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A Study on Low-Power Sensor Network of Improved Power-Efficiency in
Wireless Network
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Abstract

Wireless network solution is used in many area because of free mobility and easy of establishment. Sensors that compose
wireless network need protocol that support wireless commmunication to share information each other. As representative protocol,
we currently witnessed IPv6 protocol. However, due to the limitation of sensors’s electric power and computing ability, it is
inefficient that each sensors use this protocol. In this paper, we designed improved sensor circuit that can heighten energy
efficiency in sensor network to solve these problem and composed algorithm that can pare down energy consumption using
method to make unnecessary sensor in sleep-mode.

= Keywords: Sensors, Circuits, Power Efficiency, IPv6, Wireless Network

I.A2E
QEy Auslee 2289 AFY ulolx
© A 8 9 ATt HTel s v & Abgell Wsted Zelabsk VIEAD 7tk
wangi@swac ke T ARES ST AR FUAE L A
" %31 ¥ : NESCOM, Pukistm J AAE FEdle] Ao 4TS BT dS
v guma . Ape oo ey T BAAI, FREA WA s sl
5 hjun@swuacks dER HolA ¢+ AHAFHA o8 Alesd
B AT AAEA N 2 A=k E 7 QAke AA A Ase Wi} Ao
s 234 A B £, A A AE s R
ttjeong@miu.ac ke FHAE 2 A Y EYIUSN) = 5 Al Ao
[2008/10/13 53 - 2008/10/15 414} - 2009/02/10 AIAFSEE] AN SRS ARE B0 T 2xe 2 QuE T
e fperth I swpbored By the St (Do) Sy Bt g9k E9AE Bech 928 BE 2 4%
titled “An Intelligent Convergence System of Urban Information N
18 R o8 ool AR AdAAuE

for Smart (Ubiquitous) Cities” which was operated by the
University of Seoul and funded by City of Seoul, Korea (South).

= OlEW M8t (10243) 151

ror



FM HEYIMM JHME o|X] 222 12 HEHY MM HEYI A7

o

FHO S BIA] FA| ko] o] AA|
|E9 =l Adst] ARE AEste o
= U (1, 2]. USNell A E A, 5 AlA 8
A HES T st AFs LAHRE ASE
gt 3] EAlol WPAN(Wireless Personal Area
Network) 71& 9 248 U EYA o)X 7|
ol dste] wat AlA UESLA &l w¢-
AL A HFAAE o] TEs & LE
| o] - el U‘%HEJ Sl AlgAeE ALt

o |o
b
=

ré rusi' i

= T O‘EP ZlgBee— Zﬂ A ZigBee 45417]
= 45 AA et Agsto] dat i AM MEHAE
T4 F A ETh AA MEY] A= o
4% R dAdo] Q7HA = Wi, 11 wiE g
AlZrE 47 A o] A AHEA Fr7L

o3t E ol#gt 9718 %‘—%—A] 7171 {1=h 2003
W 59 IEEEIA+ AME, A A8 F4 PAN
(Personal Area Network) 7]1&2S % 2]3l+= 802.154
AL SxPrh T3 HL 5o AA &S 7
Hto 2 &&=  MEMS(Micro-Electronic-Mechanical
Systems) A 2®lE Fal A A9, A HE tAE
23 Ao 5AE o] &3t & MEY A} 22
345t sHgol Mt Estete] g AREE oA
3 e Aol [, 4]

o]% A WS o] AA YELI7} TCP/IP
ZR2EFo| ol ZigBee 5 non-IlP ZEZEFS o]
&3kl Atk Ty AH| 9] o]& k) AlA

A 7] 5EA A A
o}, Z12u} IEEE 802.15.490 B}
Pv6 T 7S A4E 4= ¢l7] W&o, Adaptation
%2 F712 Folok &, EgY EAlo] vfs-
Al wkg-gtt 5, 11].

T3k Mobile IPv6= T o] FA S A FslE
ZREZo]7] Wio] ThE YA o]FA] AId
9 eHsl=rt gon, Add WY HFY
S 71X = 7+ AlA Sl Al Mobile IPv6 iiié‘
S Hasle o]EAL A TIE WHE o9 H

rl

Olf i

a&Zoltt 2, 3,6, 7, 8, 12, 14, 15].

FAUEYD £FA2 AFEL olsdz 4
% o] ZhAA ol Aol Qe W o] g
g TAE AL Adth T £F40] Yl
2 AMgste AdAE &9 Ads 7L A
E} upEbA] A gk %kfﬂ A

i3
=
As #AE AL

Wer B =R w DS AHET AF
g A4 7162 BoAFE A8 519 2L 4T
S ggeks ANE PAsIGOm, oS B3 A
4 gule Azsty 5 YRS fret £o
6LOWPAN Al2glol] & 328 Hg3te] 24
E2 Asel 458 & JES sdon, 447
0% A5 g el ANE ARl YU Y

A8t7] Y3l FH AElsleep mode)E =t} [6].
olggh AAEo] bl 7H wIzksk AlA, o

HESZ] #elE &olatA 371 flsiAe SH E EY, 948 dda 9, vy v ?‘iﬂ a8
Ulzhe] Aol REEA] QFETh FH 74 AlA WA FA2del A Fault7} H“ﬁﬂ 3 1w
WES I T8 74 fupe)lxso] AHEE A1ZF Weoll FaultE 2ol 72 1 Faults 31 A3}7]
AL offate] olo AF e IPve 71E A4S Ve el AXE AE3HA Fohl 3 A oA &=
7] 913 6LoWPAN (IPv6 over Low power WPAN) o, o= okA I AlEA 18] AARAde &
WG(Working  Group)©] A% =] IETF(Internet S u XA gk IHEE £ A (Idle)oﬂ
Engineering Task Force) 7] 3o& 53l T3} = AAME B =FoA AASL = ‘?:}J_’_E]%
21-S F33EAL ATt [1, 2]. 6LoWPAN 7]HEo) A < 53l Mol & &= el (Wake-up mode) 2 &
= 2 A oA IPv6 FAS Fojsi, 9% AN =5 s [3, 4]. 2&5 A= &
o 9= P VMEYA W SAETT 6LoWPAN U g Ao gid] AHET A3FNAE A e
o AlA Eof AR HIs FAT 7 JEE < A" ] A et fis] AP EES St
152 2009. 8



FH HEHIYAM HME olHA] =

o
=

S T8t HTH MM HEYIS o

ANagAX e Agtetes SLIES F
e A AEE ASTelA LujEgton, vt
o

S5 shAh
0. 2+ 9+ 53
2.1 6LoWPAN (IPv6 over Low Power

Wireless PAN)

6LOWPAN-S LoWPAN®] #1714, AAE ] A
29g QY Ade] 4RI B o vEND

g FAst A7t FAL A-Ete] 7)E A4

o] ggol olstey. o]2l g LoWPANS| IPv6E
Agalel Be 5o VESD tulolnd Fa

o] golsta, IP A8 18 13} o] IPv6st
IEEE802.15.42]  Adaptation 7AlZ°] ZQ3}t}h
Adaptation Aol A= HiLow, LOAD$} Z+2 2%
Y ZREZH 3l dHstet Axgd g2
7159 AlZo] H L3t o238 Adaptation A=
ot 7|2 EE {4 UMEYT A=
sted F71018 glo] Al ATUAME UH
3o 4] 6LoWPAN Al A W E 9] =9
stk [5, 11].

r M At dlo
-
re oo
iy,

o
g
s

o] 7}

6LoWPAN Specfic Application
{Socket Interface)

Transport
{UDP)

IPv6

Frag./Reassembly

Adil Formatting

IEEE 802.15.4 MAC

IEEE 802.15.4 PHY

(3% 1) 6LoWPAN ZZ2EE AEH

&7 6LoWPANCI M =9alx 7|@sy gle

B
ﬂ: &
(A
o 13,

P Adaptation -7 %, 3|7 4
ol 9 e, MEA
A EZEXA oA 2he-d, Bl W
Mul 2 F) 78 AEAEE] =oH Y
4, 7].

o N
j N
E)Y
il
rlo
e

B>

¥ 2

2.2 |EEE 802.15.4 HES{F0IM IPv6 TH
4

AN
2 T

849 42 g4 PEe A8 Y 4L
Saie) Az e BEAL Eool tge)
el E A AT Yool B ATE 5

byte©] 32 IEEE 802.15.4°] PDU(Physical Data Unit)
£ 127 byte®] 22 IEEE 802.15.4 Z& YJoll= Fh
A71E 2 IPve A WS 5 lth IPv6 =&
7} &) volEE HdFslof & o o] tlolH
= E49 IPv6 PacketoE UH o] ALFHT 9
o] ©] PacketE< UWHA O 2 WHAIX|o A F 22|
7hA1 9] Path7t e = sl 7HE & 272 B
Y= Zol vigkdsin [5, 8, 13, 15]. ©] Z71&
Path MTU(PMTU)2} 8™ IPv6= 7} =E7} o
HA g 5 JE EFE WAYES A
o] IPv62] 3 Ti+= 4080l EQ] A7) 5 71A]7]
o AAZFe TEEZL 41ul0]E Q] off
S 7HAAl 53, 8Hlo|E =715 zH= UDPS} 20
byte 2715 ZH= TCPE AHE3lH AT o=

oo do o

ol &

O

ol AFelA AT F e IS 7} 33, 21
byteE 7HAIAl Hrh 0|22 A= 30 byte F =2
delHE HU7] 98 Ab&ste sle e =717t

of—
40~60 byte g == ™, HoJE ol glof wjg- H]
BEAolg= As ov|sith. IHBEE 7]Edd A
obel 3t] =l 3k RFC 2057, RFC 20585 &
§-3to] IEEE 802.15.4¢] #-&3l= wete] HQst
t}Hs, 9].

2.3 MM HES3

FHIAE A A MEATE b U-AA &

512 olEly Hwsls| (10243)

153



FM HEYIYM HME oH|X] &

o

=

S T2iEt HFE MA HIEYT o7

7k )= F(Ad-Hoc), BE] F(Multi-Hop) 5412
2 FAET 12y USNe] A1&F gHA o1 &) A
Aol A A Algdolut olHle® AR FA
Y EHYIE ZigBee, Bluetooth, WiFi & ©]£3t
P2P(Point To Point) ¥4 Y EHIZ H&s}= o]
77 B2 FES A S ok AT A8 W
A7F WA HEe] Fo xeE Ay 2
St 79, USNS ©]&3 Ad-Hoc, Multi-Hop Mesh
HESIE A3 AHIE A& oy ot
(1, 7].

Internet

connectign Ethernet or

USB cable Mobile Device

roayband

Mo eu Wi-Fi g\\\ I
Wi-Fi ﬂ L=

Print Device
s
= 2
= N ~
// \\ el Desk Cofmputer
— =
< N _ 7 =
-

;/'-"’/l/lw § -
Notebook Computer I 0] —"&\

Entertainment Consoles

(a8l 2) Ad-Hoc sensor Network

\ b .:,"/. ’ B A= UEE

( Lk RppEoE Ny
' . '.‘..:I ‘& K \__¥ I5

o ' : .

+ Inferna? :

*
.—«

0
L)
rant®

@ Sensor Device

-

9\ CEEE
OFZINR
F49 YEYI Multi- Hop Network  — 72

(a2l 3) Multi-Hop Sensor Network

Ad-Hoc Mesh Networke= YA H WEH A 72
Z 7}AA ¢kl o]%F T (Mobile Host) Akolel ¢
2 FAHE Yeolth RS A 2V F

o] 6LoWPAN Zrol| -5
£ 298 po AA
of 4ge oy =

o 7l& gt

3.1 6LoWPAN 7|8to| KT ol RS

st Tx

AXAEES} g AAEE EE IEY e
TT Alold HolH+= 34 MR(Mobile Router)2]
HAHome Agent)E Aut $-3]atA] €t o] ¢
MR¥} HAO A= 3|7l Azlo] thet 233s &
TINZIA =, A 7l AE EEE HobA|A
Hoh olelgt FAE A8t s 1% 49 2
o] MR2| &% ¢1E{#| o] 2o 6LoWPAN W E L =
HE&ES e HH o 25 F7he A & F 9
Tl 6LoWPAN &% QIE|Fo] A5 FalA MRS
AEHASE AT A HHEIE 7Hs
stAl H o

T3 71 FellA A Fud
mobilityE AUt WS
AN E AEES FH
o] &gt AMAE T3l < HAE AM 3,
ARFH A3 E AETOEZH HFlo ALEL
doam Av AYFgt JIFs MALE 2

oA T8kt

o S

154

2009. 8



... Moo RomborwirslemIntatuce]___ sl dejok & Aotk £+ ol 914 WA
1 e & Qe Ao RE S2EEA A9 5
Mg a7 W), v 1AL kel mhe S
B PO Il AA159] HASIA Binding Update #4148 1)
g A Hm, e E2E S7b BobA 1 eyl A
i Ingresntertue i & Ao WAl g olFA ] A olHT Al
e (Accessto Local GLowPAN) g 314 2712 ol wel E8AL A4
s 8 5] "olxAl & Zlolth. EEF o] A el mhE A
T Aol B ¥37k AY Aols, o2 A o
| R A B4 =R sl 9ol ol e
3 #AE sl As)7) 93 WroE 23] HAS 2
Router3 [Pv6Sensor Pv6 7] 918k o] gAY ¥S B =iodlA] AltskeE
Nty | Nkl NHE B2 ojgd HMAS Ea Hedud
(32 4) W2 MM SIS SRet BLOWPAN Alaggnp  TIH ARIHAS Amgah A6 AE el
oRolEfmo|A FII1E E3t H2Hx3} FFE WA F S € F AT 6,7, 9, 11,
15].

3.2 JME MM S|2E SHist HIE/TO

E chaol 0|34 V. A3l ¢S $F As 27t
09 52 vl oA i AEE ekl K

I¥2 2, PDAY RES, FUlE, AM & @2 1
A7} o]E Y EA oEYl HE: A HL vl Ndd AAME ol dstol dEst vla9 29
7 olEEdE RS §A & BEAS & 4 T30 wWE ©Ee olFAde Frsly] $dte]
AThE Zo] T ojFA e EAoltt. o1& A% WIRstelok st SRSt Wvl®

% %

ghoh A AL AdUA & AYEFE SA S
< Ed 35 Mobility e} Al A <)
23 HAS A st A ZE gdstd

Sensor

_ ( ﬁ'ag+]')xNH X(ER‘I—’_‘ETI)

N
(1-Ry,)"™ M
o i
O
e Rt Agstd +4 1 AYFL S8
(22 5) HEYI mE chol o]EY & AR, AHF A A
SR

Aol A% WA ToE 7zhe] gase] Y4 o, Bsegs 24377 3
o ANES HA A 9 WA Agl e W) s AHLHE AU % ExE

sh= QIE{Yl M3 (10H43) —



FH HEYI YA JHME Ol K|

FOI-

S5 193 MY WM HERR A7

AR E = oy R Fol T,
H*’F, NHop< 3(Hop)
]Eige ‘/}E}‘%E} H

AR AEETE Rl [10)
Ea 54 25 248 Yk T HAZRE 47
Ad dl (AEDT 2 (AUDE AstA 5
THOE e z;—s— o AN Y 5 9o
ANAH e Ael

5 7 AR BeE R

d @

dizt 271 Wshghel whet A AIE ] Zho] W
stA foh olwf 249 ghol -7t Hels HA
¥ 3EE Sol7tx 1 gol AIDAHEIS DAQ
(Data Acquisition)E 53l -¢-2/7F ¥ste JHE
dES F AUtk

7 Zolth. &
FHS B Ay AnE HAE7] Y3 A
olt} 3, 11]
ES
w,_ =max( W)
E,.. ©)

AA x7F SF8 v, BE 0|23 Host59 ¥
7 A g (Eavg) S AlAtstA ®oh 19 ?,
AA xe] 5 AqFE AHsEF St

Ex7} A4 x8] olyA] HE=E AolH i, we
UEQZdA S5 F Jes dAsts A
@ate, whe AA x7F 558 CE &5 + A
S5 7] 9% b FHAge] dyAE vERd
oh I8 EE 7P =2 odyA gis 7 AlA
7 EFske w9t olvA HE A e G

Aol He=M A &

Nl

#2418
o)

rO
i
ne
K
A
i
A
i)
il
rlo
=
%,

o
o 1

of
-

oo 2

D s

m 52

off —

- N

e -

o mi

&

o rit
do off 12 N

2 NS-2 (Network Simulator 2)
°lF HO Fo mE

End-to-End 3} % €& ]
“f{ %*§Q~ e & wE o
=7383th 7] A¥E MEMS 3
2o FEE -r]O}Oﬂ Alzgle] 888 AT
A= A2 Faults: Zojof 3th 2=
RTL (Register-Transistor Level)S %3] olu] 7=
We- N E AXAE Bl Aol Akt AR
RouterE %3} 100Mb Wired Link= -T’—"* 3t
AR Y EQ A= AODV TE= LOAD 48 =2
EZS Ha3ld w4 UEY i(Mesh—network) =
FAstAh 7t olF e HE 3719 olF UES
2 wE2 xgeT Ao (10, 11, 13, 14]

~

(1) AMlEsilolMe ¢st mi2{olH 7
Parameter Values
Area Size 500m x 500m
Number of Nodes 10, 20, 40, 80
Transmission range 10m
Total time of simulation 120sec
Error rates 10/1 sec
AFL 2007 MIAHMEE 719 W23} Ats)
H

= o]'qg_i x‘j#okﬁ

£ 0 ~ 1280byte Alo]2] oz
Ak AIHEE SAH o=
ool MEEE

3] 3}tk 2007 2] Segment

%Edo}ﬂl e A
Ssls FAlol g

= wx‘:h— 7P skl

156

2009. 8



FM HEYIYM HME oH|X] &

S T8t HTH MM HEYIS o

Used Energy per a nade
w
g
<)

1000
(s}
1 2 3 4 £ 6
Nurrier of Heops
.
[c—Zi=pie = 6lowpa s uE  Alciols wee]
(a)
14806
1400
1350
1300
1280 k1
1200 k]
Lot
= 1 2 3 4 53 6 7
[0 sLowPAN BB UHE
B Fittst= Wl E

(b)
(a2 6) olz{2o] wWE oflx] 282k

17Fe. 2 Afsle A & 4 Utk E3t o
A orsl= 7ML AH)
A, 71E9] 71HE A oY

o

i
9,
N
)
.Il_r
e
()
r
pu

b3
'z, X
i ol
~
o\ ol
i i
N T
o
(@)}
:
|
2
N, do
ox
ol
3,

S = A

A5 4 ok ol &o] St el 7 =
7F 2RsE dUA FA4 %S ek o] 1
Zo} 2 o2 7|9 WA o &o] St
b

=2

=o¥o m o oo rE R XN ® g rlo 3% XN e
o ol
o
ol

80000
2 70000
® 50000 —
& 50000
gi 40000 =
30000
IJCJ 20000 ‘ /
3 ,,,,....‘.......,.,.,/
% oot i I
o —
- e 3 ................. A | A 5
Enmor Rate Per aHop 1 :
I 1
|—~—7IE LHE s floWPN HE S xﬂé@*‘ﬁ&@%‘

(a)

1600 <
1400
1200
1000 L1
800
600
400
200
0 1 2 3 4 5
[ SLoWPANH S YYE
[ FesHs wyE

(b)
(23 7) Hop=oll e oflA%| 28 |2k

¥ 79 (@9 ()= Hop?t A8l &S 1%=2 3L
g3l F FE FUHEEA &4
T STl WE A Mo 7]E] W

Gk ZHESE FAR

N

=2,
>

o
N o ot
o|\

[
i
Mo wo XL kU o
2,
rfo
i

oy 3o M1F

z 2 R

o=

Wy, o

o rir E b
b

lo,

=
(b
o
)
o
i
e
-+
%
o

H28t3] (10243)

rok
Hl
ro
m
S

157



FM HEYIYM JHME olWX| 2ES 1

(]

| R MA HEYTe| 9T

r

6LoWPAN©] &3t A= 2 W7 Al o] F oA

7] 918 AL AR L g
s}

olo} 2 ZAE s Asy] 8 B =FolA
=AY S8 0F HAasely] g wete =
USNe| AlA 329} 4] &S AFA A tstsd
ot 27t AMZEo] At duEEE 3 Hu
13.6%°] AR E A7Fatar, At AA =2
AAZE Za) HAh 162%2] N9A A7HS B3tk
USNe| dis 7#gde o AEA Aty 3=
A9 TS & UE BS Ao 7Y
g},

Acknowledgement

This research was supported by the MIC(Ministry
of Information and Communication), Korea, under th
e ITRC(Information Technology Research Center) su
pport program supervised by the IITA (IITA-2009-C
1090-0902-0040). This research was supported by th
e Korea Science and Eng. Foundation (KOSEF) gran
t funded by the Koreagov.(MOST) (No.R01-2007-00
0-20599-0), (N0.20090069991), and The circuits was
fabricated in IC Design Center(No.M20809005636-0
8130900-63610).

z 3

il

4o

[1] Mingxia Xu, Minjian Zhao, Shiju Li, “Lightweight
and Energy Efficient Time Synchronization for
Sensor Network, “ Department of Information
Science and Electronic Engineering, 23-26 Sept.
2005, Volume 2, 23-26

[2] Awerbuch, B.; Holmer, D.; Rubens, H.; Chang, K.;
Wang, 1.-J., “The pulse protocol: sensor network

routing and  power  saving, “Military
communications Conference, 2004. MILCOM 2004.
IEEE, Volume 2, 31 Oct.-3 Nov. 2004 Page(s):662 -
667

[3] Hsi-Feng Lu; Yao-Chung Chang; Hsing-Hsien Hu;
Jiann-Liang Chen, “"Power-efficient scheduling
method in sensor networks,” Systems, Man and
Cybernetics, 2004 IEEE International Conference
on, Volume 5, 10-13 Oct. 2004 Page(s):4705 - 4710

[4] Dong-Hyun Chae; Kyu-Ho Han; Kyung-Soo Lim;
Kyeung-Hak Seo; Kwang-Ho Won; We-Duke Cho;
Sun-Shin An, “Power saving mobility protocol for
sensor network,” Software Technologies for Future
Embedded and Ubiquitous Systems, 2004.
Proceedings. Second IEEE Workshop on 11-12 May
2004 Page(s):122 - 126

[5] Bergamo, P.; Maniezzo, D.; Mazzini, G., "RWPS: a
low computation routing algorithm for sensor
networks,” Information, Communications and
Signal Processing, 2003 and the Fourth Pacific Rim
Conference on Multimedia. Proceedings of the 2003
Joint Conference of the Fourth International
Conference on Volume 2, 15-18 Dec. 2003
Page(s):1071 - 1075 vol.2

[6] DeCleene, B.; Firoiu, V.; Dorsch, M.; Zabele, S.,
"Cross-Layer Protocols for Energy-Efficient

Networking,”  Military
Communications Conference, 2005. MILCOM
2005. IEEE 17-20 Oct. 2005 Page(s):1 - 8

[7] Owrang, M.; Mirza, D.; Schurgers, C,
"Delay-bounded adaptive power saving for ad hoc

Wireless Sensor

and sensor networks,” Vehicular Technology
Conference, 2005. VTC-2005-Fall. 2005 IEEE
62nd Volume 4, 25-28 Sept., 2005 Page(s):2337 -
2341

[8] Paruchuri, V.; Durresi, A.; Barolli, L., "Energy
Aware Routing Protocol for Heterogeneous
Wireless Sensor Networks,” Database and Expert

158

2009. 8



FM HEYIYM JHME olWX| 2ES 1

(]

r

| R MA HEYTe| 9T

Systems Applications, 2005. Proceedings. Sixteenth
International Workshop on 22-26 Aug. 2005
Page(s):133 - 137

[9] Schiller, J.; Liers, A.; Ritter, H.; Winter, R.; Voigt,

T., ” ScatterWeb - Low Power Sensor Nodes and
Energy Aware Routing,” System Sciences, 2005.
HICSS °05. Proceedings of the 38th Annual Hawaii
International Conference on 03-06 Jan. 2005
Page(s):286¢ - 286¢

[10] Xiao-Hui Lin; Yu-Kwong Kwok, “On channel

adaptive energy management in wireless sensor
networks,” Parallel Processing, 2005. ICPP 2005
Workshops. International Conference Workshops
on 14-17 June 2005 Page(s):397 - 404

[11] Jian Ma; Min Gao; Qian Zhang; Ni, L.M.; Wenwu

Zhu, "Localized Low-Power Topology Control
Algorithms in IEEE 802.15.4-Based Sensor
Networks,” Distributed Computing Systems, 2005.
ICDCS 2005. Proceedings. 25th IEEE International
Conference on 06-10 June 2005 Page(s):27 - 36

[12] Jim Snow; Wu-chi Feng; Wu-chang Feng, ”

Implementing a low power TDMA protocol over
802.11,"  Wireless Communications and
Networking Conference, 2005 IEEE Volume 1,
13-17 March 2005 Page(s):75 - 80 Vol. 1

[13]

[14]

[15]

[16]

Lindsey, S.; Raghavendra, C.S., "PEGASIS:
Power-efficient gathering in sensor information
systems,” Aerospace Conference Proceedings,
2002. IEEE Volume 3, 2002 Page(s):3-1125 -
3-1130 vol.3

Jeong, T.; Ambler, A., "PESFA Mission: Power
Efficiency System for Flight Application,” IEEE
Transactions on Aerospace and Electronics
System, 2006 Page(s):1510 - 1515 Vol .4

Handy, M.J.; Haase, M.; Timmermann, D., “Low
energy adaptive clustering hierarchy with
deterministic cluster-head selection,” Mobile and
Wireless Communications Network, 2002. 4th
International Workshop on 9-11 Sept. 2002
Page(s):368 - 372

Yuh-Shyan Chen; Chao-Yu Chiang, “PER: a
power-life extension routing protocol using a
round robin scheme for mobile ad hoc networks,”
Emerging Technologies: Frontiers of Mobile and
Wireless Communication, 2004. Proceedings of
the IEEE 6th Circuits and Systems Symposium on
Volume 1, 2004 Page(s):5 - 8 Vol.1

512 olEly Hwsls| (10243)

159



FM HEYIYM JHME ol|X] 222 12{et HEH MM HEYZS| T

ONMA=HOD

%| 21 3l(Inhwa Choi)
20073-8A) A&z st vtjoishi viAlaA
DA} : BN B vold 5

e-mail : urangi @swu.ac.kr

sl0|= & (Hamid Jabbar)

2008~ EA] NESCOM, Pakistan

2006 - 2008 Myongji University M.S.

20021 National University of Sciences & Technology (NUST), Pakistan
1998 P.AF Intermediate College, Chaklala, Rawalpindi, Pakistan
4ol . T Al&dl A, Ax] 9 5 RFID A4

e-mail : hamid@mju.ac.kr

2 =(Jun Hwang)

1992 3-8, AgojAegta FrRujcjofue} vtjojshy w4
19919 Fddishn dighe AFE TS 29

1987 F4digta g AFE T ¢

1985 ZFY4uighy AFE TS £

FARof : FAA2E g HolE W

e-mail : hjun@swu.ac.kr

8t & 2l(Gyungleen Park)

1998'3-AAl, AFetn HiEASH w
199313-1997\4, University of Texas at Arlington, Ph.D.
198913-1992\, University of Texas at Arlington, MS
ARk g, BAAILE, dole W
e-mail : glpark@cheju.ac.kr

& B B(Taikyeong Jeong)

2006'3-AA, BANS L FAFEFI} Zug

200413200613 Univ. of Delaware, joint collaboration with NASA GSFC, Research Associate
2000%-2004% University of Texas at Austin, Ph.D.

19983-2000% University of Texas at Austin, M.S.

2001132002 IBM Austin Research Laboratory.

199913-2001'A Cisco Systems. Inc.

Aol . BAZ2AA, 1% WIEAEA, ofdR2 T 3=

e-mail : ttjeong@mju.ac.kr

160

2009. 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


