTATWYV

AiauvAol RF

HTTA, oxeddv 6An n Eupwrn
Kdl ol AAAEC XWpPEC

24 -248356GHz

f = 2.402 + nMHz, n=0,...,78

Tamwvia

2471 - 2.497 GHz

f=2.473 + nMHz, n=0,...,22

Tomavia

2.445 - 2.475 GHz

f = 2.449 + nMHz, n=0,...,22

"aAAia

2.4465 - 2.4835 GHz

f = 2.454 + nMHz, n=0,...,22

AikTua ETTiKoIvwviwv




ouppatn Ceuén

To Bluetooth poipdlerai Tnv idia {Wwvn ouXVOTATWY HE
10 802.11

- Xpnoipomotei amAwpévo doua (spread spectrum) pe
ueramndnon ouxvotntag (frequency hopping)

e 2402 GHz + k MHz, k=0, ..., 78
e 1,600 peTramndnoeic avd second
- Aiapoéppwaon GFSK (Gaussian FSK)
e puBUOC ouppoiwy 106/s
- Toxuc petadoong: ImW

1Mh=z

el

ﬁﬂ 3 79

AikTua ETTIKOIVWVIWV



Time

Orav dUo piconets emAé€ouv Thy idia Cwvn IMHz, yivetar oUykpouon.

AikTua ETTiKoIvwviwv



e Frequency hopping

o Mikph eupéAcia

e EAcyxoc 1oxU0C

e FEC kai ARQ

e Mikpd TakéTa kai Taxeie¢ emaAnOevoeic

e AAAec ouokeuéc atn Cwvn ISM m.x. WLAN,
POUPVOI HIKPOKUHATWY, KATL.

o TPOTEIVETAI
oto IEEE 802.15.1.

AikTua ETTiKoIvwviwv



UOIKO OTpwid

O1 kéupor amapTiouv éva piconet: évac eAéyxwv (master) kar
Héxpl 7 eheyxopevol (slaves)

- KdBe koupoc umopei va Asitoupynoel w¢ master n wg slave

O slave akoAouBoUv Tnv YyeudoTuxaia akoAouBia peTamndnoewy
ToUu master

Ve Ve VA VEN

piconet

625 usec

1600 hops/sec
AikTua ETTIKOIVWVIWV



¢ {evgng

" Synchronous Connection Oriented (SCO) Cel¢n
® kpdTnhon oxIOUNC kKaTd otaBepd diaoThpaTa

" Asynchronous Connection-less (ACL) Link
" Polling access method

SCO ac1. ACL SCO acL ACL SCO ACL ACL

I BN sl | N 8 B

S1

|

1
]

S2

AikTua ETTiKoIvwviwv



Tnon

Bluetooth device address (BD_ADDR)
- 48 bit IEEE MAC address

Active Member address (AM_ADDR)

- 3 bits active slave address
- 0Aa undév otnv broadcast address

Parked Member address (PM_ADDR)

- 8 bit d1eUBuvon Tou parked slave

AikTua ETTiKoIvwviwv



Control Data/voice
packets packets

4

data

72 bits 54 bits 0 - 2744 bits

——— Header
Header Payload .
code Addressing

(3)— Max 7 active slaves

Packettype (4) — 444 packet types (some unused)
Flow control (1)

1-bit ARQ  (1)——— Broadcast packets are not ACKed
Data ’;{ ﬁ:tglem:ing (1)————— For filtering retransmitted packets
ARQ

(8) * Verify header integrity
total 18 bits
FEC (optional) FEC (optional) Encode with 1/3 FEC to get 54 bits

No CRC
No retries




TOUC TUTOUC TAKETWY

Packet | Timeslots | CRC FEC Symmetric
(kbps)
HV1 1 - 1/3 rate < 64
HV2 1 . 2/3 rate <64
HV3 1 - - <64
DV 1 Data only | Voice no FEC, <64
Data 2/3 FEC
Packet | Timeslots CRC FEC Symmetric Asymmetric (kbps)
(kbps)
Forward Reverse
DM1 1 Yes Yes 108 108 108
DHA1 1 Yes - 172 172 172
DM3 3 Yes Yes 258 387 54
DH3 3 Yes - 390 585 86
DM5 5 Yes Yes 286 477 36
DH5 5 Yes - 433 723 57
AUX 1 - - 185 185 185




ouvdeonc

Inquiry - scan protocol

- yia va mAnpogpopnOci To
clock offset kai Tn
d1eUBuvaon dAAwv A
VEITOVIKWY . e

- yid Thv eykaTdoTdon | "
(eUCewV pE YEITOVIKOUC
Koupoug N e on

AikTua ETTiKoIvwviwv




Piconet

TTpwTdKOAAO inquiry/scan/page

O master: oTéAvel digpeuvnTikd (Inquiry) pnvouara,
ue Inquiry Access Code (IAC), TToU TPAYHATOTIOIE
peTamndnoei¢ oc pia akoAouBia cuxvoTATwy (32
OUXVOTNTEC)

- avayyeAia Tou master

O slave mou evrdooeTar:
- Kavel yeTamndhoei¢ o€ ToAU xaunAoTepn TaxuTnrta

- apoU AdPper éva OlepeuvnTIKO HAVUUA, TTEPIPEVEI YIA TUXdio
XPOVIKO 01doThd Kal 0Th cuvéxeld oTEAVE! aiThon oTov
master

O master oTéAvel éva pivupa avalhtnong (paging)
otov slave yia va Tov evtdlel

AikTua ETTiKoIvwviwv



iconet: £Aeyxoc diavAou/.

Yrdoxouv 7 emiiEpoUC KaraoTdoelC mou Xphoiyomolouvral yia va
npooTeBouv slaves 1 va yivouv ouvdéoeisc oro piconet

1.Inguiry: xpnoidoToIEiTAl Yid TV EUPECN TNG TAUTOTNTAG TWV
ouokeuwv Bluetooth atnv eyyuc mepioxn.

2. Inquiry Scan: otnv Katdotaon duTth ol CUOKEUEG dKoUVE Yid inquiries
Ao AAAEC OUOKEUVEG.

3. Inguiry Response: o slave amavTdel He TAKETO TTOU TTEPIEXEI TOV
KwOIKO TPOaPACC Tou, To POAGT ToU KAl KATTOIEC AAAEC TTANPOYOpPIiEC
yia Tov slave.

4.Page: o master oTéAvel unvupata page HeTadidovrag Thv device
access code (DAC) Tou slave oe diapopeTikd hop channels.

5.Page Scan: o slave akoUel o€ pia ouxvoTnta petamndnong (Trou
TapdyeTdl amé Thv page hopping sequence) gTo uTtoyn tapdBupo scan.
6.5lave Response: o slave amavtdel oto unvuua page Tou master
/.Master Response: o master PpiokeTal ¢ auTAv Thv kaTdoTaon 6Tav
Adpel Thv amavrnon Tou slave oto pAvupa page Tou £0TEIAE.
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piconet

Master Slave

Inquiry

Inquiry Response

Page

Page Scan

Slave Response

Master Response

Connection
Connection
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Sender Receiver
(1) Start in the
INQUIRY state [~ = (2) Startin INQUIRY
"""""" K %., ‘g"' SCAN state
L |
—-h ¥
F "‘:‘-E.. (3) Go to sleep
g . .
: =
= H P
2 2 g
& = %
= 2
&
-
Nl e
S "-:::ﬁg;-;'::::'--:f:'x"" B (4)Wakeup
_—-— TE % ?;l
5 = (5) Respond and enter
(6)Enterthe o | J— —FHS— RN dan
PAGE state |1 1;.., N 2| PAGESCANstate
Ll —DAT = % E
— Py o (F2 C
— IH.C w
L 1 Bt B I R - R R RN 7T R B RE R ! B OO OO B I 0 || J—----h
N ; (7) Connection
f’-'{&;’,;',‘;‘,ﬂﬁ“ Established

: Frequency Synchronization DAC: Device Access Code [AC: Inquiry Access Code



- ‘OAeg oi OUOKEUEG O€ €va pico
HETATTNONOEIC

- Kartd Ttov axnpariopé evog piconet, o master divel oToug
slaves To clock kai Thv device ID

+ To oxédio peramndnong kaBopileTar amod Tnv device ID
Tou master (48-bit)

+ H pdon petanmndnonc kaBopileTal amoé To Clock
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Inquiry hopping

’/// sequence
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i Karaoraon ouvoeong

Active mode:
- H pyovdda bluetooth akovel kdB¢ peradoon Tou master.

- O1 slave xwpic d1eUBuvon pmopoUlv va adpavolv Katd Th
dldpKeld Hiag petddoonc.

- TTeplodikéC eKTTOUTTEC TOU master xpnoipgomoloUvTdal yid
OUYXPOVIOUO.

Sniff mode

- H pyovdda bluetooth dev akovel kdBe petadoon Tou
Mmasiler.

- O master kavel polling oe TéToloug slaves o¢
kaBoplopévec Xpovooxiouécg sniff.

- Movo via Tov Tpomo ACL.

AikTua ETTiKoIvwviwv



i Karaoraon ouvoeong

Hold mode

- O master kai o slave ouppwvoUv yia Th XpoviKA di1dpKeld
Tou o d¢ev Oa vivel polling ato slave.

- H puaoikh (0N cival evepyomoinyévn Hovo oe
XPOVOOXIOHEC TTOU £XOUV KpaTnBei yia Asitoupyia SCO.
Park mode

- O slave mapadider tTnv AM_ADDR.

- AKOUEI TTeP1odiIkd yia petadoon Kanmag onnKng
UU)(VUlHlUL_, Yid vd quxpuvwlu Kdi xpnoupouuuu

PM_ADDR via va pyer amé tnv katdotaon park.
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apnAic 1oxvoc (Sniff)

niff offset

\ ~Avédprera Sniff

Nepiodog¢ Sniff

H kivnon mepiopileTal o mep1odikéc sniff
XPOVOOXIOHEC
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A apkeLta Hold
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apnAnc 1oxvoc (Park)

i

acon instant

ter

Beacon interval

>

e Efoikovounon iaxVoc + diathpnon povo 7 slave oe
éva piconet

e TTauon d1eUBuvang evepyoU péAoug, diaTApnon
OUYXpPOVIOHOU

e EmKoivwvia pe pnvoparta ekmopmnc LMP
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Scatternet

Scatternet

Piconet-2

M: master ' ' ' , .
S: slave KaBe koupoc éxer pia di1evBuvon 12-bit
Sb: stand by

P: parked/hold

AikTua ETTiKoIvwviwv



2 1oipa mpwTOoKOAAWV

Appllcatlons }meua EQAPHOYAG

}{prua middleware

RFCOMM

Audio L2CAP

LMP

Connol

Baseband

RF

J\

2 Tpwia Ceugng
0edoHEVWY

~PUOIKO OTpWHA

7

N

Eva chip pe
}» 3IETTAQR
RS-232, USB

h PC card
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Toipa MPWTOKOAAWY

RF: kaBopilel Tnv acUppaTn perddoon bit amé tov M otov S

Baseband: kaBopilel Tov éAeyxo (eUing oc emimtedo bit kai TAaiciou
(kwdikoToinon, KpumToypdenon, TAdNHUA CUXVOTATWY)

LMP: diapoppwver Tic {eUeic Tpocg TIC dAAe¢ ouokevég(miaTomoinon
auBevTIKOTNTAC, KPUTITOYPAPNON, KATAoTAon TwWV Hovddwy aTo
piconet, TpoypaupaTiono Kivnong, HOp@H TAKETOU)

L2CAP: mapéxel umnpeaiec pe oUvdeon Kal Xwpi¢ ouvdean atd
avwTepa oTpwHarda

SDP: service discovering protocol
TCS: telephony control signalling

RFCOMM: emulation Twv onpdtwyv eAéyxou Kai Twv dedopévwy RS-
232 mavw amoéd 1o L2CAP

Applications

TCS || RFCOMM | | SDP

Control
Audio L2CAP

LMP

Baseband

RF AikTua ETTiKOIVwVIWV




