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Abstract Since Sensor nodes around a fixed sink have huge concentrated network traffic, the
battery consumption of them is increased extremely. Therefore the lifetime of sensor networks is
limited because of huge battery consumption. To address this problem, a mobile sink has been studied
for load distribution among sensor nodes. Since a mobile sink changes its location in sensor networks
continuously, the mobile sink has time limits to communicate with each sensor node and unstable
signal strength from each sensor node. Therefore, a fair and stable data collection method between a
mobile sink and sensor nodes is necessary in this environment. When some sensor nodes are not able
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to send data to the mobile sink, a real-time application in sensor networks cannot be provided. In this
paper, the new scheduling method, FQMS (Fair Queuing for Mobile Sink), is proposed for fair and stable
data collection for mobile sinks in sensor networks. The FQMS guarantees balanced data collecting
between sensor nodes for a mobile sink. In out experiments, the FQMS receives more packets from

sensor nodes than legacy scheduling methods and provides fair data collection, because moving speed

of a mobile sink, distance between a mobile sink and sensor nodes and the number of sensor nodes are

considered.
Key words : mobile sink, wireless sensor network, communication error-rate, FQMS
1.ME O AA =g BFAIAC Fk o)E e A
2okl H32E HE&F oA AR B A7 889
T MEMS$} vwlold2=x 2 M aga 4 F21 N
Z=0] Hrx o rEEo P! A=t D561

7‘15-’]4;{»—? /ﬁ_]’j‘ ——== O]‘g‘ol'cq He :°ﬂ j_aln l/] (b)gl‘ %O] E’_]' }gﬂE‘ pas /}ﬂ}\'] A==t
e 35 = St v

Ax A& ARE dux she AA vESAS} dE) HE golHE Sy AT} o]EdE Aoz A

BFE7] ARG oleld MM WENAES o8 . .

) - HIEHZ AAE olFsty Z AA ==825H dHo

o] Aa} Ao} Alo] Az @ =24 37 So|A

ot = cl RGNS HE £R8e o2 w3t 2ulyd Aas o% =

O AR F3o] Jhsdith H2 Al MEYIZE o .

7 A =E2RE FE53 do]ES 4ok 3t} &

43 37 EyUEPod AR+ ‘°ﬂ e A7 & ; - e e o . -

5 A& Zo|th2-4], AA UESZE ARAoz AA 2 AN ==E2REE 22 dHoHE FAlsta 2E Al

vcsong zgm Eﬂoma o= A= B o A =22 BHE HoHE £ gethd g Al

A4 =S olelat BAeA AN wEEZRE A4 A7 AAF Ade Aue 4 F U A bMEY
o 1= i fus *—1—

ABE Aoz Adss g ek ATt 2ashh £ o]&% 3 EUHPH 22 ofEAc M=
/E A AERaE 2y 438 99 kel A ¢ EAE ABEE A T Baes 490
of ATHLE. AT 14 A2E AgH A4 vy T B AN =SS2RE @5 delgs £

G5 4ETE AN weel oA seh Fap B ) AT 2ATYE Bast,

b Aok 8 19 (@9 go] 1A A= =W AlA 2t A3E AR dlolE £37e AlA ==7t

m== Zale] AAS HlolE®ul olual Al =o)A vty 3] BAHS Qo] HEEE AlZte] AlghE o

AN wEel A el BE gaz Agsy) m A2 AN wm=el AXd) met wukd A3 $4 )

Bolt), Az 2= AN wco Zyim A4 gojg o oo HW ANE EF geo E£3 wnid J37h 4

o2 dqux 257t FF53E A3 FH AN ==12E Ao F o]F3y] Wil AA =t mutd = 3t

qUA7 m% 2mE olgd dqux 2rE Jaz oA dHEE AAAZeE W3t B4l dHEc] =

HolHE A$d 4 oA BEDL, ot AA A vE L Zud A3 A JFsd Akte] F AN k=

970 FHE HolAA T Sﬂ?_]o] g} olgs £ © =2 PN 1 ARk 296t HoHE 4

AZ fAstEd Az F=H AN w9 oux Axg ok Aotk Wiy mutd d=g 7Y dlgge] ¥

O anss ® a3

ad 1 AMENE F4=



232 RN =E A JEFA A 37 A A 3 5.(20106)

Y

3 Bakd Ad3e B4l s Algke] 1AM ==
-
H

< AIZE FeE HolHE &

2
I
it
2
9
Ko
fto
e

€ olgst mutd AHdae F

o #5e dHolgH #HSs ¥ F 9\1% FQMS(Fair

Queuing for Mobile Sink)S A<

d HIEZREH Ayt "ol o

"7?—40}04 ’df_‘ Aol Wkgsla FHoZ Al
%

MO rﬂd

° xﬂ/q L=
4

FQMS-J A 3 Brystrl f8ted de F
H AA ESIY o8 AA ==F Aol
jle] ¢} Z}zte] == 4 Fairness Index
Atk 349 dREs Fotd ey 2AEH 7
7 vlwsled AgdE FQMSY &84S #AS3th
2 =i 4L osH Zrh 2FdAM = 754
Az 7€ 2AEY 7IHI Zhkd AZE ARSS
A HES A dFTES AFin 3FdAMe
oA AMEE AA VELZ X Rdd F
2ntd A= ol R i ARth 473 lA
2ot A3k AlA == F B4 BR g golr
I 5FoAE B =EolA Adshs #5538 Holy &
6

7

x o
o M
o I

it
e ook

=

2

Sl

i

e 98 2A%9 71 FQMSH) dis) 4w,
Aol e FQMSe] ®oldgs Asu7te 7eshn
Aol A2 B 4% AYL AN @,

19 2AEY 7Y T WESNT AMAIA 75
3 Agste WHdAE o8 7FA7E Aok GPS(Gene-
ralized Processor Sharing)@ig]&L = 249 g
)\loi HPAE Hulv dugSo|tH7]. oyt AL 1)

T Ze FoF pro] el FFEA Eul7] Wi,
ol2HoE oAl deRS AFHAT, HddE &
e Dol stk

o]Z HY3 g7l @9 2AEY 7HoE WFQ(We-
ighted Fair Queuing)@ig]l&o] AAHUATHS]. o] =
A=Y L PGPS(packet-by-packet GPS)Z2% <& A
ALk o] GaFE Fze] 7ol 7S Fsa 5
3 IFEAVE E FAEE AMRIAE AFeh 7 #7ke
T548E B3] A Al="ox Bo] &85 3

gE5de gy ges 2d
). PBRR(packet Based
Round Robin)@18]&S 7 D92 FES FAUHE
Sol7tAA Aulzgity. P golsta 2 R AL

o|ze] AL dEAHol RAHXT thgst HZ A
ojze] HAFele FEZIY dlolE Al Wizt #5A
E%Ol A=t
2 TH A3
*Ji HESY T mErtd H3E HEAIZ I+ 2ot
= A AN HelHE Eutd Aaz dAFsr] %
g8 71 ATed Eupd Az fAY Aol ATE
£ & Atk
719 A9 A= HelHE dAFde TR 7
HE mutd A3d A&s7] etk ®2ukd das A
2oz Aoy AA =o)X HolHE Aid|ord
AEE vHA =W 2utd A= o)Fe] met Zh Al
A =29 ZB9-H HolES WA ok a17] wFolth |
£AQ1 98 HolE9 WAL A =9 Rig T
o rE9f duyA ARZIVIE

3o A 2" JE EF HE s AT
ATH9,101.

AA MEQIA =2l 35 8387 A
Erld 3] FHYS HES ste ol AlA
A29] Hes I | &

o 7 AN el e wEt Zukd

BUE Acton WA dmdlas o) 5o

T ATHILL wkeF 2+ AlA
&3

W Rk 3l A dFsior & vlolE o] B

] % Qo o)k AAF zAselN We o

ol AsaA B
[0]1ME 79 ol&e o gale] muled At

dole ol B8 ATE AW o Aol

ERDERED ©

e Aelshs

Fare. 2 AA BE tﬂom% a5}y

g 44 w=eo] RF 2o ¥e 3

AAE st MM wE7} 74

Alet= )\O] Z83hH H]O]Ei—i— LA
A

rﬂ
2

et
oL do 1%
tlo
o
o,
o

=

1-1‘
[n
i
Jz
)

Kl mlm

ol

(= <

TS g9 By _HJ:P AA HIOIEi TR ARE @
Z 1=
&=

%412
4% dok s AxdolE Bk £84 dolE

A=,

fob sl wolElgke] Tt

A

°l

A=

£ =E5e AYRde
Ao A9 FIR

92
19l



Zuid A3E A3 o5 FIEQD): ZHd A= 71 FA AK E IS 753 wolH #e A% 2AE" 7 233

ﬂllﬂ

A o =E2RE HolHE FAT AL A= dHolHrF AsErd Eukd Qa9 oFAE F
gt 2AEHd BsldM e AFsA ¥ ok ol el AlA

b

f
il
rlo
N,

@ BABE AAS] N B EEANE wEUE  FE A4 wsol wa A% mnes) wus) gu}
5P HolHE FAT & ARS do] mES0] M4 meky B =RdM mukd Jask AN k= 7 54
@ dolEE AN o8 4 YES st AL BE RIS OgH 2e 53¢ /R
2 dx vk =@ o8 w=5o] muie Jae] 2 cwuk) Q3] olFAHE A EAlsks RE AN
W &ake 29 2429 7w g% Be wEE w430 289 <l 5 % sl
Aozt & & glewmz oo gt A7rk olFoiHo} sl Aaek A =EE AF Fow BT
w 4. ZHIY A3

3. Alzd 24 41 DHIY AF0| SAl =Y

o] AoAE B =R ALH AA VEYa 57 mukd Adae dEFer olFdEr 14 HAE
873 moted 3d) s Aok wuld Aael 4 AR AN HEHS o g4l 54

A wso] mxAEe mHlY A=s A UEYGIY 0 AIE ARES AA UEYIdE A3 A ==
A olEale FEe] &) Awstm murd Azet Ak S BAE F e AREe] AgEo] A &tk AT
=E F B mdw 79 2dd o] gopr 2utd Aae A4 AA mEs FAT £ e A
3.1 MM HIERIT HiX] 2 Zro]l Ag=Eo] ok ESF mulkd A9 o]Fo] 3
A AA =zE a9 29 Zo] EYFoln AYS AA mEste] T4l A7t AlA1Z4E @WekA Ha oY

[o gy o = L
dlolg A48 =3 FUsch 411 Agd g A
29 3 ®mukl Aaeh 44 == A B ¥AE
e Tgelth a9 2o] mulel Aze ARE %
* * AWAE A ek webd AN == A% BE 2}
« T * * Q 49 A9l oz Fase AR N3 5
I * W9l Moz Holhs AH OUT Aolol g E4lo]
v brectn .
P | 7Pt 2 sl Al wo das) Faus
e . . * b ol7) mEe] EAle] BASHT Z AN wEe
* Wl 47} ol5Y W BAY & e 54 Al
* % * Q3 Tu) WAl EAS sjof @ wel EAL 87
st 2aTY a9 A9 JuE Ax 2 Aolw o F
29 2 A4 WESZ WA B Ane 87 2UHAY 2L oZeAel i Y
4 oRz 489 4 Aot
3.2 SHIY AT o|S2Y oleg AFE 4 A7ke mHle Aze] o)A
wrd gzt APl RER AME Al 18 AN k=g Azl mel dslele E e 542 717
H AX AZE /Y B =EoA AlgEe Zakd o} 2uld A=9o) EAINQE 18 33 o] Y9 e
gas) o)F ARE ST 2e 54 AR, 2 43 gtk mebA A4 wsi muel 4z oE
cEnl JaE dsHow Sl AR BolA5E EAY 5 = A7kl FolT
cBuld A o]FARE olF T FAHHA &=k a9 3004 AA == AE AA == BRU Zuly A
« 2uld AFo e T A2 o] FoAth 9] ol AZAA ¢ HE 7] wEo 2uld A=9)
3.3 EAl @Y BN 5 Y Aol O HE A2 B Ytk
B =FoA Agksles FQMSE EE AlA k=7 412 B4 oge w3}
FEG doly A% 7198 Rolstd FSF At 4 1A Aas AARd A4 eSS A2 o5
AN wEA FolAT AnHoz FEF AUA & A @] wEol Hash A AFed AN =E=oje) A
RE oo A MM WEZLY FHAFS ZEZ  e)sh wskshA Rk o, a9 49 (@9 2ol A
At 1z WA W § EAS Fel mu 4 ek A4 ws g B4 el A7l Waels 97



234

CEELE R

s IN
\\L Sensor Nodes

‘/! Communication range
g of Mobile Sink

ARFA A 37 A A 3 5(20106)

4.2 ZHiY A3E Qs AAERQ ERY
A [ E R 04 *M

= A 84 RUH¥
e Aol WA F 7] Wl AFsHAl oA
TEbA, Al =E=7E B A0l gle

=271 A9l fle A= A vk ol Al HE
el =ukd FE= 2 s
EE5H HMFA% AE wen mEpd, 2uid dac

[ AX UEZ A Gl s AX ==25E dHolH
EEERE DIPEDIE L] B AFWE & Y= Al P FEF Aol o)
gk Al AlM ELZY] 2RHET £ Ao, 2
St B4 delv)l WselA gow 19 49 sk 2wl A3vb 7 AN wERRE A4 dolHE A8
o] T A& A WskskA e S Qe FEG Azto] grhd a3 B4 b
sn wie AaE Asdos gdeluz AN 5@ AT A 4 A4 wsevd @50 dol del
EEst A3 7 T4 At deke 540 Atk dE B FRE &ioF I wef 10719 == EAske A
Eo], 2% 37 o] AlM == A9 BE Zuld A3 oA 549 kEoXNe 100%9 HelHE F3sx
o] BARMSY cteg Fojex= AIFY INOA 7B 11 UmA 5749 =EZREE 0% HolHE I
B4 A2lE AT, olm mule A=k o5 Al HOlEE SRS ¥ ki AT Age] Ynt
A =2 At BE Entd Ad3s e 2akd A Al Aok weF 0%9] dHolHE £ 57h4
29 vz 9o AT W g Fe BA AE A AN ==} 4@ Aol salvk BASTE )
A Ha gA] "ejA|7] At OUTAIA A EW £ AASHA Eohs EAI7E 2 Aolth
INAHT 2e 744 71 B4 AE AHdch webd, = 2ok AAE AR AM dEIZE 418604 &
e sl AN w=E 7 B4 olele 29 59 (@9 HEuleh gol A4 wsek BN & gl Aol A
2ol HArl A oEEM A s BA] ST o] ar T4 dgrt AxAAer WHEke SAS
£ 2¥e adn B4 desl 8 anE Azl Aux ok 2Ed A4S0 7 A4 mEE RY #E
FAgo] asEg a7 59 (b9} Zo] HZ 414 M HelHE FHs] AsiME olHd 54L& i
& 5 Egy Bxe wE w7l o] SuksE F 2AEY0] AFEolor doh
A error rate 4 receive rate
time: timg
(a) T2 o2& (b) HZ G218
a¥ 4 1A AH3e A g 2 4R FAE
error rate
i“\.ﬂ P receive rate
PN _— P
| — | A_- ~
: L ~~
| | P ; | time
I:N our N our
(a) T2 o2& (b) HZ 218
a3 5 2akd A 4 dEs 3 g3 s



(1

235

Eias

g

A 2% 7
Tin

[e]

=

o l Sensor node
o] gk,

o
P=RA+RD

=

i
Mobile Sink
A== ol

28 6 A4 = uE 24}

2

g oy 4

=

Gl
—a(t—0b)?+cdt

o

S Beacon message
'

Tout
out
FQMS

[

—

1

A8 FQMS+= 4 (1)

A HERZAA F

T3 HolE AF 71E FoAg F lejoF
Al

A
LS

]

‘]

SOPERLE X

°ol-&
zl
el

°©

At
2

=

=
2 XA

=
o

p
=

& 4 ofok
=A1717] 9
Pu =

s

=

2=
m

o

q

L

Z

o]
o= FQMS7} o]

FQMS 714

A
p
.

dlel 4z dolg

=

}_

RPALE
<]

i

O]
[e]

i

o]z
as
=] )

tleolg AF 2AZY 7IHA FQMS

=

A

L

iz

[}
EET

k]
pil

=l A

i

£l
F kel Y delHE A%E + Ark

o

w47} Bl
o ol

=N

[}
1

xe]
pil

T

5. FQMS(Fair Queuing for Mobile Sink)
t}. FOQMS+

FQMSE A7A
FQMS 2AE"E

i

O]
pad

ik

o
A =EZRE HolHE AF 17

Z AA =z A
v} X ZAE vk

o
ES\S

B

Folth. RAZe)

o

=

g
Aol A2

i

o} —a(t—b)?+ec

olfE 1Y 59 (D)9 Qo] mile

3

kil

S out& AN m7} Bl g=ie)

S

Bl
o Ao A7ke

i

=
o
pid

=

_?4
g

=
=

Ll

3]

=

HIA vAIAE B

p
-

=

o I¥ 637 Zo] muid

BA HARE BEEFAE

1

i<l
hal

-

A

o
=

: ol

&

=
5

1 olEah o)%
91 ol A =7k s A

3

th RAE Rutd A3 E vlolEE AET FEo] 7t

1

woE mNAAe 7 WAAE muld Jaz A

I ARS® gholeh Al

i

95

2%

=
===

o|J

i

o~
-

Touto 2 AXF

A =2 RE S8 WA}

A
pls

F

1ol Tine AlA

3]
s

o
=

2 A%

A Ao =27} =np

3

A

tot. RD<

pil

X<

o FE A

. RD? &

ki3

o]

o))
s

H

o

g A

3]

TinZ} Toute] o=

A

.

RE!



236 AR 73] =E A

o} AL B3k AA =ToA SAES o))
hAeltt. AFHoZ 2 (1) Eutd A=9 B9
QHe] AlAN == F H}%‘ Az deleE 7MY AA
A& AES gEo] Mg 2L AA =25 A
gttt

O 7L mukd A3sek AlA kso] FARR
d A= MS1 9AA MS3 AA7HA o] FataL
o MSL AR s Ao S ol 44
7F AR MS3 RldA e A2l BAIHS] Qo
B, C, D 4719 AA === 71X
vtd A=t 28 79 MS3 90 S w A k==
A, B, C, DY #Z A& A& &S veRH
oltt. 1Y 89 core timeFolM =utd =7t MS3
Aol & we) Azte Auia out e ZH AN wE
7} 2l A3 EAM vlo g Hojule A4S @
@tk A, B, C, D =7} muke o) A <k

k<

o

fo
i
> ln o

_n
Ll
HX‘i
[0¢)
rlo

P

ARFA A 37 A A 3 5(20106)

[ RN

& F 3= A 44 Ag, Bg, Cr, Drelth MS3
AN AN == A, B, C, D] #zl FAE&9] g2l
RAE 7+ XE49] H&Ege] 522 17 89 Ap, Bp,

Cp, Dp7b ®th A AN =7} g3 289 %ko] 7}
F Horoz 71 B2 $4AEHE 7HE 4 03 B, D,
Col ¢&AZE $AE97F Fald Blolth 3kARE "k A

A wE7} muie Aam A%
A (el g3l AxkE grol B Al
AA =E7} 1 B $AAE 7

5.3 Alzkaigt

=l Aze] BN < e AN EE F 7
H e $0EAE AAE AN =2} ARED T
WA wsels) HolHE A5 F 9dE AZe 8T
Folo} @) ANRFE AR AN wm=o] 41 o
29 e meistel YA olelge o] Bow 21
AR BT olelge) Fol Hom ge A

%3 dlolgrt EAlsty
A ==HT AY¥ B
WA & Aolt}

N
p

(o]

Communication range
of Mobile Sink

Iy 7

2urd /\]_EI__Q,]- Aﬂ}«] ‘—1:,,] TA=E

receive rate




Euld A3E A3 o5 FIEQD): 2o A= 71 FA AlK ESIHM T3 FloH

et
oft
gﬂ
rr
po)
rlo
M
2
N
%0,
iy
fd
;-z
M 1o
oX,
U
j&
OHﬂ &
2

el Sl A 4K medd ESel A% 7]
57} Rojd 4+ Ye= AW AT Fasi of
£ 98l FQMSE 4 (2)9) A7HEE $AS o g

UT X RT

T &9 AZF RT f alt—b) +cdt

UT : A A7 ET E RT,

2l (2)olX UTE AA =zoA 832 & e 3
o AZEE ouditt AN ==% UT AIZE 2o 21 A
et HolHE AFE & gtk RT= UTAR &<
i A =29 FAl dlge] otk RTY a2
AEFE Asle AR AlZola e oo UTE
e Aztolth alt—0)*+co IYZE AHEEHE olfr
€ 2% 59 (@)% o] Euid AA% AN == 3
B4 dEeEs 22 FHE 297 WiEelth ETe
2ok A3 T el deE AA == A

RT & 33 golth ET9] ne AMEFE sk A
Zholl muted gae] SRS el = AN ==l

A Azt oy 79 MS3 9Adl S

B, C, DY F4 ozt <&
&S UeRd Aotk Ag, B, Ci, Dp e A == A
B, C, D9 B4l dy&e] && et weF S4E

FHE AT 2AEF 7 237

ARR At A @0 3 a3t ARt 5
A wed delgs ARE gol Dok Br @2 A
7] 918 YA B, C, D ==9] Bg, Ci, Dk &
Aoz A
4 @el o8 AE TA F% AAA

) JaclA HelHE A% F ek @
AA s 2k dat o) Adel 5
t RE A =S $A29E oA AR
ARG Sl Holel 4 AL N,

>
&

5]

2

-

=

rlo

kel

rr
td

=

A

7o

ol

A

T g oft W
o

3

£y

7¥at7] s A UES
HAA 2 TinyOS$}t A&7
o]EQl ‘OSSIM TmyVlZ% o] &3l At ATH12].
mS 2ok A3 $AY AAE 9lF Tythong At
43t eH13]. Tythone TOSSIME & Javash Py-
thone® TAE ~3YE dolg TOSSIMF AFst
o /‘ﬂ/ﬁ Y22 SO AY wEdA RS A=
T o & AT ok

Ay %75‘% a9 107 2ol WA i g 5072
A =29 9] Butd A3z AT AA =
= (25, 1DAA (71, 38) Afolo] BEsbw mujel

= (5, 25)94] (875, 25) YIX=E 825 pixelS ©]
AX ==2HE HolEE W veth ¥ 12
13k FEeE Holge|oh ®Eukd 3 oF
x99 1 plxelol"' EAH Q= 15 pixelolt}. 7—.L
= % OHOF g F WA e 1003F ) %27
2 HlolHE AFFrh FQMSOIA Al
A .LEoﬂﬂl AZFER Al Hdl "E A UT(3] (2)

r°1'

S
ﬁ 2 Moo ok ox




238 ARAS|=EA GRS A 37 A A 3 5(20106)

1 0 7 34 %
c? E mc 21 cég 34 3& <
A < czz < 2 ¢ 41 g
&, 1 r 3 % 18 € 4
ce¢c < 4 € ¢¢C <
. @ ) ] E *
°E°:=L"§ gmi 3&“?’: ¢ ¢
SC a w € < 2 < 4& qé
< % 3
SHY 43 <
2% 10 2987
% 1 evlg glojE 91 41 olde mels AA AA w==dAMN Aut
ErET 7 U 58H0g dolg £ fEA 233 93 &
SESEpEs Tpixel/sec | 44 9242 24840, =3, % 54 #2059 2
e g e Boiel | g s 4 AR5E olgd 7 2AZY AU
e i~ 100 k| A% BH9) /1S AW S Faimess Index
AN ==o) H7 A 40 packets/sec ZAsah
UT(FQMS) 1 sec 621 AAN == A gFl F
B EAl —’F% ‘4"5}"“ Zo|th WFQ(T)i WFQ(D)L]'
o UT)E 12013 PBRRSF WRQT), WRQM)e] @ Lone FQMSE) wisl Hole] o) e s 4
P 33 He ARES Jehin Yok =@ 193 23 AA
s B , wEE A0 Aol %}h A4 2 49 1007)¢]
B R AUshe SATY Y FOMSH B e st vl 2 9 A4 wmse Ad 1)
o MIiLE 71915 WEQD)Sh WRQID), PBRR] 8 ) e i g 9}4. st 2w A e
T SRS we dHolHE A%d olft 13 109 2ol muel
WRQIDE mwfed Ael Sausl bl wR28 00 1 He wus a4 wssh 1as o 4
AE AT 488 WIQAATIY 02 1 A wEoly] @Eold. WFQ(TIE wrlel A=e] Eau
ol @e AN wES FHA B WRQUDE 122 o g mmes Ago) B A4 wes oux o
22 A 2AZYS St o g 2w AA RSk O A4 wcSo] mu
WEQD)E 2wk 427k AN 22588 FAF o g0 2awel oz gasy] el 49d wol
HolHYdS 72 FE3 WFQZ=AZEH 7IHolth ZzEHoZ AL 737} Fo|x 7] WRolth oL
WFQIDE 2rtd Aaz Ak dolsdel 52 AN gy veoy zRzoz wojE A4 7138 Fod
=ERE AE7ISE FoAdt WFQDIEA WEQT) = e 739 golg 14732 Roagn 2 4
g PRIZHAR 128 712 Al 2AEES F9d0 gtk E3 193 29 AA == 9o thE w5 A
PBRR2 Rrted Az Sl el 2= AN = o golgg dAssix Zala Aok WRQ(T)E ®ukd
=E2PY Mo HolHE FA%T WFQS vt aze] mame] o] Wi A7l Be AlA wx
AR 125 F7]1Z2 A 2ASHS F3h3. S $AA led 2uld 39 SRS Qe HRE
6.2 A3 2} U 2 £ Aol #e A wEE e A3 Al @
FZH AgaA WFQT), WFQD), PBRR, A4 wc= onsm 7 w3 4 o]ds =) Aw}
FQMS 27129 45¢ S48k 4% 249 3 Aow wud Aak A4H A7t W AN ==59
E2 A4 xEde doh #5eA HolHE HE W deoly A4 2% A 93 we JEez dd &
A 2487 g8 AA wEE 4RSS 24 A"s golde %o HA Hi BA wawd



2,

2

Zuid A3E A3 o5 FIEQD): 2o A= 71 FA AK HEIM T3 wolH FHe A% 2AEY 7 239

——=WFQ(T)
WFQ{D)

—ar—PBRR

—|-FOM5

sumz S

SAE9) A4 A BA ozt we A

wjFo] Butd AIZRE W AL

Aol A mutd =29t A =EER =5 $AAEI
FERE HolHE FalsEa e EAVE 9l #5d o JdE AN =Z7) HolHE AF 7FE Rz
olg +3& A% ~AZYor B £ Qlth Fate BAZE Qlvh e AN =7t 53 diolE
WFQD)E WFQ(T)$F Zo] 33 AX ==e A & S8 A3 A 7152 AL mid 2%
o] Aol & "ol 100%E AEsty V%] == LEZRE FEHOZ HoHE WEUE EAE TA
£ A3 vlelHE MR Xdhe EAE DA & ax geuh e 9459 A A AFE AA =5
<ok 3ARF 284, 31¥ AlA =9} o] thE A = o] dHE&ES Tt dggo] ¥e A e OuF
Zol wsl 43 A2 g HolHE AEd =27 S ge ARkS Boda dEge] e A =i 7
Ak ol =7} BASE olfE WFQD)E & Aj7te Rojs] 753 bolg £3e o]Fo] Wik
3] A =E2RE S HolHr AL A == a9 109 AlM == 28 Rutd Azt olgshe
2 S XNAEY] W&ol 3 AX =EoAN ZEAES ol ZAZ9 9 Aol YAl wEA, odge] o
StA] AN Zutd Q=19 o)F ARERE W Xl F 2 oo w3 A4 =3 GolHE A4S 4 U= 7
Ash=(2uted Aol mRas Ade] #2 AX =5) gy Ak WFQ(T)SH WFQ(D), PBRRE 22t 074, 2
AX =8 34 @7] Wil T AlA === ) A, 1070¢] HolHE A4dd W] FQMSE 20932
olEIE HET F AUE 7187t Holx7] wielth A53 AL 2 & Juh oA FQMS7E 57137}
PBRRS T3] Euld 3o F2IHe] <t &4 He AX === ngste F53 oy £31<e &n
e Al 2SS EAUE o HOBHE HE g9 nozg
vren) mEa, Bald A3 BAIHE Qe HEEE a3 109 38 AlA === wuld AT oA
AlZrol ge AX =EE s FA @] Wil 3 9} Fhe Fo 9)Xeth waEbA o g go] wo} mupel
F AN == O 9F RS AEE F e 7137 Hzel Ayl W Al ks wlE) A4 £ JE b
HojA 1 o]He HEe vlolHE nHFA| ol HHE olE|eko] ol A 4 Utk ES o go] wr] i
AM =E2HE F5 dgo] dof & & th olEd sAojgiy FE Aol dolud T2 MM o n)
e a8 11014 34 ~501 AX == AlololM = g ge dgo|HE A4siA ok A 1Y 119 2
AT 34508 Afelo] AN =ES B o] FQMSE 389 M ==z RE diiFez we b

1592 AR 239 Adez e HolHE AFLe AL & F Uk

FQMSE AR oz 1537 o]Fe] ALL&S Holx PBRR<& 4097 o]

e}k Ed WEQ(T)SF 2o] T2 MA ==d Ha] B 717 dojyd AL oF
s

= p—
< #1002 S AT AN ==x AR F= 7137} BaL SEHS0] dojd £ e X ==

&\1



240 A H 783 =F

ta
)
©
of
ox
ju
i
—z
b
R
=
X
)
=
x
i
In
i
2
=
S

Tl
N
=3
5 3
ol;ﬁ
I 2
T =
3o
oo
+ fo
15 o
9, o
ook
o rir
2 o0 e
(e}
o = 0 e
o Hu foi I

Be A agael 4% 718E NeldE o
dolHee gol A4 %e 2
AN w27} Ao olege] B W Holy
5% yojaln oegol kg W AEVHE ¥
oY el HE 23 0 we A

WA A& ek A AN wE
AR AL FE 7T Aol
AZY 7ol wet & 42 AR &

Sntd Jazie A

[T
=
v

q

2y

-

B i o o

T

o NN N U M mo me HF
re
¥
22
oo
rr
frtt

ofr
of
N
52
N,
2
M
=2
eS|
o
=
w
2
z
:?{;,'4
)
rlo
—
o
(=)
()
B
»
o
0]

of
o

°
& £4% 5 Uk AnHes WA AN wezry
FAE F RAsZ SR FkAT oY Ane
FQMS7h the =A% 7Pgel vis) Egdoz el
HE ST 9ee ¢ 4 ok

1200

1000 +

-
W+
i
£ o
i
® 400 4

"] I

o

WEQ(T) WFQ(D) PBAR FOMS
2HEY 7Y

a9 12 2AE" 71E F A A 5

6.2.3 Fairness Index
A= FQMS9] #5538 HolH 3 AxE &
3t7] 93l 2] (3)9] Fairness Index& AME3SIATh z,&

o2

A AREA A 37 A A 3 E(20106)

0.9
08 ¢

07

06 +
05 4
04 1
03
02 +
01 +
|
[

WFQ(T) WFQ(D) PBRR FOMS

2AFY 7|

Fairness Indax

a9 13 2A1E% 71 Fairness Index

Ax =7l 2eld Amg AL g7 Folal n

A AN wse] Foluk

£

flo N

x,)?
ny

a3 139] Fairness Index+= HAA AlA ===z HE
218 F dlolEe] Ba 753 WS HYFE 1
ol =A vehdth 2 13914 WFQ(T)= 0.1 ©]s}
9] Fairness IndexZ Holx Ut} o] e &
WFQ(D)Y PBRR, FQMSell Il #A3] v Zkeld
olAL 17 113 I 12004 FE 5= dZo] 4
HolEgE ZE& Bn ofgt 2 AA =2 RE
AX =7t AFdor s dlolE AA(10037) 5
Ask= ¥ shte dHolHE HFeA] K3 AA =
7F 7] WEolth. WFQ(D)&= 7HgXE 441 HlolH
FS AHESH] wEe goupA]  ggo}
WFQ(T)Y PBRRel Hl3] ¥ Fairness IndexE Ho]
I Aok AR A 71E7F A2 AA == 1dst
A ¢ro} FQMSO Hl8] $& Fairness IndexE Holil
Atk PBRRL TEAFOIG HE7|37h A A =
=5 383kA gol WFQD)Y FQMSe H3)] e
Fairness IndexE Rtk 29 139 ZA3=Z FQMS7}

FEE HolH £HE Holw Ues ¢ AUk

(3)

Fairness Index =

[y e

8 %ol



H3E 7] gl A

A =29 YA ARE EAAA HA A

U o
do (& orr
£

=

EOEE REgER
Aol Faa.
q

R
Ao}x o %3 A wse
al

oK
Lo {nyglm-wm
©
oz

ook fu

n)
o,
An
il
i
i)
ofr
ol
N,

=
x
N
In
N
o
B9

L

ok FQMSE ®ild gae] o4 A4 st o
54 delg % A2 FA8 5 nsd #5@ )
o8 £4& RADT FQMSSte A% Mg 9lsko]

A% 498 WRQUDS T 4T Ade dol
P AFAZ AEF WFQDIZ Froln Asksch
A A% WFQ(T) 2Z AN =EdAe B2 H

JEE FustE HolH AFEHe]l BASIHL R
AN =g Ass el A4 w=o} dHoleg
A%sHA EIe BAZ WSS WRQDE AA
wsr wule a2 A8 delEds wds @
1

| SH5E HEo] Yojur] 2
A AA9 B sE Azt &L Wﬂ =g on
= 3

AL g & =
H

A wm)E m—sm 7] wEd ST AN w=
228 HolHE 484 2ot
& WFQDAY 22 44 =22 RE%H Be bolg

& FAldte BAle s SAR mutd 4=t F
A s Azkely AR HolHE ashA] %7] o
ol dAFer F5T HolH Fo] o]FolAA &
ek

B =R Ak FQMSE WFQ(T)oA sk
dole T o] LA ottt E=g WFQD)Y
PBRR9} o] Ruld A3l FAIHE <t WFaEs
AlZbe] g@e AA x=ZoA HAE7|8E Bo] FIA
23 EAE it 4% 23 FQMSE gE 24
=3 7Ijel HlE] WA AN ksex #E3 HolH
FRE BAH o]AL 7 X ==7t AES dolE Y
o

Telsha FA oleee mestel Suwsl 2 A

kR A UE

AZoM 53 vloly F#hE AT 2ASHY 7Y 241

g 7S d7E Aot

[1] H. Karl and A. Willing, "A short survey of
wireless sensor networks,” TKN Technical Report
TKN-03-18 October 2003.

[2] N. Xu, S. Rangwala, K. Chintalapudi, D. Ganesan,
A. Broad, R. Govindan, and D. Estrin, "A Wire-
less Sensor Network for Structural Monitoring,”
in Proceedings of the ACM Conference on Em-
bedded Networked Sensor Systems, November 2004.

[3] A. Basharat, N. Catbas, M. Shah, "A Framework
for Intelligent Sensor Network With Video
Camera for Structural Health Monitoring of
Bridges,” in Proceedings of Third IEEE Inter-
national Conference on PerCom, March 2005.

[4] A. Mainwaring, D. Culler, J. Polastre, R. Szewczyk,
J. Anderson, "Wireless sensor networks for habitat
monitoring,” in Proceddings of the 1Ist ACM
international workshop on Wireless sensor net—
works and applications, pp.88-97, September 2002.

[5] J. Luo, J. Panchard, M. Piorkowski, M. Gross-
glauser, and J. P. Hubaux, "MobiRoute: Routing
towards a Mobile Sink for Improving Lifetime in
Sensor Networks,” [International Conference on
Distributed Computing in Sensor Systems, 2006.

[6] S. R. Gandham, M. Dawande, R. Prakash and S.
Venkatesan, "Energy Efficient Schemes for Wire-
less Sensor Networks with Multiple Mobile Base
Stations,” Global Telecommunications Conference,
2003.

[7]1 A. K. Parekh and R. G. Gallager, "A Generalized
Processor Sharing Approach to Flow Control in
integrated services networks: The single node
case,” IEEE/ACM Transactions on Networking,
June 1993.

[8] A. Demers, S.Keshav, and S. Shenker, ”Analysis
and Simulation of a Fair Queueing Algorithm,”
ACM SIGCOMM, pp.3-12, Sept, 1989.

[9] F. Ye, H. Luo, J. Cheng, S. Lu, and L. Zhang,
"ATwo-Tier Data Dissemination Model for Lar-
gescale Wireless Sensor Networks,” ACM Inter—
national Conference on Mobile Computing and
Networking (MOBICOM'02), pp.148-159, 2002.

[10] A. Chakrabarti, A. Sabharwal and B. Aazhang,
"Data Collection by a Mobile Observer in a
Single-hop Sensor Network,” ACM Transactions
on Sensor Networks, 2005.

[11]1 A. Somasundara, A. Ramamoorty, and M. Srivas-



242

[12]

[13]

RN =E A JEFA A 37 A A 3 5.(20106)

tava, "Mobile element scheduling for efficient data
collection in wireless sensornetworks with dyna-
mic deadlines,” in The 25th IEEE International
Real-Time Systems Symposium (RTSS), 2004.

P. Levis, N. Lee, M. Welsh, and D. Culler,
"Tossim: accurate and scalable simulation of
entire tinyos applications,” in Proceedings of the
first international conference on Embedded net-
worked sensor systems (SenSys). ACM Press, pp.
126-137, 2003.

M. Demmer and P. Levis, "Tython scripting for
TOSSIM,” Network Embedded Systems Techno-
logy Winter, 2004.

= 9 H

20079 Zdustn HEE TS At
20079 ~dA ZAUdgn HFEPET
AFeke a1, 200919 ~20101 Uni-
versity of Minnesota Duluth W&
A BilEolke HEWHo] Al2E AlA

- F g
2005 ZAdigtn FHEAF 8T St

2007 ZAddigtn HFEAPEFATE
I AAL 20073 ~FA FLdistn HF
HARSAFSY uAlgy, #AEol:
AMUES A, B¥EAE, dErHe] A
25

o] 2 3
20034 it FuEAFHT o}
20059 FAdista ARHALENT

3 AL 20058~ @A) Aedniskm AR
HAREATAS wAag, B Roks
Wejmlte] Alxd, AAWEAD

Rl
2002\ ZFAohstal ZHFE gt ShAL 2004
d Aeign AFHYRFATET A
AL 20109 At AFEBEEA
8 wAR2010d 2¢ E9 1R #
AEoks WEAe, dErHo] AlxE,
FFAA, AMUEYZ

| 20039~ @A)

o F 4

19863 sAthstm  AAA ST Sha}
19963 @=HshrEd AR 2D FAF
- st M) 1986~ A B AAFA
AT YuigES/WATE AJATY
ZAhvgn AFEHPRSE
A3y} Ay, g Eoks dut=

RE, DA A2E, AzEo] of|EA

A QW

1985 arejostar Hx}geka} kAl 1985
W~19951d EAHIRAL HFE AlZ="AL
Qr M9l AT 19929 ~1994d 3=
Be71Ed ARFAFEI HAL 1995
d~2000d 8¢ =i H4tst
I ¥RAL 2001 ~3A FLdostn AF

A% w5 BARR: £IAA, ArES

1O

W iio] A28, AN ES



