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Abstract

The Bluetooth technology is a publicly available specification proposed for
radio frequency communications in short-range and point—-to—multipoint voice and
data transmission. Voice transmission in the existing Bluetooth system uses the
SCO link. But high quality voice data cannot be transmitted since the SCO link
has the limited bandwidth as 64Kbps. And different trade—offs of quality and
robustness are available.

In this thesis, we suggested the method and the system for voice transmission
through the use of the ACL link, and implemented the integrated system of the
wired and wireless network extending the VoIP communication by using LAN
access. Moreover, we composed a piconet that is the basis network of Bluetooth
and measured the data rate of the implemented system that treats from 1:1
communication to 1:7 communication, and from this, verified the data rate for the
VoIP communication.

For system configuration, we used the Bluetooth test board, the DSP board for
voice processing and the embedded base LAN access point board that consists
of the Bluetooth module, and implemented application programs that have
RFCOMM stack in basis structure. The implemented application programs have
been used in analysis of the ACL link, and by applying to voice communication,
comparison with the existing way of the Bluetooth voice communication was
performed. From this, it was proved that the voice communication using the
ACL link has better quality than the voice communication of the SCO link. Also,
by realizing the multi-channel of the ACL link in the piconet to the LAN access
system, the data and the voice communication system were implemented. And
then a proposal and a research for maximum practical usage of the Bluetooth
technology were performed by applying actually to the commercial VoIP

communication network.
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Fig. 2. ACL payload structure

ACL g=o A 3|71 Fig. 2014 ¢] #Hlol2= dole e FQa %] wel 2/3 FEC
AL o3& DM(data medium rate)® DH(data high rate) |7 HE]Z FiL,
AHE EF Fol wE gd &% w7l FE (DML, DHD 9} ths £%° 7l &
Bl (DM3, DH3, DM5, DH5) & ThA] useth o] & AR&3te] AAAQ dloly AP
S ska, vt Alde] DHSY A ol o & FHu 7232Kbpse] dlo]E&e] 7

-

rE

S8kt 28y o] AL o]23Z Hu HE Fola, AR EFFA 77| o
Ao g olRt}t vt} EFE ~o|xE HCI(host controller interface) W &3S =3

o wde Aad 5 9, Ao Abgss w2l FEE HEAE 5 gl

2) SCO ¥ =9 AA FH
SCO "aE= ACL gagks o gar, ooty Ad o &3} ooy

i
o
ot

_5_



Bz dolE e t54 F7] kg 7pA Il vpAaE e} Selo]lB Abolo] tiY YJAE

A FF T} Fig. 3¢ SCO #7 722 vehya gl

Access Code Header Payload

<4—— 72bits ——» | «— 54bits —» | «—— 240bits ——»

Fig. 3. SCO packet structure

SCO #Ze] #HolzZ=oE CRC Frrt EAetA gom, 371x #4713
(HV1, HV2, HV3)7F EAstar, 2b w718 e wlelg o= 10bytes, 20bytes,
30bytese] ARk HV13 HV2 sizlel= z}2} 1/3 FECeF 2/3 FEC7F #1850 RE&
71 Fejo A Flo]Z= ol 240bits® 1 F T},

2. ZREZ 2" 743 74

EFF2e ZREd 2P ERF2 SIGY o8 AAdY ZREIFE] JEe
A8k, Fig. 404 BoAx= AAH skel ASHEH &9 AS7HA #oped
BE 7hxlth
RF(radio frequency) 7%

WAl Zof e Aelsla ¢lar, Wo] 4= (baseband) AEE =

Zeo] B185E B 52 4

ot

rlo
il
i
—m
[>
oft
>
lo,
X
1=
-
=4
12
I
2
N,
iy
rO
>
o2
¢

BN

folr
i
<)
Q
Q
o
I
AC)
K
|
=
o
T
N
i)
[~
a
1o,
N
o
¥

&}t LM(link manager)->
2 Aojsh A%, Ess Fa) Ad 7719 4w gelx

S F3ev}t. a8l HCle E2E(host)9 &2E ZAEZ#(host controller)
o] AZES ]l EF I I~ Wl i o= wfzle] A dA)

o o8] 7]&sta Atk L2CAP(ogical link control adaptation protocol):= =

1o,
of

}_

=
i&
ﬁ
ofy
o,
2
=
>
oo
i
rlr
B
=
1o
-
BN
e

2 71713k

il
B
<

@

7]

olr

S

I

A717ke] =M AR S, M Nady P39 ACL FaE

3l deld #izles HCIg w&dit, Tga 49 ZzEEd ud 453t

ﬂJ

_6_



(multiplexing)} A A4S ¢33 3} A = H(segmentation and reassembly),
QoS(quality of service) #¥ T 7|5& F a3l SDP(service discovery
protoco)= 1A E Aol EFF2 71710 AFEE = A= AHEE B
A AL 7F53A star, RFCOMMI(radio frequency communications port)< 2
4 Z21E o Ed o] (emulation)ste] RS-232E Ab&35hi= AAISAA A5 7]
& AlF3th. TCS(telephony control protocol specification)+= EF%F2 7]7] A}
ole] B} HlojE A4 HAAL Y3 5% Ao AT E Ao, TCS 7]715%

Bl g oA FAel,

PC, PDA, Applications
MCU
4 TCS RFCOMM| SDP v
Local Link Control and Adaptation Protocol
o (L2CAP) O
I Host Controller Interface(HCI) |
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Fig. 4. Bluetooth protocol stack
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Fig. 6. Implemented Bluetooth stack configuration for VoIP LAN access system
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Fig. 8. Piconet in operation with ACL and SCO traffic
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Fig. 10. Embedded VoIP system structure
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Fig. 12. Audio subsystem based on Bluetooth ACL link
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Fig. 22. Wiring diagram and schematic of the one board LAP
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Fig. 25. PC base LAN access system and its application example
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Fig. 26. Embedded base LAN access system and its application example
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Table 12 $olA Adge PC 71wy dwtj= 7]9ke] LAN access Al22¥lo
gk tolB &S SA oA ZF Axge A 245 93 43 Aot
AEE A el e HelgeS 2Asts Ful=E Al 7HA A diste] 3
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Table 1. Data rates for each system

7 Al 2=l - AEAIZE(s) gl o] ¥ & (Kbps)
Two BT devices 17.04 46.95
DM3 PC base LAP 17.05 46.92
Embedded base LAP 17.04 46.95
Two BT devices 17.09 46.81
DH3 PC base LAP 17.10 46.78
Embedded base LAP 17.06 46.89
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Fig. 27. Comparison of data rates for each system
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A SAHE tolE &2 AAF dolE A dig HAE vlolHE&EM,

AEA 2= s ES T3aA AtE 755 Al AAsk= Aol ol
ol &R U= 2ty aElan AA| dlolHel 7z AEe AXWEA 2= dusd &

9e FasuAe Bad/EY 343 wolANES AR RFR wulA7] 47449



F otk F, BEEAE ARG A% PA0lBE 1AYY ASE 9 BE A7
gelA ol Tl AW wolE MFol TANE SFHW /7% el Azl o

Ak dolE Agol o] Folx7] We] B4 ALF Fohel wel 3 el moA

=
=
o ol g pat BAHA Aol

! T m ——
w5 - Tyl vee | iyl i e i w0l - Tipersibrs Vsl
1] L, L L) L et e A s o ] Wb mlkt i M i n A o e i
o -]
[ . .-
— - T” , "
%m - -g-\. II
¥n
1] ] B
g " @
= ol ;
5" §ut :
o u
| 3 Ei- L -
;1] R N e . - = i
e nf- = — = |
1: i i ek iT :I.I i il [} i ik
Aot chasne! Actve chasnsl
(a) DM1 packet type (b) DH1 packet type

Fig. 35. Data rates variation of 1-slot packet types for multi-channel

MAATER

=
T

I.I.I.IIUJJ.JJA.J.I_.I.I.JIJ_ID.ILI.I.J.IIJIJ.Id
© [ e e e e rtrrr—t—t—t—tt L s .

b

A

=
+
L

_47_



< olelg dd &% 7 el d Aol vaE/EH ol volH
& 2 oS vehla gtk o] o w wiaEA AyE e Ao 4

&5 AalA glenz A3l EYolBES olH e tolH&S Hire] 7
o @l E£%2A AF Fig. 3604 & F Axeo] mtaHAgA = 1AE 3 285S
ARg3HaL, v 2& % wit) poll FFe] FHOEA ZHCHEREH HolHE F2ldt
A g E¥eolEE By dHolEt gled null Ao et awn®
DMI1?! 7% wh=ElollA AgsHs o4 Hd vlolH &2 (17bytesx8)/(0.625ms
x2slots) = 108.8Kbps7t ¥ Zola, 741do] ZAgx o] do]g #Fo] o] Fo
A o 7 E¥olHe] do]E &2 108.8Kbps/7 = 1554Kbps7t Hth. T 7F &e
olB  AFAAME (17bytesx8)/(0.625ms x(2slotsx7)) = 1554Kbpset Zo] A4kt
T Atk o714, 17bytes= DM1 7l FejellA A& 5 A= Hd o]z =9
A7]olth, wpxb7kAl = DHIC WA= Alkskd o) #lojz=o] =77} 27bytes
olmg 7Ad FAsA] 7+ EElolr o dolH &L 2468Kbps7t ®tl Fig. 359
agzEs B 24 Adsrt Skl wel ol Ex ek AV Hs A The
T Atk ol AF ALE FAstE vtaEHY SRl dEl SHolBE9
ALEEO] F7het7] wioltt. &) SHlolH = WA whE 9 poll AlEe] gk §
Hol JeEM deleE AEshA wHEd, 1AEd W el dAEE dolH &
kel A1 At Z7lel o SE&EZZaA A HolH HEA AVE A
A Fol g EdelBoAE A& HeHE B
o] EE poll #Zlel disiA oy AFozN $HS Eies A7t B
gl dely dE el o A e AdE Fo vsy delH&d] 3
27b 7= Aol oldl Wl &4 AdFrE SR 7 SdolHAAE 1
x

ole&o] FAaHT= AW vhAE | poll WA S FASE AR 3EA ] FAA

N

10

i
o
£

= aAw kg

Zeo]BoM el doly HdF

_Z’__
15.24Kbps, 24.13Kbps® o] &X] ¢} A<l vl =8k ghs KA



= o[ . T e
= ARl Besywied Vo H

]

H

Cale rabe[FEpa)]
gk

Cale rafis[FEpa]
o E g i HEEEBERE

L. | |

m - " ]

1 e ] (TN i ]

: : —-:_.. it -j . ™ izt .-_..

o “acwvathennet s i " Uhchechamel e
(a) DM3 packet type (b) DH3 packet type

Fig. 37. Data rates variation of 3-slot packet types for multi—channel

PG ETES ].fa.rr..t::..::J.:l:J.J.J.:Lw.D.L:J..:::J.f-:HJ::L-::
I

BLAVE 1 ]_#._|::"":::::.::.-::::::::::!_._.5.-?. i
. |

P TTEPEPINENIN | | N PP NP I IV i

:“JI!Ilidldﬂll £ F jlosdd

sSAVEs  +————1—1 E:F:;‘.q....-.::::::i'.:::: ......

4 e . = L .

mur+i—;|—|—|—|—|—|—|—|—|—|::H+H—|—|—H—|—|—:|;g—n—n—H—r—n—H

Fig. 38. TX/RX timing of 3-slot packet types for multi-channel

Fig. 37& 3&5% 7 e)¢l DM39} DH3ol that o] 2x9} =A% ol &
WstE vEbd 2efzelal, Fig. 382 oo tjgh wixEl/Eo]He] vlo]E &
A Ero] g YERa itk o] AS waEAME 1Y B 455S AHEsta, )
A& 5t} poll sjZle] SHOoEH HolHE FAletA k. =, 1xdel AMgH =
AlZEE 258msolar, 7Ad el &AdE A ZF EdlolBrt Holy AForH SHEE F

gl

fr

F71% 175ms7b €vh. 183 DM3Ql 4§ Ho delz= A7]7F 121bytes
2 olu Z+ &E#olre] ol AHu dHolEHE&L (121bytesx8)/(0.625ms x

I

ol

_49_




(4slotsx7)) = 55.31Kbpse] i, DH3Q! 7%+ Hdl #Ho]== =17]|7} 183byteso] =
2 ol2x H dolHE&L (183bytesx8)/(0.625msx(4slotsx7)) = 83.65Kbps7}
Fth =45 dgole &< DM37F 44.18Kbps, DH37} 64.85KbpsZ# o] &% ¢}+= H]

5 Aol7h gl o) Hold AbolAdel el o AHY AUE Fol A
d 29 HEol AUzte Edy o dd A% volwe BAA 2L H4 B
Fol $A7 AR @Bl o AR Addow # T/ G B 3-479) &
doludy A% elde BAHA Helg AFel o|FolNA Ea e, 7
Selolni 4F7] Fol W Ei 577 oA T dold 452 I 499

dlolgl &3t SAA7F vd A& Bk

5

[Piake ravisf¥ bpel
Crale rafe{Fopa]

HENY EdApE

-~

e it = ' LW
(a) DM5 packet type (b) DH5 packet type

Fig. 39. Data rates variation of 5-slot packet types for multi—channel

Fig. 39 5<% % dEIQl DM59F DHSol tf gk o] &9 =4 %9 dlo]E &
HstE UERH T1Efzel, Fig. 402 ol uigh mixE]/Eeo]H o] HolE F
21 ol s YER AL gtk o] A mtaBd A= 1AE & 6555 AHEStaL, v
6557t poll jzle] SHoEH HolHE Al drh =, 1xdel AMEH =

AIZEE 375mselaL, 7Aide] EAE A ZF EdYolBrt dHely dAFowM e
F 9 F71e 26265ms7F ®rh 2Ela DM5R! A9 Hd dlele= A77F 224
byteso]| 22 ol Z} &LdlojH o oA Hd HolEH &S (224bytesx8)/(0.625ms
x(6slotsx7)) = 68.26Kbps¢] 1, DH5% ZA%= Hu dHol2= =77} 339bytes®]

g ol2x A dHolH&L (339bytesx8)/(0.625msx(6slotsx7)) = 103.31Kbps

_50_



7b "tk =439 golg &< DM57F 66.06Kbps, DH57} 94.37Kbps 2% o] 23] ¢}
Hl w2 W) =dktl, 2e]al Fig. 399 2 ZE S8 &4 Aldo] 6a1d o] Aol A4

B olEA et SAATE visds #AAE 5 U=, o=HH 55X A dH

[«

5 6Ad o] el M viaE &% AHEE SUFR HolH A& Fokde &

& gk

rud
MESTER D--+--+--|--+--T|--|--+ 4-4-—1;'4—-----,44 AL -+-|-_-I+-+-4._ 4—4--Qr -r--TI--I—i
I |
SLAVE1 : I T ||:1: Pode b e | J |||| | |
BLAVE 2 - e B | .... I e e T R e LE et e e
[rit)
SLAVE 1 ——t——1—1——1—1—1 |I —T |I: +— —t ————1—
duin
- " - I "
- - - -
- - - -
- Ll - -
- L] - -
L 3 L] L] |} L]
& a4n M & i M
T e S TP ETE | eee  E
- _——— — —— e ———— - .

TE 59 7HAA SdolBolM viaE R g dEol

o,
~
%,

Lo,
>,

o

rlo
NG
=
i

g dolE &S AT Aoz Azl AdFy St e BFFs RE] A
s Aol o]&= & Uk Table 304 & 4 Slxol 79 A EFoA de]
H dEo] o]Fold u, HA HolH &L 15.24KbpsE DMIolA G, A dlolg
£ 94.37Kbps®A DH5olA KBtk 22y o218k HolE &9 ol SHAH O
2 uE dF &% 7o oy A 719 A8 el o i3l due] 54 u

wola, A Sk dEste]l 7 7l deE vl 2487 A e 111 AF

F-l

g2

oMol HolH&s 7IE HOlHER sto] Adtd FaE&S ol&sfof . 7 U

7l Feel gk g IYEZE Fig. 410 e A

_51_



[ = oIl ’ H' ___'_'__'-1
= I — ! = =1
4= 1O __J_ gl - _.-.-—"". i
st i —
x : -"f -.-_,..-" i il )
- a >
- | s -
E. = | / -
] -
3 /
- il g -
; : ¥
= A
i
O = . i
IF
1 - o
'l.I |
& II| 1P 1
g ]

14
Aetive charms|

Fig. 41. Decreasing data rates of each packet type for increment of the
number of active channel
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Table 4. Master’s data rates for full-duplex transmission

}_\a; g ;g ;A; DM1 DH1 DM3 DH3 DM5 DH5
=
1 | dlelE&(Kbps) | 18.13 26.83 87.82 11065 | 11577 | 135.36
2 | delH&(Kbps) | 17.87 26.66 84.93 10710 | 11478 | 13841
3 | dele&Kbps) | 17.77 26.74 83.95 109.14 | 11412 | 138.65
4 | dlelH&(Kbps) | 17.85 26.86 83.59 10554 | 11236 | 134.68
5 | dlelH&(Kbps)| 17.97 27.05 30.48 106.52 | 116.96 | 135.82
6 |HelH&(Kbps)| 17.80 26.57 81.47 103.09 | 11527 | 134.00
7 | delH&(Kbps)| 17.74 2717 82.05 106.81 114.45 | 133.56
8 |dlelH&(Kbps)| 17.84 26.81 81.30 11252 | 11315 | 135.36
9 | dlelH&(Kbps)| 17.81 26.73 80.16 107.82 | 11252 | 131.58
10 | dlelE&(Kbps) | 18.07 27.19 34.48 110.80 | 107.96 | 132.70
B dolH&(Kbps) | 17.89 26.86 83.02  |-108.00. | 113.73 | 135.01
o] 24 Hd X (Kbps) | 15.54 24.68 51.62 78.08 62.33 94.33

[ate rate|Kbps)]

Fig. 42. Master’s data rates for full-duplex transmission
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3) FHF AFol A Sdo]Be vloHE

Table 5. Slave’s data rates for full-duplex transmission

97
43 @9 | DM1 | DHI | DM3 | DH3 | DM5 | DH5
55
1| delH&®bps) | 1396 | 2265 | 3666 | 4926 | 3976 | 59.61
2 |dolE & bps) | 1380 | 2237 | 3475 | 4697 | 3820 | 5806

3 | dlelE&(Kbps) | 14.00 22.21 34.13 48.84 39.58 57.02

4 | del¥&(Kbps)| 14.06 22.48 36.31 48.87 39.16 56.82

5 | dele&(Kbps) | 13.93 22.23 33.36 47.37 37.79 59.04

6 | dele&(Kbps) | 13.81 22.12 35.97 46.48 39.45 57.60

7 | delE&Xbps) [ 13.98 22.38 34.62 46.16 39.96 58.10

8 | HlelE&(Kbps) | 13.92 22.65 33.62 47.85 40.02 55.52

9 | dlelEl&(Kbps) | 13.96 22.27 35.86 47.59 39.45 57.39

10 | die]El&(Kbps) | 13.92 22.61 34.21 46.27 39.68 60.56

B HeolH&(Kbps) | 13.93 22.40 34.95 47.57 39.31 57.97

°]24 HUA(Kbps) | 15.54 24.68 36.87 55.77 40.96 61.98

Table 5= 1:7
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Fig. 45. TX/RX timing for full-duplex transmission of master and slave
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