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Abstract In this paper, we propose Restricted Angle~
control Flooding considered density network of sensor
nodes and node’s limit energy. Restricted Angle-control
Flooding, increase energy efficiency by reducing unne-
cessary candidate nodes involved in forwarding closer to
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the destination. And The Hole when faced with our
proposal to raise rates data through Hole Detection which
is sender’s forwarding area is extended or broadcast to
the entire network. Compared to the traditional flooding,
we show the superiority at the node’s energy consump-
tion, data rate and network lifetime through the perfor-
mance.

Key words @ Wireless sensor network, Restricted

flooding, Energy-efficient

1.M 8

24 AUESaE PR AXEY e FF
A JESR Q=g FAAANE AT oFH 44 T
uloj2E Zstd A" F4uoHE SE&MHAA
W} AEsE ZigoltHl] MEYS £ AM =5
B f714eg e, 42 Vg B FH 8
729 Hzlg ABRE £, 3¢ © FHEsAY AFd
ARE tE xS SeEse 98E FYdgtth of
H}3 AN xsg2 FAEY e 74 A vEY=
oAx 71 $dgos mdojol ¥ AYL kUt Tt
A Agg A Aol dig oA E&3(Epergy-
Efficient)olt}). 44 x=F9] YA LEs UEHZ
o] Lifetime®} @3] ol $28 FAolth =28
o] AY A% EZ JeEs EAd BY 74 54 A A
£59E AUA &¥7} Aot Hioly Hd 2nlH
£ oJUARY 27 g2, =29 AFPH dUAE &
&do8 AL £ e wed dndE Ade 7o
Bt} $83% ol g}l olF H8 dATA ThSE
B9y dmEse] MEEHgeH, olEL =9 93
ARE 83l AE 485 Location-based($
2 ) e wxo) 91X AR glol(Stateless) vl
NAE HA43 = Flooding #H2lezg BEHFE 4 99
[2-5]. Flooding€ o|% =289 X5 ¢ F 7 ¥
o Interest WA A& Broadcasting § AW4-g e
&l B 7A fAAE AgstA gl 8RA% Floo-
ding W42 o]% ==of g AR glo] WFE <4
9 x=5o] HARE source =E7A] HEH HE
d JWEHz A9 ewss=rl & @ma ol A
ARE FRAE7) A8 AAAE B FH =28 B
g8 g oA &ulel dmg Gyt 2ysH] 8ok w
P B =EdqAe 919 22 Floodings ¥lESHY
A-g wHsle] MEYA X 4 =289 4=
st AFg UAE FE&Hoz FEIWEA WAAE
A%38lE Restricted Angle-control Flooding2 AlFgt
. B =89 FAL gy g 23dAME 7IEY
Flooding®] ©H4-& B9 Stateless Restricted Flooding
3} Restricted Forward Flooding®ll 8l &v&cl 3%



5 AM MERR A Aux) g2 Agtd 99 =28 F94 805

o} = A3LE Restricted Angle-control Flooding 9l
gt AAEHA Awdith 439 ALslE Floo-
ding®] A5& Frista A4S FA89, 53N 248
I FF AT HAE AASEA =ES nRE g

ol

2. &y ¢y

2.1 Stateless Restricted Flooding(6)

Stateless Restricted(SR) Flooding& A1 &4 58
Flooding®] #A43-& vlolele) 27 kel Sl 717
& =E=EY Forwardings] FdAzlezxn wgsiuzt
&9k 18 12 SR Flooding?) 7Hed Adzoelrh

f!

Transmission range

Forwording area
Chndidate node
Non— candidate node
Sender | Destination
=60

3,

ey,

L
O
8
0

% 1 Stateless Restricted Flooding

Sender’} "HolHE TAHE 639 forwarding area®
7FA3 Broadeastd3td F9 W9 :==Evto] dAAE
AHElstn AAEE 4 de AAE ZAAE Candidate
node?t ¥o] Forwarding®l #oj8A b 18 1§
499 el Candidate node’t &Aiebd) Hed
Az, delsle AUAE 183 wait_time ©]&3to]
23 shlel Forwarding =7} A&gt}

2% Forwarding =+ ™A SR Flooding &
P34 B = 139 3719 Forwarding areaS A
Aste]  Forwardingd]l Fsl= w22 Agsiu
wait_time°] 7} FL ==& &3 vlAR] Ag9
A B&A4E oA sk AN BAY =2
o 1R/ H& dREY A4 YEHadME 249
03t& 712 Forwarding area® ANE38}7] wfo] &=
Aol AANHA5E vhrel B3 Candidate =28
o] Z7FetA Btk oz s HAA HEE AT 2H
2% Candidate =E59) Broadcaste QB|F=st o
UA drlgte 248 SAAIA "ok ofgd =9
gerh B YEYSIAAE Holed T 71540l A
A HolE Aol Ado] AY 5 v ZAEEL U}
A3 gl

2.2 Restricted Forward Flooding(7)

Restricted Forward(RF) Flooding® Forwarding %

4

£ ol == A44E 2EHEZ 53 AAHJY For-
warding®] FA3lE e HEE B2 =5E A4
352 TAET Forwarding®] BR3R ¢ =%
Forwarding$ 242 E78:& she Aotk 19 2
£ RF Flooding? &2} 48& Jehd Aotk

1% 2 Restricted Forward Flooding

22O 2EQR,09 o% =2 & a#sd g
257 e 4 F Q00% Be ¢4 BLES
e olE FH kIo] HEHTE JHRE k=
2~E9 £M2 9 =28 Forwarding®d =22 A3
374 g9} geld =EQE REGHE =EQE kE
7B Forwarding®d ==& Ad3ic) ojm ==@&
Forwarding® =28 AH3A £387] w& For-
warding-& 314 @&t} ¢]A¥d RF Flooding Forwar-
ding ¥ k27t o4 e =2 REY Forwar-
ding® W% 3oex BYRE Forwarding® A|g
st gk &A% RF Flooding & Awdes e
Az AAY] Broadcast® 8t7)el SR Floodingell ®18)
Forwarding®] AH&-S& A k=9 75} oA At
£ YELAY LifetimeBolA 233 wagdd 7

FA0) gith EF o]%-g At FHAAA HAA
£ A$dle TF Holes YA 2 A9 ol dig d
ole} A4 Ado] A LAY + Utk

Z
3. A|ot8t= Restricted Angle—control Flooding

3.1 713
o Zbzhe] AA REEE 2] X9} dolgle o
A9 ¢k ngm AL rEeR By WdE £xd
»TEe UEe Base Stationd] IXE g1 U
ol 94} AUAY IS FFstcd Fag v
£ nHsA geth

3 xgel] EXHEE J7ED EASe Iy
22 2A e gng o) olurt
cAM eEEY o2 gtk



806 ARG =EA

3.2 Restricted Angle-control Flooding

AFsl= Restricted Angle-control Flooding(RAC
Flooding)2 SR Flooding F3§Alo] AAV: EHeF
Candidate ==&2] & 8302 Zo7togx v
AR AFe] ARHE =259 JduA] ALY 584
€ Zoln A WESAY Lifetime2 I F Y&
wlolel A Wele] REHE Tk

¥ 32 RAC Flooding9] 7+e+3l 7@ Eo|c},

N AX9 AF AT R:
r : Transmission range 73 0 :

A AA 2E WA

radian

3 : Transmission range B : Foruwarding area

@:Sender @:Candidate node O :Non— candidate node
1% 3 Restricted Angle-control Flooding

RAC Flooding2 o33 Zo] $3dt} Sender =
=& HAA AFA] BHRNE J1FEeR F44do] 027
¢l Forwarding area® 7IAAl Hed Fod He
Forwarding area®] 371§ ZAA3l= 0o 23PH 3
o] ohets Aolt}. o) AAEHE 09 Ve ==7}
7HA @9 BFg B¥E 9% JRE melste AF
ZAARdd. AFoR= 03] F4F Forwarding areadl
X %= Broadcast WIA|A|E e Candidate ==9]
7t Bolzlt}. 0%& 71 A4 9o¢tel Candidate
x5 F9 499 BAE 4 (1)7 o] FHAh

- Forwarding areat} Candidate®] 4~ N X LGZ (1)

2R

ek 2] (Dol 97 Fko] 10] FohE single-path 2
Broadcast®|©] Holeg g 7F5Ade] uwj$ ol
w2kx Forwarding Areadll £33 =EE9 7} 2014
o] HIEF 4 (2)& WEs 03k Asjoldi)

2

Nx = 0
2 R?

2 (2)&8 Y= 03ko] A= Sendere Forwar-
ding Area® Broadcastd}®, ©}%& Forwarding area°l
g 49 Candidate ==5L& Node selectiong
T3

>1 (2)

Feo A4 L e A 16 A A 7 220107

3.3 Node selection

e YARE w7 ARASE AQA 2337 A5
49 Candidate ==5& Node Selectione +33}
A A6l 49 Candidate =E=EL 49
wait_time 3¢t 7]t} wait_timeo] £EEH FA|
o] Forwarding =E7} ¥ o] Interest WAAE A43}
A At olwf A2 wait_timeo] F2H7] A4 ThE
Candidate ==2%F Interest WAAE @A Fohd
ZAalo] ol T2 Candidate =Z7} Forwarding =%
7t HAokar Bdste] olde} Sender EERE w2
Interest WAIAE B]ATL Interest WAIRE A437]
98 A¥E Forwarding ==& E3FHAQ Base
Station®}8# 22 Forwarding area® AZ3l7] 3t ¢’
#e A3h= RAC Floodingg T 83T} o714
Fg A weF 0'9] ol SR Flooding 7ol
6=10'9 & 7IA0E "AAE W= EYLFH Can-
didate ===E0°] BolA dolg A% oA AEH
Ho] "Hojx|A "t} A& Forwarding ==& o]d¢]
Senderitt EXA)] © 7 A A7) W&ol AFA
ZAAREE Forwarding areat 1@ 3% o] oA
Senderd] #Ht} Fe g 7 utozy FR3F
Base Station7hA] Ho|g] FAfo] 7153t

RAC Flooding2 °l8|@ #H& 333l F¥AA
Base Stationo] ZMI719AFE 08 EHqTOEN
Forwardingd] #HA %9 Candidate ==E7E oA
Atk o2 A3 WAA AES FYHE B Ange
EEY R AHE HAFF £ ok

3.4 Hole Detection

RAC Floodinge ==¥59¢ W=E 3#3 Forwar-
ding areat] 3h}e] Forwarding ==& H&3le b
olel& HF3h= 7IYelth. 28y Forwarding areacl
dHolHE Adwitolol & =T REHA &GS AL &
2 k29 U ZE AF 4F Holeol BHE
o, AItEE Flooding¥Fe 2& Hol8E EXA7NA A
$8 4 gl Bk o]} Zo] Holeo] HAE 3%, &
&) HolEE A4de %9 Hole-Detection ¥
& AMHE-S) Holed] de 71&& thgd Zth

A A, Forwarding area® Z3= 07} 180°8 Ee
ZASolth. 17 49 (a)s} 2o] 67} 180°8 dethe A
a9 YEYAY &3 =59 Failurer} It
& oujslrg, o] Afde UEHYA AHAAd HAIR
Broadcast3h= 71&¢] Flooding2 AHE3t t)oE]
qg 588 Fol=E 3Id 54, Senders] AR
Forwarding area?t9] Candidate =E°] © o4 =
MNAE Forwarding & 4 ¢l wjelth. 1 49 (b))}
Zo] Sender’} 23 % Forwarding areaZ WAIXE A

i 2 rlo

N



FA AN MEAR A A &3 AgE 99 24 99 807

(@ b
¥ 4 Holed] et 713 (a) 07} 180°% W& A$9)
(b) Sender®] Forwarding areaz} Hole$l A%

%3 ¥ Forwarding area®] ¢¢je] ==X Hu

wait_timetiol] &2l oAIAE wx] EsiA =W 2l
Forwarding area® Holeclg} 93l Hole2 #phst
Sendere ALMM WAANE Afsr) sl Aale]
Forwarding area® 434 Std e Holeo] 2o
W Forwarding area®l 4% Candidate %9 48

FMAFE Rolt) o & ol WMyt BxE A v
f=z8 WE R= 4ol ARE W), 4 F A @)

S #z 6= 2751 30 oMl Forwarding

areat 2709 Candidate ==8 7H4A At et o
Forwarding area’} Hole®]2H¥ Sender :Z+= WA
A%E A% D37 A8 Candidate =E5E 2719l

A e 22 Aze 0= D g Fee a9

42] (b)9} o] Forwarding area® W3l& Aojch
4. M5 ol Y o 24

£ ZdMe 7129 SR Flooding® A3ke RAC
FloodingolM 2tz wjAA] 4] 2AQ$ Total
Candidate =9} /M$E 7133817 2024 vHzsRoh
£ AA == g Z7AA vEYIY AN ==
9 4xE Y284 SR Flooding® A= RAC
Flooding®] 03k ze]ar wWlAA] Aol BR% Total
Candidate =29 $& =g vla B8l W)=
Age] MAA G284 FPAAN Aolde 7&dich

4.1 &g 84

Flooding B71¢} vl g 93] 083 22 7148 i}

AA AN ==EL FYEA BT o

* Forwarding =E+% ©]# xXE Transmission range

o] ZA F4e F3u EAgr)

o} W % Flooding®] #AIX] Afo] Bad 4 &
9} Candidate =49 Total Candidate =E4E 1
8 59 o] FejA.,

4.2 o8 #a}

SR Flooding2 IAE 32 AMS3mg 7 @A
o Q23§ Forwarding area®l 43ke Candidate ==
FE TYE gL 95 & Aok AT AUs= RAC
Flooding®l 2%, 03t& A%l %ol 32904 AF¢
A (2)9] =7E UFFoF 3t

oA A Aol HAad Candidate =29
Stateless Restricted
Flooding .
Restricted Angle-control
N [}
o 22 2 N
17 96 327
N g
=3 o —N
27 % T A
pay =
3@ 96 327
N o+0+6") .
Total E7) T N

1% 5 7} Flooding oA vlAlA] Aeo] Wa% Candidate
wE9] 2(R= dr)

Candidate 20
[ NX 2
=T 2n R’
0%k 2 3 4 5
0 Gdm 96w 128 1607
N N N N

a9 6 4 (2 vEE RAC Floodingd) H4 Candi-
date =¥ 62k

19 62 RAC FloodingolA AA] k=9 74 NS
F7HNA AM =me] dxrl Feolfe] wel A (2)¢)
o5} 8- HA Candidate =E48 0] 9E3e 0
§g T Aotk ol 19 72 UEE ZUMFIEA
H3lsle 29 69 0352 SR Flooding® 4%% W)
23 agzojtt kxEe] Axrt Fobge uwhe}l At
8 RAC Flooding®] 03te] #A3] &0z AE &
4k,

9 8 ANEES 63 Wsle] o RAC Flooding
9l Total Candidate >==4F SR Floodingel 2]
Total Candidate ==4$ 27 #lmet Aojc} Axr}
2& 79 SR Flooding2 RAC Flooding®] A% 3=
Total Candidate =547} Blsz3lAl T Dert Foldsy
£ 7 Flooding®) 03t FHA7A] fiA|A] s} B
& Total Candidate :==2} 5 & Aojrl Vel S B
A3 Juk HAR] F4e QA BoldSE o] o)
 oE AAA g2 ole R 244 =EER 7Y
#H Ao vEYad H438e 9, RAC Floodingel 7

2



TSN
. \\\\\\
S~

10

8 s e —N

300 400 500 750 1000 1500 2000 3000
4~ SR Fiooding -.-% -o—% . % - i;‘ﬂ

a9 7 =289 4% F7lo w2 2} Flooding?] 93t

100 100

90 + e SR 890 - == SR

80 4 =W RAC ﬁ 80 4+ =W RAG ﬁ
it p SR y4

sa V4 50 - 7

o Vd w0 Vd

30 4 30 P4

2 P 0 i ﬂ_
10 M 10 1

o ° .

300 400 50C 750 100015002000 3000 300 400 SO0 750 10001300 2000300¢

_ 64m _ 9%m
(a) 8= W b) 6= w2
00 100
o et :ﬁ nr s :;
80 4 il RAC 80 { ~lRAC
- 7 - 1
. 7 7
36 / 30 /
10 10
1] 4 T - [ + v d
300 400 500 7350 1000 150020043000 300 400 500 750 1000 1500 20003000
_ 1287 _ 1607
(c) 6= v d)y = N

I 8 AX =9 9% 714 Z} Floodingo] AMHE-H
+ Total Candidate =242} vln

&2 SR Flooding Rt HAXNE A48 B9 oux
Eg&4dol ¥4 Erhe Ag HAEW FAY) WEYA
8 Lifetime® MM E $5atchz A deire Zdijo)
o} #u oliiz}l RAC Flooding F3Al gkl niz} o
AA Ago] AHE-HE Candidate :Ede & o]}
vehA gketh 2822 Forwarding aread] £%
£%9] Candidate ==, & i gtegs 53
EA7A dAA] Ago] sheside AL ¢+ Utk

53 E

RAC Flooding2 7]# SR Flooding ©] ¥4X=79)
forwarding area® AM8-8l7] WfEo] @AlEle Yo

ARG =R AHEe) 44 2 #e A 16 9 A 7 200107

candidate =E4F Z°)7] $istd AQHYTE FoiA
dEda @74 2% gz  uwa}
Forwarding areaS ZA3EZ EZFZR|4 77YA4E
Forwarding®] #<j&}= Candidate =29 & £9
E£993% AR Broadcast® AFEn A4 ==
E Forwarding € $#u%c}

LA Agale JPgAME wait_timeo] FHe =X,
& SenderZ%E WAAE WA v =E7F iR
Forwarding 271 8 7FsAe] 37 wjEe] o] R
< £ o sty 44 =289 IUxd wEt gng
£< 22 448 gart Yok 128 2719 o3ke] F
old4Z HoleS e F AT 7FsAel AA 4474
A dlole] Aol Zele ATte] AAH:= A w4
o, ol a8¥oz HFY F Y= W] A I
FHolzol & Ao|th

o8

[1] M. Wdiser, "Some Computer Science Issues in
Ubiquitous computing,” Comm. ACM, vol.36, no.7,
pp.75-84, Jul. 1993.

[2] 1 F. Akyildiz, W. Su, Y. Sankarasubramaniam, E.
Cayirci, "Wireless sensor networks: a survey,”
Computer Networks, vol.38, nod, pp.393-422, Mar.
2002.

[3] K. Akkaya, M. Younis, "A survey on routing
protocols for wireless sensor networks,” Ad Hoc
Networks, vol.3, no.3, pp.325-349, May. 2005.

[4] D. Estrin, D. Culler, K. Pister, and G. Sukhatme,
“"Connecting the Physical World with Pervasive
Networks,” IEEE Pervasive Computing, vol.l, no.l,
pp.59-69, Jan.-Mar. 2002.

[5] C. Intanagonwiwat, R. Govindan, D. Estrin, J.
Heidemann, and F, Silva, "Direct Diffusion for
wireless Sensor Networking,” IEEE/ACM Trans-
actions on Networking, vol.1l, no.l, pp.2-16, Feb.
2002.

[6] H S. Shim, W. J. Lee, "Stateless Restricted
Flooding for Energy-Efficient Data Dissemination
in Wireless Sensor Networks,” Proc. of JCCI The
14th  Jjoint Conference on Communications &
Information, VI-E-1, Apr. 2004. (in Korean)

{71 S. Ho. Kim, S. Hw. Kim, "Design of Modified
Flooding Algorithm Application to Sensor Net-
work,” Journal o KIIS, voll7, no.l, pp.32-38,
Feb. 2007. (in Korean)

wEEe



