Aol BAste AAM vE

ZA3%to] WAL= AlA|
HEH = 3704
ttE £ 7k
U9y TRED
(An Efficient Multiple Tree-
Based Routing Scheme in Faulty
Wireless Sensor Networks)

= +
T 4% 3

{Jun Ho Park) {Dong Ook Seong)
of ez’ 2 e’

(Myung Ho Yeo) (Hak Sin Kim)

J

r
SR

{Jae Soo Yoo)

2 % AT YA AN YEAIE PEAD Repl
Agso] AHSHT YTk BE 79 A wE 79 Ao
= °]T°1X]L T AN LﬂE$ = 7 AA esof 33}
H HAES o183l FW 879 wolHE ASUh
9= awo 1} :%iﬂ wskoh g PR el

£ 49 Ane o ARET AP 4A 272D L 4
U Be9 Yudse PAGC e Fadm B vE

co] e 20009 mSRErieRe X
BIT&‘:I"‘&““HQW R e ROk A B -u-trlf}&}?) 59 Ager ?}3'
AT ALE ol FYHE 2L AR

- o] =22 2009 61%§WE15§ tethEiol Al "Fite) Wt @_i Lﬂ
EHd2 @344 & 822 2 IF kel 70 g9y =g
‘e ARow R '*’%i’a g Al

toRAs Y Eudithe yRggedy
jhpark@netdb.cbnu.ac kr

sergei @netdb. chnu.zc kr
mhyeo@netdb.cbnu.ac.kr
hskim@netdb.cbnu.ac kr
FHGE R ALENFYHT A
vis@chungbuk.ac.kr
(Corresponding authord)

E=EFF 0 20009 88 13¥Y
Arbgbg 2000 11€ 3Y

Copyright@©2010 854 B348te) @ Al Exlolu} w8 B4 Y- o] %z}
o] A B AR T BAR j—c oA g ALY AlZHS b th
o wf, AHE-E YA pdo R "]’%Q T ghonm A wolAd] £ B¢ 24
& HkEA] HAsol It o] ¢jo} BHor BA) WE, % A4 5 EE
3ol A9 E S 73-‘?*01] thatodis Akl s7HR A wiE-§ A Befor
‘E“*\‘?

B =ga ARy A4 o 8 #1168 AL

A ARA PRGN/

REECELE

%(2010.1)

Ha g2

Z By 79 2R ZRES %

e MBS Fgold EEEA WA 5o A%
£ nole A2e 299 ES AUV S8l G
+ A9 vy 32 slvel B9 Ede ANsD 44
Aol 1 B AR Rolt HolHE AF A
afe W, AL /U 24de p_om 9
AEHIAE Fa FlEe] AE ey Aus A%
Wmsidck 2 2% Al Aus u}zwmz G ERS
£ A%E HALAL dolel ASFL & 0% i
e A BAY + Atk
AN - AA MENT, BH9Y Ed, BeY FudF,
9% 2o, WEd2 3Y

zizﬂioz'izr&l—l}a

Abstract Wireless sensor networks (WSN) are widely
used in many applications. WSN acquires the data of
surrounding environments with sensors attached to each
node. It is important to design sensor networks that can
communicate energy-efficiently as well as to get sensor
readings with high accuracy. In this paper, we propose a
novel routing scheme that assures high accuracy and
significantly reduces data transmission costs in WSN
with faults. First, we organize a number of network
topologies randomly for routing sensor readings to the
base station. Because every sensor node is connected
each other with a single path, redundant transmissions
are not incurred. It can reduce unnecessary transmissions
and guarantee final sensor readings with high accuracy.
To show the superiority of our scheme, we compare it
with an existing multi-path routing scheme. In the result,
our scheme has similar accuracy as the existing scheme
and reduces unnecessary data transmissions by about
70% over the existing technique.

Key words : Sensor network, Routing Tree, Routing
Algorithm, Multiple Tree, Network Fault

1.ME

T AFH 7l vl e BEA MEMS 7

%] Wgg o] R4 MM YENH(Wirdess Sensor
Networks)ell Al ARSEE AN =28 488, 8E, A4
ol 7FsstA HAW B2 49 AX =E2ET E*‘—i
ojFRE B4 AN HESZE Aol AR a3
olEg YolHES FEstual thakd g8 dxse |
Aol thel 7], Arel Ag, s ol mele] HE
=Y 5L A FAHLL

AN ko A7) AL, A9 HiEEE o8std B
FHEE oA AMES Heoly e FH Age] Utk
gk Algo] syl We #300A B2 e AU o
Brolug 7} Ax =t HEEE 4ol mAgt
RE 357}—5}‘:} IHEE 5EFH A e B 9%
3 BAE 98 4A 8720g TS Ao Fasith

A HEYE 0 dele 448 F7IR dojEE £3



-~
o))

CEELT R ER

FuF g dHolE S FEATIER BANEE Fol
= 2] Fasith W3 Ao He 3w =3 UESY
3 UellA wlolelE WRstd AFFeEA AF J5F
£902 ApEE FA sk BAEE EES

A AX HES]SE tdt #7400 ix7t 57) wiE
of AM 25 F2 A, s=so] 1 T3 Zo) vel
B 500 B = e L7 =25 3, A
ZQ AAE e r F2e7) i e x| &
Zo o5t 2. FT niwstA DA

Ao} A7 vlo|HE wlo]x2woldoz £33l7] A3
g8 EdZt AMgECh 2R EFE o83 dHolg A
F e EYRY] Aoy EEEX Wiy} st
=E 9] dAZo] 9 == HolErt &40 B
o A7} AR olHd DEE FH] A v
AZ 719 BeEE ol gdle Aol mE I¥E Hast
2312 S Slok AT OF B2 dHoEE AFs)
& dojele] F8 Aol WAL ol U A
dolele] Fgw=rt volAe EAME 7T 3l

2 =RdME UEHa 28 2 EZ2X9 Hsp} @
At 870 s BY o A2E +9% W Ao Hol
Ble) & FEwE A AT N2 TR e
Adgc) AdEE M R EflE ANE $ B
dlelelg 433k, o} 24 A9 FHE(QoS)9} vl
ot 23 Fo REERO w2 Fids HY A¢ FHE
ggatA wvgd Aede v BeE ESE T3
2 T8l F71EQ diolels FFe s Ao g
E£F 2olUA= 28ad dojH A% Y 5 U

B =R ety 2tk wA, AeiMe B
A7 B4g B BAFEE A¥In AME oF
28 Eflg AFojata 2w Ede 74 R HloH &
A AR At Agelxe Ve 7P 458 H
W, wpAEe 2 AsFelMe B w=iel 47 daet &
F A7 Bl disiA A

2.

=

Q1T

49| A7} vlolHES Hlol& 2Ho|HoR Fo7] A%
wHeg Eg 7o) ghew Z2Ego| Wol AMHUch
e Ede 37 7&«101] oE2 A7E fEE 1 AL
dole A4S VAR 2 FYTE HoAT HEHR

Ao EZZA9) ¥E 5L 1 FFAME
AEEE et MEYa Aoy EE2X)9] ¥l
T Zgo] 7F5e Sketchl4lsl 22 o5 A2 7| 248
[Belel Aite] =tk te HE 7wt R B¢ 4%
o] WAEA] kg wfd vlolE] FE WAl mE PG
ol g m&shs AE JHAE dvk 298 1L #eH
Ee} thF A2 7t g9’ EAHe A8 BiET. &

AFEe A4 2 ¥ A 16 ¥ A1 520101

L2t Bl

/ ‘:?Ei BE ¥R
@\ @\m'

EERILEE Eam Oz A2 A e

<8 EfdMe 3 =EoA HEYA ATl IS
A$ A =g voler} FEEE o] A 3
Au oz AR 7N e tE 93 7 9
opz Aoz A3 EAe HA dHeolg & AFo
2 9% JEy EAZL HAg. Hole 5 EAE 2
317) $18 W ez CountTorrent7} A=At
CountToarrent[7]14 e % AE ¥t 298E o83}
o HolHE 3tk BE k=0 7 xEF /‘}°]°ﬂ LR
- BAE QAT F JE #YUT HIE HolES T
31, dolHE A5 v BE olEd 3 diojsE A
%3t} CountTorrents 23t AAIE Rx9) #4249 A7}
Ask= goly AloldAwt =gtz & ¢ W A
7} o]20)At}. Wk CountTorrents HoJE 9 FEh& F
A8EAME FEC0lE wE FE JAd SYA7IA
gomz AFHo" A o) & HYEE AT
CountTorrente HIE #lol8 &9 dAg Holg +
A 2 A% dA=Z A 94 ¢udEs B9 74
"ok 9A "E dolE &3 @AE & AN =EE A}
ol RE-34 AAS A4 & e FYF HE &
ojB-2 ¥} 19 29 ?=l’°] Bu-AARAE A4
214 & 4 gl HIE FHo|BS ¥y s FE-AY
Aele ”}?‘]‘3} HIE 7°“54§l' 543 AFARE RS
£ o] Hol&L Holg AE F3ol AHSETh
Holg +#3 ‘33 A% BAME ol == Al
HE #o|&3 dolf A4E 3z, dolsHE FAE =
E 4418 HolEE AR} AAAA HolES H
slo] 2w-xa @A7E AYske F HoHE béh’l’
T ARstn & A o)% kzo AFdt oldF I
AL MEIHEA, HFHeoz YEYA Y ZE k=9
H]"]HE g Ay =33 dolert 292 AFsEH I
32 glojg Ag AL Holed, AFRS AT
%101*1 g ®@ HE ol T8I FHed, FE-
A2 BA e AAM =29 dHeleg AFEA "o

Bioin

a8 2 HE ol &3



Aol wAste AM MEAZ §R0A tF 29 7N 898 Z2EZ 77

@ @,
® e
3
® o

I ol w3l

@ __@,

9
15 GlOJE @& eX

a4 3 dlely 2% <A

CountTorrent® FUg #o]E-5 o83 &9 7]y
oM A= FE Holgz Q3 Hax FAE &4 F
the AAES g A AA HEQ=Y EAS 18
T o oSt 2L FAREEG 2 9t

ANZ drdog AA vESAE FHdA 531 7
ool == o] ke Hox ddsle vlES] I
717k 9 =22 A5E UllggEen Zozich I
xro HE #HolEx £3 doHE A HEsng
olE¢] A7} AUXA ARA HAxgh Adao] HAgc)

T HAE HEQINN == Ao 24 & A, &2
Hol W HE HolE-g WA} st 34 B 4
9] A =27} AAHYE A B 59 319 =T
B @ dolES HAS] A3l E HlE-S AEsfof gt

AM HENIE 528420 ovA &8 2 483 FAl
& A% A aqxe] FAET ol & BF=
7H AT dolHE £ e AR ulg- Fasith 18
2 AFHEE A AEEEAE 2 AEEE 71 7
9] 77k "ash,

e |0

3. Metste oHs Ed| J|tte] 2t9E Z2EE

3.1 Higtsh= vlgiel =3

B =fodie vEZY Zge] wshe UEHI
M RREE B 9% AZE 7S Addth do]
B FEo] WAEkA of= tlel vl AR #eE Ed
& ol8sty volHg FHTOEN FUES BASRA
&, 2dad vojg HEE FolA drh 271d A€
28 Bl wet Zef 27E #RsH H1, olg 29
o A BHE oA 2o Z3 FH=e) vl Hrieht
T3 9 2} 23 Bg=RY 52 ZH9E 2d BY
#HE A= s Ve Ao ths Epoche A4
St AR SR EE T HolElE £

a9 4= AR 7Y 58 Fdolt WA YEHA
Z713 AN AR 24 B dlols 444 ol§ ==
o iy} FR REE YT 1§ o9 A2 24
gl doly 3 @AM e 2ok QoSrt viESS 2¥ 5
s} 22 K719} Epoche] 7A€tk o] W) Epochol uhet A
49 ] 2R E27t 440l A Epochdll mhef o
2 ¥9] 23 vloleg st YE=E e+

ol EU L

PEXE i @ i ; 1
13 QoS H=

(a) Epoch_1
2% 5 AYel me FA 999 2 4

(b) Epoch_2 (@ Epoch K

3.2 HESIT =75 ©HA|

B aAE 53 doo xzd RrE A4 g £ 9
v et Al AZRY wo|aAH ol AL T
e oo eI 223 WARA Felste] IR Wl
Edad 39 e dedrt

<src_id, level>

a8 62 UENR 278 $9& Btk o)% ==
2Ry e 27z HAAE Tod v %
3 22g e FE BE == AAE, WA
9] level Z+2 A9 HdE 2% g 283 HESY
2 2718 MAAL sreid FAdle A9 ololHE,
level &40l A AW gl 18 o oz ¥4
T & olg wEdA Agdch B HFLE BEE AM =
=7t A Pgaw FR 2R »=5 XY ARE
WA WEs

F2 R oo

. . = - \‘\~ 'I’
GO -
oS0 oLl
“‘* 4 -

U

@

a3 6 MEYT =73 34

onfual X2

L1

3.3 2198 A= 43 ¢ HoIE &

B Aol e Fpocholl W #1988 A= 434 2 deo]
B 308 ARF foly £ BAlNE k= te] b
oHE Rr wEox Asch 9o =mE AA
AZE FR 2o =T FA WA AL sho] FR
2 AR I olgo} 22 RO HolHE Hegth

<sensor_num, aggr_data>



78 AEAGIH=TA AR A 2 8 A 16 A A 1 Q00D

sensor_num 42 Hol8 3o #HAF o] 7
Hate] @ == sensornum &AL 1, aggr datadl
© ARlol 3% dolHE 4AY F BE =TE W43
B, B8 x=e A =EEIRE B2 A7 do)Ese &)
e ZA3 dloJelE Eot R FPL FASL, sensor_
mm 440 1& W3 F 39 === A9t oy o
3 A2 7|9 oA BEE vE)E €8F 59 3
BE A HE3A] goemz EFsF dojy AL
Eole AAE A ok 2¥ 78 =& 49 dyA &3
HEL= oF7F BAS A9 geE A2 43 € bo
H +3 23S Yeidth Epoch lelde k& 60] FH
RE & =t 42 Z9H 32 2330 HoEHE s
3198 v, == 4& UA 2Fow = Aio] dis}
A7) wWiZe] == 69 Hlo|HE Al wkge] =HA go
Bg RS Fayt =Fo] Aot AT Epoch_2604=
Epoch_13}& & 298 H2E A3 didd boly
o 2HA7E flol HEH o Ao wido] Ack

.

ok
T B

[

VYA

[l ] ﬁb g0
m ay:
O O w
Lo .

a3 7 H9R A2 44 R ey &3 #3

A7} AdE F Ao AHE 8= D E Epochol
gl &b, A9 A AFP QoS(eA A FFE)d|
ue} 3 47 23¥d. shie) EpochdMe @98 3=
o] A3 & dlolg £3¢] £3E, oA FpochollA 413
HA ge TR By =T FoX Jog ERE A
dolElE A437] tiEd) 2 Epochrit) #93% 898 E
g A "o ol ZFHes Fpochel Fukae]
B8 EE PG HE2 YEYT 2] By
B A 2o @] AHE TAYAZ JHE AF3

3.4 HZ o 2N =&

Epochell Al 4] (Dol J3l wlojx2po)dd 38 A%

A 3l QoSE A H1, el WiE Ao AHD

€ 15T 35 ol ol de v AARIE Adst

o] Bpoch& 71202 A4 dws gt

dole] Al Fog =9 5
AA A =0 5

AR Aol Zar}t Qosell vlgd A9 o Epoch$

QoS (%)=

X100 (1)

S, ofz Ao WX Ale] QuSell weh Z73€ Epoch
o] 4= FxoA wESA gk ZE Epochdld QoS 4]
g 9N Rk 2o £UsNE A vHE 2
7} 26| sensor_mum®] X7} 7P BE HoBE 4%

3l HE An o= uad)
4. M5 Tl ¥ B

4.1 ME #4

B =Riie AEded A¥E wdste 71E 71T
Agrshs 2hew TREZS AMGINE WY 4% A0lE
vtk A YESNIE 100mx100m~ 300m*800m<)
A8l Hulg 1Ak 712e) ol w uE, A& Ao
g h vH, 2EF (@9 T doll EAse AA ==
9 At & o), AX YEYI EASE =29 A
FE N =d xw x ho)th A VEYT el N9 =
=2 2R wiRE] pAgS sta, Holaseolde A
A HEYZ) AFY) 9N F AN ==8e B4
A o] ol =EEN A2 FAF = gon 5L
F&4 5ae 7

B 12 A3 A8-H WeHES vtk A4 ol
Bl V)= 4Bytes, 2} =9 AEAE $% vjojEY =
7e AN xx9 fof we} 2~3BytesE 7SI

® 1 4% %71 84

z}e}u g &
ARV ESL]Z 9] Z7|(9]E x| E) 100x100~800x800
1= 0.01
AN B4 WA (HE) 50
A4 Holee] 7] (Bytes) 4 Bytes
AA ez Adape] A7) (Bytes) 2~3 Bytes
HEYZ AFE (%) 1~10

4.2 AE 23

421 ¥ES= A% e 49 A% FE¢=

HE=D Fg e 27 FEs 4gdxe 100mx
100me] A el 100709 A =28 HAF & e
Y3 AFES 001%E 0174 HENA/Y F 2H9H
el Ao vwalgrt EE AP 71Ee QSe
A= FAE FHNES HFAATE 29 82 A
A vES=e) A% dAd gE Atshs 7IE% Cont-
Torrent?] 29 A7 Y=g g Aot HEHZ
AFEA wet F 7He Fe] A= 9% o] &
AYsg Bgrt CountTorrent?] 7%, #olES ol8%
oF B2 sk 98 J1EE 7o R ) fgEd 2
9] Ao B HAHLE AFgcl W ARk 7Y
2 e #eE ETE o83l ME UE A2E Be
A%E FR8A dck shie) 23 @ #9" Ede Ho)




Aol BAste MM MEYZ FANA tHF E 7 e9H Z2EE

Ble) 3¢ wsha, Qo) Zve) uwe] e} $Ho=

998 B2l A4 MRl B B%wE Nyl &
A EAR 23 BAEo] ool we} Aol 2 A
ot 234 welA S, ol MENR A%l B

o MAT A% B4 WA el dolHE AR + e
Wb W) e HolE e We] wAls)
2o At gasheic

~~+-Proposal ¥ CountTorment
102
% 101
w
g 100
=) M
F 99
]
o8
001 002 0.05 01
YENS WE S48
WEMM SE8 4 = B =S -EYD JT RAE) ‘
a8 8 VEHI A wE 2o Ad JHx

422 AN =2 o B dold A%

I3 98 AA == o nE dloly Adas Jehd
ok AFPHE TUe U FollA] Alx MEAHAY A7E
100mx100mHE] 800m=<800m7kA] RFA A7 T 298
e Aes vt A4 == o ©E doje A
Fe] AL Un g o) ARTE wAS deicia 4
Ack 28 23 AN =2 57t 2715 bt T2
H el s Aol HA *o—7P°}93\E¥. CountTorrent=
FolEL A3l HolE b Ald g A48}
| m o a%&ﬂ Hol HEE Wol 3}711 k. Aleksk
7 A 7R BeE Ader EE AHE] 1
o]l Hole JE7E HolA dch 43 A gz

N

ok

v

r-{n rlr

9

e =29 7k F7hgel whe 2w e A
F Aol A 271l 60070 olarel € W 1 xjo)7}
F23) 2715 AN =27} 6007 ool 5 298 vt
He] e o)t ARE o4 CountTorrento) A 50071
o3l T Sk Fo)B-S 9% HlolH FhoE IBytes
B3] Ao] 7153 whd 6007) o]4ke] === 3Bytes ©)

_r*»

o)
O 3
&
1A b=
=3
.
=7

v

“1

~+~Proposal ~#-CountTorrent

_ /

g so00

& so000 e

#4000 /

%

X 3000

g 2000 /‘/

T 1000 W’M
0

100 200 300 400 500 600 700 80O

oy e 4

I™ 9 AN k=

Fo] W wie]H

x
AEF

i

9

4o dole g3ke a7y

1 dold 5 A48

tilo

‘ﬂiﬂ EAEE B3, AYEE a3 oF 2
715ke] 28 JHE *1]01'0561‘:} 71&2]
—% s Fstr) 5t tgee] B9E EBE TASt toly
£ A5k Mg Adsich HES’HE Ags aeiEtd
e B 7)Hke] BEE of8E] BEd HelE g7
S A gomAr doly T g F8o] BAsA o}
A7 A7 3o AATE 98¢ 5 itk s Hrh A,
CountTorrents] Z& Aol xg] A}l FARE 29E B
D‘JHE 293 dolg Fo] & 6696 TASIATE F
T 2 AqUA S g 54 2w Ef 74
7@ st} 2= MEANZEE Z7MATIE TEE Al
3= Aolrh

[o

o o -101' o,

S

[1] Culler, D., Estrin, D., and Srivastava, M., "Guest
Editors’ Introduction: Overview of Sensor Net-
works,” IEEE Computer, vol.37, issue 8, pp.41-49,
2004.

[2] Manjhi, A., Nath, S. and Gibbons, P. B.,, "Tri-
butaries and Deltas: Efficient and Robust Aggre—
gation in Sensor Network Streams,” Proc. of the
2005 ACM SIGMOD International Conference on
Management of Data, pp.287-298, 2005.

[3] Madden, S., Franklin, M. J., Hellerstein, J. M., and
Hong, W., "TAG: a Tiny AGgregation service for
ad-hoc sensor networks,” Proc. of the 5th Sympo-
sium on Operating Systems Design and Imple-
mentation, pp.131-146, 2002.

[4] Flajolet, P. and Martin, G. N., "Probabilistic Coun-
ting Algorithms for Database Applications,” Journal
of Computer and System Sciences, vol.31, issue 2,
pp.182-209, 1985.

[5] Nath, S., Gibbons, P. B., Seshan, S., and Anderson,
Z., "Synopsis Diffusion for Robust Aggregation in
Sensor Networks,” Proc. of ACM Conference on
Embedded Networked Sensor Systems, pp.250-262,
2004.

[6] Considine, J., Li, F., Kollios, G. and Byers, ],
" Approximate Aggregation Techniques for Sensor
Databases,” Proc. of the 20th International Confer-
ence on Data Engineering, pp.449-461, 2004.

[7] Kamra, A., Misra, V., and Rubenstein, D., "Count-
Torrent: ubiquitous access to query aggregates in
dynamic and mobile sensor network,” Proc. of the
5th International Conference on Embedded Net-
worked Sensor Systems, pp.43-57, 2007.



