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ABSTRACT

In this paper, we propose an adaptive beacon scheduling algorithm to control a reception period of actual data
according to variation of amount of traffic in IEEE 802.15.4 LR-WPAN(Low Rate-Wireless Personal Area Netwo
rk) with the cluster-tree topology. If a beacon interval is shortened, the amount of the traffic a node receives ca
n be increased while consumption of the energy can be also increased. In this sense, we can achieve optimal en
ergy consumption by controlling the beacon interval when the amount of data to be received is being decreased.
The result of simulation using NS-2 shows that the proposed algorithm improves performances in terms of packe
t loss rate and end-to-end delay compared with algorithm using a fixed beacon interval. For a design of cluster-t

ree based LR-WPAN managing delay-sensitive services, the proposed algorithm and the associated results can be
applied usefully.

I.M B < &5 g 744, w70 wjEE 49, g
3 s 2 P AEAAE AFE=E ¥HE 10m
H FHIFE 2 MEY TV 438 oA U oluie] AR Fd UESZY Uig o] o}
* gdigtal e et YREA AFA((jekang, hrpark, jklee} @cse.hanyang.ac.kr)
=S KICS2008-11-486, AU A 12008 11€¥ 3%, HAF=EH5YA: 20099 3¢ 39

255

www.dbpia.co.kr



ST EASFB|=FA] 09-03 Vol. 34 No. 3

A3 Q) olHd B4 2t UEAel P HE
£ 3olA USN(Ubiquitous Sensor Networking)<]
8T AR A7, AR o4, WA A 5
2 73 FHAE3] AYs| = 7]<°] IEEE 802.15.4
ol A3+ LR-WPAN(Low Rate-Wireless Personal
Area Network) o]t

IEEE 802.154 &S 7[EAo® 4F EZEA
£ Adata, HESZ] S flshA Hl4(mesh)
EEZAet FPaH-Ef EZEAES FHsia 3l
o 2 72E 2e F UEYY E= PC ¥
TV FH 32 #HE 915 A Lqf= HES
a5 8] fEFe F2 Y EEEAE AR
She Wb, g2 Aolx AREE A8 A Al
28 58 9EiMe FYsH-ER 7 Bo &
H2og FEHA Utk ST d2A, LR A
Aol FHE F Bl e JiRle] pAEE e &
HE ARES 3 xo=m 5] HsiMe AY
EZEARIC R A7 23] 7hesith ey
A W W] b e gk ae] 94 A
A e 94 AF FARE Aoz FFs] ¢
SME 802.154 LR-WPANS ZF#E-Ed] EZ
FAE TN G8H0T 8% & Stk

v EEEAe} g, Ze2E-Er] EEEA ¥
g9 LR-WPANS 348 749, SAlehks == Tl
= AR AF TEE olFo] R #AE A
g 5, R == BATIE Ale] Zadel ofs)
A =E== 5718t "ok uebA 718k AR =
EE52 Alo] =g el A4 9= Beacon ZAFE
% AR % Duty Cycled W} Active T34
Inactive 7 WHERroZX B Q3 Ay JHlE
=Y F AUrk =3 Ele] A1 Add] s,
Beacon ZH YL o83k FEZQ UEHIE Ao
7F 7hssiH, ol AE A] HAkso] x| vjet
o] golétal, 7zt k= HA koAe FEE o
Aek= g glol #HAo| ZAR2E wet A3k 54
< Ml itk a8y Fe2H-Er] TFEoA HE
=0 T IS k= FA == HolErt
HAee A T4 == 2AHY =5dFE F - 54
Sl Bl Efe] o] golRE dujHow @
< AUAIE &HsH "tk g B o] EfY
< End-to-End HE AAARHY 715 7AITIR
2 RS vk A=) AS TdiEl] ofgeh 1
FaL olejel], Ad HZ W2 2F CSMA/CA(Carrier
Sense Multiple Access with Collision Avoidance)
TRESS ARSlEE, sHgE Akl sk o

frr

»

ol

r

256

o] A === Rl HFshe HFY FEE|
EolxA BiR E4Eo] AXch

web] B =57e YEYae] 48 9aix IEEE
802.15.4 FvixH-Ef] HEYaE FHEd 3¢, =z
L7} AR dlo|e #e 11213le] Beacon Interval
S A8HoR o EM, UESI W] i3l &
AES Solal AMNZE TaATEE EH-o] Jlth

2 =7 vsd Zo] g€k IgdlM= IEEE
802.15.4 LR-WPANY] ¥ 2| F29 F2|2H
-E] UIEYA 7Fo|A 9] doy HEzel sl
A A3ty M= AgkslE 232 Beacon
2AlEY GagFsel disiA Avfsta, VACAE
T4 % Beacon IntervalS ARESh= Rdla}l do]g]
2ko] wle} Beacon IntervalS ZLZF o=z XA+
7o) des Hla Hrigith w2 VA4
T 8 =7 488 9=tk

IO. IEEE 802.15.4 LR-WPAN

IEEE 802.154 LR-WPAN2 #4072 o]5sl=
A T4 BAleA F2 ARREY, 7HEe] AHet
I A Ao dloly o] rhesithe Agxlol
Atk AE HE WrezE= A4 7Hke] CSMA/CA
ZREZS @A FFA At vk 2
2E-Eg] 7]¥ke] LR-WPANS PAN Coordinator,
Coordinator, ¥+ Device S-S = =52 T
AJ=)=d], PAN Coordinator= E#2H W9 =&
o7 FHEe =224 FE2H-EY UES
A AAE #E)sh= =0tk PAN Coordinator 3}
#9] Coordinator &2 ARile] 3F9e=Ql uk
DeviceS25E JHE F o7 zjilo] B do|g]
o} FHA 4912l PAN Coordinatorol| Al HEél=
Lot ¥hde, T tE VB EZZXR Y
YIEQZ= 3dh}e] Coordinator7} the]  Lwk
Device9} 23 B4ls 7hdst Fxojth 7 ==
27}A] E}4), FFD(Full Function Device)2} RFD
(Reduced Function Device) <ol 3+ 71X E}QQ]
7171e]tky. FFD+= FFD<%} RFD 2% 5218 4= 3l
o1, PAN Coordinator, Coordinator ¥+ Device
249 9%e & 4 gich ¥hAY] RFDE FFDY
glste] FAIE 4 lom, Q=] DeviceZA9] <
ek & = ok E3 olEgl REEL V|EFo=R
A EEZEX FEE JddEed], HIde HES
9] s $M SesE-ER EZZAd U3)
@77} ololxl e

www.dbpia.co.kr



=% Z82EH-Eg 7|4 LR-WPANOI| 4] End-to-End A|AAA|7HS Z0]7] 9138+ &84 Beacon 2AEH dag|E

2.1 fro=y =

IEEE 802.15.4 LR-WPAN©®I|A4] Coordinator= H|
EQF Yo & DeviceSolA UEHY=Z 71719
5718}, Beacon F7|, WESHZ 2z} T3 22
ARy} x3tEo] = Beacon TH| Y-S FU|FHOE
BREI|2E 3tk #EFo|M= Beacon®} Beacon
zZH Qg Alolo] F2E = dolgtar sk,
BO(Beacon Order) #toll 2Js] Z7A %= BI(Beacon
Interval) #to] +HZH| I ZolEs vehdoh =3k
SO(Superframe Order) #toll &3] ZA=+= SD
(Superframe Duration) T-7F AA|Z dlo|g7} A
FEE Active T7FOZ BI a3 A#gle] 34 16
Nel €202 oAy, o] #Ih ThA] CSMA/

Ad HZT WAoF dHloJg] Filo] o]Folx

+ CAP(Contention Access Perlod) T A I
7 §le] Coordinator7} 574 &S 8 £2& &
I3k CFP(Contention Free Period) T7to2 UF
o}zlt}. CFP T7H& VoIPS} 2Fo] Akl Wizt
3k EAS zh= EgF9] QoS(Quality of Services)
2 2As) S8 vlg] 94 5o 5 g

713 19 IEEE 802.14.5 LR-WPAN<9] 3=
& FZ)A Superframe Duration SD9} Beacon
Interval Br& AFshke 21 thsat 2t

SD= s BaseSuper frame Duration < 250 ¢))
= aNumSuper fameSlot X aBaseSlot Duration X 2°°
=16 % 60 < 259 Symbol

BI'= s BaseSuper frame Duration > 25© ¥}
= aNumSuper fameSlot X aBase.Slot Duration < 25©
=16 % 60 x 259 Symbol

o] Aol so9t Bo= T 4 3)F o] 0
oA 14410]9] k& ZHAH, BOSt SO Ateole] #A|
of wel shte] Z#H Y WellA Active 73He] HIE
UEM= Duty Cycle2 4] 4)3} o] Alt=]of
=

™, o

Cap CFP
Beacon (Contention Access Period)(Contention Free Period)
e

’g ‘ GTS ‘GTS‘ Inactive ;‘
\\\\\\\\\\

D\ZS&EE?BE\DH\ZISM\S

Beacon interval(Bl)

SuperframeDuration(s0): Active

2! 1. IEEE 802.15.4 LR-WPAN 9 Z# e 7%

0< 80< BO< 14 3)

Duty Gyde (%)= 25929 %100 @

BO%} SO kel Apold wie}, st =Y
elxe] AAZ dlole HFo] WA= Active
T HlES 7 4 9=, ©]ZS Duty Cycle
olglal it} of|E B, S0t Bo9| 3ol ZE W
Duty Cycle®] 100%7} EH, fFozgdde]l A 3¢
o] Active 7Zte] HS L3t} ©]213t Duty Cycle
w9 FHE A7 fE ARMEAEE,
T=+= Active®} Inactive 77H HHESPHA] oy
2RE Y ¢ I w1 A S de #
9= "o} sost Bo o] BF 159 e
Al =™ Non Beacon-Enabled Network ®2]0 2
EX—}O}UJ] FHZHY 25 2] gA ok

r rlo

N
t
mlru it

\'L
‘ni

2.2. E2{AH-E2| #0iAM Ho[E ME ohy
O 2+ FH2AE-EF 7]¥Fe] LR-WPANOIA]
== 7re] "oy AF ARl tid dE HoFth
XZ ©E Beacon Intervalg Zre= A == A, B,
C7l & W, =& B FHH-EZ HES I

Al AAETE A9 AS] BEEE A% &Y AT
A == ce HlolHE Fakteth o] W, Al
7t 1o)X HolE7l #ASE == B AlZE 12004
FEw=E AZHE Beacons FAISH ol HlolHE
ﬂz‘“—%} T Aok ", A== ColA dHlolHE
$3le A= A== C7F == B9 Beacon
Interval U1 glomg L+t BE AIZF ¢1 o]F
o] 28 WA= Active 771 AJZE 3004 22
== CoA HelHE AT & Utk wEhA] 3
ASOZE HolE7t Role thite] oA FE-
Al == 7] 3 E(one-hop)oll 3= dlolE]
AE A, AL FH

W

H119] Beacon Interval

Beacon Frame

parent A

aw o | |

2! 2. Z214E-Eg] LR-WPANOJA] tlolE] % Elo|d)

257

www.dbpia.co.kr



ST EASFB|=FA] 09-03 Vol. 34 No. 3

M. 2™ Beacon AAIEZ Y12|E

S 2EH-Ef 7|¥ke] LR-WPANO|AE PAN
Coordinatord]] 77k =EU4E Eggo] IAZH &
Fafo] WSty w3l IEEE 802.15.4 LR-WPAN-S
A He woZ CSMA/CA HAS Algsla
Jom=z dHlolHE HF3] 3 Ad HES Al
Tole A4 == F7F BolAAl H¥ HolHe
FEZ 3 AHFe] VM Aok oA ouA
ARZ A7, AQAZES SoluA I o}
g B AollM= dlo]ejzkol ulg} Beacon Interval
< A&HoE WP dagEs AKEe=
A, Ad AAE e =29 5 Fola tlofE Y
End-to-End {2 A IS FHiglslaiA} g

3.1 H|o[E{Zko]| = Beacon AHIEZ

Zt 2E=e Y A A 7 EHES F
s3] $lEiA, FAlske dlolele] gkt S W
stEs sl ol F&sprlel FES s
g3k Hevt ok diFRe] FY~H-Ef 7bk
LR-WPAN 9] $-&Fol= Z9}9] PAN Coordinator
2 FH ARt $SEEHEE, 7 Coordinator= 3}
FoERRE ASHe dolH#Ee A3

a3 3& EF Coordinator’} F7HIZH S F<to
EfY 4 S B ivA e
2] Coordinator7} F4lsk= & dlolH#S S5

shd, 52 the 2ok

F

¢

S, =Y Duta, ®)
j=1

Tz Jo] HHE-E wjulc} Coordinator= W 7

HIZJoA FAlE= dHolH#EHS SAHE + o

v o] dHoleizke] M3}l u}2} Beacon IntervalS

Zgitl @A) frHzy ol Ae] HlolelRat o)d 4
ol HolERS Hlwsle, dHolEEe] F
7ol me} &322 ALk Beacon IntervalS T
+ ARkhs garglgel o8l Z2A=w= Bo el 9
3 gezick

E 12 B4 ==Vt ol T Fy=d ]l

Aclive Pimiod | Inactive Period

» & HOF

HMM e ™ | H

J2| 3. Coordinator®] Ho|EH =4

258

215 dloJejgke] HIE o]&3led Bo e AAsH

712 gaglFolth 2 (209 Bl ALHCIA
Beacon Interval> BO #to| 19+ &7} & wjnjt}
204 sojuB 2 Ajtele daElEe dolE Y]
A9 WHekge] wWol 291 2aE FH3 AYE
BO %k 784lol|l o]&sit) wiek dxjel dHo]E o
H3) dlojejgke] 20 SolUAl =W, @AY BO %
S 19 Z4A]AA Beacon IntervalS HEOZE &
oA o B2 HolHE AT & J=F stk

aev dolElRke] FA3] wWslsiA] efol AR
FHZH AT oA =Y Hlugko] o 2
©)F 22 el dojA Bo Fel FA=EE B¢
olE, XA3] HoleFe] VAV HHade AT
E oiHlsy] fsix vl e zEdel AR A
T wgksd o8 po @S Agsith

o 4

1 5;
10325 < logQ(S—) <log,2 6)
1

i —

E 1. BO & AXsh= 712 gad

N

. 5
if log, = > log,2
i—1
5
BO<—BO — logQ(S' )}
i—1

. 5 1
else if log, S— §10g2§

i—1

S
BO—BO + | log, (—— )}
S

else
BO<—BO

2. wlolele] WgEo] He - BO #e Ak ¢

iH®
a2F

T<—T><7’i

if log, 7 >log,2

S
BO<—BO — | log, (=) w
5,

re1

. 1
else if log,r < IOgQE

S
BO<—BO + | log, (S—’) }

i—1

r<1
else
BO<—BO

www.dbpia.co.kr



=228 2H-E7 7|4l LR-WPANO| A End-to-End A GA7HS Z0]7] 93+ 28A Beacon A& Lug]E

SEREE S EC DR ES DY
wesh puske dolEgel Mg ek S, o

£ et go] verd 4 gtk

"= @)

wabx oo Y]l SRt Bo kel Wst
7F 918 wiell=, & 29 GaEEH 2ol r S F
of v FrHZH YN vlolE Weg] g AR
5 GAEL dE B9, r #ol 271 F¥ Ad Bo
 WHAAET BlasiAy FAleks dHolEge] 2w
st Zol=&, Bo & 3 E9A] Beacon
IntervalS REOE ZolH dGg AIZF Ftol| 24|
o] diol"HE FAIE 4 A "ok 383 r g
Al 12 2713} AIAA vt HloleF ®gE 7+

AL F J=F 3t

3.2 Beacon Interval Z=&2| of

Fe2H-Eg] 7¥ke] LR-WPANOIA Z} Coordinator
© Alo] gk ulolElRRS sl o Ao
Ajke dagjEe R Bo s 2HE F Uk 17
3 o] BO F2 2] (2)ox41¢} o] Beacon Interval
< Alkkslr] S8l o] &E 7ok

ag 4= FAlEe dHolE e wet 2HEEe
Beacon Interval®] o5 RoAFTh A iHA| 773
zZH AL ARE 1S FHZHY AR Aoz ZE
= BO 3 SO el 27} 29 Duty Cycle®] 25%
2 AE JERTE o] B FAlske dlolEEe] S
d o, o] FHIZH DA I vlolEFT A
Pt 34 s Afdde o W +)HA 3
z# ] Beacon ZH|US HEE of, (i+2)¥WA
oz A AlF AlFe] A Beacon IntervalS
A8l t4 AIHYE 2geiA Bick e oA
A HZ JoA Gl dHolHFF 5o0] o]ze]
dlojel=kel] Hla] 28] s uA =W (+2)HA
Hzgle] AR AES AIRE 147} obd AIRE 37}
=i, ¥l dolEjge] Wte g FolEH, AIRt 15

i 210 Active Period
=
+

1T sH=HE

I 1 I
tl 2 13 t4 t5

+

T2l 4. dlo]e]3o] wE Beacon Interval®] & o

2 vhA ®L Coordinator= (i+1)¥H#] Beacon
ZHAE BN =B dA LAl Eck

T3 po el 2l wEt Zh =y
Duty Cyclee ZEHAL, HAl Active 73] A
ol 9Elx|A| itk wahx $A18Ks HlolElHe]
F7F= BO ol 74asAl =W, Beacon Interval©]
FoAA HEZ dAG ARF Bt o Be 7¥HE
gddo] A7IA "ok ol =71 6 A5 dlolH

B 20T F Q=T 5] A 8 Axsts,
39 wEEvE FAske delE) AQANE F
[e)

A 4 Stk 3k =TelA] g Elgy FHu)
A AXZHS A9 =9 Beacon Interval¥} 7O H
2, JEHZ Yol Ezflgoe] 2o} Beacon Interval<
Zo|A HH ZAF}ZHOZ End-to-End HZ AL X
AANZEO] ZEA Hoh E3F Active TR S}
Z CSMA/CA ZEEZE g HZL 3= ==5
o BAES FFoEHN, FEE %t AHEE =
ol &3t AXIth Tt FAlEjof sk Hlo]
Ej&o] Zo]E™ Beacon IntervalS THA| 24 H
28 1A% Beacon IntervalS Z&3= UEHA
o Ak Ag AAAIE dyA] &H] 54E VA
Al Bt} Z, dlo[E#ol] wet 28482 =E Beacon A
F9<S Fo=x, FuILE-Eg 7IHe] LR-WPANY|
A A7 EHES HASlekal End-to-End A8 A
ANE Y F ok B3I X AXZHE Fol7] 9
3l Beacon IntervalS Zo|W o|x] AHI7} Z7)5}
= o] QANE A-2ZFHO=F Beacon IntervalS
23] Wizl AAAREE BASH=E QlojA] €l
YA &ZHIE HAg & 5 ok

V. 85 &7t

ARtsh= dHolB@S 13§k 282 Beacon 27
9 EFY A5S W] 9lEl, NS-2 AlE
HolHE o]&3t HolERe WE 7 &HEG
End-to-End AXZHS 578317 9gh 2dS A
3t 4 7)[EAHOo=E IEEE 802.15.4 LR-WPAN
FFA Yt e A=y BdE Oz F
&k v 22 7S Bk 3N, FY4H-E
2 VIESFIA HE F(multi-hop) HEo] ©]Fo]
A} 7} =04 PAN CoordinatorZ G|o|E|7} &
HEe A Fanks adsidct 24, 8-
Eg] YEHIA Beacon ZH Y] FES WA
7] 918§ BOP(Beacon-Only Period)S AHg-3FitH .
A, ==52 FY3 HeolH AF ¥AE 7/

259

www.dbpia.co.kr



st
A
oft
o
o
10_{'
r-1n
=
=
°
S
w
<
=X
w2
=
&
w

on AT WAEE AL A=k A,
/‘é%‘#éﬂ TF FEsE 1 Eg HEHIA R = og
== Qo 7pgEith =R

Rige) Zr === Hi AE0] A2 Poisson H
X=Z dHolHE AT B =FoAe shie]
PAN CoordinatorS 4102 Z+zF 1070, 20719
o] P ZEl2H-Ef UESA WolA
A5S Hrigth. 1 o]9je] AlxFl wErEle o

339 2k

a3 59 62 31} PAN CoordinatorE F4
o3 717} 1070, 20719] =E=E0] FY2E-E 7|
1kl LR-WPANE IS o, Edf wistel] wt
2} 1745 Beacon IntervalS ARE-5l= Rdla} Aot
3= Beacon ZAlEY el wet wf zHd
vlt} Beacon IntervalS A-3Z 0= WMZAs= Hdlof
oiEie HF SHES Sk Efge] 18t
H I5E T Bdoae] 7 £45] Aole A
A AXY Fe2E-Eg] 7Hke] LR-WPANX=
Egge] wAEo] 855 FY PAN Coordinator

o ©
mm
=

KR
=4

E 3. Aol e,

Item Value
Area 50 mx50 m
Transmission rate of data frames 250 Kbps
Transmission Range 15 m
Initial MAC beacon order 6
MAC superframe order
PAN Coordinator 1
Number of nodes 10, 20
Data frame size 50 bytes
Conductive power 10 mW

100

% f
80 f
70 t
60 f
50 |
40

Drop ratio [%]

30

20 L —— Standard

—eo— Adaptive Bl

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

T2 6. Traffic Load SVl wWE 97l £4E (=T=4=20)

DA k=S| FAsoF she EdFe] 549 =
oA "ok ey o] w, ulojHFt AJuglo]
14¥ BO @& AR A, E CAP it
A AFe AEshe EdgE 7l FE0 e
o2 gzlo] Edu= Aol WS Ha, E
o] "WoldE 7l EHEE TS SV
ok &, olsh o] Ao Edo] WS ol
= of =EEYEH AdEe ol Hla =
=7} "HolHE A8 § E Active o] #7)
ot webA Ajbshes 7HelM= Alshe El

olejZo] e 7% Beacon IntervalS FA FH3s}

_4

o2, s Az Al Active 7S ©] e
o dHolHY FEES EUoEHA 3l EHES
=9 + A

g 73} 8° ZYZt PAN CoordinatorES F4©
2 UEYA W =59 F7t 1070, 2070 4 o,
Egge] Wl w2 Hu AAAZHE HAFTh
78R o2 Fej2El-Eg] 7]¥ke] LR-WPANO] E

100

%
80
70 b
60
50
40

Drop ratio [%]

30

20 | —— Standard

—e— Adaptive Bl

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

18
16 | —a— Standard
14 —e— Adaptive BI
o
E 12 F
Fhor
[0
o 8
2 6l
<
4 |
Py
0 P
0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

T2l 5. Traffic Load S710] @2 7l £A4E (=54=10)

260

J121 7. Traffic Load Z7}0l W& HFAAATHE=ESF=10)

www.dbpia.co.kr



=%/ Z82H-Eg] 7|5F LR-WPANO A End-to-End A|AAIZHS E0]7] 913 282 Beacon 2AEH ¢1dE

16 | —— Standard
14 b —e— Adaptive Bl

Avg. Delay [sec]

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

T2 8. Traffic Load SVl W TR AATHE=E4=20)

dgo] FrtetA =W 89 Ads oY ==
E0] FTH3IEE End-to-End Y AR F7}
st Aok e 3" 79 oA E Uxol,
7182l 1A% Beacon IntervalS H-83l= 7450l
Hl3) Ajlbske 7] AAAIzIe] o HA wAg
ot AAR == 71 AY AAATRE s
Beacon Intervaldll F&Fs e, 2185k HlolH
o] Z=7}3PH Beacon Intervale] FolxA Hol #
2 AIZE W9l Active FZro] A¥ElEZ A|AAIZE
< =Y F Uk =3 IS ARt B A
HolEE F418  dom= ge HolHFeR
Q18] 7:_‘01@ T Je AANZEE HolH=H g
F Atk webx SEl2H-Ed 7Rk
LR-WPAN LH"“ Efjg g0 st A9
LE=7F FREel s vlolERe] BWoldE AAR
A AAzre] A YA %= ©lfi= Beacon
Interval®] 717} Zolxl7] wiiolch 13t At
Sh= 7|92 ©]9} o] End-to-End MY A|AAIZE
& BAsH W), HolEe] BWE wo o
F71Z Active 7RHS AFSEE oA Aol
AAE @] AUrk

3 9%} 102 EZige] sl wE =tof o
YA &HIE HAFE duA] &Hle S U3t
= 5‘5—7} A P AR SRS U:]
Adsh= 7IHolAe dHlelEFe| wEt %
Beacon IntervalS Z&go xR sfzl -"‘—’é‘g-g =
ojl1 Jer=r 7} mt= o B JqUAE AHlE
A "ok 53], Be &Y HolHE 3k PAN
Coordinatorol] 33 =T=UFE oifx] 4H|Fo]
AAA Ak =3 FuHoR Ze g HolHE
LA S mES0] EAltE HESZoAME 28

I‘

A
B

WF%

l

120

_ —— Standard
£ 100 | .
£ —e— Adaptive BI
S 80
a
€
> 60
2
S
O
O 40 |
>
o4
2 ot
w

0 R .

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

21 9. Traffic Load 71 @& odU=] AR|(=E4=10)

120

—— Standard

—e— Adaptive Bl

60 |-

40

20

Energy Comsumption [min]

0.01 0.02 0.03 0.04 0.05 0.06 0.07
Traffic load

T2l 10. Traffic Load 3719l W& oy AH|(=E4=20)

2H-EZE FASI e =29 4 2od B
S4E A9 =EEY duUA] LHIF EojdoEZM,
oo £ gs FoEe & 4 ok

IEEE 802.15.4 LR-WPANS Z¢|XE-EZ| EZ
X2 PAYES o), 7 2 A dEY=] I
o] folslte Aotk hddt F2E Ze AY
EZZAo g #ert gAe AN ¥nE Y
& R YGellM Age] HolEE AHAFPo=w 33}
710 el 548 7L Utk oM HE =
o, ¥4 #AX = A 22 8§ Eopl HF

Sk TEZ AREH ok
V.2 B
IEEE 802.154 LR-WPANS 84317 93
HE F82H-E¥] EZEZX]= PAN Coordinator®]|
A ==UdFE Efo] JFHe ddo] A
st wabA] Zh ==o] §X|9} H3e] dHgle]l

261

www.dbpia.co.kr



FAI8F3])=A] *09-03 Vol. 34 No. 3

U3l Beacon IntervalS AME3HA € Z-ole A4
T

=4
2
re

tolEe] 580 Zlel ARES
A7ro] Boldogm, UELA Yo Ed)

= YA AU F U "o webd 2 =
k=

l

7 wesh dolEl®e] wel Beacon

IntervalS A-2Aoz 2AFI}oZH HEHE A

£28S FH43F8lal End-to-End AE X AA|7F
Z°]& Beacon ZAEH 7IHES AFSIATE &=
NS-2 AlEHCIHE ©]83t A5 Hrt 4y, J)

E>PSE=

EHET W ADARE FHAA Aol A

e AL IS A e 4 wsst

Mahe dlo|EEke] E4te] =31, End-to-End AN

ARkl W HlolElEe] AEEE B TS

yad

Felshl 289 4 Aok

[1]

(2]

(3]

(4]

262

o

to

Ao
rot

“IEEE Standard 802.15.4 Technical report,”
May 2003.

Anis Koubaa, Andre Cunha and Mario Alves,
“A Time Division Beacon Scheduling Mechanism
for IEEE 802.15.4/Zigbee Cluster-Tree Wireless
Sensor Networks,” Euromicro Conference on
Real-Time Systems (ECRT 2007), pp. 125-135,
July 2007.

Sofie Pollin, Mustafa Ergen, Sinem Coleri
Ergen, Bruno Bougard, Liesbet Van Der Perre,
Francky Catthoor, Ingrid Moerman, Ahmad
Bahai “Performance
Analysis of Slotted Carrier Sense IEEE
802.15.4 Medium Access IEEE
Transactions on Wireless Communications,
Volume 7, Issue 9, pp. 3359-3371, Sep. 2008.
Anis Koubaa, Mario Alves and Eduardo Tovar,

and Pravin Varaiya,

Layer,”

“A comprehensive simulation study of slotted
CSMA/CA for IEEE 802.15.4 wireless sensor
networks,” IEEE(Institute of Electrical and
Electronics Engineers), pp. 183-192, June 27.

[5] Mario Neugebauer, Jorn Plonnigs and Klaus
Kabitzsch, “A new beacon order adaptation
algorithm for IEEE 802.15.4 networks,” IEEE
Proceedings of the Second European Workshop
on Wireless Sensor Networks (EWSN 2005),
pp. 302-311, 2005.

[6] Shiann-Tsong Sheu, Yun-Yen Shih and Lu-Wei
Chen, “An adaptive interleaving access scheme
(IAS) for IEEE 802.15.4 WPANSs,” IEEE
Vehicular Technology Conference (VTC 2005),
Volume 3, pp. 1523-1527, Jun. 2005.

[7] Diba and Curt
Schurgers, “Energy-efficient wakeup scheduling
for maximizing lifetime of IEEE 802.15.4
networks,” International Conference on Wireless

Mirza, Maryam Owrang

Communications, Networking and Mobile
Computing (WICOM 2005), pp. 130-137, July
2005.

[8] Gang Ding, Zafer Sahinoglu, Philip Orlik, Jinyun
Zhang and Bharat Bhargava, “Tree-Based Data
Broadcast in IEEE 802.154 and ZigBee
Networks,” IEEE Transactions on Mobile
Computing, Volume 5, Issue 11, pp. 1561-1574,
Nov. 2006.

[9] Junkeun Song, Kee-Young Shin, Misun Yu,
JinWon Kim and PyeongSoo Mah, “NACA: A
New Adaptive CSMA/CA Algorithm of IEEE
802.154 in

International

Beacon-enabled  Networks,”

Advanced
Communication Technology (ICACT 2007),
Volume 1, pp. 266-269, Feb. 2007.

[10] Ho-In Jeon, Yeonsoo Kim, “BOP (Beacon-Only
Period) and Beacon Scheduling for MEU
(Mesh-Enabled USN) Devices,” International

Conference

Conference  on

on Advanced Communication
Technology (ICACT 2007), Volume 2, pp.
1139-1142, Feb. 2007.

www.dbpia.co.kr



=5 FY2E-E8 7|4t LR-WPAN©|| A End-to-End #|9A]17H

Zo]7] 913 -84 Beacon 2=AF

Zt X 2 (Jae-Eun Kang) A3l

2001 29 kgl xzh
AFE T =4

2003 29 xgFadista
27188 MAL

2004 3€~FA] SHdsha
AFEE e Ay

<FlEol A olFEAl

gt 5t 2§ (Hak-Rae Park) =3

20079 2¢€ SAUIEgw AL
52 FsE &9

2007 3€~EA| e A
FEEEH A

<Rl A o]FEA,
AA EL=Z, By F4
A

0| & T+ (Jong-Kyu Lee) 21319

19799 2€9 S A}
I8 &4

198611 5¥ w= UCLA A}
F8} AAL

1989 2¢¥ w3 UCLA %=}
3} FeEkAL

19901 d 2€~3AA) IS
AT wr

1979 3€~1984d 8¢ ISt A7A A7

1989 39~1990d 2¢¥ 4R ARFA A4Aa
4 A7d

<FRoR 2 olEEAl, FUY T4 B4

www.dbpia.co.kr

263



	클러스터-트리 기반 LR-WPAN에서 End-to-End 지연시간을 줄이기 위한 적응적 Beacon 스케쥴링 알고리즘
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. IEEE 802.15.4 LR-WPAN
	Ⅲ. 적응적 Beacon 스케쥴링 알고리즘
	Ⅳ. 성능 평가
	Ⅴ. 결론
	참고문헌


