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Abstract Using solar power in wireless sensor networks (WSNs) requires adaptation to a highly
varying energy supply and to a battery constraint. From an application’s perspective, however, it is
often preferred to operate at a constant quality level as opposed to changing application behavior
frequently. Reconciling the varying supply with the fixed demand requires good tools for allocating
energy such that average of energy supply is computed and demand is fixed accordingly. In this paper,
we propose a probabilistic observation-based model for harvested solar energy. Based on this model,
we develop a time-slot-based energy allocation scheme to use the periodically harvested solar energy
optimally, while minimizing the variance in energy allocation. We also implement the testbed and
demonstrate the efficiency of the approach by using it.
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Algorithm for Assigning Energy to Each Slot

1 # This algorithm is invoked at the start of every harvesting pesiod T.

2 /1 Get initial amount of energy in the battery.

3 ER =  getAmountOfEnesgyOnBanery (4) ;

4/ Getthe base expectation of harvested energy on each slot as in Chapter 3,
s vector Eny= getBaseExpectationOfHarvestedEnergy ();

6 # Solve LP problem of Fermula (3)
7 vector OptimalAlloc = solveLP( EE*, E,,, Ex*, €);

8 setNextInvokedTime (ty+ T); If Set the next invoking time of this elgorithm
¢ exit();

38 4 F8 FAUDZ ARE | FAEE duix @

3 dugE

o8 S UL v FA FITvct & &
¥ el runtime) 2.2 AgPFPo A ALk onjs=r}
A 93, =g 718 Z1A%E AT AQ 2 A7 30
LHF =R w9 Aok A A =29 oo A
FEE vAA ¥3, EEAQA AR dFE P &

Atk

F2o A4 2 #He A 159 A 7 ZQ097)

4.2 @79 BN

ol zE £ FA7F AR 9 4 g A
3 zeaygn EAE SAFeEN N EE &
o ddHe A qUANE AT F Utk 2dHd AL
Ao 2 2N £FPE GuR(A Q)M EH )E
A3 ol AL BT 413004 AHE RAAY
£ ol Y8 3NN HEF 7R NGRS AR
stgek ey 718 Zdgkel AA FRHE CuAY
Fg HEFAE 28 5 oy, AFEA A5 ¢
Aok w8 £ glo] 4 £RAA HAl #3H
AR e B3} 7B 71k Alelol] L7} WAl
Hed, B ZdAe olF 92 2318 BE Rolu

Zt £F9 CdF 9&= 7 £Fo] A oo & 5
JeH, de 59, &3 09 42 ox= &8 09 A
d A AN £F 052 A4 3" A9 FE A
Ab Fo)|, o]k 7B RS vuFgeEN ¢ F IE
Roltt. ol2lg Z &2 dF A+ 1 £ F71 W)
9o Uz £REA ol FE JUAF TFT3}
A HELHD dE B9, £F 0049 dF AF ¢
olgt 3H, &% 0L AT 2 37 F7] U9l yuiR
N-1712] £2E(&F 1~&F N1 g8 AzldA
28 NAA(EY,, ~ BN 8 a5 v
& & 6/(N-1) S ddldN g%drt. 19 5%
£3Z 4o AFHE o2 242 1#HE qUAFS B
Az 19 49 1SS FYY F EF 4E By,
ko] qUAE Y B2 =Ho Aok Ty o] g
& 9N EEE(ER0~2E3)Y d4F eANE £4H
o] AA gZEojol Frl £F 09 dF LA 2
MR N-17e) &80 12 Bujsiolol ax, shast
AR & N-2719) £25d|, g N-3/49 &S,
62 N-4719) €% 5 Zne Fuldez A= H4
&% 40l FFHE oA FL olg 2ok

€ €
Efmalmuoc = E:lloc + N—1 + N—2 + N—73 + N—4 €Y

aeh} @7l e Aol gled, HE ol 4
F719) whA% ERINY A% LAE WIHA Wk
o Rolth old 3 F719) whAT £REE N-D)
£ 45 93 ¢y § /AT 9082, 25E oW F
Flel wAA} Bk IR o F7) N A9 &%
of BF 27 wosolel HuE, ¢ & oA £U F
el vpRE &R(£% N-DlAe] LRI Y e,/
Nol ol #3 7] wel RE &R wgslolo} @
o weh 7 &%) A4 YPEE oA Fe o

4 (5% 2k,

e e

& €




HE AR I AN A2de A% EEHQ oA B 7Y 433

Elpoe Elpoc Ejie

™\

fai

e e

1 Slot 1 Slot 1 | Slot 2 1 Siot 3 $1 { s
I ol e | ol o .
I !

% & & %

Ny N} N} Nw1

» [N € <

N2 N2 N2

. S

i N-§ { V=3

>\ /

oS

™5 ol EREY dF 2AE vHY &F 49 AA AUA eI

i
. . €
_ i—1
‘EthualAlloc - E:Iloc + Z N—i
E=0 ¢

(& e, & oA 57 579 nhx} &%

(&% N-DolHe) 23 ®)

M SR ulel o] 7 2o A o 1 2

Ro] Ayt Fo| AN 4 oD ol SEEY

Z A8 BE wgs) Aska 9e Ao 7 2%

NAE Wl S8 93t BRo| W) SFo] Az

deith SN SA, dlE QXE A 9

@ FE(E,, % B,,)e oln 33N Ang A= 7|

A@e FA) dst] on] WaF Tolw, 44

B9 A BA=E b9 Reowmzg o onF=E 1)
% "ot

5. 45 &7t

ANG duEEe e HAe dsq Ly

HE AUz 71w 24 A4 MEDZ AU HiENS
E TEIHFH15,16]. £ BT HIE wlz9 M9
T o]E o|&¢ A% Bl udle AwEo

5.1 #8E HAEHI=

HEEWS == O 63 Zo] B dux 53
A"z A Alzgle] 271R) MBAA"HeR FAT
o] AYrHi6l B AR 37 AA"HE &) gy
e z2elm AA A2He 843 RE APsE
53t A71E 2AR] A§ CEHolHER TAH
Ack &8 Hde FA AFE BFgD ALH dEde)
o 93 AR o] A& olHE A ATF
AAE, 95 )9 A AREA, A B we
<8 gdo] FRAHE B Xy %L FAsk=H,
ol AA 715" ARE 7|Hloz 3 AA golrk o]
o} BEog AA A2"A ALgde iR <
Z A AFE AN Aad FFE AR AA
2RE 948 5 Qo o|gA &£ Hd dEdolE}

\

Current Sensor
- Measuring energy consumed
by sensor system

Sensor Solar-energy

System harvesting system
\. J \

4 ]()yController

Q Hardware « = e lnformation
m Software === Control
S

29 6 HAE =9 A a4 @ Ao 58%[16]



484

HE QMo sJated ZHHI FHBY WARE 7]
woz, wEe dEdolEEe elgs BE duAFS
AP 2 1@t oldE BF AR FPN=Y
9 AgdoEE RAFT,

AdukHo g oA $3 A& B} Ao F3
© AA AR v g Alelo] X8k, wiE|Ele of
WAzl dF 2 o3 A4 WEE 3 WRee
e BEE) Y3 JRE AP gL Yo
o] A% AA Alzdle wiEEERE JUXE LE F
Q7] W&ol FH/7R AHE FASA Pk =Y d
U £330z thA] wigEe] FE oyR|Fo] dF
FEE @A HE R} Aorie diEE g AN Al2H
£ oAl dFst AN RS gt o)Ed Rat
Ao71& EARL) f13te Sl X10(17] 2EE AHS
stk ZH HAE HE R2E ACHYOZRE AAL
Tw BARE, B3} Aolr|g RAY] s, Wi
el F& ouyXe] we x=x=o AC HAE
FE, L A Ak Ik $Ele o] AC P A
/AR A5 AAZA2ZHN dutdoz ~nEF 7|7
Aojsh=dl AHEHE X10 2ES AHEdgEd, o
el o EHole 9 A5l HiEE) FEHFE V)
tog AFoE nER F2E AC AYS AoN(d7/
2t 28 7)€ ol#d X10 ZEY AoNHE
HeERe 2ZEde Z2ad$ RAFT 74 kE9
HielE] o EdolE AR wel, AtM Alx®lo] HA|A
v AR AEH9E B & ok

3, AA Al2Ele] AN 2424 fEE 2-d=
(low-end)9] ¥g AFE(Asus EEE PC)S A3l
€, °le HEmo] A4S T A8 79 39
A% &8-S ALY AHA olch o] AHHY WUy A
FHe 25 AdgolA o 1I0WE ARsln 237t AR
H I5WE AR 3 74 QdEHo|~2H X

e

I

iy et X0 - Clegng Duchagng
S S Mot Aot Amps RemsrsoX 1y ™y AccH

LML

= -

Owcowect  Rucoremct  Capacity

WL

AERS=RA: A 44 2 dE Al 158 A 7 50097

A2R7F W) deuE 288 + & Linksys

WRT54 GLEN-E1E AHEEETh AMe el 334

W S ARat

A e A duA F£7 AL" "R AN As
T FEste Aol g2EHI=[15]d4 F&A

£ g7l dEJ(EZL XY U7 dHe
AE F 8, U9 sy dE VHES IR
sHAl wlwshe Aol fA gl mElA A AWE H
& oA =3 dFdHE T GIg BF A
BE wERos AgPoIH, AZ te Fudd
A5 v HriekA "

5.2 &8 &

2 =g A gAY 45E %)
fste], &zl g olEclEy 4Y HAEHE A &
4 tiste) 9429} 8¢ 1¥YRH 8¥Y 1597HR] 1597t
717+e AAEA S, oA 3 dEE e FH H
HeE 8% 30Ahrt H=F 43P g F ==
o] A& 107h0)ch

FtHeg 7 =29 27 wiEg AUAE 30%~
50%Atolol A HY RE2 ATt £F9 Zole 1
Alztoln A HA £FL & 7:009 AFZ} whx=t
oz Ee 7 £Fd 92 £ e Hd U
3yl ER2)E 2AnE AR x3H 7 ==t
S Aol UL dE A At 5I9%E A
Asta HeolHE 71E3H A (DelA 4 £2XY
B, & #Ascd ASEE 37 A% 6% 052 4%
pii=d

xF fEe A% Bl S8 o e
e} 7HA) A 87 e FEST
- o]4& 71¥(deal allocation scheme): FRHEHE of

YA #e w27 vle @ gida g, 3 F

A=) ]
V_‘}‘\:}I'ET

e = (T Home
[Be EX Yew IxE Ut Bighs b YIRS prioen

$C4240

a3 7(a) €7 3d dEYolE

I8 7(b) X10% AHEE 73l Ao)7] & lH



BF A 7t AN A2Ee 48 A& AdA B2 7Y 485

719 AJR A A (3)S Al NMeER o
BAHR VA 8FE 22 S YA FLdFHoe=
= B7s3h
~ 289 71H(Greedy allocation scheme): Z+ &%o|
Az del, 71 &£ Jbed & Be duyAE &
Z3he 7ol
- 7} 7)¥(Base allocation scheme): ©] 71¥H& -7
9 1T ol FHFIY AIFAHANAM J1R 749k
£ 01839 2 )& FAY 24 2APL FHIR
%t
- 299 7I¥(Our allocation scheme): 3 F719
AFRAgA 27 39 dnYEFE FAF F 4 £F
o AR A B5)F AMEEIY 23 HAS
gt '
5.3 Alg 2t
S 169 ¢ BE 1079 =24 oyR &%
3 BEE F8 FES SAsY E 19 YRS ¢
A B FE Ale]E(duty cycle)d 3@, ole
AA Al gk == T Azke] ¥lg-S YR,
F, =9 i FE AlojZo] x0%d 2 £F9
T =2t FAST UnA vk ==} s
EE A Uz itk $oltth ol & R 2%
7o) duht ZgAHOoR HY dURAE A= )
£ Uehlie AEolth IAM MEE AAH, BY oy
A 71k AA mnd A oAl AL FHisle] £
F7) Bt #7152 £AHEE Y dUAE F
3 AHESe Aol 3L Fth |y Ale|go] athe
AL HY AUAE I9E fg&dos A AHE
Yok 2E vtk & 71X o8 E9, o F7)e
HEEZE ¢ SRR 3, A 3o Ao
TH5e HYE duAs wHA Aok wabA wiEg
7h @A FAH7 HY EFSA HUFe AqUAE
dslor EE&A oA AlEe] B Aotk & 7Y
< A4 FR AqUATFY a2 Qe ZA&Ad HelA
avrEe £3E Eoh o=y 229 e O oE
A&Hoz RAFoRM oFH] oux &F ol

o

7V 28T FE Abe)lEE et 1Y e A%
NIRE HuUl o] thg &2 IR, 7H A
olF I F, oluA ol&EL VR rHRGE Fou
Zt &329 FE Aol ke Ho)rp HAA Hole A
Ay YR At ol ¢HFA k29 2842 T §
L2 el $-g9 YL 4 £ g3E A
o] A} o] H 7Y ZHE UF FALE ¢ F
Aot ==71 FAslA gks 329 BlE, F A&EA
3 AT AR AHE Qe €39 ¥Es 4R
W oazEg sigel 7H AL, 89 ygol o] FF
718l 742 Jee & & e, o =3 $8 7Y
o] SHFHY A MEE T YL RAZET wA
oo g 43 Fr)e] 7] wWEY A 1 $3 F
717} & wigle) o] Aolg Awua F g
zo)7} ALFE(ENO AHE FALFE) SEe Y
7Fs3lm ¢t AE A" £88 8 F Qith 27] 9
YR7L o) =3 Freict Qgsioid AHEAle 94 &
F ol wE JEFES BF ve & Q] "otk
o] 3 9-2lo] 7|Ho] oA YAl M ZHIE
£ & gl

2 o FAFA 4% HTE 93 e g9 oy
A RN 2F HoUe HloE O g g
9] Y] o] oJBA o|FoX|=A] AHmrt 1
g 88 89 7Y(LA HDel == 90X Zze] oy
A @3 Yol g8l £F0 FE MR EF HAFET
k= 99l %7] WiEE AFL 50%, F 15Ahc)t) B¢
e AURAE 27 €2 EdME nE2A BIXAFF
o A F-d tig ZEE FH(ede FH o3}
9] JUAE FHIA FuEed & £ gFH o
HRe e A4 Y duiARg "R gt merA
a9 998} o], £F NREE uE e ko] A
9] Qlemz &£F 2%EHE ouA s we 5 Ut
it obgal, A £ & AuAE R WA &
29 JuUART QX Hrh oA =71 ENO A
£ SN AL onj3ta, gEtA o] kEw PgHoR
A £ ¢le-g gt 2EY 7L 328 A

E1 o 71A JHES duiA 93 B¥TE F8 FE gEY viw

Schemes Ideal allocation Greedy allocation Base allocation Our allocation
Metrics scheme scheme scheme scheme
Average duty cycle 66.14 50.12 51.45 6215
on each slot
Variation of the f]uty cycle 0.04 0877 0363 013
on each slot during a day
Non-working slot
©6) 0 314 11.2 2.7
Eresidual(Initial) -
Eresidual(End)(Ah) 0 131 2 084




25

AEASGS=EA AR 24 2L e A 15 B A 7 320097

Aug. 7th (Partly rainy)

Ol el

A\

Y

15

il
.——""‘l

[t

Amount of theenergy (Ah)

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24Slot

=#=]des] allocation ~&=Our all

PR 11,

«~@-=(reedy allocation

% 8 A 7R 714 o8 8Y 7U(L A ) = 99 TFH ofjuix|

35 e
Aug. 7th (Partely rainy) A
F T B Y [ Ban

=30 sz Batery
<\;?25 il
& 20
§ Sa7 oo ==
£ 157 Zass iaamuns, -
8 dd. T
=10‘ T 1 !
g ] { T
g s oo == =aasarad
< g SEEES : =

0 Fararaete T S S TS s S SaSRESS

012345678 9101112131415161718192021222324 5"

—¢—Ideal allocation ~#~Our allocation —»—Base allocation =@=Greedy allocation =s=Harvested energy/

¥ 9 9 A duA 87 1Yoz A% 89 7Y AN ul) = 99] wiEg] e Fol

A FdA ¥mF & WAE HUA: Gupshd o
7Ie oA #38E neEEA dn gg £2 7}
T B UAE IE) gRold. gl 19
994 Hw, wiElgle] B ouxFo] &£F 17030 0
o] ot Wb I kE=E o 3 FV]9 x| &
ol AN2d 7= 8 Jeiz vlEeo} dv} $g9
7L old €RAY d} 2xE e Og &
Xl E2FE MIAE 2F3) BEel, FEHE o
UAE ARkl 245 HF oA gl AgAE
AL & F Uk A= NAAY) Y o 599 &
R(ER 13~2% 249 Avole o 2A% glomsz
22} BAgol o|Fo)A War} gt oo ¢ g
71l €% 1378 vlAY &322 €2 AuAe ¥
37h §le olfrolth. 27d), $El9 7IMe ENO
g WSATIEA o)A g7 M TG dRe

A

=

RaFg.

I¥ 102 B2 g o7 7HA ZHEd 8 == 9
of 234 AUAZFS RAFth 18 107 23S 3
%, 28 71¥e| 71 BgFHo = dquAE IF 3=
= Bk 23y a9 119 wieE] F33 g Ay
Hu, oy 7P 27 wiEE 3% 094 AFstd
SF 2204 TAl HiEE] o] 00] HS ¢ & stk
ol A% a2t 1YL $3 AR 7P wol
83t AL FATHRY) AdAst 0olER, & 7)
HEAH BEAe HE duA Fol M AL, o
T3 F7l0M k=9 FFHE BT & §A gtk 2
¥ 10914 oA 7 718 7, S8 Sy B
F R EXREH €% 1174 9 oy E st
d= AL ¢ F gled, o F#7E AAS AR
A7) geltt. tAl Tk, wiEEE o el

e} XN
=

=

L



B olgA Ziek AA AzEg

25

A% 5L AuA B Ay 487

Aug. 12th (Sunny)
2 -l s e e s
= |
z
8 15
5
g
L
s
w 1
5]
]
]
£
-
Y r L e e v +
12 3 4 S 6 7 8 ¢ 16 11 12 13 14 15 16 17 18 19 20 21 22 23 248lot
webe [ deal allocation 3= Our allocation ~=tr-Base allocation ~&-(Creedy allocation E
a9 10 98 742 Zpgel s 89 129(H) == 99 ¥FE iR F
35 T ) 0N SO T U0 JUUE S A SR S 1 3
i Augl2th(Sunny) Fort
=30 S Batiery
= ; - S Capacity
gzs . B e s
i
H
g 20 '
§ -
£ 15 [
Gy
@
e 10
é !
5
< o 1 I 1 1 | S
0 P T P > Sess

01234567

8 91011121314151617 181920212223 24 skt

e Tdeal allocation ~ Our allocation ~w—Base allocation—e—~Greedy allocation ~#~Harvested énsgy

37 11 98 A oA 87 ZiHez A% 89 12d(HS) == 99 wiEy 3% Fol

4 AUAE AZE T FEIIA @7 WE),
27 715 AA H7) Ael(ad 11614 Wi
2 T U 7 ¥ B duAs &
o @FFeIN oA dHlg HaFs] el
T3 oA F£3o] H o)F olRe AA Ge &
% 12¢]%dE ENO ZUdE #ASIEA, ¢330z
AAAE EuistA "ok o) ¥ HE dolmz IR
7148 Agele 3 AUA AZg@EaRol ol
AA FREEG Hoh wdA o 9 AL g9 ey
A& @A Boh a8y fE9 AHe avFe o
A7 2EE oAyt YHER olFE dux &
T el 2HsA "ok =3 a9 1194MHE e
7IMe 7] B4 4 ENO AYdE ¥ 13A
BeT TRRAR 7R 7Y EF, 9% AR 3%

H=
&4

FHe B %

o ENO ZTiHg BEAAA Rach wepd o] F )
Wel A FEF AlZMW 2, &% 0d4e) e
2 Wol 271 3 15AhE FANA Raln % B3

O

9] o] Hej, A& A5E 45T 5 gt
mRAgo g B oA @3 7PHe ewE=
3l Bglth ok 41" A AXFH
He d =3 F71EF Y AE AR &
doz Fadch e HMA Al2F(Asus
900 MHz CPU, 1GB DDR29 A4F A494L 71A1 3]
ed, A4 25 4 39 3y z=aH 74 32
(LP solver)2 @31 e 9 ouA 3 dx
HZEY AL AL 12 oUZA, B9 Al £%9
ol?l 1A17t7 Hud W AZHAL] eHF=E A
Alg g T ’“z"]&’i‘:} obgy S 29

& 53
2l 7)
iyl
EeePc)<

N

E.'

=
=

=



4338 ARBES=EA

El(power meter)E AHgsle dux I ¢uEe
58 & Wl 9 ARe NE AT S48
W) ohe) ARFS ZPstAEE, I Aol BF IWatt
miRtolitt. ol HL 9] Awe FL FYPANL
A 1S W) 98 duE FHLS JF duA L
HI= A AAM =9 AHso] A 4TS v]Ax
%e Az ¥ 4 3tk

6.8 8

B duRE F71deln #Edglel FE5E + U+
AvRFE FoM A ko) olF my A oz
o)Ak, FFEHE Uo| AL nFZ, ® I )L
4% & & QloeE=R olF AN kto AW 1
H& Ho] go] Stk B =&dA e = x|
E o]8F AA HEZANMY A B iR 5
A 2de AN, T o] BdL ol 7w
AUAE Z Azt &R HFHo=w Fdste AL
dugdES FEHEI o] dndFY FQ o)HE =)
Hog FAHE HYE AUAY 18-S HujslstHA(d
YR Bulg Hid), A7t gel £ ¥z SgHe
A9 WsE Hasslu FY W 94 FF
o13E FAACEMN ul$ FHQ N2"e AT

F ok Aol
gdung2s

[1] Roundry S., Otis B.,, Chee Y. H., Rabaey J., Wright
P.: A 19GHz RF transmit beacon using environ-
mentally scavenged energy. In: ISLPED. (2003).

[2] Minami, M., Morito, T., Morikawa, H., Aoyama,
T.: Solar Biscuit: a batteryless wireless sensor net-
work system for environmental monitoring appli-
cations. In: INSS, (2005).

[3] Simjee, F., Chou, P.H.: Everlast: Longlife, super
capacitor operated wireless sensor node. In: ISLPED.
(2006).

[4] Taneja, J., Jeong, J, Culler, D.: Design, modeling
and capacity planning for micro-solar power sensor
networks. In: IPSN. (2008).

[5] Maleki, M., Dantu, K., Pedram, M.: Lifetime pre-
diction routing in mobile ad hoc networks. In:
WCNC. (2003).

[6] Shah, R.C, Rabaey, JM.: Energy aware routing
for low energy ad hoc sensor networks. In: WCNC.
(2002).

{71 Younis, M., Youssef, M., Arisha, K.: Energy-aware
routing in cluster-based sensor networks. In: MAS-
COT. (2002).

[8] Zhao, J., Govindan, R., Estrin, D.: Residual energy
scans for monitoring wireless sensor networks. In:
WCNC. (2002).

FeEel AA & e Al 159 A 7 520007

{91 Mini, RAF. Nath, B, Loureiro, A AF.: A prob-
abilistic approach to predict the energy consumption
in wireless sensor networks. In: IV Workshop de
Comunicao sem Fio e Computao Mvel. Sas Paulo.
(2002).

[10] Kansal, A, Srivastava, M.B.. An environmental
energy harvesting framework for sensor networks.
In: ISLPED. (2003).

[11] Voigt, T. Ritter, H., Schiller, J.: Utilizing solar
power in wireless sensor networks. In: LCN. (2003).

{12] Kansal, A., Hsu, J., Zahedi, S., Srivastava, M.B.:
Power management in energy harvesting sensor
networks. ACM Transactions on Embedded Com-
puting Systems, 6(4), 1-38 (2007).

[13] Vigorito, CM., Ganesan, D., Barto, A.G.: Adaptive
control of duty cycling in energy-harvesting wire-
less sensor networks. In: SECON. (2007).

[14] Kumar, P., Varaiya, P.: Stochastic Systems: Esti—
mation, Identification and Adaptive Control. Pren—
tice-Hall, Inc. (1986).

[15] Yang, Y., Wang, L., Noh, DK, Le, HK., Abdelzaher,
T.! SolarStore: Enhancing data reliability in solar-
powered storage—centric sensor networks. In: Mobi-
Sys’09. (2009).

[16] Noh, DK, Wang, L., Yang, Y., Le, HK,, Abdelzaher,
T.: Minimum Variance Energy Allocation for a
Solar-Powered Sensor System. In: DCOSS'09. (2009).

[17] X10: Smart Home Controller http://www.x10.com/.

=54

20008 Aegdign AFEHF A}
20024 AU 27 AFETAE 4
AL 2007d AMEdEn A7) AFEIE
2 g 20079 9€~EA UIUC HF
Bt ST, BHBokE Ad-
hoc Network, Sensor Network, Mobile

Computing

&9z

20063 ABAEy AR EFEIE A}
20099 Mgohstn A7) ARDFEY 4
vl 289y 8. A4 Agsty A
N-AFETER AR, BAEoke
Sensor Network, Mobile Computing



