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For Students with hearing impairment, Assistive Listening Systems (ALSs) is an
important system used to make dialogue accessible in classroom environment. FM
system is one of the widely used ALS which is named by the method of signal
transmission. The major disadvantage of FM system is that it is subject to interference
from other sources. The key features of Bluetooth wireless technology are robustness,
low power and low cost. Also with the popularity of Bluetooth, this research aims to
design and develop an ALS prototype for students with hearing impairment using
Bluetooth technology. The prototype is a real-time application that uses ACL channel to
send audio data via L2CAP layer. The result shows that it is possible to develop
Bluetooth ALS which produces audible sound from one teacher to seven students. The
limitation of number of Bluetooth connections can be overcome by using more than one
transmitter forming a piconet according to the number of students. Transmission by a
piconet gives lower latency than by a scatternet. In addition, the prototype can support

the maximum transmission range of 12 meters.
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ASB iU Logical Transport figniddnusunisdedasya L2CAP
vasfldludandnnnsaluilaingeld Physical Channel s ASB
Logical Transport 1aiRlsTnmea Acknowledgement Lmzﬁma‘?i'@ma‘
uuLTaREranuaitaellfagnang uaziasannlldnmelden
T1lsInAaa Acknowledgement asilunnsdegnsi laivnideda sinlinns
1%ﬂﬁ?ﬁﬁ%@34ﬂ@‘%’1 Waiinaauthdedielunsdedeyn

n151d9114 ASB Logical Transport v l#lagn1snivuaan
LT_ADDR uuiigaifu PSB Logical Transport wenannii ASB axlsign

1Hiads LMP vi3edtyny1ninauinnaed L2CAP

2.1.2.5.1.5. Parked Slave Broadcast (PSB)

PSB ilu Logical Transport Ngnldduinisdeansszngnaus
Aneuazgninglulnum Park aanuneeiuuananannismneuaes ACL
Logical Transport 3u#W

PSB flu Logical Transport Adudaunan Logical Transport
zill ¥ o ! Q}d 1 o
2w mazlsznaudnginan1anie e niqaLlszasdsineiu ne
wanisiieumatulaun adayganquau (Control Information

Phase) @sldasdaya LMP Logical Link, iladeyadld (User
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Information Phase) %ﬂ"ﬁz@'ﬁmﬂ@ L2CAP Logical Link uasiWanns

N0 (Access Phase) e lddedtytynmuaasdiinnavnanu Baseband

o

2 1

Tnelugnanamineslimaeawintifianunsorauld

PSB Logical Transport azgndaulaenuun@t LT_ADDR
w0 LfwLAgaiu ASB Logical Transport Tmmﬁqnﬂm@ﬂﬂﬁu@uﬁu
N34 LT_ADDR mezfqﬂﬂmﬁf@ﬂﬂmmmﬁmmgiumﬁ Windald

91U PSB Logical Transport ¢

2.1.2.5.2 Logical Links
Wagann Logical Transport ANNNTNIBIFTLNIINNNULA Logical

Links aiinsinanianiuld Logical Link R48 Logical Link Identifier (LLID)

lu Header 199423ya184 Baseband WNLin

2.1.2.5.2.1.ACL-C
ACL Control Logical Link (ACL-C) gnlfinadedtynyiou LMP

u

(LMP Signaling) sen3neginsniluiilawin @9 ACL-C Logical Link ad

AINAIATYNINGY ACL-U Logical Link taxa

2.1.2.5.2.2.ACL-U

User Asynchronous/Isochronous Logical Link (ACL-U) Qﬂsl,gﬁ
adansudayatiln Asynchronous UaY Isochronous ANUFLILWNLAG
294 ACL-U Link azfl LLID @931 In2iAuilatanqaBuauanamss
y o o d . A a4 &
TayauazanAmiuanANsaiiasaIninsniauniin 967 LLID Hag

198 T UANUAINYNABIIRINITIIN TR YA

2.1.2.5.2.3.SCO-S/eSCO-S
Synchronous (SCO-S) kay Extended Synchronous (eSCO-S)

Logical Links gnldduiudayatiin Isochronous @uiflunisdedaya
WL Stream T4 Logical Links iwa1iazneusaniy Logical Transport
dl dl 1 [~3 3 [~ 1Y
WA H LLID uuuwnifisuazinuunawauazadsiialunisddaya
RN 29N DINN9UTINTY Logical Link MINTaN1MUATUNATBILNNLAR

uazdananlunisdsdeyaidumaniy
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A miudeyatiln Isochronous 1A Variable Rate fldanun9n
gnAaLL SCO-S 158 eSCO-S Logical Links & azgnasuiu ACL-U

Logical Links Wi

2.1.2.6 L2CAP Channels
L2CAP 1313019015 Multiplexing e l#uannadunatasiialdanu ACL-U

Logical Link 91w Inawenndinduuazilsinneasneazminseiu L2CAP tneld

|
= o a

NN9RAFARTNA Channel-Oriented [AA5INN2ITANADTLTUN1ININUALIINLN

ginsniou Ineidl Channel Identifier (CID) sxyfeginsninazyinnisdinsiasas
CID Hazgninuualng L2CAP uarainsniusiazsinfiazdl CID sinariis 4 1msy

ToinuA QoS AzYNAIUUARINTHATEIUENNALATY

1
=

UANAINUENTAUAN lWN13911 Multiplexing ayauda L2CAP flsinuiing

pauANNIIAstayaluiun1911971 L2CAP svudnegiinenl avazgninmualunig

aFdasdynnuannuidane luntsdsdayalnanisnsmagauanuianana

u

Aaa o

wo3fayauazn1sdedoyadn uanaini lunsiindinnsvinausaniu HCI L2CAP Az
Mnsutisdaya (L2CAP SDUs) wialiunnziuawminmasansdunismngu

Baseband LmzLﬁ@ﬁﬁmm@zmumaﬁwmmm HCI Aqgl

213 gﬂLL‘l_l‘Llﬂ’]ﬁ‘ai’r]ﬂ’]i‘llﬂsi (Communication Topology)

2.1.3.1 Piconet Topology
wlaaiunisaingluuunisdeansiiaraaaanalulatiugys

Uszneudnegunenlfous 2 faaulAld Physical Channel ifenfiu Savaneianng
ld&ryrynnsunRnuas Hopping Sequence $aufiud Tmm@a@pmmﬁm&uﬁ@
fourynuninnaesgneniuidng 41130 Hopping Sequence PAulganann
Aouey1aunnAing Address 1@9gUnsnduaiang

Tunahgaiugiinaniugysainnsm Huarndnzesilainldunnninuii
TAuila ina1zinaudaen&nnng Time Division Multiplexing uwsigunsafibesalsl
ganungoLiluuaang (master) I¥unnndnvikdlain may gunsadlunlaidinas

%

gnedednynyrnuuninivesginsausidns (master) Ailulilldlgnazaunsodu
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c [N 14 ! d‘ a (-1 ! L dJ o [ 1 A |
gunsnduddnaldnnndnmiieilain uwigdnsniuilesainnsadugnanavizaiiu

anndnaasnanailainle IngmeanisaifianaaEandn “Scattemet”

2.1.3.2 Operation Procedures and Modes

sruuugya N muan1sinuAeduiuldlunisdedayaiusendng
gunsniugyaluiiauin LL@zLﬁmmﬂm:mumiLL@:‘EmJmm&m"wm&hmﬁm%ﬂu
%uﬂﬁi‘fmmm’Njﬂmmmﬁmmimmu%ﬁ ginsnfasannnsnaglulnuavie

nezuunsnusne A lineniulunamesiu

2.1.3.2.1 Inquiring (Discovering) Procedure

nazLaung Inquiry funszuaunns v lfgunanfugyeuny
@ﬂﬂﬁ?ﬂiﬂ@‘mﬁ%u u’?‘@mma‘mgﬂﬁuwﬂéﬁm‘qﬂmm’%‘u‘luﬁmmﬁu Ay
NTLUIU Inquiry ﬁlﬂuﬂizmumnmﬂﬂzﬁmmm (Asymmetrical)

gunsafnmiidumgUnsafauEundn “Inquiing Device” Tagaz
d4 “Inquiry Requests” Tilfgunsnfanunsagnéunyldlangunsnfa
“Discoverable Device” %Q%ﬁﬁﬁ‘fiﬁﬁﬂ@&l%ﬂ “Inquiry Requests” /1N
“Inquiring Device” kazds “Responds” nauld Sannsiuds “Inquiry
Requests” laz “Responses” Aana12 Az 14 Physical Channel AlABE115U
nafudessnanalaeianie

Iuﬂiﬂjﬁfqﬂmai%ﬂ “Inquiring Device” WAz “Discoverable Device”

densanuainsniauluilaiinatiuds “Inquiry Physical Channel” ag#in

uthndnnismuannisldtesdnyanasenanntaglinsenuiunmuninnis

v . Aa X o
’e‘]x‘l“ll’ﬂﬁ;lj@?.l@\‘] Logical Transports NNAYLNALALN

2.1.3.2.2 Paging (Connecting) Procedure
dgl b4 dl 1 1 Ly (]
nezuqunisiiunisasnanisidensaszudngglnsal 1w
nszuaunsuuUldanNng (Asymmetrical) Tnaginsalutiszenda “Paging
Device” 711911 lUNT2UAUNNT “Page Procedure” AaN1349wnnLim b &
fqﬂﬂmﬁﬂﬁ% [F8N91 “Connectable Device” arnanulungzuauNIuAIg
“Page Scanning” @9lf911 Physical Channel ALA=MN1Zd195LNNT

NeuaFnisdensasyndneglnend



21

2.1.3.2.3 Connected Mode
wdganiaFadunsruaungfne gunsadazuiuanianvesiviain
JuAan174519 Physical Channel @& 1u15un1sde41s § Physical Link

senanegiinend uazdl ACL-C uaz ACL-U Logical Link Ex5iu

2.1.3.2.4 Hold Mode

LﬁiﬂmﬂuiﬁumfmQm”ﬁ%mauﬂwﬁﬂmuif’ﬂﬁﬁu Synchronous Links
AR SCO uaz eSCO wazlisraafun1INIeLLe Asynchronous Links Lagl
‘Emmﬂmd@u%@ﬁwmmiﬁ’muﬁlﬁ@ﬁmﬁ%ﬁ’@ﬂ@ wazifianiainauaia

anysnlgtnsniaznduidnglunanisineuss

2.1.3.2.5 Sniff Mode
Tunm Sniff azgasiuniamneiuaesglnsaiineannisldndaanudn
§auU Physical Channel @1 Taaniuum Duty Cycle 189 ACL Logical

Transport IaellsdiAendaaritl SCO viTa eSCO Logical Trasport

2.1.3.2.6 Parked State

anuz Parked iluaniusiginsalseydinauiuaniinresilaia

wei b 7895119911989 Logical Links F197) e PSB-C waz PSB-U @4
¥ dll -dl o ! L | A Lo 1

gnldinedeansiuszudnegineaiuddng (master) uazginsaigning
5 =_ Ay o0 o 1% < o | a & 1

(slave) TiunungfaRdaaninlunsdedoyateanmualaaAnialdine s

289 PSB Logical Transport

2.1.3.2.7 Role Switch Procedure
dzJ [~ o o [ v dl a (=3

nsruaunisiiiunszuasnisdmiuaduniiinuesginsalluinlain
Tnemziilunnsld Physical Channel #81989annginsniusiang (master) 6
Tnsiuny Physical Channel #81989a nginsniusidng (master) AaiAn

o [~ Q’J a A o 1 v s

wAsaINNITLIUNNIETaAuanagnanianll visadensagundaiiginsnign
418 (slaves) gapaiTianmaiu Physical Channel PNNAIDY

uaNaNi NIELAUNNTREIINIKENLEN Logical Transports [ﬁiN"]

wielsAdLAL ACL Logical Links iWa3895LIN1991197%4289 Physical Channel
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Tl dwmduiunaniainausne iy Tnus Sniff AxAAININITRAAFDLND A

ARFS e NIabAREEY

2.1.3.2.8 Enhance Data Rate

Enhanced Data Rate (EDR) Lﬂuﬁﬁmﬂﬁlmmwm%ﬂum?m%’faga
sandaiEIANAmnIn luNssesFuNsRnsefugLnsnia wILNIN way
AANNT LETNAIUAY Tmﬂl,ﬂ?i'ﬂw,l,ﬂmmm@LL@mﬁmmmeﬁmeﬂiﬁJ
Wasuudasdoufiviesasaninanssn

EDR mfvug]ﬂLﬁﬂmﬂuiﬂﬂmm@ﬁﬁmmﬁq Savneudaszin Logical
Transports FiN47] 18un ACL-U waz eSCO-S Logical Transports uiaz 1y

AP Eral RGN PGB ACL-C, SCO-S Waz Broadcast Logical Transport

214 u@.wﬁiﬂﬂﬂﬁ (Profile Overview)
& @ o o a o | dl s
ugyshlsindillusaniuauannapduiazanaisnsasiieigUnaniugys
aunsnlflunnsdeansiugininiugysen GaugyslUsinalnainuaamustinaduan
Y Y o o
v

walatuduiuusiazgnanl G IRERRNaIN TN L WWRLAT U FBIN1TINE N9

2
1A

Augiineniugyslalaadsgsanidsingimans

v
T~ o

ugysilsivdinnuanimvsedesanugau i
1. nengauiullslndau
2. wuzthstduuugumesinadmiugld
3. meswasilsldunugyshilsinaes azEAINTaNZ Y
riuTdsinadu InadaunisinnudnanafieeLfuuaznnsiinesdmsy
W Taaratan
dmsuugusldsindfiazin aueluenansatiuil dszney ﬁwiﬂﬂw&mmﬁﬁm%’m

o v = \ - < A o ' o
ﬂUﬂq?@Qm@Nﬂ@L@ﬂ\j N']u@ﬂﬂﬁ‘mu@mﬁsﬁﬂllﬂq?GLGE\‘]']u@EqﬂTJﬂ”‘]ﬂUu

2.1.4.1 A2DP (Advance Audio Distribution Profile)
A20P  iluugysTislWdiesasiunisvineudedoyaldssnninings

sLALANE3Le (stereo-quality audio) HNugLNIniLgye
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EXAMPLE OF CONFIGURATIONS ILLUSTRATING THE ROLES FOR A2DP

5 Audw Stream \\‘
Portable Player (SRC) Headphones (SNK)

Portable Recorder (SNK) Microphone (SRC)

g1l 8 guluvuunigldanlsIng azop
gﬂ'ﬁl 8 LLzm\‘m']iVl"']\‘mwumLﬂ?mmmwmuqmﬁ %ai@fl,m' MP3 player,
Walkman wazaineile fudu fendedunininmduwnasiniiades (audio
source) WAL wireless headset 3198 wireless stereo speakers ﬁﬁﬁﬁ’]ﬁﬂuﬁﬁu
LN (audio sink)
fratnandnsneiviendnsafugyadeldlsing A20p
Stereo Headphones
Stereo Speakers
MP3 Player

Music Phones

Stereo Adapters

2.1.4.2 AVRCP (A/V Remote Control Profile)
AVRCP gnaanuuuun lisasiuaume finaning §auine AuANNIINIew
wa9inavimil, ilnand hi-fi wseainsalautainisruauingslunnaninia uas

AnunsaniusaniunullsIng A2DP viza VDP 161

CONTROLLER AND TARGET FOR AVRCP

Command Q
———————-

V(RasaTG

REMOTE CONTROL FROM SEPARATE CONTROLLER

\_

Headphnne
Audio
Stream*

Portable Player Remote Controller

* the audio stream is not handled in this profile

g1l 9 nslFaulusing avre [
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Tnauguresnisldnidtunreumsands Fldanisndiuasudaidu
] dI 1% ! o ¥ o e A :J/ =X o
ey baun nsdiuarnidnuasaesingvial wressiaan sandaferidu
Renfu@eidy nsinanseaLden nsdaan n1edanen s
fatenanissegUnanildllslng AVRCP léun
gunsnlpauAN
Personal Computer
PDA
nsdAnfaaaun
Remote Controller
qunsnlifaniudevzainte lAun Headphones, Player,
Recorder
gunsndidl e
dl 1 ad
RNl
Tnayiend

Tuner

2.1.4.3 GAVDP (Generic A/V Distribution Profile)

GAVDP s8¢§un1snnauiugudmiulysing A2DP uaz VDP 3aiflunis

o d’j dj dl ¥ aa = = %4
Vl”l\‘ﬂuwuﬁﬁum'ﬂﬂﬁ‘tll‘]_léﬁ\iQﬂ’ﬂ’ﬂﬂLLllllN’]LWﬂﬂ’]‘i‘ﬁﬂ‘ﬂﬂN@fJﬂIﬂﬂi@L@ENWJEI

a

wmalulagugns

EXAMPLE OF CONFIGURATIONS ILLUSTRATING THE ROLES FOR GAVDP

‘o
Request » ( r_‘

-

Response

Portable Player Headphones

g1 10 gluunnsldaulilsing cavop 4

Tnatnfudnluslng GAVDP sfinldeuiuginsniszinm wireless stereo
headphones WAZIATENLALA LW MP3 player 1138 walkman T9LATELAUATES
Haaulilels headphones iaaians@ansavisaudusnisaeiiunisiudsdaya

\@eralael headphones 184



FrathandniouaiitegUnsali 4tz Ing GavDP
Music Player
Stereo Headphones
Stereo Speakers
Laptop
ponfinLnesAsTRy
Tnsfnvitaaend

PDA

2.1.4.4 HFP (Hand-Free Profile)

25

HFP afunafanisinuaasginaniiniminitly Gateway avgnldancuas

Fuansanginaniuausns (Hand-Free Device)

TYPICAL HANDS-FREE USE

ple H:\:N Vo]
Connection

Bluetooth Public
Cnnnemon Wireless

Network
Mobile Phone

ands Free Unit
installed in the car

g1 11 glununsldnulysIng Hep 1

o 1 rdy A ¥ A ] rd‘ o
AIBEIWRNTTIUL AD mﬂmﬂm‘mmmmﬂmﬂumﬂum sﬁxi‘ﬂqﬂ natu

LY o4 . e e A A eas y oA o
wantuacinsedeatsnuinsdnyiinaaunaesyld wazgnldineiuuazang

anensdndd 1iun Headset 18in15ane (s
fratnandnsaeiiegdneniidlslng HFP
TN
gunandidTunielusneus
52U GPS
Headset
Tnsdnsiiadeun

PDA
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2.1.4.5 CTP (Cordless Telephony Profile)
CTP asuneensinevaasinsdnsi FanenldinaTulatiugys

EXAMPLE OF CONFIGURATIONS ILLUSTRATING THE ROLES FOR CTP
External
Network
PSTN
Gateway

1 or more “Bluetooth only” Cellular phone with Multi-media PC with
Speech PPs peech speech

gﬂﬁ 12 gluuumsldanulusing cte )
v
b2

1170 9w e AU InsAnlianauaz Insdnyiiaaaunaanintn i

Insdwilianenanisnimeniesiy Base Station nin1sldm CTP Tnadgiinanids

nuiinily CTP Gateway WanlaainsAnitnuuazszuumsata nsdninialu
v
1y
Foatinauanieiizaginaninldiuilsiwg cTP
Laptop
ADNNIBRTEI G
adwsil5ane
MadnyiAaaLN

PDA

2.1.4.6 SPP (Serial Port Profile)
SPP iansiegnIniugysAenIsaitauarldany Serial Port aiian

Notebook or
PC

Notebook or
PC

gﬂ'ﬁ 13 gtlununisldnulusing spp ()

Fnatinsuaninesvirantnsaildaulilsiig cTp

Laptop

LAFRIARNANLARTHIIRY



2.1.5 maidFauinaui@anaila (Technical Comparison)

27

= [ a a | = dd‘ %
prsnfFaumsudeyadamatinseninaunalulativgysuazinaTulatidesnsliane

' = @ Vv =~ p = A v = & p
m'N"I sﬂ\‘i@ﬁfW]‘Hiﬂ’)’] L%ﬂiuiaﬂquuﬁllm'mL?QNWHW@VI@Z@W@H@L'&M AR 1-3 Mbps ATN

= A o~ o i
AgnAe $3 Iaauiumalulatauw

ZigBee | Bluetooth | 802.11b | 802.11g | 802.11a | 802.11n | UWB
Throughput | Mbps. 0.03 1-3 11 54 54 200 200
Max Range | Ft. 75 30 200 200 150 150 30
Sweet-pot Mbps-ft | 0.03@7 | 1-3@10 | 2@200 | 2@200 | 36@100 | 100@10 | 200@1

5 0 0

Service Bps-ft2 530 314M 251G 251G 1.13T 3.14T 62G
Power mW 30 100 750 1000 1500 2000 400
BW mHz 0.6 1 22 20 20 40 500
Spectral b/Hz 0.05 1 0.5 2.7 2.7 5 0.4
Efficiency
Power mW/Mb | 1000 100 68 19 27 10 2
Efficiency 1 | ps
Power mAh/G 2211 67 46 12 18 7 1.3
Efficiency2 | B
TTGB Time 3.1 day 2.2 hr 12min | 2.5min | 2.5 min 40 sec 40 sec
Price US$ $2 $3 $5 $9 $12 $20 $7

A19197 2 maradFauiisundanaila (4]
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2.2 uIRENLNLITD

=S

a o ¥ o ¥ dl o ¥ % =
31U3Ae [6] VL@M’]LZQM@‘ZI@’&@:‘IJLﬂﬁlﬂlﬂ‘].lﬂ'?ﬁ‘ﬂﬂ‘%@'?ﬁl?l@ﬂﬂ@ﬁnﬂLV]@IMI@EU@ 991NNI7

a

[=-))

WaWN92 UL Bluecasting T8 Baloo 1anfNalAsziiaztinguedauiiloymfifagiuby Baloo

[

dl = o o . 1 o
TINNANNIN L IUAN UL U Bluecasting Server ﬂ?Z’Q’mﬂ’\"m%‘u@‘dmﬁmqiﬂﬂ\‘]

a1nsadugys

faagtlaassudduiunismeuAn N eeLdan A9l

o o

1. walulatugyslilAgnesnuuuniduiunisnszatedeya vinildasninluiines

= A

AuEalunnsdadaya inrzanuEalunisdedayaaranaciiadatauginanign

v ay o o

A lunlatinunay wananifiddeania luEesasaruauaTasgnae T

v
o 1 o

Tainteilanuougnanageqalaiiies 7 sawinii wailunisdumngnsniineainan
TaLin uazaunaasinanaziinisds uadaandnssnataanaliiymiasag e

o o \ A = = @ o X o
pogneitululreamalulatiugyatearimnuizalunisdedayaniniu wazldioan

1
<

Tunsdumginsalineaiwilamianiaaa

2. soumalulatiugysudn tinvesdeyslliduilymdviunisdedaya tdoymiiay

b

@ ¥ o o o ¥ o ' oA a o o o
Hudaarinuesginsainsudeyassndn dluenndindunaiunsauansuatoyad
Fusnlevizaly

3. Tun1evineuaeessL Baloo WatloyunEenan Bluespam iupa 1465 Ut10a19

= JRIEEY 2 @ o = o . a c &
ﬁ?ﬂIﬂJHM’WﬂNﬁ]ﬂﬂﬂ’]i"ﬁ\uﬂu@ﬂﬂm&ﬁm'}ﬂu E-mail spam slum'imuﬂummmm

¥ 14

4. Anmuzn1ainuimNizduiuninszatadayasiainalulatiugysiiu 3

v

anwouy WHun n1suaideya nisdedayanianindnin waznisnszanadeyalilds

a

[

U UAANHUTNNNNUR

[ % o

U ¥ 1 o % ¥ o o % =
[AENIAY JNANIAZENAN panadaainAunAlLlat

I
o A o

v o O v dl o o dl o o ¥ =3
UuAR mmmm@mﬂ@ﬂ,ﬂmmmug unanin Tuseasnannn LASURYATUIALAN

MU [7] ANHINANIENULDINITIRGIDTHNG] LU 38En19 THATLIUNNLAR WAz
> A D = a = ¥ Py ~
ArNENTesdaya Nsensddeyadesniia MP3 LU nnsaaansianadmalulatiug
o tagldimunszuuianisaudeyadasivssuui@asTnlunasscunidevainasia G9eu
pananagnuLnsiauiaeniily 2 1iia 16 Bluetooth point-to-point Application uaz

Bluetooth point-to-multipoint Application



Audio source (master)

Audio receiver (slave)

3ﬂﬁ 14 Point-to-point application [7]

E Andio Bluetooth E — X — .- E Bluetooth Audio |
{| Coder Module i ACL Link | Module Decoder i
E T i i audio i ; l :
i Audio E i i i Audio i
i| Source | | P Playback |

Audio source (master) Audio receiver (slave)

i X i Wi 1
! Audio Bluetooth |i —— i| Bluetooth | Audie |
i| Coder Module |1 ACL Link i| Module "| Decoder |
E T i i andio i E l I
{ Audio | Coutrol 5 Audie
i| Source | Y — Playback |

ﬁﬂﬁ 15 Point-to-point application with control data [7]

2117

U

Ly ]

ailnsnignd

U9eEng 1l antuvresdeyallduniasgniiesos

"alnsanAunisfnsientn ACL T9gLlviNaadsingiuingi

=

a

= ]

HNITAS

14 uazgln 15 unisdediayauiin point-to-point anginsalusianelles

k2

UDHNAAILIA

u q

Left andio receiver (slave)

audio ! Audic
Contro ; [ Plﬂf\"ba‘:k
| —
Bkl Y i Biuetoots Andi |
) netoot] Aundic
Audio source (master) T 1 Module Decoder |
{ i i i i
i Audio e ) Bluetooth J """"""""""""""""""""""""""""
i b
| f‘ode: HEG Module \I\. Right andio receiver (slave) .
L) TR ~ Link2 T} Bluetooth Andio
Audio audio Module Decoder |
i Sousce Ccntro_:i - E
i Aundio |
Plavback :

Eﬂﬁ 16 Point-to-multipoint application [7]

— (L — Ty
Audic [—™ Bluetooth
Coder _@L Module

H 'y

ol e

i Audio
Source

Audio
[ Conerol | | Playback
Lk 1 \r Bl iil Ch 1
| uetootl Afne
__"/',_r__ ' Module Separate
audic | | b
'—v'l Audio receiver N (zlave)
Liak 2 L Bluetooth Channel |i
--------------- | Module Separate
Control | E L
; Audio
| Playback

Aundio receiver 1 (slave)

g‘ﬂﬁ 17 Point-to-multipoint application (Broadcast) [7]

3117 16 wazgili 17 ilunisdedayauuy point-to-multipoint arniesasgnaing il

29

wisaagnanediussuu@ssuiuawmaesia tume Usznausaedesdnyyinedisuazann
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Teneanagldarnuansnaiuingl Wunisdedaya@aeniautudeyansunulyl
dasdtyauinsdiauazaniuanainiu dougil iunisdedayaidasiasdagyaniunuuiy
Broadcast lifsdasdtynaieiauazannianu

AusuRanlatarnismasanusuninimegau lawn

Distance d (m) ACL packet L; (bytes)
1-20 DM1, DM3 DM5 | 1013 —3535x1013
DHI1, DH3, DHS (1k—55k)

A15197 3 Rauluuaznisiimas 7]

[ %

WA PR LT RO

00

DHS
G600

300
DH3

4004

hitrate (kbps)

200

DHI
L% o DM

e T T T T T T
0 1 4 5 3 10
distance (m)
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w83d03a (Error Protection Scheme) Nusnsneiuluyuveasauidanalunisdedaya
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3.1 N9RANLLLULAZWAUITELLAWLLL
STULAULULNANHLEN1919uTuEaa T nnawmdy (Real-Time Application)

NiN980a1IMeLRER (One Way Communication) anaglleisiinFeu
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Prototype System

OBEX
SDP ! RFCOMM
L2CAP
Baseband
Radio
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Class 2 $99095UN19N191UTLeIE 10 LHMT [3]

1% 34 Bluetooth Dongles

% o

2. laussdiniuntsimuiugysuennaindusaen141a191 Bluecove (JSR-82

Implementation)

[ o

3. sruudfiAn1saund Ubuntu ARuAniadAnyd1niunisinanusesugyadail

bluez LA libbluetooth-dev [20]

4. Java JDK @1u5UNIIWAUILANNALATURNMUIA8N1197197 TuniiAe a197
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o

5. Java Sound APl &uiudnniaidasyaniuannlulasinuuaziauaanganing [21]
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3.1.2 WHUNIWNANTTN (Activitiy Diagram)
NINNIUITEIUAULLUAINI0a Nt AT s A NuE Auaz guuunig
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o A o o o . =< o
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[Start Capture ThreacD

5% 35 N5 @aNFAaUR4 Server
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TWalneeafldluniadedaya fmualidldslnaea LocAP
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v oad g I o e 4,
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(Capture Audio From Microphone)%

Send Audio Packet

5191 36 MedaRe92R Server

2. Client Us2nausen1sniIenu 2 471 Aa 9un194519n7siaansaiy Server
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%(Search Nearby Devices)%
Searching not succeed ( Search Services )
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Found "alsserver" service

Make Connection ) .
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Start Playback Thread
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Wait For Lost Connection Signal
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Client BusunsulaeAungUnsniegluisnulndiass antduaswin
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%(Saan:h Mearky Deulmg)
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3.1.3 BHUMMNARTE (Class Diagram)
WWeaB LN U LULAMNANAUE IUNN9NNUIINAUIEUI19ARI AR AIN19D
a 4 6 o dg/
asune linuaniuzaesgLnsnifsil

1. Server

Server

SJUID_STRING: String = 1111111111111 1111111111111111111
-SERWICE_MAME: String = alsserver

-lZcapserver; L2CAPConneckionMatifier = null

-handlers: Arravlist =ClientHandler = = null

-lostCann: Arraylist<Integer= = null

-isRunning: boolean = False

+3erver()

-initDeviced): woid
+ereatelZ2CAPConneckiond): woid
-waitForClients): woid
+loseDowng ) void
+broadcastaudiol): vaid

1 1

1. .*
5 1
ClientHandler e ethreados
-lZcapConn: LZCAPConnection CaptureThread
-clientkame: Skring - -
LZCAPConnection -isRunning: boolean = False -isRunning: boalean = true
-Format: AudioFormat
1 1 +ZlientHandler{conn: LECAPConneckion) -line: TargetDataLine
l:gg;ﬁ::;e':ﬁrgﬁg.VSI:I;'ircllng +CaptureThreadiserver: Server)
+eloseDown(): void -getFormat): AudioFormat
+runl ) waid

gﬂﬁ 41 Server Class Diagram

N19911971289ARNAR19lUADIUT Server W3R Master 21897 tALIR

UsenausngAanasnge)aail

[
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dl Y a dgjv o 2 = Y o . o dl 3| a a
arlvitinie wananniideinutinndadesliiu Client ynsaiiuaniEnae
TAinansoel

AANA ClientHandler 1ludauniaa9aana Server TagintnAlALaauLans
989 L2CAPConnection TaUNWNIF@aNAaIL1INg Server WAy Client WAALH2 a8l

'S < - . Y . = o

\WNA89 Server azlilaauLanAaad L2CAPConnection bk ArrayList @alilunng
[~3 v dJ
Wudayaguuuntislunimana

AANE CaptureThread nuiinfireasui@esannlulasinunfaniudades

sananaliifiu Server iadaliifiu Client sialdl TnaainnsainusariantiFsi1e)
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auFunisiuideaanntulasinuls ludnazify Sample Rate, Bit per Sample vige

Channel lunfinnvualiilu PCM(Pulse Code Modulation)

P

79N Sample Rate 7

8000 Hz 8 Bits per Sample kaz Channel 1114 Mono B9 lH¥0mIAT 64kbps

2. Client

Client

-SERVICE_NAME_ATTRID: String = 0x0100
+L2CAP: long = 0x0100

-UUID_STRING: String = 11111111111111111111111111111111
-SERVICE_NAME: String = alsserver

-sb: ServiceBrowser = null

-local: LocalDevice = null

-agent: DiscoveryAgent = null
-searchSucceed: boolean = false
-srvRecord: ServiceRecord = null

-isLost: boolean = false

-lost: Object

+Client()
+startProcess(): void
-searchDevice(): void
-searchService(): void
+makeContact(): void
+read(): void
-setUUIDs(): UUID[]
+closeDown(): void

<<interface>>
DiscoveryListener

b

ServiceBrowser

1
1

<<Thread>>
PlaybackThread

-l2capConn: L2CAPConnection = null
-line: SourceDataLine = null
-client: Client = null

+PlaybackThread(client: Client)
+run(): void
-getFormat(): AudioFormat

-SERVICE_NAME_ATTRID: int = 0x0100

+L2CAP: long = 0x0100

-discovered: RemoteDevice[]

-devicesMap: HashMap<String, RemoteDevice> = null
-servicesVec: Vector<ServiceRecord> = null

+ServiceBrowser(protocolUUID, UUIDStr, serviceStr: String)
+deviceDiscovered(rd: RemoteDevice, cod: DeviceClass): void
+inquirtCompleted(status: int): void
+servicesDiscovered(translID: int, rec: ServiceRecord[]): void
+serviceSearchCompleted(transID: int, respCode: int): void
+getServiceFound(): Vector<ServiceRecord>
+getServiceName(sr: ServiceRecord)
+numOfDiscoveredDevices(): int

+discoveredDevices(): RemoteDevice[]

:a:‘ﬂﬁ 42 Client Class Diagram
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gUnsalln&iAes $9uDIAUNILTN19N Client FBIN19A1N Server  tAAANE
LNERAAINDUWLADTLNA

ServiceBrowser ARIAUNDALAY implement

DiscoveryListener

AATA PlaybackThread Mnutilunisiauwdeanlfiuniann Server aangy

A o A gy | oA Ao YN Y Ry
o erver
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nunAuantRreudeliaenadeaiuily Server iuAe Sample Rate 1 8000 Hz
8 Bits per Sample waz Channel vl Mono @lsi0men® 64kbps

3. Scatternet

<<Thread>>
Relay

-server: Server = null
~client: Client = null

+Relay(server: Server, client: Client)
+run()

<<interface>>
DiscoveryListener 1

A 1

Client Server
5 -SERVICE_NAME_ATTRID: String = 0x0100 -UUID_STRING: String = 11111111111111111111111111111111

ServiceBrowser +L2CAP: long = 0x0100 -SERVICE_NAME: String = alsserver
p S -UUID_STRING: String = 11111111111111111111111111111111 -I2capServer: L2CAPConnectionNotifier = null
e AT A=Y -SERVICE_NAME: String = alsserver -handlers: ArrayList<ClentHandier> =
-d\'scove;'ed'gRen'nteDevice[] -sb: ServiceBrowser = null -lostConn: ArrayList<Integer> = null
-devicesMap: HashMap<String, RemoteDevice> = null :?c:rl;tlj‘)mc.:i[;s‘sce;e"nl;”_ l penunninghockanisitake
-servicesVec: Vector<ServiceRecord> = null -segarcHSuccee drybogolean_: false +Server()

- o . - Servi z -initDevice(): void
+ServiceBrowser(protocolUUID, UUIDStr, serviceStr: String) srvRecord: ServiceRecord = nul L o
+deviceDiscovered(rd: RemoteDevice, cod: DeviceCkss): void| |~ | -5Lost: bookean = fase e A
+inquirtCompleted(status: int): void “lost: Object rcloseDown(): void
+servicesDiscovered(transID: int, rec: ServiceRecord([]): void +Client() +broadcastA y dio(): void
+serviceSearchCompleted(transID: int, respCode: int): void +st|a tProcess(): void r udiof): vo
+getServiceFound(): Vector<ServiceRecord> <& hDoeceice(): g. d
+getServiceName(sr: ServiceRecord) e Ehs L] 0‘(/ Ii d 1
+numOfDiscoveredDevices(): int +eakeCe " C; " Oid
+discoveredDevices(): RemoteDevice[] J:a d()'ogo?d LAk 1

-setUUIDs(): UUID[]
+closeDown(): void ClientHandler

-l2capConn: L2CAPConnection
-clientName: String
L2CAPConnection -isSRunning: boolean = false

0..% 1 | +ClientHandler(conn: L2CAPConnection)
-reportDeviceName(): String
+send(data: byte[]): void
+closeDown(): void

gﬂﬁ 43 Scatternet Class Diagram
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1. NlAwIm (Piconet)

Master
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2. Scatternet
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A miunisindnsialunisasdeys (Data Rate) wazsvezinaldlunisds
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NuAdeilaen1d Raspberry Pi @aiiluga Development Kit NgnaanuulLazwENW

o 4

Tnenguiinids luiesddenauiainef1aeu 1IN a8 WALANLTAS (University  of
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. , ai di ¥ o % | o‘a‘ v
Cambridge Computer’s Laboratory) wgﬂ@@ﬂLmumLw'a"lmmmuLﬂuaﬂﬂimLiumuTunqi
Beuiineenepaniauaasiazns@aullsunsuduiugn [24] Teidouilsznaufsgin 54

Azl AANTRNIUNATARINANTIN 14

AL GPIO '—gm\'am‘ﬁ‘/‘j‘ﬂﬁ’m Taithpighy]
& ! | s <
gl "!ﬂﬂﬂm"lﬂﬂmlﬁﬂq
JIAG

LED anquz

qARBULL DSI*
AMTLARALABNTN
LB

30AD SD N5
daunim)

wasm USB
AFa microuss Ty ARMI1 700MHz, | qpdakLY CSI”
amiuiulites +5V  GPU Az SDRAM AviliAaninans

- & =
30An  LAN/ALmnaiLin

ARFAVDN ML HDMI 4
AAABABNNILLIL HD @saiiin

51l%1 54 dautlsznavaag Raspbery Pi [25]

Chip Broadcom BCM2835
CPU ARM11 Core ARM1176JZF-S 700 MHz
GPU Broadcom VideoCore IV
Memory SDRAM 512 MB
Interface USB 2.0 (2 ports)
HDMI output

Video output

Jack 3.5 mm.
GPIO
Ethernet
Power 5.0 V700 mA
Size 85.60 x 53.98 mm. (3.370 x 2.125 inches)

M990 14 AUANTANIUNATALDRY Raspberry Pi [25]
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o o

Raspberry Pi ifluginsniflasnnidnuuziilupeufiaomasauinian (Computer on
module) HuA TNFNe1N7IUNIININIBINTARIAITHIEFILALIVIALDINUIEAITINAN
! = o " o oI/ s o ¥ d‘ a rzj/ 24 aI/ A A
diwReaiugnenitlesinriald usflansuznisldauuuuaraspeniame facify duned
sruulfiiAn1sg, User Interface wazld SD card Unun13nNenuzesaIfnnan uazsae
ARAN B AN WA HLe9 Raspberry Pi dsznauiunismesesieuiiiiiunisimuiuay
1 v

VINNI9INARBILIULATEIABNALLAD FATHE N1991NN19IMAREILY Raspberry Pi Asanioanly

nsWaWNsrULLNgLINTalNAaaNa N0 TARTB9s T ILNN NN INARBS LTI

442 dquﬂizn@uﬁugmmmszuu
zq'quﬂi:ﬂ@uﬁuﬂmmmiwuﬂizﬂ@umﬁfqﬂmtﬂ ol
1. Raspberry Pi
2. SD card ﬁﬁlmwﬂWﬁme&mj il

a. Soft-Float Debian Wheezy t{uszuuifjiiinis

b. Java JDK for Embedded

c. laus3 Bluecove d1usu ARM Tlaimaimes deanunsannaiilvanldann [26]

4. TAmmesssuuduuunitldimmnay

TaTasTviu

yleuTaniing

Bluetooth Dongle Version 4.0 class 2 2

S T

USB Hub dufuinduasasiuase

4.4.3 MINAKDUNITYINNIUUDITLLLLUY Raspberry Pi

nsnaaesiliflunmadeunsinauaesszuuLy Raspberry Pi Lienaagsin
Raspberry Pi a1a3nsasiunvinauaasszu el fessuuazilazneudn Raspberry
Pi 2 qm snuthidu Server uaz Client e Server ﬁi@ﬁﬂuima‘MuLﬁﬁmﬁm;ﬁmmmz
Client slafuyilaiaseiuidasynann Server lanaginnisa¥ailauinfidszneudan
Server 1 faua Client 1 62 TevaServer uaz Client azinaumudumeudlfaanuuy1dlu

e 3.1.2
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gﬂﬁ 55 N1TNARBIUU Raspberry Pi

317 55 uaPNIIMARBITLLILAULLILLY Raspberry Pi %aﬁmummwwqﬁmﬁﬁmj
duReaiuivnmesewwAlesaesiameflfy tie

WI9HLMBTEUTU Server
TWalnreaildlunisdetaya fvuaidu L2CAP
pnadeyageant i flunisiudedaya favuelivingy 40000 Tus
anuzaesglnsafluiiauin navualignusiiu Master
Authentication fnvalilifinnstlaw Pairing Pin dvsunnsidense

W19HLMasA T Client
Tslnpaaiildlunsdedaya fnumdy L2CAP
wnadeyagegaidlunisiudedaya fvualsiuiniy 40000 Tusf
annuzresatnaafluiladln nnvuslianiuzilu Slave

Authentication n1uualiluiinnstlaw Pairing Pin &ufunnsidanse
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.......

519 56 HANISNAABIUY Raspberry Pi

71l%1 56 UAMINANIINAABIUL Raspberry Pi @4 Client ldaiunsna¥ianisiiausie
U Server 1@usa liannnsnafraniawinl@iuies Ing Exception visadatinnainiiinlu
%’/ o . 3 dl v a 3 a dl v
Wudunaunasan Client auny Server a9iuginsaflndipeauasAunuLzn1sngadnig
a1n Server  A1AUTANNTUNNTAEI9N1TANARTTNING Server  waz Client  #ag
1 a o 1 dl v o ¥ 1% dw L%
AaRmasne R lan v liudaluidessiv
Exception ¥isadatinnanafiianlu Ae “Failed to connect. [22] Invalid argument”
o d . o S : , o o .
FenunedereuuliannnInadensmienfaseundng Server waz Client IHiiiasannisnivue
e e S o .
Amnadwadiveldlunisdansetilignsias Main1maseauiMuaAINIIHEe A
[ 1 a o dl o k% dl a r:l/ (2] 1 ¥ dgj
duApaiunszuuanisaniaulduurzasasufamesealfz lun1maassnauniing
Tnanisinanuassgtinsniasanaspinimdiasaenainmagiluuudend i
“btl2cap://0018960034A9:1001;authenticat=false;encrypt=false;master=false”
btl2cap un1ede TlslnAaa L2CAP
0018960034A9 184 waaAsaedglnsnifianann
1001 vsnena sadeneldsinaaa L2CAP
authenticate = false wunafe 'l Pairing Pin
=K 1 9 v Y
encrypt = false viune e ldn1sdnsviadanany
master = false viunane nuualEn iy Slave 419150 Client

master = true UK AuA Uty Master &1%15U Server
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¥
A

windwefinantiduniaieefiagnituuasaanuraesginsalluiladauay
o dl ! dl ¥ ¥ 1 1 ul/ A ¥ Y ¥
Anmouznismendensenisldeuetduda dune uinsdesnisldllsinaea L2CAP Has
o a o & ‘« » « » ! :l/ dl I :ﬂl 1 %
nnuuanislmasifu “btizcap” waz “1001” Wit nslasuiudrduldaiunsoaing
nadansasyninealnsalld visauindesnislidaniuziilu Master Agasnuualy

a g ! d’ja/ IS ¥ [ a Iy dl d‘o

master = true #aNANNIPINMBFMA LN ATeYageanTluanniTdinefuiiananiy

Tunisa¥ranisdensessudnegineniuazldanullsln aea L2CAP Gaunialivaunges

dayaatin L2CAP  nldluntsfudeszudnegilnsaldanladiiuainauun Tnaainnsn
AuuaAnlARauA 40 04 65535 Ul 3adunisfimesiaadfaunsanlasunilasan’ls
| | i | a - Ay Mo o

NNNTE WARINN1INAaeInLd n1adasuulasArnislimefiuan dladldnnldszuy
A110919 AL Raspberry Pi wazflapaAiAn Exception NALNILTLAN

21911899 1NN1INARBINUNEIRTUNINAABIN1INIUTBITZLLLUIATE

a r?/ (2] dld o :I/ [~1 . 1 o dl 1

paNfiawnaffelfzninineanslunisdszuaaninouiionzaniaanaiuanngandn
Raspberry Pi 410 @vanaifuanvg liscuusiuiusldansnsnninaulsduu Raspberry Pi au
Wumin1iuansAn Exception AINA19NALNT AININIINAABIANIFNATL

1. n13ananasnklEny Raspberry Pi

51 57 n13IAN15AaWaIWlAAL Raspberry Pi
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gﬂﬁ 58 HANISIANITAINENAINULENL Raspberry Pi

gﬂﬁ 57 LL@Z;‘L]‘?II 58 memﬁmLmzﬂ?mmmﬁuiWﬁﬁgn@'mlﬁﬁu Raspberry Pi
Wwinfiu 5.14 T'mm'ﬁﬁlqmmﬁmﬁuammﬁﬁmamﬂﬁmm Raspberry Pi & aFaIN"TUsIFUS
a6 [25]

2. OS Kernel

ANNLANANNTENdesELLL)TRN19UUW Raspberry Pi mezuuﬂﬁﬂﬁmmum%q
ﬂ@mﬁfJLm‘f;T\a‘Eﬁzm@L‘flummrz}"lﬁixuuvl,simmmﬁﬁmu”lﬁuu Raspberry Pi a9ann Soft-
Float Debian Wheezy uiflussund fifinisun Raspberry Pi tfluszuntlfiinisayndaign
WAL kernel 1905944 3.2 lanied Ubuntu 10.10 Al suuaseenanfioinesaalfeis

1%

QNWAIUILY kernel 85T 2.6
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arpas@arpas-Satellite-M100: ~

arpas@arpas-Satellite-M100:~$ java -cp bluecove-2.1.0.jar:bluecove-gpl-2.1.0.jar
:L2CAPClient.jar BluetoothALSMain

BlueCove version 2.1.0 on bluez

Discovered: arpas-Joybook-S42-0:0018960034A9

----Device Inquiry Complete----

----Service Discovered----

Service: alsserver

----Service Search Complete----

Connecting to service btl2cap://0018960034A9:1001;authenticate=false;encrypt=~fal
se;master=false ...
Opened a connection to server

1366127397584 I

gﬂﬁ 59 Namsmmmumiv'i'\mummizuuﬁutmuuu Ubuntu 12.04 LTS

717 59 UAANNANIINARDITBITTULLY Ubuntu 12.04 LTS Fuflu kemel 1ia5du
3.2 LiuLAERAY Soft-Float Debian Wheezy 134 Raspberry Pi anani1snaaaan hanaledii
drsruuaNsainuliiaLusTuLLIRNsAUNgN e kernel isasian iy

3. 1@‘]_@’1?‘ Bluecove

desann Raspberry Pi 1an11ingnssuidu ARM Tsmgines doflugnnilnanssy
sinaaiafuAaNRamefAalfy faiuAedesddlatisis Bluscove d 5L ARM TWstaginas 1
NNINAABILU Raspberry  Pi AFausniu srunFan14 a3 Bluscove 4151 ARM
Tulsimaimefanunsaniniivanldann [26] Geenaaziflulansafldmansiugnnnenssy
11 Raspberry Pi aufluawnliseunldainnsnyinauuw Raspberry Pi

namaaesdiutaaiiunnsrenInglauss Bluecove 1y Raspberry Pj Lml,ﬁ"aﬁ@@u‘
fjﬁmmm@qﬁwﬁﬂﬁamﬁmamimer Raspberry Pi vi3ald nan1smaaasnudn foenig
4911 la137 Bluecove annisaaslwduu Raspberry Pi szuuflaignunsannauld Tas
WinatuRaafUlaus sy

4. n13veandkiilsinpaa RFECOMM

nsmaaesiiunnImaseiienndaudn Raspberry Pi 61515058950N 9119104
seuusunuulavteld Tneaanldldsinanaa RFCOMM unu L2CAP 16 Taelilsinaas
RFCOMM \lutunsvinanuitedmile L2CAP 34 Serial Port Profile (SPP) uay L2CAP
Lﬁﬂlﬁmuﬁmz@mﬁm ACL 1unginfiu LLﬁiflﬂ"J’mLgﬁiuﬂﬁizﬁlﬂﬁ'ﬂsﬂﬂﬁﬁfmdﬂﬂﬁﬂ% L2CAP

Tnamss tuAaiAuEalun1sdedayaives 128 kops [4]
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Prototype System

OBEX
\ 4
SDP RFCOMM
L2CAP
Baseband
Radio

1% 60 sruusuwuuNialdllsinaaa RFCOMM

7117 60 wansliungineuaesssuialdeullsinaas RFCOMM Tnenfunng
Tfaulilslnaea L2CAP trultlsinaea RFCOMM @asnaannssuusuwuuanAdiunisld
ulldslnaaa L2CAP Taaimea

o o £ [~3 o al o

a11iun1maaesnig kieilsinaaa RFCOMM fduntsnaaasluansusiagqny
nsldaulilsinaaa L2CAP siuaaiflunimaaaieginssuuaunmninisdsdayaides
11 Raspberry Pi l@virald Tnavinnisadeinladingsdsenaudae Server 1 6 waz Client 1

Fin Lan19a5 9N lALmLaTARY

ypd - § java -CD DlUeCOvVe-<.1.C. ;

jar:rfcommClient.]

P
.....

-----
........
Ve s UTVUVV S

51U 61 wisdimasnivualumsldnuldsinaas RFECoMM
o

219 61 wananRmasnnnualunisldeulilsinaaa RFCOMM  fuAa

“btspp://0018960034A9:2;authenticate=false;encrypt=false;master=false”
btspp e NI Serial Port Profile (SPP)

001890034A9 N8 Uannsaedgnsnl
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2 unnee nafndviuidsing spp
authenticate = false snana TNy Pairing Pin
encrypt = false un1eD4 laidnnsdnsiadasya
master = false M8 AuuA LY slave 115U Client
master = true Ve Nuua iy slave 413U Server
o o o L% %
ausunimiauaasssuususuuscellsinaaa L2CAP uazllsinaaa RFCOMM
W1 FLUUABRLUAIMBAAINIFI AR SNSRI 1AL ALNIINARBILULATEY
panfanefielfy Tnaaduuananalunsldeneesivaesidsinreanaiuiessintes
[~ o‘d‘ 'ﬂl 1 1 s d” 3 b o '8
BAULANFN M lun1smaNsasyrdnsannd wanaini nisAinueruIadeya 1uiatwines
LazNIIAMUAAINI I HRe A niuitsinnea RFCOMM AilluArnialmefinaariu
AulilsTnaaa L2CAP snsiwieslilsinana RFCOMM Tidnnsimunauiadeyagegalu

nsfudadayamiu

7% 62 uan1snaaaclinullsinaaa RFCOMM

31 62 wansuanmaaasldeiulilslnana RFCOMM 21895 1UGuLLLIUY
Raspberry Pi Sauandl#ifiudn Raspberry Pi @1813099950U0139 19 11895 UL suuuy L8
Tnadanldlsinaaa RFCOMM Tnagilusnia Server vise Master wazgiiaasAa Client

P < 2 . Y a & v 5 e ny
1198 Slave 9¥13 Server uaz Client a1xn3nainlainuazdedaya@eaaiuls

ANN1IAaadNL9n sruuldatnnsainaulauy Raspberry Pi laletaanld

v
%

lilsTaAna L2CAP HasanAwnsdmasinuualiidiuiunisiudstayalignsiasisnang

v

nuuaiiunisiwessnefiduanaaiunimeaeainiuuezesnaniome fAelfe
Z’/ =& o 1 dl dl o %V [l o v
ANLALIINIAaestiatiNa amnnaiani liscuu ldatunsonnauliuu Raspberry
L= | Y & My o = o
Pi T9NANIINARRIAUARS I Raspberry Pi IAFUNAWNN WS NE AN ADIANTRNS

v 1
wmatle, szuvassaneulineuussuudfiRnsaundRgnWmuI LU kernel 184 2.6

1
=

waz 3.2 wazlausanldauidulausinmaseiuannilnenssnaes Raspberry Pi aagsla
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aunsnagllddn sxuufl4TUsTnAea L2CAP li@nunsnsineuus Raspberry Pi lddns
ame e

winnmaaedldaullsinaea RFCOMM fuamaliiifiudn szuuanuisaniaulsun
Raspberry Pi Sel4lisTnAaa RFECOMM uwnu L2CAP #afililsTnaas RFECOMM #inanuiy
TWalnpea L2CAP GeinliiagIfifesinTslneea RFCOMM iluneidenuiisluniaimn

1 =X 4 L4 173 ] Y OI U
ToUU Wﬂi‘ﬂﬂ\?LLN@ZI‘VW’W’]NL?Qiﬂﬂ’]ﬁ‘@\ﬂlﬂﬂu@ﬁl’mﬁ]’]

45 MINARBIIAN LT LUNTASIINIALIIR
NN9eaaatitiuNNMeaaaNadaaIN I LN 985 eR A NUsznausae Server 1

Fauay Client 7 67 I8N1IMA889698N191TUNNIANT Server LAy Client WAAZFIE1NIID

o -&l 1 o v 1 (= ] o d”

nnidansanwld Taautenimaaaaitliy 2 dausail

o o %

n13a¥19N19@aNFaIENINe Server Uaz Client Nazsia 1iMn1mMaaesaanIsTiunn
Adl . ! o v dl ! o ?x// IAQI Y v "
a7 Client wsazdinldlunisaienismansiaiu Server AaWsENABAUMNgUNIRIAUNIg
4, g X . Lot 4 . , :
ANFABIATAAY AINNIINARLINL 1A I lun19iTeausasendns Server Az Client Wi
azdnlfnantszanns 15 3ui uaz s lunisaiwilamiandaundinidy Client ievun 7
o a =
57 105 AU
v dll ] 1 . % o o/ 3| ¢4 .
N385 19N TaNAR9EUIN Server uaz Client Wianriu 7 6 1flun19lif Client yn
o QI % v % o dl dd‘ o dl ] o . v o 3
FENAUAWMN Server wanNi TelunItin Server aunsnINaTexsiaiy Client lid15a
szuvazldinanlunisairailadindangaiielszanns 40 3u9 UEAINN1IMAABISINUEN
! all . o © ¥ dl ! o = o o 1
41 197 Client ynsavinnsdumnazidansialles Server luanimhaaiu Inauinginazly
ANHINATINTAEANHAWIUANITN AN NG RINTIF §1158 Teinazaianilainligagn
WNeN 2-3 Fiawineiu Tuanied Client siaflmaaanunsony Server lunnsdunginsnllndiae
] 1 % ] < [ o 1 Y o ZI/ < % a (1 [ dl ]
wsilsianunsna¥eilaianiy Server Aananald deduasasa¥anladalaaiinisiie use
o . = o dl =X £ ¥ % dl 1 1 (B~ o
Server fiu Client Nazsin Bangudazldinalunisaienismansaninndn usfigaunsnmin

TRTaina 1NN UEN TN IENINNIN
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unN 5

unagyl

5.1 agUuanisian

dl % 1% o o v a dl 1 ya %
@Wﬂﬂ’]ﬁ“ﬂﬂ@@\iﬁ‘ﬁﬂﬂ@@@ﬁﬂi@’]ﬁlM%LLUU@W‘M?‘UHT] L'j‘EIuV]UﬂW’i‘@\W]’]\m’]ﬁ‘llﬂﬁluﬂ'Jﬁl

IS a o o d’/
walulatiugys arnnsaaglidunadae Fatl

FLULFULLLAINIT0TRFUS WantinFaulduanndt 7 audqegtluuunig
dl 1 4‘ rdl o ¥ dl <3| dl o/ o

TaNseuUL Scatternet TegUnsniniautiiilu Server saAg 1 v @1u19D
asailatinniandinligegn 7 frvsenndesiumsaziasnvaanaiulatiug

v
5 [3] wATANITNTS 7 FlamananndnniTngieniainaaanueslsina Jaudn

o K &

4940 6 6 Deudazldaanndesiuoazidanaaamatulatugys [3] wafnnli

a Q

! !
el o 2%

gunsninvinutiiu Server NdvagainisaliLinisgunenimainndiiingu

3

Client luszuulang 42 6 RN NaATUFUAINNARINITUDITLULIAULLIL WA

Daugnindenseuwyy Scatternet Az 19T LLAULLLAINITNIRITLAIUIY

124

gUnsnlla NI weAa A INABINITT0 99T UL AULLIL WnAsid s sie oAl
szizanluntsdedena (Latency) sanndnmisidenseuuuiilauiniilesannd
qunsafiainuiihidy Relay iushnandlunnsdedeyaann Server Uil Client
ﬁmmnmﬁLﬁmﬁﬂummﬁmﬂmqﬂ Server l1lifa Client Tneimss fatfulunnsld

a A 13 dl ] a (=3 QI o g dl o
UATAAAN NN T aN AR LU LW IALR ‘Emmwmmquﬂqﬂmm Server NAIAYT

a

TaaandadiusIuutnEey wazaAsiauuabiszuuAuuldglununig
dl 1 a [~1 dld a o A A . o o dl C4
wansauuUNlAinnNaN Tnidulnizeunse Client a1uqu 6 Aatiali

szazinanlunisdedayalaifiv 100 ms [23]

o o

¥ o ¢ a rall o dlal
°]Ju’1ﬂ"ﬂ‘ﬂ&lﬂ@LL@%%M’]@UWLW@?L‘UHW’]?’]NL[f]‘ﬂﬁ‘ﬂ/]’&’] TUUBNTSULUNNANTWSNNT

o

MU Bsa nduannaird auadeyauazaunatinmasniuunzanaz 14

&

sraznanlunsdsdayanieanganamunim@aslaidelil uazdinataaiuon
o -

Client NszuLaN1Tnsasiuls

srunfusuuauisaliusnnsinFaulisres gegn 12 wns Tnanisaenld

Bluetooth Dongle Class 2 4389510139191 N3z82 10 1WA [3] NEmsnsalu
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nsdedaya (Data Rate) Useunnu 64 kbps TeuanaliiuianmunInaa9@esd
unmunawaeaiuszuu A [22]
FTULAULLILANNNIININ TN dm lulRszudwginsaindaaguaziingawls
ZJ/ dd‘ . dl o o A 1 a dl % dd‘ a
Malunsti Client MFntinFaulinuuinishnuwesseanis uazlunsiinianig
1MAN9RRFasTdNeAguariniFauluszndnansizaunisaeu Ineldaanuuul

Client Aunglnsniuazidnisnauessianisllaunseiianuudaagasianig

'
< o a % %

dansianiy Server wazluanzineaiuisapaadnyn v uauAuIgilnnl
a 1 A&I % dl 1 1o dd‘ a a 1 1

LAzLIN13 Weai N simanse MUiuNNANNIIANTRARRIE NI 19ATHAL

o = dl cao o o agl’ | o o dJ a @

nieew BeierdunimIeuanE el ud A A TLRN AN AN INYR9TTLL

Tunsinldldeuasa e liigldansnsaldanuldeteazanaung Tunisimun

2LULAIAIINAN TN AT ULAANLFIUATUADUNITADNLLILIN TN UUDIT LU

dl U 1 [

e NN AN TR NN TZL

di a ;A a = o al 1l 1 o a oA a

Lummmzuuﬂgumm?wﬂeﬁummmmaﬁmmimmmﬂm:uuﬂgummmu‘imzﬁ“
al dl % d} ] a oA a =R 1 1 [

@mmwmevﬂ,mmmwummmmmwuﬂgummmgnmﬂmmmmwu

o = o dl o a oa a
@m:rmzmeﬂumm\‘nuumzuuﬂgummmu‘ﬂmm’

5.2 ARLAUDLUL

1%

dl % % o o/ o dl 1 ya %
/MNNIT wmiz‘uummﬁmwmmmummuuﬂ L?ﬂi&V]UﬂW?‘ﬂ\?Wﬁﬂﬂ??iﬂﬂ%ﬂQH

wmatulagugna

o

o a ISP4 o d’j
NIV NUDLAUD LS AU

©32p

WWaansveznan I lunisdstayanasszuuas aasiaan Sound APl Aldaanlu
nslszananatiasndnl aeuanainazinldsrazinanlunisdidayaanaudn
v @ QI o o a dl % Y a PN 1% o
gafunisiisauuinBeunssuusiuuuuansaliuinisldanson fananng
dl Y @ I L% k74 ] Y dl =
NAABINLAA TN sruusuluulFnanlunsdedaya 114 ms ielgluuy
N3TaNAa LU IATIATENFUAIUA Client 7 69 MINATNITNAALIAIAINAIAY
Tiaanda 100 ms 18 szuufiazaunsalisnisinGeuls 7 aundauiuls

TunnsaFreiiawie gunsafisinutihidu Server Nfangacsdansiafiu Client 7

b

o o =

FaNFauNaTAL LHasa NN daNAaiu Client Wianduw szuuataazly
v a [~ ta;d J a ta; £ v

ANUTDAT NN TATIAN T UIUAN TN AN AFaIN T 16

RFCOMM %78 Serial Port Profile (SPP) iflunaiaannidaluniswmunszuy

pnldarnnenldenu L2CAP Tuniswmunszuuls iasainiiuldsinpaana
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n9ldeu L2CAP iwmanriu uslidnsisalunsdedoya 128 kops [4] Teunn
v | v o A = Y a o = %
paansdediayadeaiinuaziann 64 kbps sruuazliuEnisinGauligeqn

e 2 AN

- PCM ilugiluniunig Encode WAy Decode NMNNTANTGATDITEUL INTIZH

v

Y 3 o = o A o co o
m@ﬂﬂ@l‘ﬁﬂﬁﬁ‘ﬂﬁ‘tm'}ﬂ&l@uﬂﬂﬂfﬂﬂ GNmm:ﬂm:uuwmmuuuqﬂmmﬁqm

D a A

neudaziidai@anli Bandwidth 49 usin1snineuaesszuuiunisiieuly

b

'
=

SR TAIRTIRA WIUANNTNGIgALNEN 7 Fainidi nnsludadayaideqas

2

v a

P o o o o a X ~ o vy o2
Tdanadunninuazanaldnanluivsaulunisiudadeyadasanson G
pinvanszuumsdnitliananandudesinisiudndeyai@anazfiassaqdy
gunIndaUaUNIN

[y ey X 2 o =< q =~ !
- WINFRNNIANNIRENTIATY AaTIRaN T Encoder TeliAr uazi@aanInnan
PCM 71 Sampling Rate 1110 8000 Hz uazlf Bit per Sample winfiu 8 O

' o Ay y P \ = =
WA NIALNT IAaz i nasiaauan Client B8ssvul wsnzinaTulatiugysd
am3nFqlunislitinnsandan 721 kops uAe wnnld Encoder 18 Sampling
Rate Winfiu 8000 Hz wazld Bit per Sample winiu 16 4m azldAruaziaani
128 kbps Tz ULAzI9931AUAU Client 16igeqn 5 5

'
o [ = % =K

- msldnasnuduiadadrAnyandaniislunisldauadeludiasiFou danunm
AuatlAsil Raspberry Pi lusasulndn 5V uaznszua 700mA Andli 3.5W
mnidenlduunnedaun 1.7V daeanszud 1700mA sadqlug deslduummes
Anuou 3 g lildusesiulnia 5V @ewindu 8.5W Heatunsaldeule
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BluetoothALSMain.java

public class BluetoothALSMain {

/**
* @param args

*/

public static void main(String[] args) {
// TODO Auto-generated method stub
// Server
Server server = new Server();
server.startServer () ;

ClientHandler.java

import java.io.IOException;
import java.io.InputStream;
import java.io.OutputStream;

import Jjavax.bluetooth.L2CAPConnection;

import javax.bluetooth.RemoteDevice;

import Jjavax.microedition.io.StreamConnection;

import javax.print.attribute.standard.DateTimeAtCompleted;

public class ClientHandler extends Thread{
// Client Connection
private StreamConnection rfcommConn; // RFCOMM

private L2CAPConnection l2capConn; //L2CAP

private InputStream in;
private OutputStream out;

private volatile boolean isRunning = false;
private String clientName;
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public ClientHandler (L2CAPConnection conn)
{

this.l2capConn = conn;

// store the name of the connected client
clientName = reportDeviceName () ;
System.out.println("Client: " + clientName);

}

private String reportDeviceName ()
/* Return the 'friendly' name of the device being
examined,
* or "device ??2" */
{

String devName;

try {
RemoteDevice rd;
//if (this.12capConn != null)
rd =

RemoteDevice.getRemoteDevice (12capConn) ;

//else

// rd =
RemoteDevice.getRemoteDevice (rfcommConn) ;

devName = rd.getFriendlyName (false); // to

reduce connections
}
catch (IOException e) {
devName = "device ?2?";

}

return devName;
} // end of reportDeviceName ()

public void send(byte[] data) throws Exception
{
try{
this.l2capConn.send(data);
}catch (Exception e) {
System.out.println(e.getMessage()) ;
if (e.getMessage () .contains ("Failed to write"))

throw e;

}

else {
e.printStackTrace() ;

}
}

public void closeDown ()

{

isRunning = false;

}
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import java.io.IOException;
import java.util.ArrayList;

import javax.bluetooth.BluetoothStateException;

import javax.bluetooth.DiscoveryAgent;

import javax.bluetooth.L2CAPConnection;

import javax.bluetooth.L2CAPConnectionNotifier;

import javax.bluetooth.LocalDevice;

import javax.microedition.io.Connector;

import javax.microedition.io.StreamConnectionNotifier;

public class Server ({
// UUID and name of the service
private static final String UUID STRING =

"i1111111111111111111111111111111"

// 32 hex digits which will become a 128 bit ID
private static final String SERVICE NAME = "alsserver";

// Server

private StreamConnectionNotifier rfcommServer; // REFCOMM

private L2CAPConnectionNotifier 12capServer; //L2CAP

private ArrayList<ClientHandler> handlers;
private volatile boolean isRunning = false;

public Server ()

{

handlers = new ArraylList<ClientHandler>();

Runtime.getRuntime () .addShutdownHook (new Thread ()
public void run()

{

closeDown () ;

1) ;
initDevice () ;
// start Console

Console console = new Console(this);
console.pack() ;

{
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private void initDevice ()

{

try { // make the server's device discoverable
LocalDevice local =
LocalDevice.getLocalDevice () ;

System.out.println ("Device name: " +
local.getFriendlyName ()) ;
System.out.println ("Bluetooth Address: " +

local.getBluetoothAddress()) ;

boolean res =
local.setDiscoverable (DiscoveryAgent.GIAC) ;

System.out.println ("Discoverability set: " +
res) ;

}
catch (BluetoothStateException e) {

System.out.println (e);
System.exit (1) ;

}

private void createL2CAPConnection ()
{
try |
System.out.println ("Start advertising " +

SERVICE NAME + "...");

12capServer = (L2CAPConnectionNotifier)
Connector.open (
"btl2cap://localhost:™ +

UUID STRING +
";name=" + SERVICE NAME +

";authenticate=false" + ";master=true" +

";ReceiveMTU=8000; TransmitMTU=8000") ;
/* for most devices, with authenticate=false
there *
* should be no need for pin
pairing */
}
catch (IOException e) {
System.out.println(e);
System.exit (1) ;
}
}
public void startServer ()
{
createlL2CAPConnection () ;
processClients () ;
}
public void closeServer ()
{
closeDown () ;
}
public void broadcastAudio (byte[] audio)
{
for (ClientHandler hand: handlers)
{
hand.send (audio) ;

}
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private void processClients ()
// Wait for client connections, creating a handler for
each one

{

isRunning = true;
try {
System.out.println("Waiting for incoming
connection...");
while (isRunning) {
// StreamConnection conn = server.acceptAndOpen () ;
//L2CAP

L2CAPConnection conn =
l2capServer.acceptAndOpen () ;
// wait for a client connection
/* acceptAndOpen () also adds the service record
to the
device's SDDB, making the service visible to
clients */
System.out.println ("Connection requested...");

ClientHandler hand = new ClientHandler (conn) ;
// create client handler
handlers.add (hand) ;
hand.start () ;
}
}
catch (IOException e)
{ System.out.println(e); }
} // end of processClients ()

private void closeDown ()
/* Stop accepting any further client connections, and
close down
* all the handlers. */
{
System.out.println ("Closing down server");
if (isRunning) {
isRunning = false;
try {
l2capServer.close();
// close connection, and remove service
record from SDDB
}
catch (IOException e)
{
System.out.println(e);
}

// close down all the handlers
for (ClientHandler hand : handlers)
hand.closeDown () ;
handlers.clear ()
}

} // end of closeDown () ;
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import java.io.IOException;

import javax.sound.sampled.AudioFormat;

import javax.sound.sampled.DatalLine;

import javax.sound.sampled.LineUnavailableException;
import javax.sound.sampled.TargetDataline;

public class CaptureThread extends Thread({

protected boolean running;
private ByteArrayOutputStream out;

private byte[] audio buffer = new byte[80000];
private Console console;
private boolean isStreaming

true;

// audio format
private AudioFormat getFormat ()
{
float sampleRate = 8000;
int sampleSizeInBits = 8;
int channels = 1;
boolean signed = true;
boolean bigEndian = true;
return new AudioFormat (sampleRate, sampleSizeInBits,
channels, signed, bigEndian);
}
public CaptureThread (Console console, boolean isStreaming)
{
this.console = console;
this.isStreaming = isStreaming;
final AudioFormat format = getFormat();
DatalLine.Info info = new
DatalLine.Info (TargetDatalLine.class, format);
final TargetDatalLine line = (TargetDataline)
AudioSystem.getLine (info) ;
line.open (format, 320);
line.start();
}
public void run()

{

try {
byte[] buffer = new byte[320];
running = true;
try {
while (running) {
int count = line.read(buffer, 0, buffer.length);

this.console.broadcastAudio (buffer);
}
out.close();
} catch (IOException e) {
System.err.println("I/0O problems: " + e);
System.exit (-1);
}
} catch (LineUnavailableException e) {
System.err.println("Line unavailable: " + e);
System.exit (-2);
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BluetoothALSMain.java
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public class BluetoothALSMain {

/**
* @param args
*/
public static void main (String[] args) {
// TODO Auto-generated method stub
// Client
do {
Client client = new Client();
client.makeContact () ;
client.read();

synchronized(client.lost) {
while(!client.isLost) {
try {
client.lost.wait();
} catch (InterruptedException e)
e.printStackTrace () ;
}
}
}
client.islLost = false;
} while (true) ;

{
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import java.io.ByteArrayInputStream;

import java.io.ByteArrayOutputStream;

import java.io.IOException;

import java.io.InputStream;

import java.util.Vector;

import java.util.concurrent.SynchronousQueue;

import javax.bluetooth.BluetoothStateException;
import javax.bluetooth.DiscoveryAgent;

import javax.bluetooth.L2CAPConnection;

import javax.bluetooth.LocalDevice;

import javax.bluetooth.RemoteDevice;

import javax.bluetooth.ServiceRecord;

import javax.microedition.io.Connector;

import javax.sound.sampled.AudioFormat;

import javax.sound.sampled.AudioInputStream;
import javax.sound.sampled.AudioSystem;

import javax.sound.sampled.Dataline;

import javax.sound.sampled.LineUnavailableException;
import javax.sound.sampled.SourceDataline;

public class Client {
private L2CAPConnection l2capConn;
private static int SERVICE NAME ATTRID = 0x0100;
public static final long RFCOMM = 0x0003;
public static final long L2CAP = 0x0100;
// UUID and name of the echo service

private static final String UUID STRING =
*i1111111111111211111111111111111 112/

private static final String SERVICE NAME = "alsserver";

// use lowercase

private ServiceBrowser sb;
private LocalDevice local;
private DiscoveryAgent agent;

private ByteArrayOutputStream buffer;

private boolean searchSucceed = false;
private ServiceRecord srvRecord = null;

private boolean isRunning = true;
private SourceDataline line = null;

public SynchronousQueue<byte[]> queue = new
SynchronousQueue () ;
public Boolean continueProducing = Boolean.TRUE;

public boolean isLost = false;
public Object lost = new Object();
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public void put (byte[] data) throws InterruptedException {
this.queue.put (data) ;
}

public byte[] get() throws InterruptedException ({
return this.queue.poll();

}

public Client ()
{
startProcess () ;

}

public void startProcess () {
searchSucceed = false;

while (!searchSucceed) {
searchDevice () ;
searchService () ;

}

private void searchDevice () {
try {
sb = new ServiceBrowser (L2CAP, UUID STRING,
SERVICE NAME) ;

local LocalDevice.getLocalDevice () ;
agent = local.getDiscoveryAgent () ;

//device inquiry
agent.startInquiry (DiscoveryAgent.GIAC, sb);
synchronized (sb) {
try{
sb.wait () ;
}catch (Exception e) {
e.printStackTrace () ;
}
}

} catch (BluetoothStateException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;
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private void searchService()
// int numTries = 0;

{

// searchSucceed = false;
// while (!searchSucceed) {
try{
// numTries++;
// System.out.println ("numTries: " +
numTries) ;
int[] attrSet = new int[1];
attrSet[0] = SERVICEiNAMEiATTRID;

javax.bluetooth.UUID[] uuids =
this.setUUIDs (L2CAP, UUID STRING) ;

for(int i=0; i<sb.num discovered; i++)
{
RemoteDevice rd =
sb.discovered[i];
agent.searchServices (attrSet,
uuids, rd, sb);
synchronized (sb) {

try{
sb.wait () ;
Vector<ServiceRecord>
servicesVec = sb.getServicesFound() ;
if ((servicesVec ==
null) || (servicesVec.size() == 0)) {

System.out.println ("No services found");

}

else

{

for
(ServiceRecord sr : servicesVec) {
String

servName = sb.getServiceName (sr);

if (servName.contains (SERVICE NAME))

srvRecord = sr;
searchSucceed = true;
break;

}
}
}catch (Exception e) {
e.printStackTrace () ;
}
}
}

}catch (BluetoothStateException e) {
// TODO Auto-generated catch block

e.printStackTrace();

// }




95

public void makeContact () {

Se
//

se

+

// TODO Auto-generated method stub
// get a URL for the service

String servURL = srvRecord.getConnectionURL (

rviceRecord.NOAUTHENTICATE NOENCRYPT, false);
servURL = null;

if (servURL == null) {
System.out.println ("No service available");
return;
}
System.out.println ("\nConnecting to service " +
rvURL + " ...");
try {
12capConn = (L2CAPConnection) Connector.open (servURL

";ReceiveMTU=800; TransmitMTU=800") ;

System.out.println ("Opened a connection to server");

System.out.println ("Transmit MTU: " +
12capConn.getTransmitMTU()) ;

System.out.println ("Receive MTU: " +
12capConn.getReceiveMTU() ) ;

//isClosed = false; // i.e. the connection is

}

catch (Exception ex)

{
System.out.println (ex) ;
System.out.println("1l2capConn:" + (l2capConn ==

null));
System.out.print ("\nStackTrace: ");
ex.printStackTrace () ;
searchService () ;

// System.exit (1) ;

public void read()

{
Listener listener = new Listener (this);
listener.start () ;

}

public L2CAPConnection getL2CAPConnection ()
{

return this.l2capConn;

}

open
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private javax.bluetooth.UUID[] setUUIDs (long protocolUUID,
String UUIDStr)
{
javax.bluetooth.UUID[] uuids;
if (UUIDStr != null)
uuids = new javax.bluetooth.UUID[2];
else
uuids = new javax.bluetooth.UUIDI[1];

// add the UUIDs for the protocol and service
uuids[0] = new javax.bluetooth.UUID (protocolUUID) ;
if (UUIDStr != null)

uuids[1l] = new javax.bluetooth.UUID(UUIDStr,
false);

return uuids;
} // end of setUUIDs ()

public void closeDown () {
try {
// close SourceDataline
line.drain () ;
line.close () ;
line = null;

// set parameter to be null
sb.close();

// close connection
12capConn.close();

} catch (IOException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;

Listener.java

import java.io.ByteArrayInputStream;
import java.io.ByteArrayOutputStream;
import java.io.IOException;
import Jjava.io.InputStream;

import javax.bluetooth.L2CAPConnection;

import javax.sound.sampled.AudioFormat;

import javax.sound.sampled.AudioInputStream;

import Jjavax.sound.sampled.AudioSystem;

import javax.sound.sampled.Dataline;

import javax.sound.sampled.LineUnavailableException;
import javax.sound.sampled.SourceDataline;
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public class Listener extends Thread {

private L2CAPConnection l2capConn;
private ByteArrayOutputStream buffer;
private SourceDatalLine line;

private AudioInputStream ais;

private Client client;

public Listener (Client c) {
client = c;
12capConn = c.getL2CAPConnection();
buffer = c.getBuffer();

AudioFormat format = getFormat();
DatalLine.Info info = new
DatalLine.Info (SourceDatalLine.class, format);
try {
line =
(SourceDatalLine)AudioSystem.getLine (info) ;
line.open (format, 320);
line.start () ;
} catch (LineUnavailableException e) {
// TODO Auto-generated catch block
line.drain () ;
line.close () ;
e.printStackTrace () ;

}

public void run/{()

{
int offset = 0;
while (true) {
byte[] data = new byte[320];
try {

System.out.print (System.currentTimeMillis () + " ");
int bytes read =
12capConn.receive (data) ;

// System.out.println(bytes read);
System.out.println(System.currentTimeMillis());
// buffer.write(data, 0, bytes read);
try {

line.write(data, 0, bytes read);

} catch (Exception e) {

// TODO Auto-generated catch block

line.drain();
line.close();
e.printStackTrace();
}
//

System.out.println (System.currentTimeMillis());
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} catch (IOException e) {

// TODO Auto-generated catch block

if (e.getMessage () .equals ("Peer closed
connection") || e.getMessage () .equals ("Connection closed")) {

// clear parameters' values
client.closeDown () ;

// auto reconnection
client.startProcess();
client.makeContact () ;

else
e.printStackTrace () ;

}

private AudioFormat getFormat () {
// TODO Auto-generated method stub
float sampleRate = 8000;

int sampleSizeInBits = 8;
int channels = 1;

boolean signed = true;
boolean bigEndian = true;

return new AudioFormat (sampleRate, sampleSizelInBits,
channels, signed, bigEndian) ;

}

ServiceBrowser.java

import java.io.IOException;
import java.util.HashMap;
import java.util.Vector;

import javax.bluetooth.DataElement;
import javax.bluetooth.DeviceClass;
import javax.bluetooth.DiscoveryAgent;
import javax.bluetooth.DiscoverylListener;
import javax.bluetooth.LocalDevice;
import javax.bluetooth.RemoteDevice;
import javax.bluetooth.ServiceRecord;

public class ServiceBrowser implements DiscoverylListener {

private static int SERVICE NAME ATTRID = 0x0100;
public static final long RFCOMM = 0x0003;

public static final long L2CAP = 0x0100;
RemoteDevice discovered|[] = new RemoteDevice[255];
int num discovered = 0;

// stores the remote devices found during the device
search
private HashMap<String,RemoteDevice> devicesMap = null;

// stores the services found during the service search
private Vector<ServiceRecord> servicesVec = null;
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// for constructor
private long protocolUUID;
private String UUIDStr;
private String serviceStr;

public ServiceBrowser (long protocolUUID, String UUIDStr,
String serviceStr)

{
this.protocolUUID = protocolUUID;

this.UUIDStr = UUIDStr;
this.serviceStr = serviceStr;

public Vector<ServiceRecord> getServicesFound()

{

return servicesVec;

public String getServiceName (ServiceRecord sr)
{
DataElement d =
Sr.getAttributeValue(SERVICE_NAME_ATTRID);
if(d != null)
{
return (String)d.getValue();

return "unnamed service";

@Override
public void deviceDiscovered (RemoteDevice rd, DeviceClass

cod) {
// TODO Auto-generated method stub

int majorDC = cod.getMajorDeviceClass();

// restrict matching device to PC or Phone
if ((majorDC != 0x0100) && (majorDC != 0x0200)) {
System.out.println ("Device not PC or phone, so
rejected") ;
return;

}

String addr = rd.getBluetoothAddress();
String name = "";

try{

name = rd.getFriendlyName (true) ;

this.discovered[this.num discovered] = rd;

this.num discovered++;

if (devicesMap == null)
devicesMap = new

HashMap<String, RemoteDevice> () ;

if (devicesMap.get (name) != null)

System.out.println (" - updating existing

info");

devicesMap.put (name, rd);
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System.out.println("Discovered: " + name + ":" + addr);
}catch (IOException e) {
e.printStackTrace () ;

}

}

@Override

public void inquiryCompleted(int status) {
// TODO Auto-generated method stub
System.out.println("----Device Inquiry Complete----

synchronized (this) {
try{
this.notifyAll();
}catch (Exception e) {
e.printStackTrace () ;
}
}
}
@Override
public void serviceSearchCompleted (int transID, int argl)

// TODO Auto-generated method stub
System.out.println ("----Service Search Complete----

synchronized (this) {
try{
this.notifyAll();
}catch (Exception e) {
e.printStackTrace () ;
}
}
}
@Override
public void servicesDiscovered(int transID,
ServiceRecord[] servRecords) {
// TODO Auto-generated method stub

System.out.println("----Service Discovered----");
if (servicesVec == null)

servicesVec = new Vector<ServiceRecord>():;
if ((servRecords != null) && (servRecords.length >

0))

{

for (ServiceRecord sr : servRecords)

{

if (sr != null)

{
servicesVec.add(sr) ;
System.out.println ("Service: " +
getServiceName (sr)) ;

}

else

{

System.out.println("null service");
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public int numOfDiscoveredDevices () {
return this.num discovered;

}

public RemoteDevice[] discoveredDevices () {
return this.discovered;

}

public void close() {
num_discovered = 0;
devicesMap = null;
servicesVec = null;

3. Relay vinuthniasuannisvinauedglnsafiaduanndinees 2 Wiawds lunns
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Main.java

public class Main {

/‘k*
* @param args
*/
public static void main(String[] args) {
// TODO Auto-generated method stub

// start slave
Client client = new Client();
client.makeContact () ;

// start master
Server server = new Server();
server.startServer () ;

Relay relay = new Relay(this.server,
relay.start();

this.client);
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import java.io.IOException;

public class Relay extends Thread{

private Server server;
private Client client;
private final int data size = 320;

public Relay (Server server, Client client) {
this.server = server;
this.client = client;

}

public void run ()
byte[] data
while (true)

new byte[this.data size];

try {
System.out.print (System.currentTimeMillis () + " ");
int bytes read =
this.client.getL2CAPConnection () .receive (data);
// System.out.println("read: " +

bytes read);
this.server.broadcastAudio (data) ;

System.out.println (System.currentTimeMillis());
} catch (IOException e) {
// TODO Auto-generated catch block
e.printStackTrace () ;
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