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Abstract This paper proposes a dynamic timeout
scheduling for energy efficient and accurate aggregation
by analyzing the single hop delay in wireless sensor
networks based on IEEE 802.15.4. The proposed scheme
dynamically configures the timeout value depending on
both the number of nodes sharing a channel and the type
of wireless media, with considering the results of delay
analysis of the single hop delay. The timeout of proposed
scheme is much smaller than the maximum single hop
delay which is used as the timeout of traditional data
aggregation schemes. Therefore the proposed scheme
considerably reduces the energy consumption of idle
monitoring for waiting messages. Also, the proposed
scheme maintains the data accuracy by guaranteeing the
reception ratio required by the sensor network appli-
cations. Extensive simulation has revealed that proposed
scheme enhances energy consumption by 30% with
maintaining data accuracy, as compared with the TAG
data aggregation.

Key words : Wireless Sensor Networks, in-network

aggregation, timeout scheduling

1.ME

FAANENIZE 4429 A3E wEHE A
8 B2 ouR] ARgo] ¢ FR3IE AXREEY]
A ARE Aot A HiE] wAA] A
o BA ¢ 2L U ARHD, A ouA AR
o] e REL tlAR] FAlo] AR HAIA Fale
2 Q% oA ARE Zo]7] 3 <A-vEYa ¥F
o] @o] AME-H: ItH{1-4]).

P-HENZ BHS A== AFHAA 5
JeozM WA Bid) ARHE AFE FY 5 st
ol Wie HEZ Edfgo] ZAAIA HA
E NEE Folmz HAAY) AgsHed ZEe
e a2 Uk 9-dEAS BEE A
BAAANESNZE 2 Ef EE22AE 7z, &
2 e Hole 24 A4 dHoleE Wi
3l Fte] WA BRrsg AL5ScH1-4] -
EYE #HEE P37 98iA AMEEE REEER
HAIAE AEetr] Mo AAe=2] HAAE Z|vheof

i

T

=3
)
12

>
offe

ir o2 ao



934 ARAGI =22 HAFH A4 2 A8 A 154 A 12 3(009.12)

ot olm, WL FY3r] Mo =TI HE A
A 7tEe ARES Bolgelgal gttt Efgdoleol
5 B2 A== R AAAE £ § Yo
22 dojH AYEEe FoAAT AFAHo] HojAn
dA AxFo] FIISH1-4]. wElA] o olE e
BEEE FAEA dux B&48 BolE BHYok
& AMg3te 3lo] Fadith

tole e 5718 %3] A% gHYole =27
o] F0AA o8 AR AH1-4] EB EEEAE V)
Ale FAAMUEYANA V)& dolE W 22
=9 AR FAE B fs FUAEY H
#e Etdolroz AMESHTh SA, AA] hREe
A= o] waA7} 2ashed dele Az 14X
A9 Aozt ¥R Foh oy FAA9] FHoigk
€ Bdolr g ARgdE AL AxF WAIX g2
A A ARE of7|@th B =Fdxs FHAAM
HES A #H3s PHY/MAC ZZEES) [EEE 802.154
LR-WPAN(ow rate wireless personal area network)
(661 7IWo R o] AMx==3re] FAAAE EA5)
I, O ARE o3t HolE W Al AR=E zol
A dquA EE&AQ dolH WS AT T3 ERdo}
= 2ASHE AGF
£ =9 7L U 2ok 23dA4E A-WES
W3 2 [EEE 802.15.4 thsly d#Ec} 37394
= [EEE 802154 7|t 2 AMEE Alo]e] FHA4A
£ A3t HIER A 8737 SEfEeAlHY a7
ARE aEld F3 ol 2AEE e XS
o 4gME AEE B3 AL Y HFE A
At 53oA AES P FF HAE AAFTH

it

2.4 &

2.1 S-HIERIT Wat

a7 1& A-YEYZ WP o9F RAETh ¥
l@edA == 27} B§E FP3A ¥& F-ole 471
9] "R (a, b, ¢, HE ALsiol It AT, 1Y
1) A == 28 AAx=s22E e dgolE a b, ¢
o} Aale] 37 ol dE ¥ f2 WIS 23T
AR 3 Al WA Afsd Jeh oln), ==
28 dlolE¥E Holl gglotaet AXx=e) HAA
(a, b, ) 7|k 7129 dHolg WH7IHAAM AA
e Ao HAA 408 AT A8 1A
A9 HNIMHSHDmx) 5 WMARAE 7lchdrH1-4]. 3}
Ak AA FBAAY HEELE SHDpee @ 2UF AR
ooz EYols 4 SHDmw 2 FAIRE AL
233 YA 2FE o718 4 3tk

A
i z=1f(ab,c,d)

(a) -MEN= ¥ s
238 1 d-viEQa ¥F o

(b) A-VIEQ=Z ¥H

2.2 |EEE 802.15.4

IEEE 802.154 LR-WPAN< Auj &, ALE% F4)3H
2 BN £4& F PHY/MAC VEYA AZ0g A
HEg a7t FHAAMEYZ S8 FI3 oL

IEEE 802.154 HEIE F 1948 Zo] ISM F
g4 gige] Fed 3719 FIg e Fgh
2 =Edxe g Foe digd Hs uliE A4
ez [ 24GHz YL F4ow B4FT,

IEEE 802.154 MAC Z2EZ2 H|Z-#FXH T =(hea-
con-enabled mode)$}  HIEZ-H]E4 2 =(non-beacon
mode)oll Al FFZL} HE-HBAHRC e EE
CSMA/CA ®2]o] Algdt) x=7} tolHE A4d
o, == o9 wWe= 7t F<t Z|viEch 2gar
AgmAZE wAHEGdle) FEIAA Fsta, wAMg A
gold HolHE HEdtn, 182 gow oA Hes
#4L& HEFY nE-FAPREE OY 29 e 9
ZHYd 725 7D fHEZH YL Zovlolean ¥
HE oo s AfHe wFog AR 59
zyde &5 (active) 7Y H|EF(inactive) T
2 Uzt HEE 73 5] =xe AAdY 2
2 Borta, ==t FAe 5 FHlAT o]Fo]
Atk &5 77He FY3 A7) 16709 £F22 UF
oJx 31 A¥HZ 7)1 contention access period, CAP)
3} FA%7]17Hcontention free period, CFP)E JAH
t}. CFPE QoSE 7HAe HelBE A% Aoz dge
&R (guaranteed time slot, GTS)o2 Ead. CAP
A sd ALe CSMA/CAE AHg8ch HIE F7)
(beacon interval, BN} +H=Z Y 7I7Hsuperframe
duration, SD)& HlZx}4(beacon order, BO)$} 73

¥ 1! IEEE 802154 &¢ ¥4

Frequency band | Symbol rate Modulation Bit rate

(MHz) (ks/s) (kb/s)
868-868.6 20 BPSK 20
902-928 40 BPSK 40
2.4-2.4835 625 0-QPSK 250




[FEE 2154719 ZAAMNES Z A iR &
YA A (superframe order, SO)LE ZAT = Ut
WAL et 2ok

BI = aBaseSuperframeDuration+2"° |

SD = aBaseSuperfarameDuration*.?so ,

0<SO<BOXIA4.

il

0 1 234 567 8901110 NHIS
1 Lt

f Car T TFP
S0 = ufaseSuperframeDuration * 2 ymbols

GTS L6TS Inactive

BI 0 aBaseSuperframeDuration * 20 symbols

o9 2 IEEE 802154 FHZ#HY 72

3. £ EHYoI2 2aHEE

E AJAMEe IEEE 802.154 LR-WPANE 7|¥te=z
st} AM=E7he FAxAe B43tn $§ fZA
ojdo] g7sh= HlolH AY¥EE RAFSINAT HolE
WMg golole AAshe WyE Mg

IEEE 802.154914 CAP $¢ tF T4 A% 44
Al 25E 93] 93 ZF === CSMA/CA ZEE
28 AE3th g x2x w3 "AE AERE S8 A A
WS (NB, BE, CW)& #eldt}. NBe CSMA/CA
Wox Ax Zlfeolch. NBE Z71@%E 002 054 5AF
o1l zrol & 4 Utk BEE W A'd H7Hclear channel
assessment, CCA) Heol x=7} 7jtdolsls WHex

NZHE Aoshs wex golt. BEY RIS 30]
I 03} 5Atele) WAE sHHch CCA Fol Ado] A+
Z(busy)ol® NBs} BE= 14 3719tk BEE 58 ¥
< 4 gla, W 35E NBe HUi 58 AFEd.
CWwe A7) Aol g Felold] "Wag 7] F
E 95% Holola z7|gL 20t

IEEE 802154 EFo| osld #o= F7)= 24GHz
Zd )9S 7)EoF 320us(20 symbols)o)il, ¥]Q
Z3719 FE [1, 2°5-1) B AdstA AgEn
WQ X7 7HTpo)e WREF7)(320us)st WL EF7)9
2] Foltk. CCAdl HFx ANIMTceca)2 128us (8
symbols)& ¥R %Eth

o

o I

| ol L >
Ll IQ—-.: Tee Teea :
e e e b7
[ iV Ty i T ) |o=ee | Ty | |
i |
l ol
! Total single hop dealy !

a8 3 CSMA/CA 71¥ F7kAA A4k

A diolg BEE AT T4 welolr 2AEY 935

EDAGL 29 39 o] 7Y R HA<A(gpd),
AEAA(td), ARRAA(pd), PLFEAA ()22 T4
Ha, ol 27 ZoH36]

shd = gpd + td + pd + cd (1)
aElar #Hle] AR FelA iyl glo] BEEH
ALAGL o) 3 7] W FY 2L XL AY
BT 4 o3l AMx=E Za2AxMe Al
MIPSel2g 2 e WHoE Fshed Hle AL
& 4 us B9 HX) gt [EEE 8021549 24GHz
ZaLddA]  HEET(bit rate)s= 250kbps  ©jth
70bytes =719 HA-& ALsted e AEAA(D
& 224msolth. AFENA ARErE 3410°'m/s0| 2
2 =27t At Omold AFA A (pd)> 0.03us 5ol
HA gorng FAY & Aot ALFEAIL EYY,
FHrso & Fo| YEYZA 44 w2 2ok A
dZSEXFL 4 ()9 o] ANE 5 ATHel
cd = RTcea + f(R, Trow) 2)

2 (2ol RS W= 3F Tees CCA AT
Teowe 2+ Woze tigt HoZ 7)2to)i AR, Trora)
= A4 wexd i3l Yex7|7ke] ot} & E
Wous £ Wepd AdFERAY od = 2Tcea + Thor +
Tpozolth., E]3 W EIF(R)E NB ﬂtﬂﬁk‘ﬂ 5%
g9e F glemg oo AL AdFEAAL

Cdmax = 5Tcca + .EW(TBO())

whehA] FIEA A Hoigre

SHDpax = Max(gpd + td + pd) + cdmae ©1Th.

B =EdMe FAAe] HgS Belokg e Al
£3F Ao DAshE 29ad oux] AEE Fo|Y)
3 vENA B30 wEt FHoR Yok =M
ok $& dZgAojMo] e dHolE FFEE wH
87198 AARES) g% 7t dolEE e x¥HE A
& a73itia HRE o, FHEYgers] fi: #FL
o 2o JEYZ o dAddE T ==
7t n7fola, dele 3 =27 #H3E AEdtein &
o2 =27} CCA Fd Hzle A$sn A& FE0l ¢
old Wo 7|7t Fel CCA EH Ajdo] vloglE &&
pE (I-g)7 ot} oW, g& A4 A% T ¥l A
7l Mbo] Ze A nlolth x We] WO T Fo
-’“5}\ HAE FEL p(l-p/olm, AA (1-(1-pfixn 7
=7} x He Wom Fo| HE4HE) nfY ==
%‘°ﬂ’\1 a%2 =271 A4 de Hex 3 x' 2
log(1-a)/log(1-p) °1B2& AdZEAA

cda = x"*Tcea + f(x, Trow) ©13L
a %9 ARx=g F257] 98 FLHAAL
SHD. = Max(qpd + td + pd) + cda. ©Jth

o



936 AuAss A HxEe 44 2 A8 A 159 A 12 3(200912)

Algorithm 1 Dynamic timeout aggregation
for each node; in the network do
hopCount; = hopCountpergy + 1;

Timeout; = SHD,
start_timeout; = CT + SHD{N-hopCount);

/WCT: collection starting time from leaf node
/N hop counts of leaf node, depth of tree
start TIMER with 7.,~0 at start timeout; ;
while(1)

data; <sensing value at node; ;

while 7e, = Timeout; do

if(received every datacmiug) goto L1;
else receive datacws) from nodecsiaey
repeat

L1.data; < aggregate(datacsias), data)

send data; to nodeps
sleep during T
repeat
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