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OCHOBHHM MOMCHTH
* WPAN —cranmapr
 CBIOIHOCT
* Cragmapr
* Bepcun
* Tonosorun
* IIporoxkosieH cTek

* PexxnMu 3a CbXpaHEHUE HA CHEPIUus
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* bezxununure nepcoHaHu Mpexu (WPANSs) ca
3a IIpeJaBaHe Ha MH(OPMALHs HA KbCH
Pa3CTOSHUS CpeJl MaJIKa, OJIM30 Pa3IoJI0KEeHA
rpyna yCTpOMCTBA.

e WPAN BKJIITOYBAa MUHUMAJIHA WJIN HUKAKBa
uH(ppacTpykrypa win ad-hoc mpexa.

* Mankure pa3CTOssHUSA U IpocTara
MH(PPACTPYKTypa NO3BOISIBAT
€HEProe(PEKTUBHMU U €BTUHHU PEIICHUS
3a IIUPOKA raMa OT YCTPOMCTBA.



Craggapt 802.15 - WPAN

; m radius of
coverage

@ Master device
@ Slave device

P Parked device (inactive)

* Jlmamersp nmox 10Mm

3a MUIIKH, KJIaBUATYPH,
0€3)KUYHH TeaePOHU

ad hoc- 0e3 uH(ppacTpykTypa

Mpesxa master/slaves:

— slaves uckar rmo3BojicHueE na
U3MpatAT Ha master JaHHU

— master 00CITy>KBa 3asIBKUTE

802.15 eBonroupa ot
cnenudukanus Bluetooth

yectoTHA JieHTa 2.4-2.5 GHz
no 721 Kbps

8/10/2022 npod. 1-p unxk. Benera Anekcuena



8/10/2022

[Ipon3xon Ha umeTo bluetooth

bluetooth (Ha aHmIMICKU — cuH 3v0) € HapeYeHa Ha
uMeTo Ha kpans Ha Jlanus u Hopeerus ot kpas Ha 10-

™4 BeK Harald Gormsson 1o nipsikop Bluetooth
("Blatand" ).

Tol ycnsit n1a 00eMHM BOIOBAILM JI0 TOTaBa INIEMEHA
oT HopBerus u ot Jlanus (BKJIHOYBAIlA JHEC IIBEACKATA
oOacT CkaHus, KbJIECTO € Ch3aJgcHa TeXHOIOTUsITa
Bluetooth).

B pomaHa 3a ;KMBOTa Ha BUKUHIUTE HA IIBEICKHUS
nucarena ®panc ['yaap benrrcon ,,JIbiarust kopad” ce
onvcBa Xapayijg Karo OOCIMHUTEN Ha TNIEMEHAaTA.

Taka u Bluetooth e npennasnaven na ,,00eauHn’” (ga
HapaBU CbBMECTHMH) PA3JIMYHU YCTPOMCTRA.

npod. a-p unxk. Benera Anekcuena
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[ Iponsxon Ha j10r0TO

JloroTo Ha Bluetooth o0enuHsaBa repMaHCKHUTE
PYHH, aHAJIO3U HAa ChbBPEMECHHUTE JTaTUHCKU
oykeu H u B, cietu 3aeqHo, ohopMsIiKu
0OcIMHEHA PYHa:

H ( hagall)
B ( berkanan)g
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CBIOIHOCT

Bluetooth = IEEE 802.15.1

OO111a KOHLEIIMS 32 CBbP3BaHE U IIPEHOC Ha
nH(pOpMaIUs Ype3 CUT'ypHA, KbCOOOXBAaTHA
pPagnuovYeCcTOTa MEKAY Pa3JIuIHU YCTPOMCTBA- MOOMIHU
Tene(pOHU C aBTOMOOMIN, MEAUIIMHCKO 000OpYyIBaHE,
JAMTOIIM, IIEPCOHAIHA KOMITFOTPH, IPUHTEPH, HUPPOBU
(hoToamaparTu, UTPaTHU KOH30JIU U JIp.

LAN .
Access point

L}
Mouse \_ .
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Bluetooth e cw3ganena npe3 1989 r. ot Nils Rydbeck ot
Ericsson Mobile B JIyna, IlIBenus, u ot Johan Ullman,
KaTo LICJITa € Ja C€ pa3padOoTIT OC3:KMYHHU CIYIIAJIKHA Ha
0aza Ha n3o0pereHue Ha Ullman ot 1989r.

Bluetooth ce ynpasisaBa ot Bluetooth Special Interest
Group (SIG), B kosTo unenysar Hafg 30,000 koMmnanuu
OT 001aCcTTa Ha TEJICKOMYHHUKAILIUH, KOMIIIOTPH, MPEXKHU,
JaTYMIIM 32 CJICKTPOHHKA .

IEEE cranmaptusupa Bluetooth karo IEEE 802.15.1,
HO B€UYEC He MOAAbP KA CTaHIapTA.

Bluetooth SIG ce rpmxu 3a pa3paboTBaHETO Ha
CIIEIU(PUKAIMUTE U ThProBCKaTa MapkKa.



HcTopus

IIpe3 2001 r. Nokia pa3padorBar Bluetooth LE (¢ mo-Hucko norpebiieHue Ha
CHEPIusiTa U Pa3xoauTe), KaTo ChIIEBPEMEHHO MUHUMU3UPAT PA3JIUKUTE MY
ot TexHojorusTa Bluetooth. Pesynrarure ca myonukysanu npe3 2004 r.,
u3noisBaliku umeto Bluetooth Low End Extension.

ITo mpoekt Ha EC 1o FP6, Hapeuen MIMOSA, ce nMniieMeHTupa
TexHoJiorusita B STMicroelectronics.

IIpe3 oktomBpu 2006 1. ¢ uMeTO HAa MapkaTa Wibree TEXHOJIOTUsTA €
O0CBOOOEHA 3a O0IIECTBEHOCTTA.

IIpe3 2010r. 3aBbpiiBa uHTErpanusaTa Ha Bluetooth Smart ¢ Bepcus
Bluetooth 4.0.

IIepBusT cmaptdoH ¢ Bluetooth 4.0 e iPhone 4S, Ha ma3apa oT OKTOMBpHU
2011 r

IIpe3 2014 . Cambridge Silicon Radio (cera yact or Qualcomm) craptupa
CSR Mesh npoToko: 3a Bpb3ka Mmexay Bluetooth Smart ycTporiicTsa B
mpexa. [Ipumep 3a mpuoKeHre - U3KJIIOYBAHE HAa OCBETICHUETO B IIsJIa
crpajia oT euH cMapTQOH.

Ha 16 ronu 2016r. ce nosissiBa Bluetooth 5.
[Ipe3 2020r. ce nosiBsiBa Bluetooth 5.2.
IIpe3 2021r. Ce nosisiBa Bluetooth 5.3.
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TenneHnmu

Bluetooth device shipments worldwide from 2015 to 2026

(in billion units)
l U.S. bluetooth headphones market size, by product, 2015 - 2025 (USD Million)

950.8 II
766.2
..||JII||

2015 2016 2007 2018 2019 2020 2021 2022 2023 2024 2025

H|n Ear u Qver Ear ® On Ear

* B naganoro Ha 2017 r. 30,000 koMODanuu ca UMILIEMEHTHUPAJIH B
npoayktute cu Bluetooth (yHKIIMOHAIHOCT.

* IIpe3 2021r. ca 3akynenu 4,7 munuapaa Bluetooth nmpoaykrw.

* ABI Research nporao3upa g0 2026r. ppcT 0T 7 Muadapaa
nHoBaTuBHU Bluetooth mpoaykTu ¢ mporuo3upan o011 TOAUIICH
TEMII Ha PACTEXK OT AeBET mporeHTa ot 2022 no 2026 r.
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BugoBe IpHII0KEHUA

3a 3apaBeonasBane - Continua Health Alliance ru pa3zpa6otBa ¢ Bluetooth SIG.
— BLP (Blood Pressure Profile)
— HTP (Health Thermometer Profile)
— GLP (Glucose Profile)
— CGMP (Continuous Glucose Monitor Profile)

3a cioprt u puTHEC
— BCS (Body Composition Service)
— CSCP (Cycling Speed and Cadence Profile)
— CPP (Cycling Power Profile)
— HRP (Heart Rate Profile)
— LNP (Location and Navigation Profile)
— RSCP (Running Speed and Cadence Profile)
—  WSP (Weight Scale Profile)

3a Internet Bpb3ka
— IPSP (Internet Protocol Support Profile)

OO0mu ceHzopu

— ESP (Environmental Sensing Profile)
— UDS (User Data Service)

EnexkTponna kaumka (Hanpumep ycrporictBara iBeacon Ha Apple Inc. I cbBMecTuMuTe
iDevices)
— FMP -"find me" profile - no3BosisiBa €4HO YCTPOKCTBO J1a MOAaBa CUTHAI 32 BTOPO HEHAMEPEHO YCTPONCTBO
— PXP - proximity profile - mo3BossiBa ciiefieHe Ha OJIM30CT Ha YCTPOUCTBO B PAMKHUTE Ha JOIMYCTUMO
paszctosaue. duznueckara OJIM30CT MOXKE J1a ce u3uuciu ¢ nomoiira Ha RSSI croiinocTTa Ha paguo

MIPUEMHHUKA, MaKap U HE MHOTO TOUYHO. BKJTI0YBa ajapma KOTraTro pa3CTOSHUETO MEXY YCTpOUCTBaTa

8/10/2021a/iBAIIIaBa yCTAHOBCHUA HPAr. npod. 1-p unxk. Benera Anekcuena 11



Bepcun

Bluetooth 1.0, Bluetooth 1.1, Bluetooth 1.2 — 1989r ¢ Gaussian frequency-shift keying
(GFSK) monynamusi, camo Ha 1MHz , pabotsT B basic rate (BR) mode.

Bluetooth 2.0 + EDR, Bluetooth 2.1 + EDR - ¢ moxymnarus n/4-DQPSK (Differential
Quadrature Phase Shift Keying) na 2 MHz u 8DPSK na 3 MHz, padotsT B Enhanced Data
Rate (EDR) mode.

Bluetooth 3.0 + HS- ot 21 anpwui 20091. — ckopoct 10 24 Mbit/s.

Bluetooth 4.0 (Bluetooth ¢ Hucko enepronorpedsaenue, Bluetooth LE, BLE, Bluetooth
Smart), Bluetooth 4.1 - BsBenien ¢ ume Wibree ot Nokia npe3 2006 r. , HO cTaBa cTaHAapT
Bluetooth 4.0 npe3 2010 r. Umnnementupan € B 10S, Android, Windows Phone and
BlackBerry, macOS, Linux, Windows 8, Windows 10.

Bluetooth 4.2 - 2 nexkemBpu 2014 1. 3a [oT

Bluetooth 5 —16 tonu 2016 - npenoctaBs YeTUPUKPATHO YBEIUUYCHUE HA 00XBAaTa,
yJIBOSIBAHE HA CKOPOCTTA HA mpeaaBaHe, U yBenndara ¢ 800% kamanurera Ha U3JIbYBAHE C
HUCKa eHepruiiHa eexkTuBHOCT, cupsiMo Bluetooth 4.2. TTogabpxa mesh networking, IP,
103BOJIsIBa beacon-enabled roneMu mo pasmep Mpexu, Moaabpka mesh mpexu.

Bluetooth 5.1 —28.01.2019 — mo-Hucka eHeprusi, No-rojieMu pa3CTOSHUS, HOBH 2 METO/A 3a
ONpEJIC/ISTHE HAa U3TOYHHUKA HA CUTHAJIA

Bluetooth 5.2 —01.2020

Bluetooth 5.3 —13.07.2021 nogoO6peHne Ha KpUNTHPAHUS KOHTPOJ HA pa3Mepa Ha KJIroua,
MI03BOJISIBA HA YCTPOMCTBOTO Jia aKTyaJIM3Upa/TIPEBKIIOUN OT PEKUM C HUCHK pabOTEeH
IIUKBJ KbM PEXKHM C IT0-BHCOKA YECTOTHA JICHTa C MUHUMAJTHO 3a0aBsiHe, O-100po
MOTPEOUTEIICKO U3KHMBSIBAHE 3a€HO ChC 3ala3BaHe Ha (PYHKIIMUTE 3a IECTEHE HA EHEeprus ,
HOBHU IIOJ0OpEHMS B KJIacH(PUKalIMsATa HA KaHAJIUTE MO0 BpeMe Ha aJlallTUBHO IIpecKayaHe Ha
yecToTara (HamaJiqwa 4yBCTBUTEIIHOCTTA KbM CMYIICHUS )
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(OCHOBHH XapaKTEPUCTUKH

Hucka KkoHCyMalust Ha eHeprus

Hucka ckopoct — mog 1 Mbps

Hucka uena

OoxBar 1o 10m (B onpenenenu ciaydau 10 100m).
Yecrorna nenra — 2.4 GHz no 2.4835 GHz wnu 2.402 GHz u 2.480 GHz
Ha 6a3a Ha Frequency Hopping Spread Spectrum (FHSS) texnomnorus.
Pabotu B ad-hoc pexum.

Mpexara ce Hapuua pico-net, B KOATO ycTpoucTBara ca master u slave. Jlo 8
yCTPOMCTBA B €71HA pico-net — 1 master u 7o 7 slaves. Master TakTyBa 0OMeHa
C MOJIYMHEHUTE C MHTEpPBaAIN OT 312.5 us.

BBb3HUKBAT KOJIM3KUM KOraTo pico-nets ca OJIM30 €aHa 10 Apyra.
IIpenaBa Bceku IMakeT MO OTAENICH KaHall (HOocela), kaHanute ca 79+1

ciayxe0eH. Bceku kaHan nma dyectoTHa jieHta oT 1 MHz. 80 kanana — SOMHz.

[Tpu bluetooth 5.0 ca 40 xanana npe3 2 MHz.

Nnu 1 xanan 3a nanxu (723.2 Kbps, oOparen kanan 57.6Kbps), uinu tpu
KaHaJia 3a rmac (cuHxpoHHU 64Kbps )

[Ton3Ba ce B KIEThYHM TEICPOHU, NEPUPEPHU YCTPONCTBA, JATUYUIIM B
JOMAIIIHU YCTPONCTBA, aBTOMOOMIIN

npod. 1-p unx. Benera Anekcuena
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OC, xouto nogabp:xkar Bluetooth 5

* 10S 5 u no-KbCHU

* Windows Phone 8.1

 Windows 8 1 MO-KbCHHU

* Android 4.3 ¥ 10-KbCHHU

* BlackBerry 10

e Linux 3.4 u no-kbcHU ¢ BlueZ 5.0
e Unison OS 5.2

8/10/2022 npod. 1-p unxk. Benera Anekcuena



LSB

dopmar Ha ppeiima

Preamble

(1or2 octets) | (4 octets)

Access-Address | PDU CRC

(2-258 octets) | (3 octets)

AoA Method

Angle of Arrival

Constant

Receiver

|
Tone Extension :
(16 to 160 ps) :

____________

AoD Method

Angle of Departure Transmitter

AOD//
\_

-

OyHKIMATA 32 OMpeelissHe Ha mocokara Ha Bluetooth m3mon3Ba n3Baaka mo dasa u kBaaparypa (1Q) 3a
n3MepBaHe Ha (pazara Ha paIMOBBIHUTE, ITOIA/IAIINA B aHTEHATA B ONPECICH MOMEHT.

[Ipu noaxona AoA, uzBaakara ce npusjiara KbM BCSKa aHT€HA B MAaCHBa, B HKaKBa MOIXOASIIA
MOCJEAOBATENHOCT B 3aBUCUMOCT OT JIM3aliHa Ha MacuBa. JJaHHUTE OT U3BajJIKara ce mpeaaBar upe3
unTepderica Ha xoct koHTposaepa (HCI), kpaero ce mpuiiara moaxoasiin aaropuThM, 3a 1a C€ U3UUCIN
MOCOKAaTa Ha €JIHO YCTPOMCTBO CIPSAMO JIPYTO.

AJropuTMHU 32 U34MCIIsIBaHE Ha bINK OT [Q mpoOu He ca gepuHupanu B cnienu@uKanusaTa u ca OCTaBEHHU 3a

pa3paboTyunure.

IHosiero “pasmupenne Ha moctossHHUSA TOH(CTE) “ocurypsiBa mocTOsSSHEH YECTOTEH U IbJITOBBJIHOB
CUTHAJI, TTI0 KOWTO MOXE J1a ce HanmpaBu n3Bagka ot 1Q. Tosa nmosie chabpska nopeauia oT 1-uu u He €

BKJIIOUEHO B n3unciaecHuero Ha CRC.

[Ipu noaxoma AoD yCcTpOMCTBOTO, KbM KOETO CE€ OMPEAENS MOCOKATA, MPEAaBa CIENUAIICH CUTHAIL,

U3MOJI3BAalKU MHOKECTBO aHTEHH, PA3MOJIOKEHU B MacuB. [IpuemMHOTO ycTpoiicTBO( HampuMep MOOUIIEH

TenedoH) uMa eiHa aHTEHa.

JIokaro MHOKE€CTBOTO CUTHAJIM OT MPEAABAIOTO YCTPOMCTBO MPECUYAT AaHTEHATA B IPUEMAILIOTO
YCTPOMCTBO, MPUEMAIIIOTO YCTPOCcTBO B3eMa [Q nmpobu. Bb3 ocHoBa Ha nanHuTe ot 1Q mpuemMaiioto

YCTpOﬁCTBO MOKEC a U34YHMCJIIM OTHOCHUTCIIHATA IIOCOKAa Ha CUIrHaJia.

8/10/2022
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[ IpoTokoabT

* KiueHThT chOMpa nHpoOpMalKs 3a CbpPBbpAa:
— otkpuBa UUIDs 3a BCUUYKU INTaBHU CHPBBPU
— Hamwupa ycnyra ¢ nagenus UUID
— Hamupa nogqurnHeHUTE yCIyTry 3a JajJieHara Ij1aBHa yciryra
— OTKpHBa BCUYKH XapAKTEPUCTUKU HA JaJICHATa yCIIyra
— OTKpHBa XapakKTEpUCTUKNUTE, ChBOagainy ¢ paaeaus UUID
— Yere BCUUYKHU JECKPUNITOPU 32 KOHKPETHATA XapaKTEPUCTUKA

« Komanaure ce IejdT Ha;
— read (OT CbpBBbpPA KbM KJIMEHTA)
— write (OT KJIIMIEHTa KbM ChPBbHPA)
* [IporokonsT mpepiara:

— notifications — KIUEHTHT J1a 3asIBU 32 KOHKPETHA XapaKTEPUCTUKA OT
ChPBBbPA M TOM J1a TIPAaTh CTOMHOCT HA KJIIMEHTA, KOTaTO TS CTAHE
JIOCTBHITHA

— Indications - Uaaukanusita € ojjooHa Ha yBEIOMJICHUETO, HO TS
M3UCKBA MOTBBPIKJICHUE OT KJIMEHTA, Y€ € MOIYy4Yu ChOOIIEHUETO

8/10/2022 npod. 1-p uwxk. Benera Anekcuena



[ IpoToKOI 38 KOMyHUKAITHA
Attribute Protocol (ATT)

ATT Requests

>

Attribute Attribute

Cache Table
ATT Requests

. | .
* GATT knueHTUTE U3ITBJIHABAT OPOLEAypa 3a OTKPUBAHE Ha
yclIyra, 3a Ja MnojydaT HogApOOHOCTH 3a aTpuOyTHUTE Ha

otaaiicdeHOTO GATT ChPBBPHO YCTPOUCTBO, KbM KOETO
KJIUEHTHT € CBbP3aH.

* OTKpHBAHETO Ha ycClIyrara OTHEMa BpeM€E U KOHCyMHpa
eHeprus. 3aroBa Bluetooth v5.1 onpenens crparerus 3a
KeIIMpaHe Ha aTpuOyTH, KOSITO IO3BOJIsIBA HA KIMEHTUTE J1a
IIPONyCHAT OTKPUBAHETO HA ycCJIyrara, KoraTo HMIIO HE CE €
IIPOMEHMJIO.

8/10/2022 npod. n1-p nHxk. Benera Anekcruena
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[IpoTOKOII 328 KOMYHUKAIUA
Attribute Protocol (ATT) (2)

ATT Requests

>

Attribute Attribute

Cache Table
ATT Requests

. | .
* Ilpenu v5.1 kemupaHeTo U CHHXPOHU3UPAHETO HA TabauIaTa ¢ aTpulyT HA KIUEHT /

CBPBBP C€ KOHTPOJIMpPAILIE CaMO € IIOMOIITAa HAa IPOMEHEHA XapaKTEPUCTUKA HA yCIIyrara,
KOSITO MOXke 11a mpuchbeTBa B GATT.

e Ilpu v5.1 chpBBPBHT MOXKE Ja HHGOPMHUpPA CBBP3aHUTE KIMEHTH, Y€ Heropara arpulyTHa
TabuIa € MpoMeHeHa upe3 usnpaiiane Ha AT T nHaukanus 3a kiveHta. KnmeHTsT
OTroBOps ¢ MOTBbpKAcHUE AT T 1 H3BBbpIIIBA OTKPUBAHETO HA yCIIyrara 4pe3
CHHXPOHHU3HUPAHE Ha Kelll aTpUOyTUTE C TE€3U Ha ChPBBHpA.

* 3a na ce uzberse He0OXOIMMOCTTA ChbPBBPBT Aa CIEAN BCEKU KIIUEHT, CBbP3aH C HETO, U
Jla7ii BCEKU KJIMEHT € Ol nH(MOpMUpaH 3a OceHaTa MPOMsiIHA Ha aTpuOyTUBHATa
Ta0JIUIA, KIUEHTUTE U ChbPBBPUTE, KOUTO HAMAT HAJICKIHU BPBH3KHU (T.€. HE Ca CBbP3aHU)
HE ca 33IbJDKCHU Ja U3BBPIIBAT OTKPUBAHETO HA yCayrara BCEKHM MbT, KOTaTo Ce
CBBHP3BaT.
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Tabmuna ¢ arpuoytu - GATT

Bcunuku cBbp3anu ¢ Bluetooth ycTpoiicTBa ¢ HUCKO
CHCPIruiHO NOTPEOJICHUE N3MI0JI3BaT OOLIHS
npodun Ha arpuoytuTe (GATT).

IIpaBu ce kemmpane Ha GATT or Bcuuku
Bluetooth ycTpoiicTBa ¢ HUCKO €HEPIUMHO
OTpEOJICHUE.

GATT ycrporicTBara cbabpkaT 0a3a JaHHHU —
Ta0JInIA C aTpUOyTH:

— cpabpka GATT CTpyKTYypHH AeTalin

— CTOMHOCTH HA YCIYTUTE,

— XAPaKTEPUCTUKUTE U JCCKPUTITOPUTE

3anucuTe B TabaMIaTa ¢ aTpuOyTH CE
uaeHtuuupar ¢ handles Ha arpuOyTure.

8/10/2022 npod. 1-p uwxk. Benera Anekcuena
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Kemupane Ha GATT

* BpbBeneHu ca n1Be HOBU xapakTepucTuku B GATT :
— Client Supported Features
— Database Hash no3BossiBa Ha KJIMeHTa Jja TOMUTa ChbPBbHPA, AKO HEIIO CE € MPOMEHUIIO a HE YaKa
CBhPBBpA J1a My To ChOOIIIaBa, KaTo M3moJ3Ba nHaukaius Service Changed.

*  CobpBBPBT OTTOBAPS 32 MOJAABPkKAHE Ha cCTOMHOCTTA Ha Database Hash, kosito e
W3UHCIICHA OT ChOTBETHUTE ACIEKTH HA Tabiuiara ¢ arpudyture. KnueHTsT yete
HETrOBaTa CTOMHOCT BEJHATA CJIE] YCTAHOBSIBAHETO HA Bpb3Ka. KIIMEHTHT MOXE J1a
kemupa ctoiHoctTa Ha Hash Database u BnociieictBre 1a ro u3nosi3ea, 3a Jia onpeaenu
Jlany TabauIaTa 3a OTAAJICYCHU aTpUOyTH C€ € MPOMEHMIa. AKO TS CE€ € POMEHMIA,
KJIMEHTHT U3BBPIIBA MPOIEAypa IO OTKPUBAHE HA YCIIyra. AKO HE €, HE € HEOOXOIUMO.
ToBa ocurypsiBa eHepruiiHa €()eKTUBHOCT.

* Axo Database Hash ot cBbp3aHOTO yCTPONCTBO € CHIIMAT KaTO TO3M, CBBP3aH C
aTpuOyTa Ha KJIIMEHTA M APYTU MOAPOOHOCTH, KaTO HAITPUMEP MPOU3BOIUTEIIS Ha
YCTPOUCTBOTO, Ca €AHU U CHIIH, KIUCHTHT MOXE J]a 3aKJIF0UH, Y€ HIMa HY>X7a Ja ce
H3BBPIIBA OTKPUBAHE Ha yCIIyTra 3a CBbP3aHOTO YCTPOMCTBO, Thl KATO aTpUOYTHT KEIl,
MOJIY4€H OT JIPYTO YCTPOMCTBO, BeUe ChAbpKa CKBUBAJICHTHH JTaHHHU.

[Tpumep: Bluetooth smart 3akirouBa/oTKIIFOUBA BpaTH B Crpajia, Koraro cMapT@OH UiIn IPyro
KJIMEHTCKO YCTPONCTBO B3aUMOJICHCTBA C TAX, 3a Ja C€ aBTCHTUIMPA
U J1a OTBOPH BparaTa 3a NOTpeOUTeIsl, Koraro ce npuoiamxu. OTKPpUBAHETO HA yciyrara
TpsiOBa caMo Jia C€ U3BBPIIH ITbPBHUS BT, KOTaTo MOTPEOUTEIIST CE€ OMUTA Ja IPEMHUHE
pe3 Bpara ¢ UHTEJIUTCHTHO 3aKJII0YBaHE.
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OOMEH B UH(PPACTPYKTYPEH PEIKUM

| master u no 7 slaves.

8/10/2022

Master TakTyBa 0OM€HA ¢ NOJYMHEHUTE C
MHTEPBAJIM OT 312.5 us.

T
T

[Ba TakTa 00paszyBar CIOT OT 625 us
BoMKa cioroBe ca 1250 us.

[]

[akeTUTEe Morar J1a Obaar ¢ aApinkuHa 1, 3 mwin 5

CJIOTaA.

IIpu npenaBane B eauH ciior Master ripeiasa B
YETHHUTE CJIOTOBE, a IOJIydaBa B HEUEeTHUTE. Slave
[pejlaBa B HEUETHUTE CIOTOBE, A MOJIy4YaBa B
YETHUTE.

npod. 1-p unx. Benera Anekcuena
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Bluetooth u Bluetooth Smart

MakcuMajHo
TEOPETUYHO
pa3CTOsSHUE

data rate

Throughput 3a
TIPUIIOKEHUSI

AKTHUBHHU slaves

CurypHoct

Kopexkius Ha
TPEIIKH

8/10/2022

100 m (330 ft)

1-3 Mbit/s

0.7-2.1 Mbit/s

56/128-bit, moTpeOUTENAT IO

ne(ruHUpa Ha IPUIIOKEH CIIOM

Adaptive fast frequency
hopping, FEC, fast ACK

>100 m (>330 ft)

125 kbit/s — 1 Mbit/s — 2 Mbit/s
0.27 Mbit/s

He ca nedunupanu u 3aBUcH OT
peanm3amnusara

128-bit AES ¢ Counter Mode
CBC-MAC notpedutensT ro
neuHupa Ha IPUIIOXKEH CIIOM

Adaptive frequency hopping,
Lazy Acknowledgement, 24-bit
CRC, 32-bit Message Integrity
Check

npod. n1-p nHxk. Benera Anekcruena 22



Bluetooth u Bluetooth Smart

Latency (0T HECBbpP3aHO

o0ukHOBeHO 100 ms 6 ms
CBhCTOSIHUE)

MunuMaHo 00110 Bpeme 3a
U3Ipaliane Ha JaHHU

100 ms 3 ms
(3aBHCH OT )KMBOTA Ha
OarepusiTa)
[Tpunoxumo 3a miac na HE
MpexoBa TOMOJIOTrUs Scatternet Scatternet
0.01-0.50 W (3aBucu ot ciryua
Koncymanms 1 W (3aBHCH OT Cy4as
Ha ynorpeoa)
[TnkoBa koHCYyManust Ha TOK <30 mA <15 mA

8/10/2022 npod. a-p unx. Benera Anexcuena



Tomomorus ad-hoc

* ad hoc — BpB3Ka 1:1, B KOSTO HiIMa

0a30Ba CTaHIUA ~ ®

* M3cnenBanu ca TaKMBa BPB3KU
MEXKY ABUIKEIIHN C€ aBTOMOOMIIM
CBhC CKOpOCT 97kM/4-113KkM/4

* KiacoBe Ha 0a3a KOHCyMHpaHa
MOIIIHOCT:

RJ1acC KOHCyManus o0xBarT INpeIHAZHAYCHHUC

[Ieppu  100mW 100m NunycTpuanna ynorpebda
Bropu 10mW 10m MoOunHu ycTpoiicTBa

Tpetn  1mW ~10cm

8/10/2022 npod. n1-p nHxk. Benera Anekcruena
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Tommosrorust Piconet

* Piconets uMmaT agpecHoO
IIPOCTPAHCTBO 3a 1 master u

7 slaves (3 outa, 000
3aI1a3eHu 3a broadcast).

* Master 00I111yBa C TOYHO
enuH slave u ru peaysa ¢
round-robin anroputsM.

* Bcesko yetponcTBO MOXKE Ja
CMEHHU PoJIATa CH OT slave Ha
master mo BCSIKO BpeMe.

8/10/2022 npod. 1-p uwxk. Benera Anekcuena
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Tomomorug Scatternet

Scatternet — Tunmmuna ad hoc
KOMITIOThPHA MpeKa, ChCTOSAIIA
ce ot >=2 piconets. [logabpka
KOMYHHUKAIIUS MEXIYy IIOBEUE
OT 8 YCTPOMCTBA.

YCTPOHCTBOTO, KOETO
IPUHAJJICKU U B IBETE
piconets, MOXe Jia mpenpeaaBa
JAHHU MEXOYy YICHOBETE Ha
JABETE MPEKH, HO HE T10
Bluetooth mportokoi, a ot
copTyepa Ha BCIKO
YCTPOUCTRBO.

MN3cnensanusara ca 3amouyHaiu
2006, 2008r HO TpOaBIKABAT.
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Konuszun nipu Bluetooth v5.0

ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND

Adv_idx = 37 Adv_idx =38 Adv_idx =39 Adv_idx =37 Adv_idx = 38 Adv_idx =39 Adv_idx = 37 Adv_idx =38 Adv_idx =39

Advertising Advertising Advertising Advertising Advertising Advertising
event started event closed event started event closed event started event closed

* Bluetooth v5.0 pekinamauTe cbOUTHS ( 32 OTKPHUBAHE Ha YCTPOMCTBOTO)
ce Ae(puHupar Karo ,,eaAuH Win noseue pekjaamMmuu PDU usnparenu 1o
OCHOBHHS PEKJIAMEH KaHaJl, 3al04YBalll C I'bPBUS W3M0JI3BaH WHJICKC Ha
PEKJIaMHHS KaHAJ U 3aBbPIIBA C MOCJICAHUS U3M0JI3BaH HHJICKC Ha
pexiiaMHus KaHai . T.e. Koraro ce U3moJ3BaT BCHYKUTE TPU KaHAJA,
KaKTO Y€CTO CE€ CIIy4Ba, CE€ U3MOJI3BAT B MTOCIIECAOBATEIHOCT 37, Clell TOBa
38, ciex ToBa 39, B TO3U CTPOT PELL.

* 3a j1a ce Hamajid Bb3MOXKHOCTTA 3a MTOCTOSIHHU KOJIM3UY Ha TIAKETH,
KOTaTo JIBE WJIU MIOBEUE YCTPOMCTBA peKJIaMupaT Ha ChIMS KaHaJ B
IPUIIOKPHUBAII] C€ TIEPUOJT OT BpeMe, OCHOBHATA CrieIU(pUKaIIHS
Bluetooth v5.0 nmpenBuxaa, ue BpeMeTO MEXK1y HOCIe0BaTeIIHU
peKIaMHU ChbOUTHS TPAOBA J1a BKJIIOYBA CIy4alHO 3a0aBsaHe Mexay 0 u
10ms.
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ADV_IND

Adv_idx =39

Komuszuu nipu Bluetooth v5.1

ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND ADV_IND

Adv_idx =37 Adv_idx =38 Adv_idx =38 Adv_idx =37 Adv_idx = 39 Adv_idx =37 Adv_idx = 39

ADV_IND

Adv_idx =38

Advertising
event started

Advertising
event closed

Advertising
event started

Advertising
event closed

Advertising
event started

* [Ipm Bluetooth v5.1 ycTpoiicTBara B pexxum Ha
peKJIaMupane ( 3a OTKpUBAHE HA YCTPOMCTBOTO) BEUE HE ca
IIBKHU Ja M30MpaT peKJIaMHU KaHaIu B CTpora u
HEMPOMEHSIIA CE MOCIIEI0BATEIHOCT, 3aII0OYBAUKU C HAU-
HHUCKHS U3M0JI3BaH MHJICKC Ha KaHaJla U 3aBBbPIIBANKH C
HaK-BHUCOKMUS.

Advertising
event closed

* (Cera € IO3BOJICHO Jia C€ M30MpaT MHJICKCH Ha KaHaIU Ha
CJIy4acH OpHHIUII. ToBa HaMaJIsiBa MOTCHIMAITHUTE

KOJIN3HUH, HOI[O6p}IBa CKAJIMPYCMOCT U HAACKTHOCT B

HATOBApPEHHU PAAUO CPEIM.

8/10/2022
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NzciaenBanus

* IIpe3 2008 r. B University College Cork, Ireland e
pa3pa0dOTEHO IIPUJIOKEHUE scatternet, 0a3zupaHo
Ha Java ¢ oumOnnorekara JSR-82. M3npamar ce
MPI cpo01IeHnsT MEXKTy YCTPOKMCTBATA, HO B
cumynanuonHa cpeaa. Wireless Toolkit Sun,
Cbh3/1aBa scatternet ¢ 1o 15 ycTtporncTsa upes
MapIIPyTU3HUPAHE Ha ChOOIIEHUS IPE3 MpEXkKara.

* IIpe3 2006 r. B University of Technology, HUpak, €
pa3paboTeHO scatternet MapIIpyTHU3UPAHE MO
3asBKa (on demand) ¢ Java ME u OubanoTeka
JSR-82. ToBa € TECTBAHO YCHEIIHO HA PEATHH
Java-nogabprkaiy MOOMIHM T€IEe(OHH, U € B
CbCTOSIHUE J1a ITIOCTPOU I'OJIEMH scatternets, HO
paboTu ¢ MapupyT 10 3 hops.
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YcraHoBsBaHe Ha bluetooth Bpb3ka

* Crpnka 1: I[Iponenypa 3a pasciieBaHe mo3BoJisiBa Ha
YCTPOKWCTBOTO Ja OTKPHUE KOU YCTPOUCTBA Ca B
Irara3oHa v J1a ONpeaciv aApECUTE U TAKTYBAHETO UM:

— I/I3HpamaT CC CIIPABOYHH IIAKCTHU N CC I10J1ydaBad OTTOBOPA HA
3alIMTBAHCTO

— 3a Ja MoJIy4u 3alluTBAaHETO, ASCTUHALIMATA TPSOBA J1a € B
ChCTOSIHHE "CKaHUpaHE 3a 3aluTBaHe (Inquiry)”

— JlecTuHanusTa BIM3a B ChCTOSIHUE ''InquUIry HA OTTOBOP™
M3IIpalla OTTOBOP HAa 3alMTBAHETO KbM M3TOYHMKA.

— Cirien1 3aBBpIIIBaHE HA MPOIEaypara 3a pa3cieaBaHe, Bpb3KaTa
MOXKe Ja ObJie Ch3AajicHa C IIOMOIITa Ha Mpolieaypara 1o

paging.

8/10/2022 mpod. 1-p unx. Benera Anexcuena 30
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YcraHoBsBaHe Ha bluetooth Bpb3ka

* Creuka 2: IIpouenypara paging 1mo3BoJjisiBa Ha
YCTPOHMCTBOTO J1a YCTAHOBU ACHUCTBUTEIHATA Bpb3Ka:
— Copca TbpCH yCTPOMCTBOTO- I€CTUHALIHS.
— JlecTuHanMATa C€ HaAMHUpa, ako € B CbCTOsIHUE ''Page Scan®.
— JlecTuHanusATa U3M0paiia OTrOBOP Ha copca.
— Copcrwt m3npama FHS naker 10 gectuHanusra.
— JlectuHanusaTa U30paila BTOPU OTTOBOP HA N3TOYHMKA.

— JlecTuHausATa U COPCHT CE HACTPOUBAT KbM MApaAMETPUTE Ha
copca.

* Crpnka 3: Bpb3kara 3anouBa ¢bC 3anmuTBane POLL ot
master-a, 3a Ja ce mpoBepH, 4e slave ce e
CUHXPOHH3UPAJ C HErO 3a CMsHa Ha yecToTH (channel
frequency hopping).

8/10/2022 npod. a1-p uHxK. Benera Anekcuena 31
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I IpoTokoiieH cTek

Data Control

Host Controller Interface

Link Manager Protocol
Link Control Protocol

Radio layer signalling

* Bluetooth e TexHOIOrHS C pa3ciaoeHa apXUTEKTypa.

* CbCTOU CE OT:
— CBIIMHCKHU IIPOTOKOJIH,
— MPOTOKOJIY, KOUTO 3aMEHST KaOeIuTe,
— MPOTOKOJIU 3a TeJIe(hOHUH.

8/10/2022 npod. 1-p urxk. Benera Anexcuesa



Ddusnuecku u MAC cion

802.1

Manage-
ment

802.2 LLC
802.3 802.5 802.11
MAC Data rates up
to 24 Mbit/s
802.3 802.5 802.11
PHY PHY PHY

8/10/2022

ISM band: 2.4 ... 2.4835 GHz

802.15.4

MAC
+
PHY

802.16

MAC

PHY

Bluetooth Special Interest Group (SIG)

npod. 1-p urxk. Benera Anexcuena
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dusnuecku ciou

* (Cxemara 3a npenaBaHe € frequency-hopping\time-
division duplex u ce uznonssa ¢ ObpP30 cKayaiia
ckopoct ot 1,600 hops/s.

* Bpemeto Mexay 2 hops ce Hapuua slot, kato
MHTEpBaia € oT 625us. Taka BCEKH CIIOT M3II0JI3BA
pas3jinyHa 4eCToTA.

* (Cxemara “nocemaBa’ Bcsika nmogHocenia (hop carrier) ¢
€IHAaKBa BEPOSITHOCT.

* Bcuuku ycTpoiicTBa B €/1HA piconet CieaBaT €IHa U
chlla hopping mociegoBaTeIHOCT C €IHAaKBa (a3a.

8/10/2022 34



Pexxumu 3a cbXpaHsIBaHE HA CHEPTHUA

3a 1a ce ChbXpaHU MOIIIHOCTTA Ha Oarepusira,
Bluetooth ycrpoiictBoTo MOXxe 1a Obje B 3
ChCTOSIHUS 32 HAMAJIIBAHE HA MOIITHOCTTA
KOTaTo HsIMa JAaHHM 32 U3MpallaHe:

* PARK state: YcTpOoNCTBOTO MMa HaN-HUCHK
[IUKBJ HA 33€TOCT U HAW-MaJIKO
noTpeOICHUE HAa EHEPTUA. YCTPONUCTBOTO
ocBoOoxk1aBa cBost MAC aapec, HO ocTaBa
cuaxponusupano ¢ Piconet. To nepuoguuno
ciyiia Tpaduka Ha NIABHOTO YCTPOMCTBO J1a
PECHHXPOHHU3AIMA U ITpOoBepsiBa 3a broadcast
ChOOIICHHS.

* HOLD state: Koncymanusita Ha €HEprusi Ha
TOBA ChCTOSTHUE € MAJIKO MO-BHCOKA.
YerporicTtBoTo HE 0cBoOOka1aBa MAC
aJpeca CH U MOXKE J1a Bb30OHOBU
U3IPAIAaHETO BeIHAra CJe/] U3JIM3aHe OT
ChCTOSIHUETO HA

* SNIFF state: Toa € ¢ Hal-BUCOKa
KOHCYMAIlWsi HA EHEPIrUsl OT TPUTE.
YerpoiicTtBoTto ciayma Piconet mpu HamaneHa
CKOPOCT.

STANDBY

inquiry

g connected

8/10/2022 npod. n1-p nHxk. Benera Anekcruena 35



MAC cion

[Ipeanara MexaHHU3bM 3a KOHTPOJI Ha JOCTHII A0 Cpeaa
B Bluetooth cucremas:

* Bcuuku Bluetooth ycTpoiictBa morar ga Obaar master
uiu slave.

* EnHo ycTpolicTBO cTaBa master, a ocraHaiuTe ca slave.

* Master-bT KOHTpOIHUpPA A0CTHIIA JI0 Cpeaara u
onpeenst hopping MociaeI0BaTeIHOCT U (ha3aTa Ha
MOCJIEI0BATEIHOCTTA.

&/10/2022 36



Frequency hopping spread spectrum
(FHSS)

Time 1 MHz

A

U e 1 NE SIGNAlL HOPS @among 79
oW frequencies (spaced 1 MHz apart)
I] iIn a pseudo-random fashion.

< 83.5 MHz >

I I >
2.4000 GHz 2.4835 GHz
Time Interference e.g. due to
A ST TERWRER—. - W—— microwave oven => this
____________________________________________________________________________________________________ + frequency in the hopping
I] sequence should be avoided.
I I >

2.4000 GHz 2.4835 GHz
* full-duplex curnan ¢ HomunanHa ckopoct 1600 hops/s

* AnanTuBHA cxema — 3a u30areane Ha uHtepdepeniusaTa (ot bluetoothl.2 )

8/10/2022 npod. n1-p nHxk. Benera Anekcruena



Adaptive FHSS

* 3a n30srBaHe HAa MUKPOBBIHOBHU MNEYKH, Wifl

MPEXKHU. ..

Time
A

Interference e.g. due to
microwave oven => this

"'_ frequency in the hopping

sequence should be avoided.

} >

2.4000 GHz

79 FHSS frequencies
_//l\

2.4 GHz

2.48 GHz

2.4835 GHz

22 MHz (802.11b)
16.5 MHz (802.11g)

+—>
WLAN

channel

2.4 GHz 2.48 GHz

8/10/2022 npod. n1-p nHxk. Benera Anekcruena

38



Frequency hopping - nencraue

.i .,'

| Master | , | 62oms

. . : I

! 1 | 1 >

| 1 1
: l . | l | | l . €
I | [ I I I |
I : T 1 [ T [ ! T !
1 | I | | |
1 | 1 I I | |
: | : — -,
:  Slave 1 | Slave 2  Slave 3 |t

* Master-bT onpeaens hopping mociienoBaTEIHOCT U (pa3ara Ha MOCIEA0BATEIIHOCTTA.

e Slaves ce CHHXpOHHU3UPAT C Ta3M MOCIIEIOBATEIHOCT MO 2 HAYWHA!

— Synchronous connection-oriented (SCO) - pasmnpenenst ¢pukcupana bandwidth 3a
Bpb3KaTa point- to—pomt Mexay master u slave.Jlo 3 Bpb3Kku €JHOBPEMEHHO ca
JOMyCTUMHU B piconet. 'apaHTupaHara CKOpOCT C€ MOCTUTa C PE3EPBUPAHE HA CIIOTOBE
npe3 perynsipHu uHTepBajiu. OOMKHOBEHO 2 MOCIE0BATEIHU clioTa- 1 3a mpeaaBaHe u 1
3a IpUEMaHe.

— Asynchronous connectionless / connection-oriented (ACL) nipu point-to-multipoint
Bpb3Ka OT master kbM BcHUkHM slaves. Camo 1 TakaBa Bpb3Ka € JionmycTuma B piconet. He
ce pesepBupa bandwidth, Ho qocTaBkaTa ce rapaHTHUpa ¢ KOPEKIMA Ha TpelIkara u
MIPEIPEaaBaHE. TTakeTuTe ca ot 1,3,5 ciora. Morart aa ce npejaBart 3aldTeHo (0T TOpeH
cj10i) 1 He3auTeHo ¢ Koj 3a forward error correction (FEC).

8/10/2022 npod. 1-p unxk. Benera Anekcuena 39



[.L2CAP cioon

Synchronous traffic Data Control
$ A A
h J \ 4
L2CAP Resource Channel L2CAP
layer Manager Manager >
v v v Host Controller Interface

Logical Link Control and Adaptation Protocol (L2CAP)
CJIOM C€ TPUXKH 34

* MYITUIUIEKCUPAHE HA IPOTOKOJU OT MO-TOPEH CIOU
* CErMEHTHpaHE U pe-aceMOIMpaHe Ha FOJIEMHU ITaKETH

L2CAP ocurypsBa connectionless u connection-oriented
YCITYTH.

8/10/2022 npod. 1-p unxk. Benera Anekcuena
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| opHu ci1oeBe

OBEX TCP/IP/PPP RS-232 emulation TCS BIN SDP

| | |
RFCOMM

L2CAP layer

e PaboTaTra Ha MO-TOPHUTE CIIOEBE HA IPOTOKOJIA €
n3BbH 00xBara Ha craHaapTa IEEE 802.15.1, Ho
ca BxirodeHd B Bluetooth SIG cranmgapra.

* M3mon3BaHEeTO UM 3aBUCH OT KOHKPETHOTO
npunoxenue Ha Bluetooth .

8/10/2022 npod. 1-p uwxk. Benera Anekcuena



| opHu ci1oeBe

OBEX TCP/IP/PPP RS-232 emulation TCS BIN SDP
| e |

(' RFCOMM )

\H—/
L2CAP layer

* Radio Frequency COMMunication protocol
(RFCOMM) no3BoJisiBa 3amMsgHara ¢ 0€3:KUYHU
BPB3KM Ha Kabenu 3a ceprueH nopt (RS-232
KOHTpOJIHM curHaiim karo TxD, RxD, CTS, RTS, u
T.H.).

* Hsakoiako geceTku CEpuMHU IopTa MOXKE J1a ca
MYJITHILICKCUpaHu B €1HO Bluetooth ycTpoiicTBo.

8/10/2022 npod. 1-p uwxk. Benera Anekcuena



1l opuu croese

<] OBEX TCP/IP/PPP RS-232 emulation TCS BIN SDP

—

| I |
RFCOMM

L2CAP layer

TCP / IP 6a3upanu nNpuJIosKeHUs — ako MHPOPMALUS CE TPEXBBPIISA C HOMOIITA
Ha NpoToKoJa 3a oe3xuuHu npuinoxenus (WAP), B Bluetooth ycTpolicTtBa pabotu
¢ momoiura Ha Point-to-Point Protocol (PPP) Bspxy RFCOMM.

Object Exchange Protocol (OBEX) € cecueH npoTokoJ 3a 0OMEH Ha OOEKTH - 3a
Tesie(DOHEH yKaszarell, KaJleHJap, 3a CUHXPOHMU3AllUs Ha ChOOIIEHHUS, 3a TpaHchep
Ha (paiiioBe MEXIy CBHP3aHUTE YCTPOMCTRA.

Telephony control specification - binary protocol (TCS BIN) onpenens
CUTHAJIM3AIMA 32 HOBUKBAHE- KOHTPOJI 3a YCTAHOBSIBAHE HA IIac U JaHHU OOMEH
Mexay Bluetooth ycTpolicTsa.

Service Discovery Protocol (SDP) ce uznomnssa, 3a 10CTbI A0 ONPEACICHO
yCTPOMCTBO (HampuMep 1udpoB (oToanapar) v Aa U3TEIIHU HETOBUTE
XapaKTEPUCTUKH, WU Jia C€ TOIYYH JOCTHH A0 CISHU(UIHO PUIIOKEHHE
(3asiBKa 3a Ie4arT) 1 Jia C€ HaMepsT YCTPOMCTBA, KOUTO MOAAbPKAT TOBA
IPUIIOKCHHUE.
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Tpancdep Ha daitnoBe

Bluetooth ycTpoicTBo:

* MOJKE JIa pa3riexaa (paiaoBara

cucrteMa Ha Jpyro Bluetooth

YCTPOUCTBO

* MOJKE J1a MAHUNyJIHMpa 00EKTU
(M3TpHUBaHE HA OOCKTH) Ha
apyro Bluetooth ycrponcTtBo

* MOXE Ja OpeXBbPs (PaioBe
mexay Bluetooth ycrporicTaa.

8/10/2022

npod. 1-p unx. Benera Anekcuena

File transfer application

OBEX

RFCOMM

L2CAP
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Jloctenn 1o LAN

Bluetooth ycTpolicTBO MOXke
na nocrenBa LAN ycayru,
n3nossBamu TCP / IP
IIPpOTOKOJ cTeka Hajl PPP.

[Ilom e cBBp3aHoO
yCTpOUCTBOTO KbM LAN
MpeKaTa, TO padOTH KaTo
CBBP3aHO C KaOEII KbM Hel.

npod. 1-p unx. Benera Anekcuena

LAN access application

TCP/IP | (e.q.)

PPP sDbP

RFCOMM

L2CAP
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Cnymajikuy

Bluetooth-cbBMecTUMU CyIIAIKHA MOXKE 1A CE
CBBpKAT 0€3KUYHO KbM KOMIIOTHP WU
moouieH teaedon, npemnaramni full-duplex
audio BXOIHO-U3XO0JIECH MEXAHU3HM.

Tora u3non3Bane Ha Bluetooth ce Hapuya
ultimate headset.

Headset application

RFCOMM SDP Audio

L2CAP I

npod. a-p unxk. Benera Anekcuena
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bezxuuHu TeaepoHu

* Bluetooth ycTpoHCTBOTO MOXKE Jia Ch3aJIe

TeJe(OHHM PAa3roBOpH 3a norpeourenu B PSTN
(334 KOMITIOTHP, padOTEN] KaTo IiacoBa 0a3oBa
CTaHLIMS) WK Ja C€ MOJIy4aBaT HOBUKBAHUS OT

PSTN.

* Bluetooth ycTpolicTBara Taka MOXKe Ja
KOMYHHUKHPAT JUPEKTHO €IHO C APYTO.

Cordless phone application

TCS BIN

SDP

Audio

L2CAP

8/10/2022 npod. 1-p uwxk. Benera Anekcuena

I

47



Bosrpocu ?

bnarogaps 3a BHUMaHHETO !



8/10/2022

Berpocu

Ot xbae npousnuza umeto bluetooth? A nororo?

Kou xomnanuu crapTupar rmpoekra 3a cb3aaBane Ha bluetooth?

Kaksu ca xapakrepuctuknre Ha WPAN Mpexa, 3anoxkenu B cranaapra 802.15?
KaxkBu ca xapakrepuctukute Ha bluetooth?

Kowu ca akryanuute Bepcuu Ha bluetooth? 1o kakBo ce paznnuaBar?

Nma nmu xonm3un nipu bluetooth? Kora?

Ha kakBa uectora padotu bluetooth? C xakBu ckopoctu?

Kak n3mexaa nporokonHus crek npu bluetooth?

Kowu niporokosiu ce nmon3par npu Tpancdep Ha ¢aitsiope? A npu ciaymanku? A npu
oe3xuyHu Tenedonu? A 3a goctsi 10 LAN?

KakBu pexumu 3a chbxpaHsiBaHe Ha eHeprusd npu bluetooth nmo3nasare?
KakBo e cnenuduyno 3a puzndeckus ciou npu bluetooth? A 3a MAC cios?

[IpencraBere rpadguuno Tononorunte npu bluetooth. Kaksu ca
MPEAMMCTBATA/HEIOCTATHIIUTE UM?

Kowu ca cTbpiikute npu ycraHoBsiBane Ha bluetooth Bpb3ka?

KakBu nnpumepHu Mojienu Ha ynorpeoda Ha bluetooth mo3naBare? C xou npoTokoau
OT MPOTOKOJIHUSA CTEK padOTAT TE?

npod. a-p unxk. Benera Anekcuena
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