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ABSTRACT

In wireless sensor networks, a sensor node with in-network aggregation adjusts the timeout which is a waiting
time to receive messages from child nodes. This paper proposes a novel timeout scheduling scheme for data
aggregation in wireless sensor networks, which adaptively configures its timeout according to changing data
patterns in order to improve energy efficiency and data accuracy during data aggregation. The proposed scheme
decreases the timeout when the temporal difference of collected data (data variation) from children is lower than
a pre-defined threshold because there is no occurrence of critical events. Conversely, it increases the timeout
when the data variation is higher than the pre-defined threshold in order to fulfill more accurate data
aggregation. Extensive simulation reveals that the proposed scheme outperforms the cascading-based scheme in

terms of energy consumption and data accuracy.
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procedure Timeout_Schedule(Query from nodepa)
// running at node;; .
extract hopCountpar, SHDpux, SHDay,
and DV from Query;
hopCount; = hopCountyay + 1;
5= (SHDmax - SHDaz:g)}

while TRUE do;
Timeout; = SHD g du;
start TIMER with T.,
repeat
receive data & MRGug from nodemiag ;
do partial data aggregation(curr);
update dv; ;
if (all messages arrived) goto transmit ;
until T, < Timeout;

MRG; = 0;
0;

//if dvi is low enough, stop receiving data
if (dv; < DV), then goto transmit;

//an event occurred, set the timeout to SHD, ..
/ /subtract the amount used by its child nodes
Timeout; = SHD\yuy - Max{MRGumiaw)h;
repeat
receive data from nodemiqs;
do partial data aggregation(curr;);
if (all messages arrived) goto transmit;
until T.,, < Timeout;;

// unless data are received from all childs
// finally, use the timeout margin
MRG; = &2, Timeout; = Timeout; + MRG;
repeat
receive data from nodemig;
do partial data aggregation(curr;);
if (all messages arrived) goto transmit;
until T, < Timeout;

transmit:
finally do aggregation with its sensing data;
prev; = curr;
send curr; & MRG; to nodepari;
sleep until next period;
end Timeout Schedule

a8 3. Ak Elokr 2AIEE 7N

SHD o = Max(sd)+ Up(td+pd+qpd)

o2 AR "ol ofy|x, sde WMo R, e
g AH, pde= AIAA, a3 gpdve 79 2
Z2AA) A|dE on|glcl,

2E WAIRE AR 3 AR, Feaes
Elglolx vkxle] Ak g2y Al elglolioll &
718t AR PAR]E ZiclRic) e 3 ARS-
gk Eldole] ok F Ry oA =t} e
AR e AR Elglely- whRlg arEdE 7
=2 e}dol{(Timeout) =

lo,

Timeout; = SHDyox - Max(MRG chiyai))

olty. thREo] ApAn-=9] wAR|7} SHD,, Wl
23A8lu 2 ZF :T(node)? Elols- wiR(HS

SHD.o:?t SHDa2l A2 27|31t 3713 el
obol miEEW Aot 71 v o) AR x=2
HARE wER] ok, FHF WIke T AXx
L= o2 717 ¥Rt

27 42 dlole] WEES AL AlE 7
71& A2Aleld 7S vl Zoloh 1§ 4(7h
o] Aol oA k= BE ERlolx
SHD,ox(2sec) 2 AR 13 4(7hAA == B
1920 BE AR =o] HA|R]F Riobx Ho|HE
BEslo] Fre= AR AFdot I3 40D A
ot 7oA = B EFYOFRS SHD,(1.5sec) 2
AARZL a7 40-PelA] k= B 1.5% &3
AlgE dieele] MgEe] 7§ WEERT Aore
o] ol vlARE FAlEHA] 9l k= D Al )
oleje} = E9 oA F7e TAlE HolHE
gsle] Fmie AR Agdct 1 23y T3 49
A At 7S A=Al s H]s|
20%(0.42) AZ wAA] 7] Ak 24 5 sk
dlole] H3ite] AaE Aud, sfaAold lo}
% 2AFHE ZHE7E 7Fol dHeoly Wikl A3
AVG(51, 53)2 520]a, Aot Eljloly AA|1EES
2435 Aol dole wWike] H3 AVG(DE
510lch Al eglolx AISE 71| dHlole ¥
g Azel AA| FAdHelE| Aol 38 HEH

S8HD,, = 2500,

AVGET, §3)

7h Aol Bdolx 2AIER

SHO .y = 2580,
SHD,, = 1.5860.
V= 8%

AVG51)

Child | Prew. 7 Cue.
D 50 5
E £y | Wal

(b A EHdotx 2AlEH
O 4. dele] WEEs ol8ste ARk eklety: 2A4ES] o)
329



ghor 2 A18H3] =%-4) "08-05 Vol.33 No. §

Aolde] Aefgt 7|E HEE HH ol &3} 2
H 49 AAE F3l, dlolg] WE-Eol FE3] =hE
o, At eldelx 2AEY 7PHS 7€ A o]
o ERelols- 2AIE sl ws dlole] By
AEE Syl ALY A3l glo] WAR] Wi7|A7E
= A3 EFYLEH R 2RE AYs] &Y
T AUe= & F 2ok

1% 5exe ol AFEE xo]7] $3) e
obx- vizl& A83 At 71 7)E A2 eld 7]
HE gt dIAE o]-8-3)1e] vk Zolok 1% 5
hel FMzAeld 7oA == B Eflol
SHDmax(2sec)2. 2A%}L 23 50h4 == B
= SHDmax 5t A v D] o A|x|ut 418},
A4 e B HAIR]&= A" Ao 7kEkar b
ole] Wi drk ¥ 5¢-hY AL 7elM =
B+ dlole] WiEEel 7IE WEE 2ol 3127 e
122 SHD,,(1.5sec)oN A SHDno(2sec) 2 S71A]7)
t} = B SHD,.(2sec) E9F ZFA k= E9] W
AAE AR S-S Elsly eldely vkl
(0.25sec) & 7l E9 wA)A] $4] 5L =4l
t} 23 50hdlA = BE 225%9 Ellele-g
AREREoBA A= DO} ES] WAA]E B 524

S0 = 258C.
Sl-iﬁm # _1.586(:, '
Margin = 0.25ec.

DV = 5% : .

Chiidi Prew i Cum

E 51 80

H Ak Bdelr 2AEH
O 5. Ejlelr vRIE o}83ke ARE eljlet: 2AkE=) o)
330

ghc} dlole] Wike] AE AlsRd s AAlo|d] €l
Jolg 2AIEA S A8 Aol dlele] ¥WEe] 4
I AVG(70)2 700]a2, Aok ellopr 2A|EE A
23 7-oll= dlole] W ] A3 AVG(70, 72)
750]ck FNzAlold eplolx 2AIEH 7S] B
A AA 3 diolefe] Wi Ao}l & Aelr} v
Z|gk Ao}t gpdol 2AIEY 71HE Bllelx viil
& AH83te B AA] 3 dlolee] WE 3 Y
gk ARE 7M. = Qlck 28 59 AAE B3, T8
oyl E Ao g dHlolg] WE-go| 7|E HEE Hr}
a4, At el 2AEY 7S FE k=o
Elgloby mhAlg A18gte 24 7iE Al aAlo|H kYl
ol% 2AEH 7|Hol vl F83) dlo|H & Br}
o] +AIE 4= gl dHlofe] WY HI}EE = +

e ¢ % e

V. 45 T}

Ao eldo}e- ~AEE 7 At 5
ol 2AZFE 7He Mg uvlHEl #H5kH
NS-2 UEH= AEHo)eAtel] a-vEY dlo]E]
e =

5.1 AlZel0o|M &

3E 12 A AR IRpvEE HojEr A
EelolAdoll ] 100708 AW xx=rb SHESHA] 1000
* 1000 2|zl wix|E i, Al e AF
Y+ 50 viE, Bz HYFLS 115kbps® 22 AR
. MAC Z2ETe T4 Al YE=S
EA4S gk AAE MAC =2EE9 SMACH
=+ A3, sAIRES] I8 RS 14.88mW,
PARES] I ARE 12.50mW, di7jR=e] 5}

E 1. Algdeld sl

z}ejr)E 7k
o] (N) 10074
Zhr]e. H4 e 50m
Ha g F 115kbps
FA1 AY 14.88mW
Al A 12.50mW
7} A 12.36mW
&9 Y 0.016mW
Azl Afe}z= 30bytes
dloJe] 4 F7] 1sect”
9 oWl E A Sl 10, 20, 50, 100




=/ A A HEYAA ddluR] Z8A0| 1 AlE

| =2 dlolE Wiks T AH Bdoks 2AEY 7Y

H ARE 1236mW, 28l $¥lnce] diw
= 0016mWE AR szle] Ale|zE 30
Hlo| B2 Aot AlA ol F3% dHlolel=
Wl Zelth F7]- 02 BSE AH4Hr) F2 owle
7t 429 Aol MAFEE dta vy SileE
A5t dlolg 3o Q3 vEY 3 Eb
olojol, SHD,. Hr} & F7kx]cdo] WAse s 7
A A MEY=Y Ay 2Qe sl Edule
Tk Al EH0]dL 10002 o £RIHEE
sk A (1ol 3l AEEE SHDe 3 [5]1E
&3t 003 22 A, SHD,, S ks
AdE Esle] 0.02 22 AAsIgch Al B o]Ald
Al o) 2ol AA FA A vESmE
A2NE BEosrE ok AYS PS AY =
= 2% 594 a3t A o] Eoly, wiR,
71E WEES 203 I A WS 98 Al
Aleld ellely ~AIEH ZHe 71F dHoly] W
FE°| 0%, 5% w9 At elgloly ~A=E 7]
He vl BAEIch AlEo)Adel4] dleolg] W%
2 0%8rh= 323 HAA e 5%Ec zhen
Z8olwlE A s uc)t 352 vl sleich

52 Y A2 ofj{X| 1|

A =2 AR AqUR= AM=r) £l
= AR Fof HjEgTE A xx oz An
© SHET & drypAl meox H9)4wrt
HA Fck a8 62 AxAleld 1= Aljgt 7
9] H oA AxEkE vl Aolch Aot 7Y
(DV=0%)2] HT 2% AUR]= AlzAleld 7|Hel
H AR R} fARset w F7)nke} AlE]
+ Hlo|E] grel FYI A= A glorz Aot
71H(DV=0%)2] A e}dol2 SHD,..7} ohe}

3.8
3.6 i~ % 85 -1 4

534 |

®

E 3.2 :

5 ,

° 3

“28 b T

o . B

" 26 —— Cascading
24 + s Proposed (DV=0%)
22 ¢ ~a- Proposed (DV=5%)
2

10 20 50 100

EQ O[HE gl 3
O 6. Eslolr 2AEE el ofE S 4% oR|0)
B3 iAAlel elslols 2~AlE™ 71, Aot 7HDV=0%),
Ak 7HDV=5%)

SHD 2 AR =7] ol 7]2=FAlo]s efdol-
AZEY 7193 AR A3E sREd Alje 7
(DV=5%)2] HF A% IR|E Fj2Ad 7
vlsle] 23% AHE AR Aw7} S-S B 5
ol AlgHeld &t F8 oWlESL =EA A
7] wiell, dlole] WEES ol83k= Al 7Id
(DV=5%) A3 A= difEe] 75
SHD &Sk WAIZ]E di7]3le}. 81X|Rl, 7l 2 o]
d ERlel 2AIEE JPHE ARSSke A k=
= A9 SHD,.ws3 "X 4lE $3 7| R=
2 2Rkl 1 Ay At 7PHDV=5%)
Aold efglotz AAIEE 7ol vls] A7 2o
Al AREE A7} (SHDpa-SHDaw)oll B3}
] 23, A dAR]Y] S £7] wlEell wAR|
FAlo g Qlgh R ARE ZEAaAZIE 18 69
A, Aot 71HDV=5%)> F2 olwlEe] vkl 3=
7} S7VEGE odluA] AnEke] SUIRch Faoldl
E7F wAshE Al 712 oS SHD 2%
F7HFIAL 28F ASolle FExs Elglolx
Rl FrIsted AR wiAIZ]E Hr|Er] o)
woll, FRoMES} AT WATPE oA AwEf
o] F7IRlc} ARk AlA| Alx VEYHZ 33l
FRoMEE X5 HRASER] 9F7] wfFel Alb &
TB]EE FfAleld 7ol vl A A &
4 Zlo oakEch

oo ¥ & gE |

5.3 tloje] =T Hlw

A AKX dEAZAA AL FFoht Z2AA
Adog gk WA &Adolt Rl dloly H
el Atz Faks ) 53, A4 vEH=
o] dlole] W3k A-fole Blobx o|Fl &%
st AARle S48 e Zdih 2 =1
A dHole AeEe Al 2E AX k=i 3
g odlelye] W3R J-UEY dHoly WHiks
3 e deld (X R A=E A=
L SA

v ,
: X~ X
Accuracy = 2[1 _[_?TL) Nx100%

o2 AA4kglcl

23 6& F& oHlE A 354E 1002E 3
S u), 2Ee Aot Fo oME W] Ao
tiated Zp Blgdobx 7ol mE dlolye] AHE:
E v|agl Zlolrt S8 o|WlESL WAEA] o2 B
E oliES] A% AaAed 7y slglope
SHDo:®1 3 A3t 712 sglelz-2 dlole] H%E

331



iEs (%) __...

Etel ot 7|

100

£ 80
y
T 70
60
50
Etlotz 7|
(+h) Z=8. o]l E(critical events)
100 :- __Proposed Proposed
90 |
S 80
%1 I
0 70

60 :

50 ¢

O8 7. elol 2AER 7ol wE AR - v
MaAlold efdoly 2~AIEE 71, Ak 71 (DV=0%),
Aot 718(DV=5%)

o

| 71 HEE He S812R SHD.°F §
2R} 23 7(7hellA A’k 71 elololgo] sy
Joldell wlsl =Rt A= Zdelx falgh
23E MRS & 5 ok T8 oplES} AEA]
B BEY Atele 4 AMxsdA F3E=
dlolel= oA wlol® 3} frksha, <AE AlA
e A dlolE Fol wlsElr] wiEel A&
= Seld sl At A9 gt

I8 70-he S8 oE HMYA] 7} elojolx
SAEE 7ol AREE vlart ook ARl 7|
HE%)7F A=Al 7ol vla] AFw S
13% 385 Asol 7rEs & 5 vk F8 oE

M

332

7F AR A5 AAAleld ZTHe BelelRE &£
1ol 2% SHD,. 2 3 A #A=5, A
ot 718 eflobE SHD, Mol BE A=
FE eAAE WA 2 o, s ofEE
F7t etdobrez AR 5 ik K YEH=Z
Hell EE F7H4) A F== a8l FAb Ao
A 7, Azleld 71HE 3AE Beleks
7HA17) wEell Aldeg <l dole EAE e
T flek AR Ak 7L EflolRe] 5% 7
Foll AHeES] AfES IR ARSI AL
2 olsf wAA] AL Y 5 itk T8 oME
Aol 2 AN meld pAEE HlolH )
& 27} Z7] e, et wE AR k= v
AAE alslol AR HE 3 €& 5 sk
a3 7(the AA olWEd g 74 shelokx
719 doly] A¥Es AR AAE S E
+ stek AEeld gt st ol
Ex 2F olMlEC]r] wie HA o|WE] gt
dole] AgEs BE oES] AR} ARl

VI. 28 ¥ &% A7

B =FdAe= A VEYFANA dHlole] HIS-
T o, dlojg] AHFEE FAFPHEA CRAE
FEA 0T A3l A2E Blglolx 7IHE Al’t
gt Al Blloby AAEE 7He 2] k=
2R £AlIgE dolee] HE-Ee| 7|E WEFERT
2t gz 7Fset eldol-E SHD 2 113}
WA oA AwE Zlc)h AN Al dHlo]E] e
HEEo] 7|5 HEE HAE dolxA F8 ol
E7} SRS 7hedel &2 Agele Hoh A%
gt dlely W{3he s s ERlelE
SHDyo, 22 37HA715L, D83 Hfolle FRkE
o] elglole vlR(MRG)S 7 = AHedit) A1 &4
oldg F3le] A rE Az JIE A
Aol elloly ~AEH ZPHA wasich A
3 Al AIY 71H(DV=5%)= sN2Alold el
obx 2AlEs el vlsl| W 4R oA &9
NA 23.3%, =8 oME A dlolg AH3w =
oA 13% AES] Aol o] $=ie B T3
o} &5 FAqM=E A =] 3 s &
NEZ AR Bglolx 2AIEE 7IHS AT
7] A&t A7E 3 AFo|ct



B34

A A e oA Ego)a AlgAe] & dlofe] Wit AT AEA Blokx 2AE" 7Y

1l =]

(1)

(2)

(3)

(4)

(5]

(6]

(7)

(9]

(10)

gnEs
P. Levis, S. Madden, D. Gay, J. Polastre, R.
Szewczyk, A. Woo, E. Brewer, and D. Culler,
“The Emergence of Networking Abstractions
and Techniques in TinyOS,” USENIX/ACM
Symposium on Networked Systems Design and
Implementation, 2004.
I. Akyildiz, W. Su, Y. Sankarasubramaniam,
and E. Cayirci, “Wireless sensor networks: a
survey,” Computer Networks, 38, 2002.
Y. Yao, and J. Gehrke, “Query Processing for
Sensor Networks,” Conference on Innovative
Data Systems Research, 2003.
S. Madden, R. Szewczyk, M. Franklin and D.
Cullera, “Supporting Aggregate Queries Over
Ad-Hoc Wireless Sensor Networks,” IEEE
Workshop on Mobile Computing and Systems
Applications, 2002.
I. Solis and K. Obraczka, “In-Network
Aggregation Trade-offs for Data Collection in
Wireless Networks,” International
Journal of Sensor Networks, 1(2), 2006.
S. Motegi, K. Yoshihara, and H. Horiuchi,
“DAG based In-Network Aggregation for
Sensor Network Monitoring,”

Sensor

Symposium on
Applications and the Internet, 2006.

S. Madden, M. Franklin, J. Hellerstein, and W.
Hong, “TAG: a Tiny Aggregation Services for
Ad-Hoc Sensor Networks,” Symposium on
Operating Systems Design and Implementation,
Dec. 2002.

W. Yuan, S. Krishnamurthy, and S. Tripathi,
“Synchronization of Multiple Levels of Data
Fusion in Wireless Sensor Networks,” IEEE
Global Communications Conference, 2003.
M. Sharaf, J. Beaver, A. Labrinidis and P.
Chrysanthis, “Balancing Energy Efficiency and
Quality of Aggregate Data in Sensor
Networks,” The VLDB Journal, 2004.

K. Papagiannaki, S. Moon, C. Fraleigh, P.
Thiran, F. Tobagi, and C. Diot, “Analysis of
Measured Single-Hop Delay
Operational  Backbone
INFOCOM, June, 2002.

from an
Network,” IEEE

(11] VINT, “The
http://www isi.edu/nsnam, Nov. 2005.

(12]) W. Ye, J. Heidemann and D. Estrin, “An
Energy-Efficient MAC Protocol for Wireless
Sensor Networks,” IEEE INFOCOM, 2002.

(13) W. He, X. Liu, H. Nguyen, K. Nahrstedt, and
T. Abdelzaher, “PDA: Privacy-preserving Data
Aggregation in Wireless Sensor Networks”,
IEEE INFOCOM, May, 2007.

Network Simulator NS-2,”

CLEP (Jang Woon Baek) A5
SR 2002 23) 75t ]

T 2

20041 29 A2 Ag e

7} 414}

2004\ 39~ AEHEE A

A2t} oy
<HA Bol> AU ESH =, =y}
A A%, Y] A2

=4 o X (Young Jin Nam) 3]
RN 19924 29 73EoEta AAEst

| # =4

19943 24 E3FHA L A}
7|53 Ak

20043 34 F3}Fpo et

B33 At

199413~1998'd F=-ZAEAIA T
A AFE| A=

200413~ 3 A ZFEIT-8 3 Sl

<AARop Y| EY = 2B, W)= §/W, FAIY|

EN=F
M CH & (Dae-Wha Seo) 41314
@ 1981 2 7 B & 2A-Egt
. 3=y
198341 24 g=raElr|ed A4l
&tk A A}

19933 24 =8| edd AAk
g3 upat

BEEE 198313~19954 =AIANEAIA
T4 Al 2Rls/ WA
2004~ A 74 Fef kel it =s/wATE A
19953~ &) 73 H- sz AR 7| 7 56 - 3
<FAl ol Mt = 5w, W A2, ARG A A

333



