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Analysis of the Voice Transmission LAN

Access Point Using Bluetooth ACL Link
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Department of Electric and Electrical Engineering
Graduate School of Industry

Cheju National University

Supervised by professor Jae-Yun, Lim

Abstract

Bluetooth is a specification for a radio communication solution that is
low cost and short range, and Bluetooth make it a rule to open its
technology. Bluetooth technology is now a development phase as
specification version 1.1 and is not yet in commonly using step. Voice
transmission in existing Bluetooth system appropriates SCO link. But
there are much difficulty in purpose of VoIP communication because
SCO link has limited bandwidth of 64kbps and control is difficult to
process packet.

In this thesis, it was implemented about technique and system to



transmit voice using ACL link. And then it was also implemented about
VoIP communication through applying Bluetooth LAN access point
system, and from design and implementation of AP(access point) based
on PC and embedded system, was analyzed about performance of each
situation. For this purpose, the system was composed using the test
board mounting the Bluetooth module, voice DSP board, and AP system
using EISC(Extensible Instruction Set Computing) chip, and then
experiment was consisted through implementing application program
based on RFCOMM stack.

By the analysis result of ACL link through the application program
and the comparison of the data rate with three different system
compositions, it was presented about effective form for voice
communication, and from this, was proposed about desirable AP system

for VoIP communication.
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119999 IEEER02.15 WPAN(Wireless Personal Area Networking) €7
T4 (working group)dll EFF2~ 23S AlEste] dAA IEEES02.15.19] &
Fo=z A FUYt. A= VIl Zo] 23 (Core specification)? Z 21
2do] Ml 2 glo] /st As dFHo=E S glv
TR0 AR S e, AHE, ATEe] A QIEHolx” Al &
Atk AREstE Fag g goldlz glo] AFEE & e 24M9

ISM(Industrial Scientific Medica)¥i=o]t}, &= 1Mz g %o = 797] x|

(il

dg2 uyro] Z de a3 3= FHSS(Frequency Hopping Spread
Spectrum) %2 S z] €3} 9]t}

EFE2e AFHos FYFd e wet 10~100me] A, &
FEEE IMbps(A Al 723.2Kbps) el th. MAC(Media Access Control)

£ TDD(Time Division Duplex) %202 625us9] B} &£%S 7jHlo =z

_6_



3, 2= ZHl(round robin)®A o2 7+ x| #HFS wFsoh T
7} gl & ES oAUl e (pseudo random) WA o2 29 1600 Fu S
sggth ® EFF2 ACL g2¢ sCodaets 7 Mo = El
Agsto] ol o A4S 5 AL

B35~ HAMS A RF(radio frequency) F-io] ®o]~wlc= RE 3

ik
o

E3tylo] RF £3FA4 02 =%7 CMOS(Complementary Metal Oxide

Fo Qe 349 AAE 52 4E

wn
o)
3.
o
e}
=
o.
=
)
—t
o
2
o
oX,
o
fr
o
Al
fo
N

2 A¥sth @A BEGANG Fd4 2 F¥RF 022 238 ) A
o] =t 10x10mel 3k HokAa Qlom, 1 Ae AW HopAm gL,

e Ao Fois 7171 = e glo]l ®AE 4 ok

2. HomeRF

HomeRF WG(Working Group)< SWAP(Shared Wireless Access
Protocolell 7]9tste] HomeRF7]&& 7§23l th. HomeRF/SWAP2 T
I ZE AEAdEs ATk

O DECT(Digital Enhanced Cordless Telephone) ol 7]4k3k 67) ¢

w4

O IEEE 802.11 41 A ulx ol 719hg sfiteo] ol A

Z719 AFEEEE o] B4 2Mbpse] Hdf HolH &S Al AR HA
20014 = A9 oltful 720 10MbpsE A& gkt

SWAPS EFEZ2¢9}
= 240k ISM Wes AR&st e Eolal WS Astslr] {6

o
=)
20
N
N
X
t
k)
o
[.%
[
oy
(@)
(@)
o)
w0
o

Q
o

>~
>
ofo
ok
ol
%0,



HomeRF+ 117}e] IEEER02.11 A #MS thAlst= A 71e] WEYPIZA
Aol ol oA At 4

‘[T_L
£ FAAS AFstA etk 2y oY@ EAls AR UES A
=

HomeRF+& EFF 229k vlasto] 714 An]de Helx =23 & ol
2 olTAS zZtE AEolY ad-hoc HEo= AHHEFA  HEF}

HomeRF+= 94243 “1A” 7]&o]7] wi&o|th

N

3. IEEE802.11/Wi-Fi

WECA(Wireless Ethernet Compatibility Alliance)= IEEE(Institute of
Electronic and Electrical Engineers)ollA] 73l 4 Y EH 7] F ol 7|

e £ FAUEAT 1S 88k IEEE802.11b #Fol HiE

=3

802.112 EFF 2, HomeRF T3 vl37FA 2 2401 9] RFASE ©]
|3t DSSS(Direct Sequence Spread Spectrum)®2S- o] &3lt} o]
IMe] a7 Adel Aas dEste] A9 dFS Sl et
ol7] fl& ALE Fes TR FHAQ HRE S AlEetr] 918 128

HE 9] 933} 7|&S o]&3t= WEP(Wireless Encryption Privacy)<t3 3}

rr

ox
o
i

FHSS Wil DSSSE AH&3 wjeo] 442 802.11°] 11Mbps7hA] e}z vh

Aolth HRe ARl ALeE AFEF FAFU 240 A3

rr

_8_



o

H]

Ris

3} 7@1

tH ol

°©

802.11% A< A (access point =+ base station)©] o] oF

1IMbps 7}#] "ol Kt}

N
No
el

olo

of
4

TH

i}

{]

o)
ol
i

P ootk 80211 MEY A

g o] (plug and play) B}

3T

=

o] o
Al el

o

T

3T

=

o

<]

Q
AR 802.11

)
=

mK

4r
0|
N

=
uy

T
o
)

o]
2R

S

]

X
=

o

Y (telephony) % #|

hyA
-

Fefe] el

}

0
yal

o
Ao, o

A o} VolPE o] &3

o

ol & uj 802.11

802.11

Bl

i

of=] 7HA

th. AP+

214, dle]

il



Table 1. Comparison for each wireless LAN access technique
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1. VoIPel A 9 &4 A%

= A¥sta Ak G723.19 YE€2> 64Kbps ©o]i 4=5¥H 92> 6.3Kbps

ol wl 30ms vt} 24byte®] 4= dlolE ~EZYS E=HAEC

. Compression
voice ADC Algorlthm TCP/IP
Input

Internet
G711 64Kbps G.723.1 6.3Kbps

voice Compression
e [[t ADC Alsorithm TCP/IP

Fig. 1. Basic structure of the VolIP communication system

t=wl 54 A& E TCP/IP(Transmission control protocol/Internet
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7] 2ol
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SCO A2 Table 29+ 22 |7 o] &3 Al 7H+ Fe7t dew 2z
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Falel] Wiel 2 Fea A% $E e FAe Pt
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Table 2. SCO packet

Payload User Symmetric
Packet
T Header Payload FEC CRC Max. Rate
e
P (byte) (byte) (Kbps)
HV1 no 10 1/3 no 64
HV2 no 20 2/3 no 64
HV3 no 30 no no 64

BEFZEAE A A et B33 71ye] dEd A-law 58 ,law
S 83 21 PCM ¥33 713 CVSD(continuous variable slope
delta modulation) 7]® o] At}

2 PCM Hz3st 7|¥He 7|19 PSTN(public switched telephone

2 PCM H3719 48L& 8KHzollA A-lawel A% 13¥E, ,-lawd]
A5 1491 E92 3adol A F8e 8KHzol A SHIER H-33% do]E 9]
3Adelty, EFF 2= CVSD @do] digh AE €y E898 Fade
I6HIE=Z g7 3Fal QUth Fig. 62 A A0 EFF2 200 AHA| AH ]
B2rjolojadle Yehd etk 21 PCM R 3stel B33 des
8KHzoll Al PCM H|elElo] tiste] & A2E zhe=th 18y CVSD 24
& Bk EAHelde] F g sttt
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8bit

]fZ’LaW | 1 Parallel [
ncoder | | to Serial

_ 8hit Serial Bitstream
13,14, or 16bit €n c%?j\; | Parallel | L@
Linear PCM to Serial

@8KHz

16bit 16bit

Encoder

64KHz
8bit
< ~Law || Parallel |«
ncoder | |to Serial
13,14, or ‘16bt Serial Bitstream
Linear PCM Missing - ‘@64Kbps‘
@8KHz Audio A-Law st
< segment “— |« Encoder [ tPaéallgell 4 | —
Processing 0 »eria
16bit 16bit
@8KH7 @64KH
Encoder
8KHz
Fig. 2. Audio subsystem on Bluetooth
A=k
=

FE2~ AzdoA ofe AZE F 7HA7E 9tk HCl(host
controller interface) #}Zl o] dlo]H 24 e] HCI 4 =¢} Ho]~ulE Fd
2o HAHA PCM H&ES AFsts A=2olth a8y HCIE A3hs
HAEL sEA o] ¥ HCI® LM(Link Managr) ¢S 33l vlo)
A8 ZAEEH] o 7tHA A At AujErh ev]e AR A ol
gt A A A2 SCO AR S @A HAY o]z~ M=dAe] Fgujg H

aFd olg 3 BAAL ¥ar] Y& U9 CODECS Skkol A
A txd PCMY® A3 dEde]dstr] fste A3 PCMAZE A

€3t} (Jennifer Bray and Charles F Sturman, 2001)

I

HEZ VoIP A% HAES PCM HZE o]&dte] SCOHAcz A
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T EFFAE BEES Astr] 93 7IE9 HCI9ol= PCM <1H
Hol4d HastA =i, LANd HI3sh7] 9t §8& Z2EFo] AlZo]

dwlojo} B, = MAY eslole] MAT Nze szEd s} 2ol

52 HV3 AL olfsld A5 A% 6719 T.,7 Des ot

Mz dolgrt AfHE) ol SCO Hart dofd BldEHES AH&3H)

A AA AFAIZE T 75%7F @l E = Alolth

of

3. ACL 335 |83 =4H8%

E= ACL #i7le] #e]2E5+= Fig. 39 o] Ho=E 3y, Ho==
deolg A, CRC 2= o2 Wolxit HojzE df dE== 3
A A= 2upolEVE HH =94 "A Aol ARE T CRC

ok
x

L
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Payload Data CRC

Payload Header
<— 8 or 16 bit —» | ¢— 0~2712 bit ——— > | €16 hit»

Fig. 3. ACL payload structure

Data
0 - 65535 byte —»

Length Channel ID

<4— 16 bit—» |4¢— 16 bit —»| —

Fig. 4. L2CAP packet structure

<«— 8hit —» | —— Shit —» | «—— 8hit —>|<— 8hit —>|

Length Length or Data
FCS

Address Control
Data

> | «— spit — |

0 - 32767 byte

A

Fig. 5. RFCOMM Frame structure

Hol2= HolEHE AA AEA L2CAP ~¥9 o2 RE Fig 59 #o g
_]

‘:_7

| 2byteet 2@ ID 2byte’} ¥ A H+= A

B2 FAET & doly Zdo
2HE Fig. 59 #& Z#do

ojt}. = L2CAP 3|71> RFCOMM ¥ o

2 FAEg. q7IE F4&, AeJAE, 4do]l, FCS(Frame Check
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Sequence) & 4%+ bSbhyte’} © #AIE T =, Table 39 ACL 3jZlo]A
A Holmzo] AA =7 FAIY gEU 8 T Obyte’t HS =7)7b

vlC_>r
5 Aot

Table 3. ACL packet

Packet Payload| User Symmetric | Asymmetric Max.
Type Header | Payload | FEC | CRC | Max.Rate Rate (Kbps)
(bytes) | (bytes) (Kbps) |Forward | Reverse
DM1 1 17 2/3 yes 108.8 108.8 108.8
DHI1 1 27 None | yes 172.8 172.8 172.8
DM3 2 121 2/3 yes 258.1 387.2 54.4
DH3 2 183 None | ves 390.4 585.6 86.4
DM5 2 224 2/3 yes 286.7 477.8 36.3
DH5 2 339 None | ves 433.9 723.2 57.6

ACL # =4 3§71 Table. 394 8] Holm= dlojE e Fa ko ufe}
2/3 FEC Algo{% 2 DM(data medium rate)2} DH(data high rate) =}l
FeHlE etk o]y dFlolm=o] gk FEC WA #A Y AdF 3+
& =ol7] A& AFEE T ACL ®AolA AAZQl tlol dE5S DM 373
DH iZlo] AHg-drh. DM F3t dolH&& Yehlal , DHE &2 HolH
&5 ouEt dd &3 WZI(DMI, DHDl wHls] 3719 5712 &5 w7
(DM3,5 DH3,5)& @2 doles &nkdth gy Ade] 5&%d 49 o
Ao Ho 723.2kbpse] HolE&o] A& 7bsstth. 12y Table 39
Folxl HolH&S AEdE + 3= dHolHo Hd HE Fola, JdHdAow &5
T2 7]7]0 M= dubd o g olrt) Ho|E]o] vith

EF TN 92 A AEAY 2 d2 285 Atste] 7l FH
7} AelEith, g3 4 Az oW dlolEge] £ DHEH 9 A<

da F4 ZErE £4 g 3y AAFE



o] me Z£Ro] duyojol = 2/3 FEC7F Hol9E DME
o7 AFstE Aol & Ho|th 1Al viAEA &g o]H 9

A8 3kt} (Jennifer Bray and Charles F Sturman, 2001)

RS
W 1o
off
£

il
>,

BREsd AL 5229 HCl 4392 $9 92 $42 A28 5

Aol Abgsks dliZle) FEiE WEAZE 5

32
ki

2) &7 Holg Az 44

VoIP &Adlol8 AL dsides 2 F AldaA 2uE e} o]
old 2 AT E UAE ol ANuz Wasr] 93 PCM ¢ o=
Adol frels Fe=E g5et7] g gagFol Fastth. PCM2 4KHz
o] &4 & 8KHz M=% H| S (samlping rate)® T A € 3}slo] 64Kbps

MIC G711 G.723.1
PCM || DSP |
Analog 64Kbps 5.3 or 6.3Kbps
=4 PCM =4

Fig. 6. Audio subsystem

& =wolA ol&3 e MHEAXAHR Fig. 63 o] A=A A
T BES melAd A 9

PCM <l TP30545 A 64Kbpse] ©A¥E HolH=E ZE¥€¥a

DSP(digital signal processor)el] 93] ¢4=&AS FHZE =93t} DSP =

2ZMAE= BIRDIE o] AFEH Sl o] A2 ITU-T G.7231 #iekE

=t 54 29 otk o= 53Kbps?t 6.3Kbpse] F 7FA HlolE &=
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Z8 =0, 7] E 63KbpsE AASAT G7231 SAFY Qug =L
AAZE F49A 9 DSPE F4o2 e FHAXES o] &8k AL

stk
3) ACL g3a% o83 dF
q
g VoIP &4 dlolE 25 2o o

T
dZo]l iF F2gS & F AATh ©] VoIP &= ACL HAE o] §,
E &

o ekEtx] kom=m SCO & A A
H EExe GHIZE vk DM3 71 A duEgow 44 BAdER
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Applications | < > Applications
TCP < > TCP
UDP < > UDP
1P <+—> PPP Networking <«—> 1P
phlgﬁgon -« PPP plicatio
SDP R;“COMM <+—»| RFCOMM | SDP "
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