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Abstract

In Ubiquitous Sensor Network (USN), the sensor nodes are required to consume their energy evenly to
prolong the lifetime of the entire sensor network because of the limited energy of the sensor node. AODV
which is applied to USN as routing protocol selects route according to only the shortest distance of the
minimum hop count but regardless of the remaining battery power for each node. Thus it comes to ill-balanced
power consumption seriously. In this paper, a scheme that controls packet relay quantity of each sensor node
adaptively to prevent traffic overhead at a certain node and to increase the entire network lifetime is proposed.
As it is analyzed by simulations, the proposed scheme enhances USN lifetime by balancing each sensor node's
packet relay quantity.

Key words : USN, AODV, load distribution, battery power
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Simulation Time (Sec.) 100




(@9 IHZE y5& 7FOE 24U E 3
7 e R FAES vlasty] 47 3
Holl ] Bol= nlep o), F 8179 M ==

T

lo
=y
PO
ofy
X,
ofd
lle}
b
L
Brr ol

E
S WA SAFS Ho

_

)
i
s o orlo

= -

£ [ oft
_OL
é“'.:l‘,‘lm'—%

fo 2 [ oM K
2

e

QM

7
, A7 FAFY B
7} ©F 3650 A (3732 A W 82 HH) o2 wj$ 2
zpo)7F JeR-S 818 &= 9t} o]= AREA} #
HalA o] s gttt striets, § o AREA EA)s)
< B¢ UESZA Aol HA EgfFo] shnt A=
22 g7lo] A4y A=/ UEYA W 332 A
TH T d4Y F= Utk weEbA AR
T7F 25 MES Y 7} e=29] 7 AR 11
6ol ERdTh AREAL 7t 252 FTkeE A9 A
A% A= 3650004 27544 R0 E A 7}
stok ARSAF 7t /1SS MESA FA o)l
FA ] BolAal 54 AA =Ed Eggo] &1,
=27 )R FAZ AR AXA wEE 1Y
EHE Al == 7F E Zpo|7h wAdit), &, Ha)
Ab 71HO] ARSEA] GRS A9 ARERLY] §7) ol

sy I
e}
~N N}E
4
%2
oy
k
b

)
o

= UEQT el 4 AA ==o F317F 3
o] &7 AA o AY ART} o]% AN =
o Hl8) FA Z71snz AA EYA 49
s w2 958 % sk

(Mo md Az P

o

9% B3 24 AODV ZREE 467

4000

w
=3
S
@

1000~

Sent and received packets
of each sensor (pkts.)
%]
[=3
[=3
8

)

3500~

3000~

- 9
3 S 5
g g g
g S S

T T T

3

8

S
T

Sent and received packets of each sensor (pkts.
u

5001~

o il |IHU\I| lMllu Ilﬂ I‘N I|I|7 |I ||ﬂjl -ﬂ[ﬂln

! Sensor)]D(Y)
(b)
J2 5. AODVEF #Qlg mf = H Ij7 A
(User = 1)
Fig. 5. Number of packets relayed by each node
when the proposed algorithm is not used
(User = 1)

of each sensor (pkts.)
- Lo U

o
w

Sent and received packets
o




468

w

)

Sent and received packets of each sensor (pkts.)
o - v

4 5 6
Sensor ID (Y)

(b)
J8 6. AODVEF A S mf LE EH {7 A
(User = 25)
Fig. 6. Number of packets relayed by each node
when the proposed algorithm is not used
(User = 25)

oo B Rl Ak 2o 24 1He
89S Mol AEAOH Aze 17 7] e
o AlEdo]l e jHE A3 Axt HAgkel 7 &
AFSl 3x0 2 thresholdE- 200, timeout> 322 A3}
o] 10027t = Ak

a9 79 A9 =g BHE F 81709 AN ==

g
(o]

7F AR v ) AR SAEE Bola o
A3 wEg FH0E 2 Fo Y AN k=S
A SAF] S7khs P £ AR viehe &
T A 24X == 7 AR A7} 1305
A (1365 A df 60 AZ)OZ A= o= A=
EA Hol EojE AL AT F o 7 AN
w2 A A BATE EolE A2 AN =
oM 54 i dY 2825 Ae] s of
Lol HAlo] TAHNE W 7 AN kE= 9F
AZHtimeout) &<t M2 Eef el ok #AlS

& 259 M =22 7S FANA FoaH,
LA S A e A

7 wjElE) A8 ARE 2 =}
2" 8ol ARSAe] 7E25R STk
A7 Agde etk 2 Zel Yehd
AREARE] ol SoluHEts Alkehs 1Mol <)

9]

7
AAH,

S ets] =22 A11E A4z 20079 12¢

4000

)

3000

Sent and received packets
of each sensor (pkts.
S S
[=3 (=3
= 8

o

)

3500

3000

2500

2000

1500

Sent and received packets of each sensor (pkts.
>
g
T

P
=
S

o

1 2 3 7 8 9

4 5 6
Sensor ID (Y)

(b)
O 7. LD-AODVZ} A% I = Y gl A
(User = 1)

Fig. 7. Number of packets relayed by each node
when the proposed algorithm is used
(User = 1)

S
wow

%)

Sent and received packets
o
G

of each sensor (pkts.)

o




Z29E, A4E, 289, 24T FHAEHS A HENIS A% Fe £ AODV Z2EF 469

Sent and received packets of each sensor (pkts.)

|m n

6
Sensor ID (Y)

|||Um

T8 8. LD-AODVI} 4% 2 [EH e d o7 ZAH
(User = 25)
Fig. 8. Number of packets relayed by each node
when the proposed algorithm is used
(User = 25)

AlbalE F8h w4 gaE]Fo] 229w} 204
oo w2 Fekd o g nwaly] 9 4 12 T
L [10]5 AlXksto] ARE-

max{Pi_} —min{Pi_}
max{Pi }

LBI =

—~
—
~

=)

o7)A Pixe AT T2 R i "olA ¢
M =2 HJE F A AlA =29 siFl T4
Yehdth &, max{Pix}© A3 =525 H
o] 9X|3 AX =EE Z 7} we kol JH

min{Pix} = 7}
% 2tk LBIE
174419 & zhet), Fof #4ke] £E545

BA ’
o %, 29 0] A% 1] A

0,

@ fr
o

J~>\‘4 rﬁ?l
ofN oot

é _ﬁ flo o rlo
ST o2

g:\l
m[o

Akste 7ol satshet] Bag A7 )
AlwE 281 threshold 7t W73 71 =8f3k A
ol Azte] S AJA =EZRE "o F
upe} vl Ry] e, A wxoko] Ao
LBIZ 1§ 9ol Yt} Aotel= dag]E

A & e A =eoke] A dEglol A
OF LBI7}F0.85 ~ 0928 & AL & &
A =B 2 F AT e AA =
AA o= 54 A =EqXE Tl HAL

N

Eﬂj
1 yo
A
o 82y oo

N
mg)l_g
ofN ofN rf B O it 2 L oy

At B o) A wENE He o
FAS I, A2 k0] 2 B A F
7R A% o 53 A s
287} 3Pl F7hstel MEAS F5o

E_:l1
o},

%‘i‘é}‘iit}—t« ﬁ% AT 5 glrt. o= 54 AN
e Egflo] JFHA il H7 FA ] B2
AN =EE B3 B2k 7|He ALeste, g7 24
Zo| Ao AN Lt} YRS ZA 5k Ao FA
o HiE ] A ARE =Y 3k 19 10, 18
11, 29 12 1% AREALY] poll WE LBIE YERAT
JHZE WY, AR 7t SRS duE S

e A, ¥ E_Fr LBIZ} F7HA 7HAagle). o] ALE-
A9l 7h S7rEe S EdY 2 AHo] 718k
HEHD f ol & HRos EdFe] PFHE 3
o] Zol57] wjolth AT AREAL Fol] g
o] Aljtehe dE]Fe] LBI7F 84 A& As
& 4 A} wepA, X1l°¥oh dyg|Zo] B
3 4” A AHgSte] 2 A =EE 7 A
FS 5o o WA VESA % FHEE

Al ﬂ% Aot

Pr",
i P oAt
“@nrzr%

)
o

il
°

Load Balancing Index (LBI)
s 2 8 8 2 =

~ ~
N ]

|AODV
| | | 1.D-AODV |
8

1 g 3 4 5 6 i
¢ from sink node (hops)

T8 9. 3 TEokef AHelo wE Ha LBl Hlu

(User = 1)
Fig. 9. Average LBI for distance from sink node
(User = 1)



470

3
03 |
02
01
o |
1 2 3
Distance

a2 10. A3 Eote| Helo wE
(User = 5)

cing Index (LBI)

ad Baland

4 5 6
from sink node (hops)

Fig. 10. Average LBI for distance from sink node

(User = 5)

AODV_ |
B LD-AODV |
8

g LBl 5|

A

4 5
D stance from sink node (hops)

Balancing Index (LBI)
& s & = =

a2 11, A3 cEekel Halo we
(User = 10)

Fig. 11. Average LBI for distance from sink node

(User = 10)

cing Index (LBI)

Load Balan

0 | I |
1 2 3
Distance

a2 12, A3 =9to] HeElof =
(User = 25)

4 5 6
from sink node (hops)

Fig. 12. Average LBI for distance from sink node

(User = 25)

C_aopy |
B D-AODV |
8

7

g LBl Hl

1

AODV |
I LD-AODV |
7 8

Hd LBl H|w

Saala)als] =22 A119 A4z 200749 12€

B =FdAe FHlFEH2 AA YES A (USN)
{— AN eEd 7l s =9
7HA17]&= LD-AODV -8
|EdoldS Ba 1 5
A8 AlEd) 01*3 A3}, 71F9 AODV 98
ZREZS ARAS e Aol uet 2 SAZF
o Aapt A vt 5, of® AlA =M=
Egjgo] JFEo Ui B2 HiFl S FAshY, ofd
AN =Ee g7 AY FAA Bt AA =
=2 9R %‘4711‘“*-‘4 Azt 28 54 =29 HiH
2] Ao §43] F7Fste] USN| F=rgo] 2A] 7

Zdhe wfg R AL BAskA dok
S+ AIQteh= LD-AODV 298 ZR2EZS &
ats wol= Fah Ake] 243 AREE AlA =
= 2t 3l SAZY AAE AA Aadl o= 5
3k Ao

e
w2
zZ
1o
oftt
£
-\> "
mlo
> ol

1
T

7
=

o~

.

&

AX =R AR HER] Ay anrh EAe
opdel, Al AlM kEdA HEeA A
At} USNS 52 1] S7kahE 2918

ATt

“l O = b
Aelz A28 A BT, o Be §8
AA AL A4 B B2 Ak 2a} 22
0L1a~g £a) AA) = ko] viEE) AY A

Sl o]Fo] AA USNS| & F7leh, 71E
«] AODV HI3] A 2]& (throughput)S 7FA3HA &
o}, SFA T USNOll A= 3= Hlo]E ] o] A7
ol A YIEAY] AgERte 7t =29 b
BE $8s S7HA VEYA 54 F8E
o] Fa3
A= USN W] AlA =Eox9] Fa &
5 Ajkste] AA =29 sjF A Fol
A wer) Adstes EY &S F570
oM, AX =5 F FA ] HA
=Bl AY ATt dA6] Sk
taL ojol] we} USNS] 1385 A 571

N

—\E’ rUS FPI rlr

£ @ N R o

oo Mo 3
oE

Jlm

=)

IS 1T = W 2
ol
N
Oll

& 1y

s
By



BN
o2
AN
oy

o
i)
oE

)
FN

& 2 H71e87H A%
gz adista 74 LHWéE 1A AF-AE 9] A

[1] W. Mark, “Some computer science issues in ubiquitou
s computing,” ACM SIGMOBILE Mobile Computing
and Communications Review, vol. 3, Jul. 1999,

[2] C. Y. Chong and S. P. Kumar, “Sensor networks:
evolution, opportunities, and challenges,” Proceeding
s of the IEEE, vol. 91, pp. 1247-1256, Aug. 2003.

[3] W.R. Heinzelman, A. Chandrakasan, and H. Balakris
hnan, “Energy-efficient communication protocol for
wireless microsensor networks,” [EEE System Scienc
es 2000 Proceedings of the 33rd Annual Hawaii Inter
national Conference, vol. 2, pp. 10, Jan. 2000.

[4] J. Kulik, W. Heinzelman, and H. Balakrishnan, “Negot
iation-based protocols for disseminating information
in wireless sensor networks,” Wireless networks Kluw
er Academic Publishers, vol. 8, Mar. 2002.

[5] Yu Wang, Wu Hongyi, R. Nelavelli, T. Nian-Feng,
“Balance-based energy-efficient communication prot
ocols for wireless sensor networks,” IEEE Internation
al Conference Distributed Computing Systems (ICDC
S) Workshops 2006, pp. 85-85, Jul. 2006.

[6] C. K. Toh, Ad hoc Mobile Wireless Networks — Proto
cols and Systems, Prentice hall PTR, 2002.

[7] C. Siva Ram Murthy and B. S. Manoj, Ad hoc Wireles
s Networks — Architectures and Protocols, Prentice
hall PTR, 2004.

[8] E. M. Royer, and C. K. Toh, “A review of current
routing protocols for ad hoc mobile wireless network
s,” IEEE Wireless Communications Personal Commu
nications, vol. 6, pp. 46-55, Apr. 1999.

[9] VINT Project, “The Network Simulator — ns-2,” URL:
http://www.isi.edu/nsnam/ns

[10] C. F. Huang, HW. Lee, Y. C. Tseng, “A Two-tier

FulAEHA A4 ESZE 9

3
pd

23 22 AODV ZEEF 471

heterogeneous mobile ad hoc network architecture an
d its load-balance routing problem,” IEEE Vehicular
Technology Conference, vol. 4, pp. 2163-2167, Oct.
2003.



472
T A Z (FB)
200613 29 d=rEEoidly HJHEF
AZ (T8I}

AME0F : USN,  Ad-hoc, Load
Distribution

2005%3 29 A= F sty ARE

2188 F8HAY

20061 29 : SOty ojshed
(F3HAh

2007 3€ ~ dA) : =g

A EEA]J_Q} =} tﬂ-/\]-_\,]-?(

2007 89 : Skt ojst
A(F A

19961 39 ~ 20033 5€ : (F) &
S ="y F CDMA /A FAA7

2005 5€ ~ AA . ARFAAFZEY AAdolE
e A+

ZHAE0F : Wireless TCP, ©]FF-421E{ull, MIH, NEMO

s ae)es) =74 A1 Al435 20074 124

= d & (BB
1969'd 249 : d=FFistn FEE
Al —L-tﬂ-‘,%( ._1_3].}\]_)
19753 29 : st o ehd(z3t

A
1981 39 : QAPIHE ek (EEt
HRAR)

ARFATF nr
A, FASA, A, ol g A



