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Abstract

In this paper, we proposes a multi-ring based mobile sink location scheme for solar-powered

wireless sensor network (WSN). The proposed scheme maintains the multi-rings in which nodes keep

the current location of sink node. With the help of nodes in multi-rings, each node can locate the

sink node efficiently with low—overhead. Moreover, because our scheme utilizes only surplus energy

of a node,

it can maintain multiple rings without degrading any performance of each node.

Experimental results show that the proposed scheme shows much better latency and scalability with

lower energy-consumption than the existing single-ring based scheme.
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Fig. 1. Overview of ring routing[5] scheme
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Table 1. Power density by energy source

Energy Source Power Density
Solar cells (outdoors at noon) 15 mW/cm?
Piezoelectric (shoe inserts) 330 uw/cm?®
Vibration (microwave oven) 116 uW/cm?®
Thermoelectric (10 °C gradient) 40 uW/cm?
Acoustic noise (100 dB) 960 nW/cm?

FAG AR Y oA F)H 0w FREAT, 74
B UAGE A3 5T 5 gk Aoleh webd 54
P IS Ard waAe Bede oluA ALE

3 Bt oA AHE-E obrlch
Blele] §32 2ajste], welelo] AYs)A) Faha v d 4



Efficient Mobile Sink Location Management Scheme

Using Multi-Ring in Solar-Powered Wireless Sensor Networks 57

otk W, o]FA HEA = JUAE HisteluAt
et YA ARE-S FHdlsksihA ouA] 4

e F4AQ 7S A X Fr Qi) wEkA V)
Elg] 713k WSNel &= HEY D $4S F
LB A QYA AMES Hageke 7IHEC] HAslee 7Y
Eo] ATHATH, dEH o= T2 F e HgyA
¥ WSNelA & 35 E duA Y £5 3 AFH viE
|F5 sty FHEHE dUA Y &85 Aoz e

7IEe] A7 Je8-9].

2. Location Management for a Mobile Sink
Tupel 3 79 WON2 A3 =28 o] Fgoms Jaw
== dlolHE AYs] $13 duA 2EE A, 7]E9
A3 F9 = ¥ wE 7l B YA =
T BAE o= AL 4T 5 Ak 12y 249 A2

& #3034 %, 2910 98 w5 Bk 428 )

1

2 WSNel A= 5k 921e] 1A% Aol That F7b42l ol

A7k 83101,
wepd U4 BEHOE 43 wrel 418 Astshe 7]
o] gol ATHYEH, 1FAAE ofe] A9 AFOE

2 prol, 54 AZIAR 4218 942 Bl A
ASel 71 el AFsdn gk A el
o

% 5 we 54 99
el wEE 9AAS wmw AFFORA, s B BAE
S

» LBDD(Line-Based Data Dissemination)[1
o] =} Hasl T A Alolo] Y= v
3t o] =TT} Butd 4
olEl & AFLA} Bl Ak =

s, o]& w2 et
HAEslHA o[y o
* RailRoad[12] : #A d
s, o] Hd ¢l = =
=7} dlolg & AFetast 3
7he WY wTo A AEe
Aprle] Sl W9 A7)0 2Ho|HoR

glo] el o] HEldolE FHE
dlojefol i) dldell FHstar 3 =
b, &2 kT A Butd o] 94
o] AlZET &, Agol A& kBT )
9 7k HY =BT AdE 2H oA

|
vl A9 YA S dg]a oy dES A

rz
=
lﬂmrﬂi
rlrooZi
=
2l
m“r%OH
OZ,—‘:[or—q’_‘
NFF_OL&E
HFE
;zlP;
Ll‘i
= R

d 2 i
i

rulru m1ru

= °

E

=
o,
ol
o2
o 2,
i)
il
-,
o,
X 4

o

b
[
s

o oo m
A
2]
Y
fuj
(n
© T K
ol _}E
i
o
@ N o

=)
=
~ 12

By 2 b o 3R A

Lo o
I
2
-
N A oX,
- o o
[ o, Jﬂ
=2 N

=
o
)

> ox
u
>
=,

=
o

i
e

o o
i)
o

B
il
2
opr

2
ol
Qo
(2

B ot 5o

okx w3l LBDDE ¢l

= 24 &8 WEY ¥ 99S AAskaL, RailRoads "
g dolEs G wEE W ol A wae gl
”“Xi S7h A S U o] Zuke AL gl
= 9 eeE 7N o532y 99 44 A 58 At
ol glov], E3h Yol gt F25 B8 24 =2 oy
S LT AR F Sl ey FAE A2 YEAD 99
of AAA €k 912 Ang A7) 91g enjs|=r} ul¢- 7|
A slvks Aol

[Il. The Proposed Scheme

1. Energy Threshold
[13]9] ATtollre e

25 Fsirld F
rel

4 LA E Ao
FeH o AAstaL g, 28w te A (DI 2o

L
FBL

Ethreshold(i) = C(Z) (1)

Parge))

A7IM, Py (i) 2 A8 AR 28E, Py, (i) ol
A 38, CG)2 M™e] S35 vekde. 5, @4 <lvA
O}:o] T"%E:]l %)\— Ethreshold(i)-]in}' iﬂz] E‘_EQ] 7]—1‘—1- %X]—(/H /\] Z<]
3 sl R oA EALE BE F7}
el Qg Faalw Bk ojujolr),

B AT ME o)F olgdte], 7} wE n oA Fr4ow
T’U——Ej‘ %)\— Elhreshold( )— 7:”}\}'0}'1, O] dxﬂ Oﬂ]’ix]ok“’]' H]‘"-

ok @A) UGl B ghuch Acky, @ wEzA el o
2 U FEG NUA} Yk @

)
HURNE
ot

—E’ O

kA
HiE g SR AXA 5101 Elgels 5
7Fsidel A "ok mE w29 7 AL
(Duty-cycle Control)elt} Al% 7] Zd(Sensing-rate
Control) 5& E3te], ==9] 7|52 & W] P, (i)

7t B Py (D) B A5 27] AlQS dtojof gk

2. Ring Construction
A7 e A A
Astsks v, 29 25 ARMIMe] 3

HojFr) a8 29 A u*—’i‘”é"—ﬂ](Search Area)oﬂ
o] 7551 = ¥

A AEE o] THHL

=
=

=
=

N



58 Journal of The Korea Society of Computer and Information

.
©0 QO e@ e® @~ o0°
o o° 00 05 e @450
Og 00 0o o=@ O
o * 0975 © “e 0 g°
c e e O e .5 oo ® O
| o . 00750 e e
, = O @ e O \ v O
AR NS
¢ /9 o L
o o ,l.OO o6 0O o ® (@] Q . &
® ¢ 0oy °° o o . 0eg %0
o @ © f o _oX @ ® e o
Q/O ) O O © oe ®
et 4 @0 o0 O 0 0o [/ O0@%O
®© "@00®0 00 OO0 G O O,
0®0¢g O @@ O “0 o ® -
0% %t re e 00 o so0
o o.\. “"y--c---*g,o_ -------- oo ® o @,
00, “e’eCeCe0ge O
o © o @ e e o
[e) @) o O o O O O O O O (@)

@ : Ring Node X :Network Center

©O :Regular Node : Search Area

Fig. 2. Ring construction of proposed scheme

N2 B FHI) S5, 1%‘ 29 GG 1 Fof
A o] AUAY B o ((7F 741 Q) W58 mmnh A
ggje] Yo TEE Away.

Eremain(i) 2 Ethreshold(i) (2)

A Aol Fo] FEEA eth, v F71l B 7SS
A3}, 3104 ARd AAE w=rt 7| s At S UH(O‘

whee 23wl P (i) 7+ 84 Chargeu)w:} 2] w

of AlZke] AGFH E o nain ()91 Fol AXA A5 & w=2

MX]E B3P ek weba] Alze] Ak
ﬂ E Ex}zﬂ— o/]\r,]_.

=7 A A s MEYAE dAsk=

gejelel A 44 ()& WS A7

THE B EAEA e, when

Al ite] G whizefol ez delrh. ol =
; 3

2= ) 5
AT 5 912 vt

A7 W, ol %’40}01 T2 (2)-% “&*o}ﬂt %31
OﬂLVVP FEI} 2E Y e
B3k S }4‘10}04 z7] B& T
3. Ring Extension

I 32 =
9t 1 304 ¥
of wa} 92 AH Hilo] He
Zrod oA 7} FHAste] 4 (3)&
FERAY AEE FYsi7|ol oUA7} FEsHA ForRE
T2E FAste] AAE HAaslsloF TS ofn|gh

wEo] A%} ol B¢ ¥ B3L nol
3 wmeR SRS

ol

=
A E ARINE Ao

A=
WEG 5 gk, o)
7

ook

Ercmain (Z) < Ehrcsh()ld(i) (3)

o
OOOO OOOOOOO"OOOO
000l 0,0X o ©o o
ooooo ®0 0.0 0 0 [ Oopo00%0
S N o
o ooo.{\,«OAoo\o 040 o © 04
o Oopo O = O O O
°© 0 ¢ o0 0%y "00°% o0
00, 20°°090080.,00°0 "0
O o o o 0O
O o ]
le) O OOOOO o) (o) O O O
@ :Ring Node <> :New Path : Search Area

O :Regular Node X :Network Center

Fig. 3. Ring expand of proposed scheme

A A =Ev Y =EZXN F2E FA 5k, AT
TEorRE A7t WaFe] uigE =m), o] oy el
T (2§ WSk mEE Adudth §, 21 394 ¥ =5
24 985 FPstd == A T W el ® ojel
A= 5= =E B, C, D o7, o] F :=E B 3to] o]
A7F olYA] 9 etk A, == C9F =& D7} o] o]
Aol AdA] =8 ghol 2 icﬂ‘rﬂ 7PgEtd, =5 C, =
E D7 ¥ mEEAY gy Yt

gtk 7] | mEg AR =2 AT} oy 3= et
slo], ¥ v e ==E Yo nn g5 &4t
oo, ¥ =ER g g SR cuAE 7R
5

A=
off =EIF QIHH, O e

@ : Ring Node X :Network Center : Search Area

O : Regular Node -> : Destroy Packet

Fig. 4. Ring destroy of proposed scheme

a7 49} o] HEo] FHL e W, ¥ =
o} oA ol oA &8 gttt 2 H Ak, vEH A
B Gell greA Hol Yol F4E A4S
o olAF HESA ¥ 499 st A5
HE A W, Fo sjAlE AlFehs =

FHEIL 9H 0% % wmo] B AAekAE A2



Efficient Mobile Sink Location Management Scheme

Using Multi-Ring in Solar-Powered Wireless Sensor Networks 59

0% We Y wmEE A9 o] ¥ ] ARG ANE
th o] BN AL A4S F 24 Y xS AesE 9
& Aol ¥ wEe] JU FRaA Pt

o
who}, o] Sgwlo] alAlE= Aol e Fo] EAlaA) ek
ohe, 9 SAle 9 71E 9 e Tl R R S4
Sh 34 ARk Bk, ol MEe] HHEA] shte] ol

Slojof utd Az dolgE dEd o 7] wEolth

5. Acquiring Anchor’s Position
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Fig. 5. Dissemination of anchor node's position

WA == A AR s m=Ed, FRE Al
dolge B5 7= dgs oo} gt 1§ 5% oldeh
Y7 wmEe] Aea 93] AR Auks BojEry Bukd 49
TWhE o] it PA w2 AEE o] JA mEi
¥ ol AuE 47 ==of oA ARE AEd 2hpd
A7 FAY AF ekl AAst 47 =201 3 AgE
Hojdthd A2 37 ==F A HH, 45 dEd
WA mE= ARl oA ARE AFsHA "ok o] A T, A
AEE BA =2e 78 B ks GA w=7F WA
S s Rl A9 A ARE BjA HH, o] W
71E YA mEE At mER ek WA ay B
BATE EAE ol F= HMAE HloluA &g, 37 ==E
AdEsA =tk

3, 47 =Tt Zhzke] Jel| A9 RS ek gl
A, 27z Sl mEl o] mEE JAe] fA ARE 55
(overhearing) & 9 Oo.B 2 F3Z Holy] A4 A YO RHE ¢

2 4R 97 8BSl tig s AAH Bope ek

o,

o1

P

r

l

g2 e

6. Data Transmission

dolE| & A% s vl mukel A0 @4 9% AR
7} Aasit) 93] ARE 53] Y8k, 17 6ol AR

¢ /oo A o | ¢
%% 996 ° 9 0,980 .%°
/@00 0,0X 574 ¢ P00
L 8 @0 o O ° o | oce ®o
® " 00®0 00 00400 8 &,
o o - @ i
O‘\O ..oo'o' _____ oo © o'., o:o
o Oo‘ 00000 Ceoe® o
o
o @S -

@ : Ring Node A SourceNode = : AnchorLocation

O :Regular Node @  Mobile Sink = : Data

© : AnchorNode = Location Request X :Network Center

Fig. 6. Request/response of anchor node's position,
and data transmission

& ¥ =E2RE e 3
ARE ngoz 9% 7k 29
718 7)ol A= Hol syt

ot
=)
w
o,
H
ot
i,
o2
)

r

i
1o,
o
N

St
Ao w F7k el glrh 1y ARt 7ol A= FAlel o
2 7ie] BE AT 7] Wi, 71EY ¥ 2" 7Y
9] WESF A7) mE W= F77F ik

7. Data Forwarding to Prevent Data Loss
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V. Performance Evaluation
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1. Simulation Environments

Table 2. Experimental environment

Parameter Value

The number of nodes 200-800

Size of topology 4900-19600 m2

TX Energy 0.0000016704 J/byte
RX Energy 0.0000018912 J/byte
Transmission Speed 250 kbps

Radius of ring 15 m

Range of ring 5m

Sensing data size 64 bytes

Battery capacity 200 mAh

Speed of mobile sink 900 m/hour
Simulation time 7 days
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scheme o Riqg Proposed
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200 25.93 0 0
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800 195.56 100.93 46.50
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4, Scalability
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Fig. 11. Number of hops for getting the sink position by

network size
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Table 4. The number of hops for getting the sink position
by network size

nodes el Ring routing Proposed scheme
200 3.91 3.18
400 6.06 3.51
600 7.90 3.71
800 9.40 3.83

V. Conclusions
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