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Cluster—-based Delay—adaptive Sensor Scheduling for
Energy—saving in Wireless Sensor Networks

Wook Choi * Yong Lee * Yoojin Chung

ABSTRACT

Due to the application-specific nature of wireless sensor networks, the sensitivity to such a requirement as data
reporting latency may vary depending on the type of applications, thus requiring application-specific algorithm and
protocol design paradigms which help us to maximize energy conservation and thus the network lifetime. In this
paper, we propose a novel delay-adaptive sensor scheduling scheme for energy-saving data gathering which is based
on a two phase clustering (TPC). The ultimate goal is to extend the network lifetime by providing sensors with high
adaptability to the application-dependent and time-varying delay requirements. The TPC requests sensors to construct
two types of links: direct and relay links. The direct links are used for control and forwarding time critical sensed
data. On the other hand, the relay links are used only for data forwarding based on the user delay constraints, thus
allowing the sensors to opportunistically use the most energy-saving links and forming a multi-hop path. Simulation
results demonstrate that cluster-based delay-adaptive data gathering strategy (CD-DGS) saves a significant amount
of energy for dense sensor networks by adapting to the user delay constraints.

Key words : Energy Saving, Two Phase Clustering, Data Gathering, Scheduling, Sensor Network
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8: exit;
9: end-if
10: S2:collect senders of incoming CH advertisements
in K;
11:  choose a CH with min, ¢ .[d(s;,c;)];
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End-Procedure
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Procedure CR_CH begin * vegeEC ¥
L SLif M- W=
2: then stop and exit;
3: else n <1 and choose the farthest

S; E]M(; — VI{,
add s; to Wand send m(n) to s;;

monitor the construction procedure;
end-if
while (monitoring)

if ¢, overhears m'(n) then add s; to W, end-if

R AR

if ¢, receives m)'(n)
10: then add s; to W ;

11: go to SI;

12: end-if

13: end-while
End-Procedure

Procedure CR_CM begin *oVsEM. ¥
1: monitor the construction procedure;
2: while (monitoring)
3: if m:(n) or m:/(n)ls received
4: then f, <n as its forwarding index;
5. find data relay point rp, E(M, =W, )NN;
6: if ™D, exists
7 then n «—+1;
8: send mfp (n) to ™D, ;
9: send mi’(n) to ¢;
10: end-if
11: end-if
12: if m:’/(n) or m:f(n) is overheard  /* s, :rpsl*/

13: then add s; to W if s, €M — W ;
14: end-if

15: end-while

End-Procedure
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Procedure LCHR_CH begin /* for ¢ */
1: if (E,,=0);
2: then broadcast a service completion message
S5C.;
3: collect senders of incoming CH advertisements
into IV,
4: if (there is no CH advertisement overheard)
S: then perform its task independently until
6: a CH advertisement is received;
7: else choose a CH with
min,, . [d(cz.,cj)], fori#j
8: send a join-request message to c;
9: end-if
10: end-if
End-Procedure
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Procedure LCHR CM  begin /% for Vs, &M *

mark sender ¢; of SC, in IV, as a non-cluster head;

—

2: if (there is no other cluster head overheard in AV, )

3: then te%fﬂ ; /* t : broadcasting delay */

4: schedule a CH advertisement with delay t;

S: if (any CH advertisement is overheard for t)

6: then add the sender to WV, ;

7: cancel the scheduled CH advertisement;

8: go to S1;

9: else proceed the scheduled advertisement;

10: exit;

11: end-if

12: else choose s; with min VN, [d(s,;s;)] as new CH;

13: end-if

14: S1: collect senders of incoming CH announcements

into NS,

15: choose s; with min,, .y [d(s;s;)] as new CH;

16: send a join-request message to s;;
End-Procedure

9 7. CME 9IR SR o) S92 = &gk 3

R 7 CM, s, 2 ofdA] 420] weh A2 CH
24 NS NEIES Awh 1et cHE S4b)
£ EOE o] tyl g, s, AETo] Wl
o o] o] £EE AT CHE Az,

274 S94H = &3 B2 ¢, & 93 LCHR CH
o mE 5, €0 S 93 LCHR_CMO2 I 67} 19 7
o Wolzr). of7|A B3 E= 27 5,0 2719} @
o] o 7] 4228 #7]3kc}h LCHR_CM F4-& 3t CH

18 M35 20091 9¥



TR 98] F2AE S ELEH(LCHR)

@, o8y

(S5;)
() () o)
S3) \22, S13 is)
2" Rotafion iféwesl\j O SJ
N % S5 H (S\ l (S, 1)
ousoifjioes:
o N
é@ | ﬁ
J\.’,J
3
n=4 = ﬂig
) D Pwma D 3
n=3 S| S
=T ¢ SD nf1\ . ol N\t
(_ ‘ ) < 77\5_) n=5 (512
n=2 =12 W
VafeL(ss (o), = iSs)
@, TR et SIS
) ) S
l"r_;\ -4

1. Sy AH2agaw s FA8t CH «¢3hs A&t

2. ZAZUA] 52 7HA 2L AARSE A FAITE tE 7HA)AL, CH S)s
off It Q= S5 AI9J3t CME2 #}4lo] CHE 3Hs 3}
ATk FASIAL 9 A HAAE Wt

3. 59 B HHHOR Y e AE A $EOR 3l
7P e AAARME Boln® A2E CH7F "k

4. Sp= ©A 13 9A 15 Sk

5. Sis= 8.9 A7HE Qe WA IS A4=sysic).

29 8. ©oA Y A 2eaE = wake d

7h e Mol EORE CHb 3851 oh AL 2
Aeha(Y 69 5-1194) Fei2e Sl= wagol o
Ao ARHES ek He Felae LT
gl MM 22 A ol sht ole] CHE A%
A% A8 Ailo] CHYS FHET CHE Attt 1 of
S BEE WY ARle] H24T HEAUA 2
o] o Arke 212 ofulaly] upole. Feie =
S3HE EoAAS CH 749 CHEL LCHRE 213)
Az A, wLks Wt 2R e B 18
a3 ek LCHR 7] o= 1% 83} grek

5. XA HSH MM AAES

dlolg) B XAk} e ARERE] ATARE &
go| ZRol wet taksinl FHel AT olu 4l

S ok $AHQ A9 ABAEE A Aol
ofu] A%E A dlolele] Bl et Alo] tAIX|E
R AMS) B SR, Aol dlofE Ba)E
Alofgtcy. whelol] AZel Ao, MHSL 270 Fof
A QA 7)bstel dole] B 2715 Axslof S,

AZH] g7k Bole MM S0] o] 4wt A
Hoz wrake A7 Atans wEsled o %

| 54 JEEINERPSEE

=X

(12mod 4= 0)12

: 3 11

(8 mod 4 = 0)8

6

7 7
m: Cluster Head  e: Cluster Member —: CGlIOIE X2 IHE

a9 9. AN HEF olv A deF Hlo]

il

lo

$414:91% Folof gtk yhlol, 27112) ALY tlo]
B WEYE A Haeh o] Akl HIZIEA]
Lo ol A o] Aofe] o] gl ok Tk
JEER AASE AZE LA Hele) Aol T AR
ARk SRR A QA HgT 4 Ylofok 3l
ol MEEE Srjstat 4 Glojok Btk TPC WAL
AAEe] A Hlolel BelxIoio) Alef Alel, %, CH
CEELE R ERE R R ERE R
dolg Y U2 Apgste] ofuln] MELE Jrist
3.

29 9% gl Yello] #ae} A UAS Agsto]
A4 Blo]E) W1 70| Thakt 490 ofwA B gahe
1% oA At of ool 27] tlole] B 714

AT, =30%0]c}. o] 27] 7H4& BE CMo] o]
22 F3 A4 dolHE EYST 4 9 U S
| 714 Hef ofii7) Aok KIHE W 4 Q= A,
HASo] Folxl QIFE fashs Fol, A8 A

Al HlolEE A48t A= 2l 7, of

S Mr

§i

N

o rlo

> of

T

|

QAL ¥ CHE o] Agade W3t 4 gl Ldo
o 2} 5 A o] g 4 Zefo] (o, R, =
4)Etil 312k CH= 4- Fo] Ao} WAAE BREANA
Egith thd CM f;, mod 49] ZAxtof| whe} 213 g3
U dlojg] o] A5 Fafl ARl A4 dlojelE A
g3ttt £, = 4,8,122 ANEL modulo AA+) A3kt 0
ojE= Apilo] Al Elolg (o] Fo=AE W Al
g Hlojgjet =¥ E dlolE Heo] g3 Al 2T
35 AMgstel CHE Hggich

6. AlEYo]M At
CD-DGS dolg] 45410 7uabgon Aok

TPC W4 5, WA oA 1of|A2] oz B£3} CHYJ
AARE A aato) tfste] tfF7|& itk H|S TPC



o} 0CS7} e YEYa EBeIA AAEiteks, 2
elE] 74 9 12 OCSE WelE AN WEas
A AR WAo| B R G 1S il Uit g of
Ux7} ok 4= 9l A1B 2ste] ©A 14 ol
L opale} umsti st o|21S TPC WAj3k 0CS

o) erla AIE AlEsHA ek

6.1 45 B} m2fo|E
o] o= BA 13} 8 TofA] b ¥ 744 =y
& 274510] TPC o] o) WE See it

- B A4 72 A BAN ofifx] hmis 4
A7} Aol ulshus wloje] Mol 4w
She oA ool That QlElaz W e AL
ejgich

A oUA] 2 1 AR Aplo] AR 2
dlol¥) 231 ehEntc CHE Bsle. oo B
2 ouix)7} HorReleA|E Bely] Sis) 1000
of Wi eheEulet 7} KO R ofuiX] S5
24,

v
il

£

o] :=HoA= TPC HH]2 JAVA Thread 7|52
Fste] AlEolde askgitt o] A= T

P AE o] AlAES 500mx500me] HEY= g7t of
Rt UEs b @5 BER ANs Asdee
AsP) 18l the2) bl 7HA) U, 1414/200m’, 1414
/300m’, 1A1A/400m* e} 1414/500m’7F ARE]3, oy
A 4w Z4sl7] 8l 1414/350m’ 7} ARt 1, =
50m&} r, =100mQl = 7HA] F4l Fut 97k AR
o} O [ A 117} s $of, A= oHlE o
ok Alde AlRtekaL 329 dlojg il F7jnlth CHE
Al dlolelE AFTeh(of. A2 2l dloy Hal &d).
Alxl= Al ElolBlE 100051 A/dst=% 27g €tk CM
o2RE A HeolHE fysket arEe ouXE
Z7sl7] Slell [14]0014 g1t Axt FU7E o =] el
2 o2& ARSIt : radio electronics energy 50nJ/bit,
radio amplifier energy 100pJ/bite} 512 B|E 37]9] 4
ole] szl AAARE A8 dlolH U AHS
Sl 5- o] Alof HAIAE ARERIT 2 YEYA 9
o sl oAl HO] AelS alisto] AaE =ESISIT:

oft

¢

09,

N\

6.2 M& 712/9| gt
shofl A ATt AAH AEA=le CMo] Al Hlolg

MMHEATOIM SHAE7|EIL] OUX| EE2Y UM AAEE HH

0

£ 2. Bt AF Al o A 2%

H# CHS
A A=

r,=50m | r,=100m

1AA/500m?| 582 188 | (233, 14.4)| (458, 17.7)
1AA/400m?| 612 184 | (23.1, 13.4)| (47.8, 16.0)
1A4/300m?| 63.0 | 194 |(23.0, 12.2)|(46.2, 14.3)
1A4/200m*| 652 | 19.0 [(23.9, 10.7)| (46.8, 11.9)

£ 3. 4% 72 e vl nE Ad A
o A 13k ©A 19 st
B CHE:
HA wE ° B A% Ae) 2w
r,=50m |7r.=100m| r =50m r.=100m
1ALA/500m*| 582 18.8 38.3% 61.4%

1414/400m*|  61.2 18.4 41.6% 66.3%
1A14/300m’ | 63.0 19.4 47.0% 68.9%
1AL4/200m’ | 652 19.0 55.1% 74.5%

5 EYESP] 93l akshe o|A|e] ool HlHRith
CIRINE e 2 g el 44 ElolE dajo] 9
35 ARgste] TPC7F dvfuy @2 AS7|eE dai)]
© A& ST a7k ek s CMo] @A 11 3
Aol izt o]5& He Alo] ofug, AdEA2] 4 v

44 9=0) Bt o] - Yefloly=e) Bt ol

E(. A A=o] B0 ¥ 7+ CM9)
diojg] defo] AZQIE9] 7hg-el whet A4t 5, o
A o419 HE Azl of= CME= dloJg Do) 22l

ES wAsha) 23t 2oke] H 9ol wA LA} 2t
T Qubo R A YEYEdY wisH &
s17] el ol olF B Hgolch

YIESE WEsk SR ek CME 2] Fukg
W) el G o] B Sofub H, o] ReEz)
A2t gashA E|u, dold Beo] EIIES WA
7hsAdo] Z74HA Hek. et Zuk Wl g
Wt 2 ) 7 wge] FS 7IXE 8 agl]
Ack ol Fu Wt AUEE, ofrse] 47}
wob] tjRolc. & 29} % 39] UF Ao yES
Wiee} ol W9le] 2717t o WA A% AT 14 v
2o Qe F1 A Bojze), of oA B o
el B A% Dok Foie Wl WA F71
ue} fof wA hashs e WAL 4 gk B3,
TPCE 7 CMY| %7 A4 AslE B e oz
2) 74.5%714 B2A171e ol AR e oA
MR elnldiet. uhe] B oA B e

A8 M35 20094 92 @D



27} Mol oo S W] Rtk 1 ol CMo|
SelAE] ojoyCHS| i wehUle] BUsH 1]
o] ¢lL, BE CMo| A CHE A4 Yol %3]
whizole). 24 THP7k A ARl Hlest e 2k Ak
WA lole] Adel] BAF HEAeL FAH AL
ofF 2 WA 112 S5k Ao] Uit e ouix]
7 HopE A2 HolE 4 Ut WHo] Hck

6.3. O|lLix|] Hot st FHAE =9 HFRE
o) e, 2 A} f000e) A4 ol s
B 00 0 o) 40 28 woleeh 7 46l
gt o uA] AnEre é got7] #1sh, 141014 27t of
Uz g ARt gutdo 2 218 27t A
i 5 B0 sl AAAR ouR] B ohe, 441
Aok sA17Af0l] FAL AR o] £HE 2T
T8 89le = uEn. [14]9] oA Bdofr= g
G B4 BN H]E HAAE s o4 52 B
SRt 2REE F AUXE £, (dls,s,) 2 BASHL,
s;7F HIAAIE alsh=t] JEH FAYAE, B, 2
FASH TR o) ALt

B, (d(s;,5,)) = £, < (E,+E,xd(s;s,;)?), a
Er‘.l‘ = Z7715(/ >< E;

o714 £,z HIAIA] Ale] Bagh 344 ofuixlo]
3, B 5,0k sAtelol] AR dlols A4S 9it
d(s,.s;) ol WIESHE %E 24 ofvixjolck. o] melo] 7]
wstol, T 19] S o] Seie o] BE CMOR
E—Eﬂ A dolElE Sehet] Bl Foluix Aws
L2 Theat o] 78 4 glck

M,
El, = Ely+ Y Ely, 2)

A7 El,= ZE +E,(d(e;s;)) 011, Elyp=
sk, (d(s;c;)) oItk @A 11 4= 201] S AE Y A4
glojg *mﬂ Q3 oA AW(EH,)E TR} ol
T8 4= ik

k

A7 ke rp,HiAl] CHE A HlolEE EH=s)

Em(d(cj,sj)), 3)

| 56 BEENECISEE

=X

= CMO| =2 A] AREAF A AATE Aol whet thok
itk 5= CH7} FF o2 CMORRE 435 A4
glo|ElE 7|A(wkek 7|x|=o] vl =get 4> Qlhd,
s;=s0|tho g Budh of AX|= viE ok Folw 7}
CM] o |A] 2neg, Ef, = Tt go] Frolxich

O

By = (B L (d(s; ) if s, does |have rp,
E,+E, (d(s;c)) iff, modn=0 ’
E;L (d(s D, )) iffi;modn=1 “)
E, +E,/( ’(Sz,rps‘)) if1<f,, modn <n—1

weba glo] mEle T 19 S & Zelay
Yol AAE Blole 4o Hadt FouA sme,
Y% o] 2} CM jollA] rp, o] 74840 mEThs A& 1
ozt Saliz o] RElS v 13} T 12 st Al
H oA 2mEe 2457 98] AHgste] ol )
7} Aol 2] 2 ofifx] S0l Ak ofuix] &
wol QA ARE wolF7] 99, 7 FelAE i
SR B o) S8 BRI

AQARE AT olE] 48 919 44 dolel 2
olo] Zt) 42 5(el. 5- Faop= ARt T
9] 9, 7, =some] 2% 103} 213 1294 *F%Ebﬁ
r,=100mo| 1% 113} 1% 1304 AMEch 18 10
3} 2128 242 9 [(CHE2) 47 BADT} Aol
Aikao] & wlet gie Aol B oA 2t AAe)
R ofux] 478 ulaa Ajolth. oollA AF A
3} o), Fig Woke o] Aol sl A4 7]
Zo] Fge A= alolh

29 118 219 109] Ao} ulmsto] o« Hoka
7} 94 o Ak A HolEr XA Aed

500x500m2 WIER 3 3| (141A/350m?2)
1.00 T T — T —

0.98 |- _
0.96 |
T e I 2
- .-

092 0

5-relay

(BINOF) > A= e

0.88 p- B
----------- Phase Il W/O Delay Constraint
—-— Phase Il With Delay Constraint

0.86

Phase | b
I I I I I
0 100 200 300 400 500 600

EXE ZeAH BH >

29 10. 2eaE Wue] B2 o7 $F ER(r,=50)




500x500m? WIER 3 31 (141 A1/350m?)

(8INOP) MY H =2 rirz

----- Phase Il W/O Delay Constraint
=+=Phase Il With Delay Constraint
Phase |

05 1 1 1 1 1 1
0 100 200 300 400 500 600

ExE 2oAH B £

Y 11 ZeAE B 2 oulx] £ HR(r,~100m)

500x500m2 WIEKA T 3| (141 4/350m?)
1.00 T T T T T T T T T T

R

S

o

(BINOP) > A2 M

—e— Phase Il WO Delay Constraint |
Phase |l With Delay Constraint |
—=— Phase |

1 ! ! ! 1 !
25 30 35 40 45 50 55 60

2
=XE ZHAH HH =

a9 12. ZejaE HE HE U (r, =50m)

0.50 | | | 1
5 10 15

500x500m? WIER 3 3| (141A1/350m?)

(BINOP) > A2

----- Phase Il W/O Delay Constraint
—-— Phase Il With Delay Constraint |

Phase |

05 N 1 1 1 N 1 N 1 L 1
0 100 200 300 400 500 600

SHE ZeAH AHe »

a9 13. Fe2E FEo] BE U (r, =100m)

(5- gaoh WEA717] S8, ofel CMe dlole] Y
o] EIE7} GlEfehe Gk ofu] 4m7t agk A4
Y28 Aok S 97k Uk THBE g 103

MMHEATOIM SHAE7|EIL] OUX| EE2Y UM AAEE HH

I 11 o Hal XA o] FeF Ato]of
trade-off7} 9JS-& HojZc)

A TeA CHREO| AHEAS AMgehe A &
A 1Hofl4] o] CM2] Hejo] ZIER Aeie tfFg
o] CMEZ deo] HlolHE FAlsl] flsl dFe] o
9 ol|A|ar7h Baska o]z Qls| CHeL 7H7ke: 9

MY E AmstA Het ol A= 19 102 19 11
o] wApgoA] Hojzrk

a9 129F 9 132 oA 13 ©A 1T Afelof] CHEY
2 oUR] oA & Aolg HoEth 1 Adl=
CMo| CHe} 23] F4ldl= OCSE} 2 LR EZT}
asto] TPC WAl A e] SAH = <3 Sl4=7t A
o] Atk AS oufgit oA oA Moj|A thige
CMeo] dlolg dgo] x=a 2Alo] AlAJSH dlolHE
EYEslo] CHE} 27 FAlB= AlAS] 427} wllg- 2o}
A7) wjgolck. wpeba] CHE o 22 o] Al HloleE
S48 H L o)A CHO| A4l YA2=7t CHE}
A3 FAlk= CM O] =0 whet gt AS oulgh
ok 1 Azl oA HoAe] BE CHE| Zk2 our] =2
o] A& FA th2A] o3 17 129 T7 1304 Hof
=tk Foh 9o S48, ZYAEYY MM sk
WolA|aL o] CMo] dHlolH HiolE WA S5
o9 3 gty 28ER 9 12% T 13} H|wste]
SHA| 1efA12] oy 7] Aefanprt FEShkstA 3= 9l
& Holzrt 5- gao] 21Xt Agta ] tist B
o] el ofuvfz] Hokaute} dlofe B AAXZE
Aolo]| trade-off7} 9l5-& HoET]

8.2 E

—

4 H(CD-DGS)= a7lfstal ol & flsf 283t -+
A 2228 (TPC) S skt o] =29 =
Fe= HEYT AEAREE SHieiel7] sl ARbAdR
uet Wahe ARARY] A AAIZE Al 8.3 diF w2
AdE Hole JuA 5ed MMaAERS
£ Aoftt. o] ZRE A Sl Alokd W
A HEHD Se2ETP o SYAHE 8]
o= HEHA7} S2AER W oAl 22
] Zk CM3} CHAPooll= AR A5 F/dstal @A 1o
Ae olldAl defe sl 2 CMo| 22 AH dloA CH
Hot v 7Pke olR=EE Fot o] S FTh

18 M35 20091 9¥



5 20 & FRA
2% B Alof AR Aol Azl wzke Al

Hlolg] 4ol A= Yeflo] Wk of w ang
askst] 18 Aol Ast 80| gl dole 44
Sfal ARgEICk A4 Blo]e) el Tie 4 ek
do] 2z10] ALg-e ARS8 HlolE] B 2|2IAIZk
LT Wk g4 QA 24 4 Qe Aol
A RAZE AR Alzte] T2 wste} $-8o]
m}_e_ 2| A7 11]6}374 o] AeEg 1= CD-DGS7}
ST ALK HEQ] A9 A of] ouix] dokailes
04 o etk o9l 434S CHE) 12EE
AA7)3 CMOREE A4 HolEg sk 5t 2
BAE fAll EE oWESE Pag fuw,
5 CHollA] ApgAe] Hloe

i) mlo B

w
TR}
> g
ri
o
S
>
ok
2

‘IPE} 2d deol4E Alitshs WS 7idsto] Ak
TPC Ao Z3HA7]= A5 ZI8d Agolrk
Hu 2

1. I F. Akyildiz, W. Su, Y. Sankarasubramaniam, and E.
Cayirci (2002), Wireless Sensor Networks: a Survey.
Computer Networks, Vol. 38, No. 4, pp. 393-422.

2. A. Mainwaring, J. Polastre, R. Szewczyk, D. Culler, and
J. Anderson (2002), Wireless Sensor Networks for Habitat
Monitoring. In Proceedings of ACM Workshop on Wire-
less Sensor Networks and Applications, pp. 88-97.

3. G. J. Pottie and W. J. Kaiser (2000), Wireless Integrated
Network Sensors. Communications of the ACM, Vol. 43,
No. 5, pp. 51-58.

4. S. Ghiasi, A. Srivastava, X. Yang, and M. Sarrafzadeh
(2002), Optimal Energy Aware Clustering in Sensor Net-
works. http://www.mdpi.net/sensors, Vol. 2, No. pp. 258-
269.

5. C. Intanagonwiwat, R. Govindan, and D. Estrin (2000),
Directed Diffusion: A Scalable and Robust Communication
Paradigm for Sensor Networks. In Proceedings of ACM
MOBICOM, pp. 56-67.

6. W. Choi, S. K. Das, and K. Basu, (2004), Angle-based
Dynamic Path Construction for Route Load Balancing in
Wireless Sensor Networks. In Proceedings of IEEE Wire-
less Communications and Networking Conference (WC
NC), pp. 2474-2479.

7. X. Hong, M. Gerla, and H. Wang, (2002), Load Balanced,
Energy-Aware Communications for Mars Sensor Net-
works. In IEEE Aerospace, Vol. 3, pp. 1109-1115.

| 58 BEENECISEE

=X

8. A. Scaglione and S. D. Servetto, (2002), On the Inter-
dependence of Routing and Data Compression in Multi-
Hop Sensor Network. In Proceedings of ACM Mobile
Computing and Networking, pp. 140-147.

9. M. Gerla, T. J. Kwon, and G. Pei, (2000), On Demand
Routing in Large Ad Hoc Wireless Networks with Passive
Clustering. In Proceedings of IEEE WCNC, Vol. 1, pp.
100-105.

10. J. Gao, L. L. Guibas, J. Hershberger, L. Zhang, and A.
Zhu (2001), Discrete Mobile Centers. In Proceedings of
ACM Computational Geometry, pp. 188-196.

11. S. Lindsey, C. Raghavendra, and K. M. Sivalingam, (2002),
Data Gathering Algorithm in Sensor Networks Using
Energy Metrics. IEEE Transactions on Parallel and Distri-
buted Systems, Vol. 13, No. 9, pp. 924-932.

12. N. Bulusu, J. Heidemann, and D. Estrin, (2000), GPS-
less Low Cost Outdoor Localization for Very Small Devices.
IEEE Personal Communications, Vol. 7, No. 5, pp.
28-34.

13. 1. Stojmenovic, (2002), Position-Based Routing in Ad
Hoc Networks. IEEE Communications, Vol.40, No. 7, pp.
128-134.

14. W. B. Heinzelman, A. P. Chandrakasan, and H. Balakri-
shnan, (2002) An Application-specific Protocol Architecture
for Wireless Microsensor Networks. IEEE Transactions
on Wireless Communications, Vol. 1, No. 4, pp. 660-670.

15. F. Zhao and L. Guibas, (2004), Wireless Sensor Networks:
An Information Processing Approach. Morgan Kaufmann.

16. S. Banerjee and A. Misra, (2002), Minimum Energy Paths
for Reliable Communication in Multi-hop Wireless Net-
works. In Proceedings of ACM Mobile Adhoc Network
Symposium (MOBIHOC), pp. 145-156.

17. A. Nasipuri and K. Li (2002), A Directionality based
Location Discovery Scheme for Wireless Sensor Net-
works. In Proceedings of ACM Workshop on WSNA, pp.
105-111.

18. Younis, O and Fahmy, S. (2004) Efficient, Distributed
Clustering Approach for Ad Hoc Sensor Networks. IEEE
Transactions on Mobile Computing, Vol. 3, No. 4, pp.
366-379.

19. R. Virrankoski and A. Savvides (2005) TACS: Topology
Adaptive Spatial Clustering for Sensor Networks. In Pro-
ceedings of IEEE Int’l Conference on MASS, pp. 1-10.

20. M. Lotfinezhad, B. Liang, and E. S. Sousa (2007) Adap-
tive Cluster-Based Data Collection in Sensor Networks
with Direct Sink Access. IEEE Transactions on Mobile
Computing, Vol. 7, No. 7, pp. 884-897.



HMUEAIOIN S2AAE7|Bte] AUX| S8 MM AAEE o7 |

|

% 2 (twchoi@hufs.ac kr)

2005 e A (FE) ARE B ARy
2005~2007 AR EAIRITA WY A7
2007~2009 g=ulo] A2 ATE R&D AlE A A
2000~ R HR|RolgstL FRE TN 2u

HilEof : Wireless Networking & Mobile Computing, Wireless Ad Hoc/Sensor Networks,
Ubiquitous Service Development

|
0| £ (yleehyun@cjnu.ac.kr)

1997 ANofstL AFE s A4
2001 At HRE st Fotuba
2001~2003 FFEARREATY ALY
2004~2005 FUhshE HHLOITLY

2005~2007 APAHA EAATA BIATY
2007~ 84 FEUs AAEATIAT s

T EOL : Mobile and Wireless Security, Wireless Sensor Network, Wireless Mesh Network

L

H 8 Xl (chungyj@hufs.ac kr)

1997 ANE&uigtu ekt stAAAYEMAL

1997~1999 Al&ista HFEA7|EdA+4 SHA+Y
1999~2001 FAbsta AFELYREFAAAL 7G4
2001 ~ & s=relarojista HArEEsk ws:

T B} : Wireless Sensor Network, Embedded System, Computer Security, Algorithm, Bioinformatics

A8 X3z 20094 9 @D




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


