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ABSTRACT

Bluetooth Low Energy (Bluetooth LE) is a representative break-through communication technology for wireless
personal area networks on nowaday. In this environment, most of significant performance should be aiming to
energy efficiency due to the policy for manufacturing light-weighted communication devices derived from
requirement of world IoT market, and many researches have been developed to satisfy this requirement. While
Bluetooth LE has been leading the low power communication technology required from the current market by
employing duty cycle and frequency hopping approaches, it couldn’t address the problem of reliability on
broadcast transmissions. The main goal of this paper is aiming to addressing this problem by suggesting a new
method. Furthermore analytic evaluations would also be proceeded to find objective results in the view point of

broadcast transmission efficiency from Master device.

.M B e Fo] 243 2vkE 77 R 2 et 54

3] S7heta AD}
214)7] 291E 71719) G2 uhekal Eaige) 4 olo} 2+ 2mbE 7]715- LTE 59] o] 5-541%
S <laled, A AEE Pk el A8t I Wi-Fi 55 5% el Aot dxjziale] 5
© APPEES HAShaL 9low, mRk AvhE ex]e} H Folglont, AntE WiEe} AvtE ofx], fef?

¢ First Author: Dept. Information and Communications, Seowon University, izeho@seowon.ac.kr, %3]
= E D KICS2015-08-249, Received August 11, 2015; Revised October 14, 2015; Accepted November 6, 2015

2178

www.dbpia.co.kr



=8 | I0T-WPAN 313 o4 oluf#] &84 24 dlo]E Broadcast 7|

% A 5] 7|9} snhEEse] A1 SHoR
ale 2whE s))5e) A 2hie) FAEw glow,
AeAlel M S5t 54 5e 2 £F
s 5%, Solbis} AslEsE SHow

Sl=al, Ak vl Ale) vk Qs sher]e
Ae] B QL Gee] MESE B0z A

CEREE

o2 7ol dele] BAIE AR TIEe A}
84 1% 9lsle] gAHew ssiEn glow,
ofell W2 wEle] Z7)s) A% FAVL AE Ae) 2
A4 AL 7] Wol, 717] A8 Az ZAE
A A1 B4l 7|40l THE B4 7% Sne
Ak A3 ik

Bluetooth 5 7]4-& sAA7IA] AREE= 7)314]
o A 7le F 7P el 2 vlseld, =
Bluetooth BR/EDR[” (Basic Rate / Enhanced Data
Rate)¥} Bluetooth LE*™* (Low Energy)® -F%Ith
©]% Bluetooth LE+= Bluetooth Specification V4.0
o]ZRE] WxE 7|42 7]E Bluetooth (BR/EDR)
el =2 our] &£8E 32 ugkEdch
Bluetooth LE 7]$~2 7]% BR/EDR WHA3h= g,
dlole] AF 877} S Apolvt dHo|eE s
= v]5714] WAlFL Connection A& E31e] 57|
Moz dolee Adshs 1] WAl v A
oM, 571405} vl 5714 MAC ZREZe| 43
& % EL oA BES PP

Bluetooth LE 7] 7|2 Bluetooth BR/EDR¢]|
A FE A deld ASS HAeR &83k=
SCO(Synchronous Connection-Oriented)“] AL 2}
A5k On-demand Hlo|E] HS FAlo7 FxI3)
t} o] 7148 Master A=<} Slave A=|7} dlo]g] A
& Q) BAs= Ak oAt Connection A5
s Fel= AAE] ol7] wieel, F714<l d
ole] A% 877} A&4 02 HhAE| = A AZF Audio
Stream Aoll= A 3s1A] ¢4t} = Bluetooth LE 7|
&2 Slave’} Heolg 5418 87T 7fofnt
Master %7} Connections LA|H o2 AAs}ar,
vl g2 A7 Yol 2.8 dlolelE wiljt £ A4
+ FTE3e guE SHoE eIk

3k 7]¥ USN (Ubiquitous Sensor Networks)
Bl e AdH MAC ZREZAE,
Bluetooth LE$} 5317 Duty Cycle B8 -+
Aelgto 2 dlole] A} Standby Aelel 2] A
g aug #Ha8 se] odx] 55E 277, 5
A olefat W) o34 84 dlole] Aol Agtel

o

A $¥or, 53] nlE7|A MAC ZREFY 7§
Broadcast Audio Stream Hgoll= A18]A SxlellA
A% AgEe] A oshich

10T 373ollA= tefel 3El] Audio broadcast ©l
olg] Ago] &7E & gtk oE B0l 7S TVH
HlE3l PCEAE] Folg &3 d=Alolt o]o]E, ~
PLE BA7] SO0R Audio HlolE] AFe] 84
Jom, nef Hgme] ARgA7t F4 Audio HolEHE
413t 73-¢- Broadcast 3e]e] A% nhrlo] D asjch
E3} Broadcast Audio Hlo]|E]E $A15k= A= A
FolEs A 739, o] x| tigt oA g
g g o aE)

HA7EA] thefat eje] Y MAC ZREFO]
A2 T4l FelA oA &8-S Fol7] st
d7A=]e] gEA]RE Duty Cycles ¥-82] 02 Hg3]=
3t ol 4= Broadcast K% HHAlol] gt AlzjAde] v
&% Futel vk ujebd Duty Cycle 3H3olA
Broadcast A% 4355 =0]7] $l3led, e A
3 Exlo]|A4]= Broadcast Ho|E| S ojzj¥] =H A
$3h= WS A=3}s] om, o]+ Broadcast Ho]E]
E 4418 Master A1} Coordinator %F%]2] ol
A &L Adlse aav) =ik

#|< Bluetooth #5735 H3l= Bluetooth SIG
o]l 4= Bluetooth LE 7|%¢ll4] Audio A% 7152 A
33}7] 218} Isochronous channel 7|&-S 7Nkl
som,  FEAay FEYI IEE Sl
Broadcast Audio H]o]E] A% 7158 A2 Ao
2 EF 7S Pgetar olvk AL o] 7l A
Broadcast H|o]e] A W2 435]9] 541 vk e
2 NEa 9lom, ol b Adwel nje} o]
Master A%|9] oUfz] &85 FA Adllshs 247}
ok

gH, IEEE 802.154"" ZF 7|8 7ke = 7)
HkE Zigbee!?! EF 7)E2 w4 vIEYZE s}
a2 gJom, Bluetooth LE @A 27| 7|&l| wW4] v|E
H=E wEfstar qlek ol viq] U EYas, o2
= g3 Link Cost AH 5-& H#0& 2}¢H 7
Zoll412] Broadcast vloJE] AFo] BgAolct. 317
"k AAE MAC ZZEFo)|429] Broadcast % Al
o] BAEA] 97| wiitel o] EEAQ -
B Fdol Algte] HAF).

IoT ol 2~rtERbAL} HiE 5o broadcast
F 71%5S T8 5 3 et 5 Ee] &4
B 10T AlES0] &nkE 758 238k 24
A= 2 A = 9lv)h w2bA Broadceast Hlo]E

y 0

&

pil

N

ofh i

2179

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

5 FABRE A9 ouix] B8 TAlE S A5
22 977} vhA=]7] witoll, Broadcast Hlo|E]Y] &t
& b e WA akeA] AAdE ool dhe, oo
gt A Ze vieks B oA Yeplal gl

. o7 A

el Fei71719] s} ghabsle] wiele] Aloko®

Qlgk A r|go] A s 9o, Al -
2] Aol 48 sleAl 5 el B4l W] el

EAlehs B4l AH e TRl FEe] Sk AL o]
o] AHH FAl 71&2] 8ol FvIE L st ol
g Z72] WPAN 4l el A3et Axe §4l
71es $sle, Al #FsE H9Sk= Bluetooth
SIG+= 1km®] $71=] A= AW x4 7)<, =)
A vEH=Z, AAH AudicdF  Fol A"
Bluetooth 5.07} 7 ©]&-2] x}7] WAl 3t FF&
Bluetooth LE<l| 34 FaL /s 9ok

Bluetooth 7] 7142 Bluetooth SIGM! 2]
Core Spec WGellX FH- o7 21811 9lom,
2 1km A2] 4L 9J3F Long Range 7]&, ¢3¢l
218 2138t Direction Finding=} Indoor Positioning 7]
<, 18|32 Bluetooth LEE 53+ AAY Audio A5
2 9|3} Isochronous Channel 52 8 %&F7|< 3}
5 AeJstar o] & spsiar glrk

T Bluetooth LE®] §41 7=I7F &A=,
Bluetooth LEE 53+ A4 Audio %% 7]%0] Sks
g A, 2vtE 5 3RS B 5ol ok ¥
| Broadcast 150] 278 7 o7 oAl x|qt o
%13 Broadcast H}A]oll oigt xpHslE o34 213)%]
A o glom 7|Eo| HHH R AMEE|E= n3
24]A 3] Broadcast A% HlAo] &4 o Aot

EF 7|5 9]ol= Broadcast BFAloll gk 7 o
A theksl Fel 2 2w ol gl G. Alonso 52
ARl 93] %1885 Broadcast B2 Ad hoc
HEL] = 7 o|4<] Routing A5 $]&+ Broadcast
Hloks 1739k Ad hoc WMESFeM= 7t k=
7} ARA LR FalElA] Fehe Ay ek
ZA415 $15}e] Routing L7e]&o] F93H 7|5 84
1, o]oll tH&t Discovery 52 7|5 78 Al 875
= Broadcast H}4]&- Single Channel 734 7|41
sldck sIRE o] odFtE W 4o Bl xrot
Discovery 532 4308 u] ®HAI®]:= Broadcast
Collisions& e 22 S537] $13 Wil &, 4l

(o]

2180

FAdo] BAER| ¢F= Broadcast 8414l tigt 3
AR AAEA] S8k

71 d}el] RTS (Request To Send) / CTS (Clear To
Send) 7l w3HS- E3}o] Nack 7|9F] Broadcast 2
Multicast HloJe] A4 vFAlS w9kt 3 =] 3)
= v} glek o] WS Toneol2l= ©h Waveform
935 Nack A5 2 A3}, vle] 4l AFx] ol 4
A A7l 41814 58 AA]7} ToneS Nack ¥
R FA Aol Adsle] A sk H
2 A=Ak 3R] o] Aol A Nack=Z4 -85t
Tone A%+ dlofe] AL+ 3= Ad-S P o
g2 sl vAlS ARE3l7] ool Bluetooth ¥
T 71selA = Ege] Brlsslith w3t v Al A
| of| 4] #2Y%] Nack®] Collisionell W&k 227} £+
stz o] 7Hdell ©]8F Nack Collision®] -] i
o1 ISM tol4] Bluetooth LES 2H-8-38F #]x2
Audio A% el BE dlole] Hdwic) s
= RTS/CSTE gla}e] of#] &-8o] Asd 4 ik

IEEE 802.15.4 71%-S 483 Zigbee VIES =
#12] Broadcast HEHAlS W18 $13}e] A%l
On-tree Self-pruning Rebroadcast (OSR)!" #}FA]-2,
el 274 oll4] Broadcast 9ol i3t A4S 3l
ZAstedet. o] AT HA] 2F o|Ake] vlE A el
A1) &84 Wieks ABIIARE =l A7 W
of|A] A18]Ade] HAE|A] 9= Broadcast HMAlel| tigh
TAlE AR FEh, A vl FAIAR] d oA
= A T A WAl A el gick

#1213 Cyber-Physical 57135 9|3} Aloksl v}
Ae Two-Way wA]A] wEHS Eslo] PBS
(Pairwise Broadcast Synchronization) %7 ¢i|4]2]
Clock 7|8} =&& HAFHch o] HpAl
Bluetooth LEE- 2-83F Medical 333 12{3}912
tl, MAC AlZolA9] Clock 57| HE=E ¢
Broadcast H}QFS- $13}e] wots] gl o, 9] whalEa}
FLeA A=A e)A] o= 73 ll4] 2] Broadeast %
Bl izt sid A= oI35 EAAICh

. Mot MAC =2EE

3.1 HE5EE =4

Bluetooth LE %412 -85} Audio Stream A<
7oA e] dlolg] A EA-E A== Codec?] 7]
% HAlol] o]EAo|x|Rl, 1”13 o] kAo R
Audio AX Ao B4 TR Fd Z7]9
dlolel7} A=Y dloeEkel] FAIFe] dAZ

www.dbpia.co.kr



=1 | IoT-WPAN 37 ¢llA] ofuf#] &84 24 d°o]E] Broadcast 7%

Latency’} L5202 R Afw|ofolgic)

A7 F=A 55 918 Audio HFo] 3=
oJo} 8+ 79 Bluetooth LE 7|2 d|o]e] Whalake]
v A 2)7] wliol] 2 oulx] 88 B 5 9l
7] w-oll 42| BR/EDR 7]l us] o] 9k
3}A]4E Bluetooth LE2] Data Channel £-2HA] }A|)
7} Advertising, Connection 52| overhead & A1
371l Audio %ol Aoz o= a3t Latency &
BAs 5 glck

Audio AH= dA AI7E WellAqtk Agsejof A
wwxje] 7Ex|7} glem, A Alzte] At AR= A
FAow FAlEA] F3 Ak JH 2] 747t
7| wltell ohA] 253 F g4= Qdot oleisl 54
WHEA17]7] $13ke] @A) Bluetooth SIGel4+= Codec
NALE ¥R Sl 2 BA] AlzAke] e 8t
ol Bluetooth LE Audio %1% 7|&el W8k 87 A8}
S AR Aostw glew, A F
Audio A% A A|7HE 25msE AA sk, 7FA 0
2 AE= A AdE W8] $18k Codec W
~]& CBR (Constant Bit Rate) E]Z ZAA )
°]+= Codec &2 HE] A== dlo]elr} &4 dAgH
Aoz A=, Bluetooth LE 34 EA44A) oy
7] &85 Sisksl7] 9181e] 125ms v} 128byte ©]
shel wlele] A 2 wefsha Sick

= Audio AR A 544 21 13} 2o 5]
o 72 ulEE]= oJAE} Interval Weol| U3 7|2
HAEE, AF 4 old= o]2g Interval el
A" 9] Audio ARE AEF F Idle A7He ZHA|
Hr}. =, Audio A Kol tgt A% A 0|23} 1dle
A7 Well A=t Zlesfiof sh, tha- Audio A X7}
AE Foll= AHF "2 Al Z18E ar) glok

A, Bluetooth LE2] Data Channel Process®] A1
A 54 AA7F eh o g vbAE dole] S H a3l

Audio Signal

”\Q/\ A ‘c\‘ﬂ\ I\ f\ﬁ A A AN,
JAVAAVA V| TAVATARY AVAVA L ATATRVAIAY) Bluetooth LE Blustooth LE
- T l _ ovnn
oe e e |
il

Audio Streaming Idle Event
Data

Large
Overhead

CONNECT_REQ

DATA

21 1. Audio Hlole] 4 34
Fig. 1. Audio Data Transmission Process

d

Z4-g-ell7t AF3slar o2 A7 <d<dell4+= Deep Sleep
S fr=skeE dl gl7]ell, Audio A< AFAI7} Bluetooth
LE<®] Data Channel Process -4} #-3}t%]7] 3l&5c}
uw}2}A, Bluetooth LE 719k Audio Streaming tl|o]
B AHES $1g AE2E w7 YSe] dasick

UuE2] © 2 Broadcast B> A1E]Ho|x] ¢fow
u}2}A] Broadcast Aol thEl 2|4 gRE 98k o
T 7] 3] dFE]elske). 314 Bluetooth
317 EAAF Broadcast HoJElE SpAlele AR E
9] ofLf=] z}o] FE3}A] ¢ior, ulgbA Bluetooth
SIGelA = Slave A=]9] oU#] 4wE Fol7] $I3}
o] &t 714 /sl gl 22y 3% Bluetooth
LEE &-83h= 7Helede] 28] §Al 3HelA=
Broadcast 541 Ax|9] 4337} vS- &ks] zls)d
ALl elifwn], weba] Broadeast Hlo|ElE $413}
+ Master FA]9] ofz] T8 K] 23] aref=o]
of ghrl. £ 5= o]’ 7| S L T
Bluetooth Isochronous Channel©ll4]2] Broadcast ]
ole] A% Heke od-7slsick

3.2 Isochronous Channel Operation

2 oA Algrsk= Al Bluetooth LEE -£3F
Audio Streamol] W&+ Broadcast A4S 2I3te] Al
Al Al¥sl= 7|24, Bluetooth LE®] oly#] A5
S A&I5tA] o= 3 lA Audio Streaming 7152
T EE AEE Felo AF Al kst
ek

3t £ W42 Bluetooth LE ©] 52 3738 4
3} 1E Advertising Channel 2 Data Channel®}
SR o2 $od=n, Audio HlolE AES S A
22 A*dal 1SO(Isochronous) ChannelS- AJAdglc}.
ISO Channel |4+ 7]% Advertising Channel %
Data Channel¥} 22|, | 2% Frequency Channel =]
Frequency Hopping Interval-2- X't} ISO Channel
< 7]¥9] Adv Channel ¥ Data Channel®} Tt]&-<]
A 4 glem, olo tigh F2 Ak AHolE 13
20f] eIt

3= Bluetooth LE Device+ Advertising Channel
Aol 4] HQA] Data ChannelS 433}, dlo]E
F44lo] ¢kg%l Folli= Data Channels £33 %
Advertising Channel 2 5-7]%]=4], ISO Channel %
Al o]e} T g = F Qo o3le] A E 4
=t} = Audio Streaming o] 23 7-$- ISO
Channel-s A3k, g Afo] F8% Foll= A

A%l ISO Channels A=A|ZIch

2181

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

Disconnect Close 1SO Channel

Data Adv Isochronous
Channel Channel Channel
Connect Creat |SO Channel

2! 2. Isochronous Channel®] Ate] o]
Fig. 2. State Machine of Isochronous Channel

ISO Channel ©X+= Master #]7}  Audio
Streaming-S- A} Slave A& 0|5 Al
H ol o) Slave #*|7} Master A=]] A|e] 3}ol|
dlolelE $A418 4= glckh o218 ISO Channel L
g 33} %] Unicast®} Broadcast® T&Ft} =
Master A== €%l 259 Slave AHlA 54
2 A =2 o}E do]elE Unicast HelZ FAIS
glom] 739l wa} Slave AFx|o} oplgko 7 24=al
& 4> ¢Ji= Dual ISO Channels- A& 4= glck

ISO Channel ©l|4]2] Broadcast W2 H-E%#al
Broadcast <41 HFA13} thEA] Multicast®] 7H o=
F3)=c} = A% 1SO Channelel] 5% Slave ol
ARt Broadcast 4418 =335}, ISO Channelel] %
Z=]R] 94 Slave A% ISO Group Key 52| 7Id
< A-83}9] % Broadeast 24 ARE ISR
SIEE AAIEIgtE =2, B SlaveEe| EoloF &

739, 1SO Group Key+= Disable A]ZItk

A3 2 2 ISO Channel-> Master A=]oll4] ZQ
Al ABA=n], M2 Frequency Hopping Interval®}
W9l Hopping Patterns ®-H3ht} wket E3
Master A=]¢l|4] Broadcast Audio AH. AZo] I8
3t 73% alld Master A=+ HAEE Audio A E2]
715 gletstar ool #313F ISO Channel2- AJAIgF
F, ZFA19] Advertising Channelol|4] o]ol] gk A 1.

Broadcastto Allowed Slave

%.
Single 1SO Channel
1SO Channe

BroadcastIsochronous
Channel (Multicast)

Selective Unicast
Isochronous Channel

2| 3. Isochronous Channelol|4] AR+ Dual ISO
Channel & Broadcast Channel

Fig. 3. Dual Unicast and Broadcast in Isochronous
Channel

2182

‘Wait until Start
time of
1SO_Event

Wait unti
Wakeup
or ISO_Event

Rx Data
&
Increase Count

Tx Data
&
Increase Count

Rx Nack
&

Wait until next
Energy Detection Sub_Event
Is Nack Detected ?

Energy>= Thresha
o

Wait until next
Sub_Event

v
Wait until next
1SO_Event

Change Data to
Tx

Sleep until next
1SO_Event

=
19.

A|oksl= Nack 7|¥Fe] Broadcast 31 WA
Proposed Nack-Based Broadcast Mechanism

a

bl

(Hopping Sequence, Interval, Channel Map 5)& &
2} o]% Slave ]+ Master A=|2] Advertising
AR5 S48k #% SO Channel?] 575 stk
5, olell gk A Fel Wt 3% Audio HlolE] AR
2 g,

3.3 Nack 7|gte| Broadcast H|O[E{ X& it
M7
Broadcast A1 W2 54 o] 41 et
Al FAlsR= AAjel7] wstel, $41 =7} qlx|sHA]
F ohpe] BE Al mERTE Ack HZlE FA
sk 4= glvk wepa] Uub-Ql Broadeast 4 WAl
nll A3l el 2 Alsle) SRt ol2i’k WA
SN eiA 58S 2 Adfshs 84t 2

<o
T glom, ArtESA] 5o 48 mald A 5 ol
J

2+ Yok

A|o}s}= Broadcast A5 Wik ©
Asl7] $l5te] FAIEE25E] Nacks FAI8EL Ac
= T o= FHlE ARk & A okA
2% nH AN FERs ubE el vkalT) 2], Master
AL oux] =ZEES Fol7] $sle] Edast
Broadcast 5 #A$S FolaA} Ak 7]&o|th

Ak Al AHA 02 eubd el WPAN FH o]
F A4 7Fss1A]uh Bluetooth LEo] -4 )-8}
7] f15te] 39kl 7)otk wlEhA WEYZE 74
&= A= w1 Mastere} B+ Slave® E5%Ich
Slave A= Master AX|ZHE]  Advertising
Channel-S- £-5}¢] Master2] Audio Broadcastel tgh
=2 A EX oR-E St 4 glor, o] F al
gk 7~ sl% Master A3|2] ISO Channel %42

Hopping Sequence ¥ Hopping Interval 5= 333}

=
e
e
s
o
=

1

=

www.dbpia.co.kr



=1 | IoT-WPAN 37 ¢llA] ofuf#] &84 24 d°o]E] Broadcast 7%

©J Frequency Hopping A& =33t}

ISO Channel> ©% Audio A ¥ ©9]E 7|52
ISO Event 7H45- AAs1a7, ©+4) I1SO EventE 5%
3k Zole] Sub Event® n3] TAld) & sk
Audio AR 3] ISO Event} vl =], A
% Sub Event "It} 5 Audio AHE H 2ol vz}
A48k}, o]w] Frequency Hopping-2 Sub Event®}
o} 3gghch

Slave A7} A Master %%]2] 1ISO Channel©]|
=713k A%~ Slave A== % ISO Event "lt}
Wakeup 319 Broadcast &Kol tigt =412 7]t
t}. o] Slave”} Master 25-E] 43402 AHRE 5
A18F 749 Slave+ o] gl 3|Z1 = Master 2 41314
Fom, oz FES $I3le] thE- ISO Event7}A|
Sleep &lc}. HbHol| wtek Slave %47} Master Z5-E]
Broadcast JXE AISHA] 23F 7%~ Slave A=+
ARG S7E 915k Nack H|Z1& Master = FA18H
% t}S- Sub Eventol] THA] Wakeup 3] G418 A|%
Eiz=1

g+ Master A= 3% ISO Eventel] 5+ Audio
AHWE  Broadcast HEE  HAlshH,
IFS(Inter-Frame Space) Al7re] Ayt F Slave Z4-E]
Nack 418 Al=ghc) Wik ojuf o}y 7ls 4
A18HA] F-8kaL Channel 4 el7} Idle -5 IAI1FF 739
Master A2+ "} Broadcast AH 7} 2E Slaveol
A Aeder ALEdva 28, o IS0
Event 7}X] Sleep Ael 2 21413k}

3k gkeF Nack AHWE A18F 79 Master 43|

+ Broadcast A WS FAISHA] 23F Slavel] A&

=
54

If can’t receive Nack,
or if can’t detect any Rx energy,
Stop Retransmission

IFS \ZSES

o 4 9len, o] 4§ & ISO Event 1e] Sub
Event A]7]ell thA] 5 A W5 Broadcast JE]Z 2
A4 g} o]2idt Broadcast AASS 5 ISO
Event Woll4"t 83}, t}2- ISO Event7} ¥HAgH
75l Audio AR} W73=]317] wlEell Broadcast
A Fetr Az HAE Audio BEE
Broadcast SE|Z $A1gc)

o]9} 2+ 1SO Channel-> Masterll 2Jal4] F53d
= glew, ofd tigk A H= Master®] Advertising
Channel-S %3}¢3 Slaveel|A] <=ich

3.4 Energy-Detect 2+412| Nack 7|2} Broadcast
CiolEf ME et M

7 5% Agksk= Nack 7|4F Broadcast A< W
Ale] of|Z vehdich Algk vFAloAe] E Slaver
ZHile] 7|H8hk= Broadeast AR5 AgAow 54
g+ 7% Sleep AFel = %14]&}X| 5k v Z Broadcast
HARE AR B 35 So= sl &=
3}A] -3t Broadcast HRE AIgE 7-9- Nack |7
S Masterol|4] Hdglc) 3, Master+= ojuwdlk
Slave ZH-E{2}E NackE 441 7% el A RS A
Ag sty 2 Y A9+ S5 A5 Tt

A5 1€)9] Broadcast AXE #% ISO Event
o] oAz FAIHA] 338t Slave A7 B4 7
T B9 Slave A== 5 AlZtel| Nack H3& &
A8k =m, o] 79 Nack 72| FFo] WAls]e]
Master A== Nack I|7S o1#|3}A] Es}7| =)

w3 Wi-Fi, Zigbee, < R el  ZER|E=
Bluetooth =+= Bluetooth LE 5, 523 24GHz

¢

il

Change Streaming Data

Can’t receive Nack

Receive Nack or detect nothing

\I/ \L €= Stop Retransmission
IFS %5 ISES IFS ¥+ ISES)

TX0 <> <> TX0 <> > TX1 > > ans
Master -/ I

RX0 N | RX1
Slave1 ~ /

RX0 RX0
Slave 2 — 7/

~ SubEvent

ISO Event

Can’t Rx

Rx

Retransmit until NOT detecting Nack or Energy of Rx

2! 5. Nack 7]49Fe] Broadcast ¥2]2] o] - Slave 1 #x|ut =Als)A] 23 7%
Fig. 5. Example of Proposed Broadcast Mechanism - Case of Rx Failure on Slave 1

2183

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

Detect Nothing &

Energy Detected Energy Detected issi
{Collided Something) Stop Retransmission ay \ Stop Retransmission
IFS:¥ ISES IFSr¥ ISES IFS +IsES I IFS \SESI IFS 7 ISES
TXO € > TX1 4> <> TXO «» > TX1 €« > TX2 > > amm
Master '/ | ’
N RX1 N | N RX2
Slave1 7'/ | ’
N RX1 N | N RX2
Slave 2 7/ |
WiFi Interfering
«—» g
Sub Event | Can’t Rx
1SO Event Rx

| Retransmit until NOT detecting Nack or Energy of Rx

32 6. Nack 7]%H9] Broadcast 412 ol - 8= Slave 187 2 2l i 1Ao] AR 79
Fig. 6. Example of Proposed Broadcast Mechanism - Cases of Rx Failure from External Interference

A& ARESkE o A BAle] EAE - oA
Broadcast $Al< A3lsh= M 8gle] ==, o]
lated Slaver} $4181R= Nack A 7M1 whol ¢f
Fo] & 4 glrk 53] T ISM ol AdiH e
2 xS FYHOR vlolEE $Alshs Wi-Fi ew
€] Bluetooth LE&= %2 ZHS whe 4= glow,
Bluetooth LE®] 12 541 32 Wi-Fioll J3
7] BE7] witell Wi-Fi] CSMA/CA (Carrier Sense
Multiple Access / Collision Avoidance) w7 E0]
Bluetooth LE $41& 3]9]81#] 23t 7lsA = ok
w3l ¢l Bluetooth LE7} A2 7H1S & = gl
%% Frequency Hopping 22 <l3le] & &2
ARE WA e EAjg)

3 B3E T, £ AR Aol - 7H
ol 2|8} Nack Collision-= 5 tH] Wi-Fiell &3}
of HEAIE| AV = 2] A|99] Bluetooth LEZ <1
g ML 7l ko olel’h & 7ol digh
Nack Z-&°l djn]sle] £ Froll4= Master =2
Energy Detection 7]9Fe] Broadcast A% A&
Algkgke}l. $-41 Master == sl©d ISO Eventoll A4
Audio % 2-Z Broadcast e 2 4418 t}-g, IFS +
Zto] A\t 2] Fol| Energy Detectiond <=3§3tc}. o]uj
ntef 41 Energy7h A EA] 935 73-F e AR
Energy”} ED(Energy Detect) Threshold Zt¥.c} 2h&-

k>

5% Nack 55 94| lckar 73 5= gick w2}
4] Master A= 8|4 Broadcast A7} Ag-4 o2
AdEgety ZEesta S-S FelskA] W
Sleep AFel 2 #g1ghc)

gk "keF EnergyZb A% A% (mv 3xE

2184

Energy”} ED Threshold ¥t} & 73-9), ©]+= Nack”}
FAE gAY, = B Slave® 23] Nack FE0]
HEA AV, w9 ZHie] Algh 73-%olth o]
ZE A5= Holx 3Rt Slave A7} Broadcast
AHE FAlEHA] 23F 7-poln], weba] Master A3
+ Broadcast A H-& T} Sub Eventol|4] z|Z153lc}.

=2 o] Afdd= Lfv EAghel wkeF BE
Slave %27} Broadcast W5 AFA 082 FAI%F
IFS 77k el o] 7+ #hAio] A= 79~ Master
Z}2]= 2= Slave”} Broadcast XS SR80 =
E-73}3L Energy Detectionol] 2]3}¢] t}-2- Sub Event
7ol 4] Broadcast AR5 A|EAlShs 57} A
ghel SRR IFS 77 = AR Tx¢F Rx%t
Turn AroundE $J8l B.83F A|7HS ofv]slr] wjiol
dubd o g g 7o R dAEr

Bluetooth LE FFA¢l4= ©]& 150us #o-2 A9
slglon, ulha 9)9} 7h2 2 Fo] A BHE-2- vi|g-
F7] wiitel] dAA R AR oferha 7
4 oJr}. =3l Bluetooth LEQ] & £41 &3
Wi-Fi®] CSMA/CA°l d¥& 571 53, <<
Bluetooth LE®l| ¢J&t 7+ 7d-%- Bluetooth 7]%& 5
4374 CSMA/CA 525 saabA] 7] el IFS
T7F oA 5-E] Broadcast Hlo|E] 72 £ Q]S
ggo] wig- 7] Wi, o] F 7FA] Ak el o
&}o] Master ]+ 3%} Broadcast H|o|E| S A%
lof gt

olo} 712 e 2 BroadcastE Z R0l w2} 234
& 749~ Master A=|2] £ @3} Broadcast AHA5S-
S 5 Q7] wiEel] Master 21 9] ollUfA] 885 =
i3} & 4= 9lc) =g Slaved] Ack7l EZ83P7] uj

www.dbpia.co.kr



=1 | IoT-WPAN 37 ¢llA] ofuf#] &84 24 d°o]E] Broadcast 7%

ol 254 E]r—r—’] SEHA] @= SlavedAE 48
3 ] FA AFEo] AAA R FX] o
LRSI} i‘_ﬁoﬂ/ﬂli Sub Event <ol A|3HE o
Master #+%|7} Broadcast A XS F-&F Hl-E- z)*145-3}
=B AA % ol

ﬂ&f

v. M

olr
0k

7t

Energy Detections &85} Nack 7]|Hk]
Broadcast AXEE AASS= Aok WAle A= o
2 AAEShs 712] Hiklel] v]dte] Master A2
L83 S 75 FAA A BEE )
AF )k

Aot uk2]of| 4] 29] Broadcast 2% == AR 34

oA 875 BE A ARe 4l gl weEf
W= 4= ¢lx|qt, 74134l Broadcast A5 WbAl2-

olof] izt AAE AR sPHAT|7 ofzige]
gk & A ] A e A=
Broadcast 55571 F7hEolok 3lar vie] 75
= 29 YAESE Ak ST A A
o5 Agslr] =)

m

1O A
flail Xﬂ‘:‘& WAL ool gk A-8Ade] vl %7
witell, Hol S 75 24 STHIA /H;HU]—HE]—
o] & AT A = THoR 3

Ht} & Busy Ad 9] Master A== A=
2] A% 5714 BroadcastE HHE 43835} o>
2] Slaveel| FH‘?{ Al e %"é —’F 157, Idle =
g 3 oA] = SAle] A= of 71A]9F Broadcast Al
A s 5 } | wisZell Master #=]°] 238
gk oA & % TS 4 3k

25 54 AR AR $Al ks ARl EA1gE
t}ar 7} %}al BroadcastE /ﬂﬁ}% ttalo] Master
A7} EAZ S A 7189 24 A

BANAS] A% S N G okl 2,

Nrx=n 9]

SAHE Aok wAox 8] Do AAF e TS
vt of o9 =24 FaEE G S5 odck 941 s
< Slaveol|#] 3}2] Broadcast #Zl el tgk 41 Al

i pekn ook, 3 W e s
R S-S Qu, 3 A AL ALY T A Sl

< A3 HES Qo Ao W, (n-1)HA7HA
2E 7l A8 AEE = o HA Ad2s g2 Qw
o ofels} 2}

@

Ak WAle) 7w gk o] sjglolabe G4l

23 Slavess oAl BEE o)) glste] F4)
Sleep el A131817] whitell, (n-)WHA 41 43
olFe] nlAl AeEE ] et wEhA )

9] Slave 2 2&#& o pHA7IA] ZE S ave7} 3
=} Broadcast RS AFH o7 413 85 p = o}
o} 2k

m°“

Ak whAlel4] 2] Broadcast AZ% <= Energy
Detection 53§ Aol o]EH o2 AA=w, ulz}i
o]:l zlﬂ_/r: 7]-A-Io] g= 7‘:31_?— nE=E Slave7]— /HSLXJ o
= Broadcast® 41517] 93 F R AAS == p 3
o oJate] A5} A1 < gl

A S A8ste] Al Slave] b 8

= AA Slave 74 A8 v o], = Sk
of W AHA k= A AFES 13 73 ok
Bluetooth LE= 7]Z Bluetooth®} o] 5 F3<=
3ol 7S aEE] Slste] cSMA il
Frequency Hopping $2h& 3ghch  wlehAd
Bluetooth LE |7} 2l Wi-Fi 59| 7M& ik

104 —& % _ Vv v v v
0.9 e b
0.8+
0.74
0.6+
0.54
0.4+

0.3
0.2

3333

N

?

0.1+
0.0

NN =
o

Successful Reception Probability of All Slaves

-3 4 p

T T T T T T T T
16 32 64 128 256 512 1024

Number of Slaves (4)

IS
®

32l 7. Slave 7}l w2 A= 541 A3E
Fig. 7. PDR according to Number of Nodes

2185

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

73-%-, Frequency Hopping A=l wjz} 7H] AdS-
AR R QIR ZHAEA] 2 AEE AR
= oot uEhd 2 EAo= 9 AR Feke] &
< Broadcast F|Zlel| tgt H Al AAFES pE A
A H, 5212l p el gk AA =9 44l
AAEES aF 83 o] E=E3Iirh

718 A A vl Bl vt 549
Slavewd H 4l AdgEe] a=A @ AAF
g sl Whalo]7] wiitell, Ald $Hgo] %l
AN E DS 71 =R gt v A<k
Aol A= o9} 22 Aol Bdash AFE 5
7} Zk4E]e] Master A29] oUA] &85 F7HAA
ek 19 98 ol el A 373l st
o] F "219] Broadcast |7 AAE & epd 2
Fo|c},

ole} o] Aok HbAle BE Slaver} AgEoR

Broadcastg TA1F 799} T Tkt o %

w o

—

1.0 44¢:/1H‘:'0H“t0‘
0.9 ¥ e

0.8
0.7 4
0.6 -
0.5 ]

0.4

0.3 —a—p=40%
0.2 A —e—p=60%
od 4—p=80%
’ ~—v—p=90%
0.0+ Lo o o < p=98%

Successful Reception Probability of All Slaves

T T T T T T T T T T T
0 10 20 30 40 5 60 70 80 90 100

Count of Broadcast Retransmission Number (n)

2! 8. Broadcast A% ol WE A 4 AATE
Fig. 8. PDR according to Number of Broadcasts

g 28] —a— Constant Retransmission
S 6] —e— NACK-Based Retransmission (k = 4)
§ 2 —#4— NACK-Based Retransmission (k = 16)
S 22' v NACK-Based Retransmission (k = 64)
Enlesssnsnsanns
8 18- \ :
¥
g 16 Q\
@ 14
g L .
2 10 - BN ¥
® e
-.:1‘-5 84 ‘C\‘ K\ hé ¥
T 6 e v
8 4] e A
£ 2] "
g 0 T T T T T
z 0 20 40 60 80 100

Average Successful Reception Rate per Slave (%)

S8 9. sl WAl ARE WS) A 4 al]
Fig. 9. Comparison Results with Previous Approach

2186

N

o] §s 7A-5oll thete] Master®] AAE EAE
FHAFOZH, ofUfR] Hge] A 87== AHdY
2] 541 &7l gk &34l Broadeast A5
kS AAELAL o] & F53lsdrh
V.2 B

WPAN 330l M= tf 3] F41 A|7] Wakeup
e} Sleep AYelE WHE-5= Duty Cycle WS 4=
sygic) weba] o 7Hde] s 3dolekE Master
A== Slaved=]2] Wakeup AENE oIA|3h7]| &
v, w2}A] Broadeast 4l Ad3-E-2 A4 $H ol A
b o2 nA =] 5ok

&zl F21=| 32 ¢+ Bluetooth LE Audio Hl|o|E]
Aol High XF 7e2 oo} A2 S Hlshd
Master %*]9] Broadcast 5418 3} T35 A$3h=
n-Repetition FENZ 7tz Qlc}. sx]qt -5 ke
3}= Bluetooth LE Master A2]+= iR} tL 4
sle|o] A Zlo] ApHE}lH, webA] Bluetooth LE
Audio dlo[E] A1 2732 Masters2]ell tgh o=
8 G4 EEolof gt

B ox= fe) 2 8FE wEAF|7] $18)e
Energy-Detection 7|HFe] A28 Broadcast %1% ®}
A& 3ekslgler] Wi-Fi 5 9 ZHel whE Aljt
Hale] AEAS ASEtoin) mmgk A U EL =4
HWFAE]= Broadeast ANAS 9] 74E A3jew &
Wato] Master A2]2] V=] E& A& vepiod
ol 2 Ak Al ek AAdE 54l 36 54
o] 7ksd Zlow AtgEw, o] $l3le] LPWAN
(Low Power Wide Area Networks) 7|<l] tH3l &2
ATE Fled AFe|rt.

References

[1] Bluetooth Core Specification 2.1, Bluetooth
SIG, Jun. 2007.

[2] Bluetooth Core Specification 4.0, Bluetooth
SIG, Jun. 2010.

[3] Bluetooth Core Specification 4.1, Bluetooth
SIG, Dec. 2013.

[4] Bluetooth Core Specification 4.2, Bluetooth
SIG, Dec. 2014.

[51 I Akyildiz, et al, “A survey on sensor
networks,” IEEE Commun. Mag., vol. 40, no.
8, pp. 102-14, Aug. 2002.

www.dbpia.co.kr



=1 | IoT-WPAN 37 ¢llA] ofuf#] &84 24 d°o]E] Broadcast 7%

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

W. Ye, J. S. Heidemann, and D. Estrin, “An
energy-efficient MAC protocol for wireless
sensor networks,” in Proc. INFOCOM 2002,
pp- 1567-1576, Jun. 2002.

W. Ye, J. S. Heidemann, and D. Estrin,
“Medium access control with coordinated
adaptive  sleeping for  wireless
networks,” in IEEE/ACM Trans. Networking,
vol. 12, no. 3, pp. 493-506, Jun. 2004.

M. Buettner, G. V. Yee, E. Anderson, and R.
Han, “X-MAC: A short preamble MAC
protocol  for

sensor

duty-cycled wireless sensor
networks,” in Proc. SENSYS 2006, pp. 307-
320, 2006.

S.-H. Yang, H.-W. Tseng, Eric H.-K. Wu, and
G.-H. Chen,
tuning MAC protocol for wireless sensor
networks,” IEEE GLOBECOM 2005, pp.
3258-3262, 2005.

H. Yoo, M. Shim, and D. Kim, “Dynamic

duty-cycle scheduling schemes for energy-

“Utilization based duty cycle

harvesting wireless sensor networks,” IEEE
Commun. Lett., vol. 6, no. 2, pp. 202-204,
2012.

IEEE, IEEE Standard for
Metropolitan Area Networks, Part 15.4 (Low-
Rate Wireless Personal Area Networks), Sept.
2011

Zigbee Specification, Zigbee Alliance Inc.,
Sept. 2012

https://Bluetooth.org

G. Alonso, E. Kranakis, R. Wattenhofer, and
P. Widmayer, “Probabilistic protocols for node

Local and

discovery in ad-hoc, single broadcast channel
Parallel and Distrib.
Process. Symp., Apr. 2003.

G. Ding, Z. Sahinoglu, P. Orlik, J. Zhang, and
B. Bhargava, “Tree-based data broadcast in
IEEE 802.15. 4 and ZigBee networks,” IEEE
Trans. Mob. Comput., vol. 5, no. 11, pp. 1561-
1574, Nov. 2006.

U. Ghoshdastider, R. Viga, and M. Kraft,

“Experimental

networks,” in Proc.

evaluation of a pairwise
broadcast synchronization in a low-power

Cyber-physical system,” 2015 IEEE Topical

Conf. WiSNet, pp. 50-52, San Diego, CA, Jan.
2015.

[17] S. K. S. Gupta, V. Shankar, and S. Lalwani,
“Reliable multicast MAC protocol for wireless
LANSs,” IEEE ICC’03, vol. 1, pp. 93-97, May
2003.

[18] J. Lee, “A new routing scheme to reduce
traffic in large scale mobile ad-hoc networks
through selective on-demand method,” Wirel.
Netw., vol. 20, no. 5, pp. 1067-1083, 2014.

0| X & (Jacho Lee)

20054 : yH ety AxFF
gt A}
2008'3~2013% : w3t

71K A A 9)-2E b a) uka)
2011~20139 : A d st

QA
2013»4 2015»% LGAA} 244

HEFATA AT
20153~3A) . LAk AR EA LSy 2w
<A Fok> WPAN, AX U E$=, MANET, MAC,

WBAN, Bluetooth, Wi-Fi, ITS, Localization.

2187

www.dbpia.co.kr



	IoT-WPAN 환경에서 에너지 효율적 음성 데이터 Broadcast 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 연구 배경
	Ⅲ. 제안 MAC 프로토콜
	Ⅳ. 성능 평가
	Ⅴ. 결론
	References


