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Abstract

Bluetooth is a communication protocol that supports the voice and the data
transmission services through a wireless personal area network. Bluetooth
specification defines that the voice transmission is used in SCO links and the
data transmission is used in ACL links. As Bluetooth is a limited system, it is
required to manage the network efficiently. It is very important to use
appropriate packets that are given according to channel quality in ACL links
that occupy most part of links. In SCO links, the 64kbps transmission speed
can make the voice transmission such as cellular phone. But SCO links are not
suitable for the audio transmission of high quality for listening to music. Thus,
the research in this is needed.

In this paper, not only the efficient data transmission but also the voice
transmission method are proposed in Bluetooth ACL links. In order to test the
data transmission, Bluetooth application program is implemented based on the
host protocol stack. By the HCI command on Bluetooth application program,
the ACL packet types are changed and the link quality values are confirmed in
several environments and the data rates are analyzed. Also the data rates are
analyzed by the regular stream size. From the analyzed result, the efficient
data transmission method is proposed. To test the voice transmission, the
Bluetooth test board and the DSP test board have been used. The Bluetooth
test board took charge of the role which set up the ACL link and
transmitted/received the data, the DSP test board took charge of the role
which generated and outputed the voice data. Transmission/Reception of the
voice data is tested in real time by using common buffer on the each
application program. As the result of this experiment, the voice transmission

with high quality is confirmed in ACL link.
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Table 1. Packets defined for SCO and ACL link types

Segment ngf; bTZOde Slot occupancy| SCO link ACL link
0000 1 NULL NULL
0001 1 POLL POLL
! 0010 1 FHS FHS
0011 1 DM1 DM1
0100 1 undefined DHI1
0101 1 HV1 undefined
0110 1 HV2 undefined
’ 0111 1 HV3 undefined
1000 1 DV undefined
1001 1 undefined AUX1
1010 3 undefined DM3
1011 3 undefined DH3
’ 1100 3 undefined undefined
1101 3 undefined undefined
1110 5 undefined DM5
! 1111 5 undefined DH5
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Table 2. 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 yves 108.8 108.8 108.8
DH1 1 27 None | yes 172.8 172.8 172.8
DM3 2 121 2/3 yves 258.1 387.2 54.4
DH3 2 183 None | yes 390.4 585.6 36.4
DM5 2 224 2/3 yves 286.7 477.8 36.3
DH5 2 339 None | yes 4339 723.2 57.6
AUX1 1 0-29 None | None 185.6 185.6 185.6
EFFode Ja F43 AAY @ F3 &5 Astete] H7 FEirE A9

F Sturman, 2001)
EFF2OAE E2E9 HCI WHE &8 3 #2485 A= & i, H3

oA A e FHE WaA F Aok

3. A7 A71¢ HolH &
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o of7]o) 2byte] ©lo]E =79} 2bytee] AE IDE &4 HCIZ d7|A #th A=
HCI= 28byteE FAISH ®i= Aol DHI #AS AMEStER F /= E&ste] 2500
pus & HAESH HBE AA do]HE&2 20bytex8/2500us=64kbps7t Tk =,
o dlolHE&S 7o ® 37%7HA 7Agth Table 32 RFCOMM<E o] &3k #
20byte A7t o W] HlolH&S dERth 919 o= X7 588 Ui W

24 7 A7k a5 E delE gl Padth oA A A7zt dlo|

of

i

o

lo
2

H&d mxE IS Za|F= Aolth.(Jennifer Bray and Charles F Sturman,

2001)

Table 3. Data rates for 20byte packet into RFCOMM compared with

maximum rates on air

Symmetric .Rate Asymmetric . Asymmetric .
(kbps) Forward Rate (kbps)|Reverse Rate (kbps)
Packet 20b 20b 20b
type Max. re glti Max. re Sllz Max. re glzer
Rate gu’a Rate g Rate g
stream stream stream
DM1 108.8 64 108.8 64 108.8 64
DH1 172.8 128 172.8 128 172.8 64
DM3 258.1 43.3 387.2 64 54.4 32
DH3 390.4 42.3 585.6 64 86.6 32
DM5 286.7 25.7 477.8 427 36.2 21.3
DH5 4339 25.7 723.2 427 576 21.3
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Fig. 15. Audio subsystem on Bluetooth
BEE2 SCO a0 ofd ddd o4 FA2 Biss ved P 5 oo
olf HAEES Table 49 o] & 20 A|2¥le dHoly HAEEI Hluwst=
W o]tk Table 4914 EF5F2 SCO €9l 64kbpst A ol HAETEOR
BE el ¢4 BAL FseAl AlFh 2eu SCo WAk gode @ A
T ode orje HEoE AHTEx &t).(Jennifer Bray and Charles F

Sturman, 2001)
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Table 4. The comparison of audio data rates

System Quality Data Rate(kbps)
Audio CD Stereo 16 bit @ 44.1kHz 1411.2
MP3-encoded Stereo Near-CD Quality 128
POTS Telephone Mono 8 bit @ 11.025kHz 88
GSM Audio Mono 8 hit @ 8kHz 64
Bluetooth SCO Channel Mono 8 hit @ 8kHz 64
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1. 33 F4° 4& dvolH&
2 A= A dolH 2715 500kbyte, BiFEE 1000byte® 3ol H o] €

AES s WA HCl Bde F3 2 F25 Alasta of o G

_‘_l—’_
o W3 AEE d& & dvh 2 FH FH2 0~FF Atolo] 2 yehl=d 2

3T
=
Hdrs 2 J3 548 #@e et FA 4449 9

[
i
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o,
(e
offt
rlo
)
X
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i1t

. Fol A 5 71713k A7 BEe feAEl 10mol ol WA ol & 3}

Akl o7t Qe A% P33 F2LS FO~FFAl9 =& e Yeuydld. &

o] fetAE L 100~150% HelolaL FefEo] e AfolME 3 F4L DO~

EFS Yetdoh 28an feAg oldeM® e 72 5§ Fof A JeA=

B3 4L BO~CFola 38789 150%0]dola Foj&o] S 49 da &
o}

A& Boolstel gre 2

ol A2 AA HAoNA AAgEr). 2 A A= “HCI Create Connection” ™8 %
o & A Fejrt 2AA Aol “HCI Change Connection Packet Type”
S S8 Packet Type et Bl s At Zhzhe] ACL iz Hejd=

_25_



3) HolH& &4
of FellM= 2AE HCI Mgz oy f4oAe] g2 49 gs gt

H
WA FelE WA 7|dA DM % DH w7 FejollAe] tlolE &S Z43le] &
A 38}¢laL, o] Z Table 59 veEFAATE

Table 5. Data rates by link quality and packet type

| A (dolH & | 2Alvol| FE7IE | D2 | 2j3 [HelE & | dAldH ]| FF7]&
w2 | G | (kbps) [El&(%)|dolEl&| 2 | GHl | (kbps) |E&(%)|HolH &
DM1| 471 43.3 1 DM1| 402 36.9 0.85
DH1 | 722 41.8 1 DH1 | 538 31.1 0.75
DM3| 1794 46.3 1 DO~ |DM3| 152.7 39.4 0.85
e DH3 | 266.7 455 1 EF | DH3| 1423 24.3 0.53
DMb5| 232.6 487 1 DM5| 199 41.6 0.86
DH5| 363.6 50.3 1 DH5| 221 30.6 0.61
DM1| 455 41.8 0.97 DM1| 192 176 0.41
DH1| 70.8 41 0.98 DHI1 | 36.2 20.9 0.50
FO~|DM3| 163.3 42.2 091 |BO~|DM3| 1015 26.2 0.57
FF | DH3| 2581 44.1 0.97 CF |DH3| 349 6 0.13
DM5| 219.8 46 0.95 DM5| 5738 121 0.25
DH5| 3175 44 0.87 DH5| 365 5 0.10

Table 59 YEbH ZA T P32 F4o] & FO~FFAolol A= DM #7 FHeju
U= DH w7 e HolHE Afsts Aol ag&dola, A Fdo] Tl
DO~EFel A= DM =713 DH #j#lo] H|S:3h dlo]B &S ¥eol=dl DH3, DH5
AR A= J3 FZo] FFY we] 50~60%% 74t g2 Fdo] v
BO~CFollA&= DH #HlZ FeHXtt= DM #Z FEH 2 dlojE HAE5S 3t Aol
Ade & F Atk 53], tF £35S AMEsk DH3, DH5 #7l JEolA =
ol a, DM3 oA 7hd E&o] =tk da Fdo]

N
7HE w2 BoolskRl A= 23] A AW VI7E FHA Fee A A2
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4730l =] & RAHF A Fde] A7) HolE & dgS AT AL & 5 4l
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HCI ¥# =717F Qlvh HCI W= o]&4 o2 Ho 65535byte7HA Ao 7Fssht
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A= 7 7l Fejol dlo|R= A9 et Aard AV1E A FOEA] HlolE o
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L2CAP, HCI 3lti7} Alg €A H+e=d 2

ujol dlelEl & el gIelo] ek e}
EEEV e P DEEIERL S e

S dHolHes EIh

ol

CI ¥3 ool A7]olA Aatd =2

H
Al 3T 277t

dolg dE Al

A5G =7

]
7 28 7

o

RFCOMM,

A9le] glek. Aoz ATFY 218 IR

AA s AL dlolE Sl T4 @52 ¢ 4 vk Z18al DM5 ¢ DHS si7lY W=
selz=e] 717k HCI wel 217] ghuct Anz volelge] J3e mxx ek
Table 6. Date rates for regular stream
Sl e D i it ) B A W A 1
3 H (byte)| (s) [(kbps)|(byte)| (s) |(kbps) 3 (byte) | (s) [(kbps)|(byte)| (s) |(kbps)
9 |164.3| 24.3 | 365 |87.3| 45.8 19 |1452| 275 | 375 | 57 | 70.2
26 | 112 | 357 | 375 [889| 45 73 63 | 635 | 396 |56.6| 70.7
27 |1476| 27.1 | 382 |884| 45.2 74 1743 | 53.8 | 558 |55.1| 72.6
DM1 43 99 | 404 | 467 |875| 45.7 DH1 127 | 58 67 567 955 72.1
127 91 | 439 | 567 |87.7| 45.6 153 [59.1 | 67.7 | 759 |54.2| 73.8
178 | 89.2| 448 | 756 | 84 | 476 183 | 61 | 65.8 | 936 | 54 | 74.1
183 [90.3| 443 | 759 |87.3| 45.8 207 [56.8 | 704 | 951 |54.7| 73.1
195 [ 883 453 | 951 |87.9| 455 369 |56.1 | 71.3
113 1289|1384 | 717 | 21 | 190.5 174 1227 | 1762 | 567 |22.8] 1754
183 | 275 | 1455 | 759 |23.2] 1724 183 | 36.8 | 108.7 | 723 |155| 258.1
DM3| 233 | 2451633 838 [ 20 [ 200 |DH3| 357 |159|251.6 | 759 |17.7| 226
354 | 2171 184.3 1 951 [20.3| 197 375 119.1(2094 1 906 [159] 251.6
596 | 227117621 959 | 20 | 200 540 | 16.6 | 241 951 |16.9( 236.7
215 | 26 [ 1538 | 759 [18.2] 219.8 330 11 | 3636 | 739 | 142 281.7
375 | 185 2162 887 [16.3] 2454 375 | 181 221 91 (111 3604
DM5| 439 | 159 | 251.6 | 951 [18.8( 212.8 {[DH5| 967 | 124 | 3226 | 1008 |11.1| 360.4
567 1199 201 | 1011 [16.7] 239.5 669 13 | 307.7
663 | 155 258.1
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Table 7. Optimal stream size for each packet type

3|71 @& | DM1 | DH1 | DM3 | DH3 | DM5 DH5

A 9
Ard =27 756 936 838 723 663 | 951,1008
(byte)

3. 33 ¥R AE 271 1T dvoHE

e guz e A aYn e 93 FAoA delHgel @43 WolA
DH1 3§79l mel Aae 495t

Table 8& P21 FQ3 A 2719 B dole &2 B4 Aol Y=
FAol T4 ge FujolA AHe] A 2719 Aol HolE el MAE FF

= Ho|F Table 8o YA 24 ¢ dlo]E| &3} Table 5914 129 At

H
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71(1000byte)oll wigh HleolE &S mlasiny dlojg&o] MAES & 5 Uk

Table 8. Optimal data rates with optimal regular stream size on low link quality

4 =R . 27 o) HA4 e At
51 W (e an| I gems | anewy
e ° (byte) S (kbps) | FF7]2 dlo]E&
DM3 959 21 1905 095
DF DH3 723 19 2105 0.82
of s} DM5 663 20.7 1932 0.74
DHG %1 165 2424 0.67

Fig. 19& 2} 3zl PHjolA "HaFdo] 7HE e wdl FFE 7|2 & dhof
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Fig. 19. Data rates using optimal regular stream size by link quality
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