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RREM : Multi-hop Information Based Real-Time Routing
Protocol to Support Event Mobility in Wireless Sensor Networks
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ABSTRACT

In wireless sensor networks, real-time applications have to ensure the timely delivery of real-time data.
Recently, OMLRP (On-demand Multi-hop Look-ahead Routing Protocol) has been proposed to improve the
timeliness of wireless sensor networks. The protocol needs initialization time to establish multi-hop information
based routing path because it performs incremental look-ahead of the information. Consequently, the protocol
deteriorates DDSR (Deadline Delivery Success Ratio) as an event moves because it takes little consideration of
event mobility. In this paper, we proposed a Real-time Routing for Events Mobility (RREM) which exploits a
data redirection in order to improve the DDSR of moving events. Instead of recollecting muti-hop look-ahead
information, the RREM redirects the data to a sensor node holding the information collected in a previous round.

We verify the timeliness and energy efficiency of RREM using various MatLab simulations.

*

FAA} - ey e BT, soyeon.lee @Kkisti.re kr, 3]

° AR} : 2 u—nﬂzﬂ——r 74 FE tﬂ-q- AU EY = o174, shkim@cnu.ac.kr, 413

* sty e gt FAFEMIEYN R A4, jclee@cclab.cnuac kr, 34, hspark@cclab.cnu.ac.kr, 3]
wx gE3Elr )44 W79, kju@kistire kr, %3]

=l KICS2013-07-275, A=t 120139 79 1Y, HF=ded=l2013d 79 184

688



= AL ALK el AAIZE S-8-9) ol E o] gAe A|8lslr] f13 2k W

A A U ES el WA Y= AHAL, A AE
| 8o 3kl 7R 53 22 AL 850 AR
| ghE o glepl, o)e} 2He $-8-5-2 wAx] A
o] AAKo] wArEojol g7

FaA PSSR 7] dloly AHE AR A
71%del SPEED® &= AA|ZE dlole] xfe] AL
BAE] 98 dgelck ZF Al k= 15 ol
rego] X9} AF Hx 53 22> *3‘47& =
Aghc} A H EE FAR] o 2AF
FTEHEE SRk A =5 A
ek A x=E Addshe J%é
A7 dlolelE AEFoEZHN 4 l el A%
#J-¥~E(deadline delivery success ratio, DDSR)% sk
247171} SPEED®] A5 s flsl HE-&2 A
Azt ARE 7MEe g k= THVRPZE Algk= gl
THVRS WEY A Alo] WAA]7} & Sl v]gs}e]
F43%] k= A wWRE] S 3 W=
2-Fo = Agksia lEP

Aol wARE ZHA7]17] 13l Algk HeelA
HelF A AR $318 $3sk= OMLRP!7}
Algk=]9icl. OMLRPE HE-§ AR E 7Htoz
o] dloJe] AF HJ2E AAToZH DDSRS FF
A7) SRR, dlole|e] A Slael wef AH
-rél W7t AR o2 Efe7] wiiiel] HEl-F A
S ISP ISlEie A o 27)3F Akl
j%ﬁf}ﬂr oWl EZ} 1AE $IA|ol|A A= -9
2713} A|7ko]$-2] dlolel= HE-F2] AAIZE HB
7} vkl A2 2 AEEch x|k oJHl Er} o] FX
L 71-1:_ 7(:)]_<,L XJx]xJ N/q7} o h-h z,\_xlo] u]u]-g] Hl
sl zote] 79 kel F AR o&s|] H=r)
TAE= A7 ik B =rellAE o] oAlE HEE
Z7)3ReAlRta i) WHS%7]|$kEAl= DDSR
< #2271tk DDSR-- OlﬂﬂEﬂ o5 &7t whE
TE FAHA FaEc

B =S AL S8l oMIE o] 5AE A
37] sl OMLRPS 23k RREM (Real-time
Routing for Events Mobility)& A|Fgcl. RREM+=
OMLRPE 53l 4%l HEl-F AEE o] 83 AF
HAEE AAFOEZHN o] TS 2= oWl Ee] tsliA
DDSRE FAIZILE 7|E As =0 93] AHe}
Hat dlele] AF &% A W= v]F(beacon) HAIAE
o435 BRs e X} oWl EY} o] A2
A kErF AFEH, dlole= AR E] ole 7S

N

o

o

*T

O_I.4

it

S 1_1:_/] ;GE_E— o]_S_ H
t}. o]9} 7o) oMl E} o) 3= 7ol Hlo]E
tlolele]l o wa MlEZIETAIS st
DDSR-S 344 70c}. MatLab" 941 &
o] 7]& Aol A%S vlwsla $53kS walch
o]l AL pAfe A= AX7E S-gollx]2] Hlo]
B Aol gigh A8 QATES 2alela 3Abx e
71E Q] AR ARtk 4dellie Alkshs
2h-9-8 71el RREME A|A|3kaL 53bellA] AlE#o]
A4S 5 A e S vRe 2, 673
A AR 9 g% I wpake 7|&3i)

II.

e

2 o

A A Y ES] =] AAZE S-8olA] dlolE] A
Fo] AAAE A S8 B2 ot A8 Fol
ol & Aeli= As) A7-E5S Avigck

o AHE 9] 7ake] dlele] HE 21
RPAR!"-2- A% 995 Z7HA0A B4 & 55 &9
BE*H AA AE A A7 FFA| 71k

= AE 9= AA vk euR] anlE M

=59 £ SEAZIL

SPEED" = FHAlebd s 7]uke] AAZE Flo]
B A% 7ol HaAPdEE T o T4
FRA| A ] Ao} 1-F A =50 AAAZR
aEfsle] AlAbEICh ae]an ZF FollMs o] SxE
e ruE F ke Addlo g AR
Hlo|e] & A43lit} dFA|wF SPEED+ 1-8 o] A X
718ke] x93 A (local decision)< 3}7] wiiel 2|
o] ARr} A=A s & °TD‘r

MMSPEED!"?= dlo|ge]] $-41<=9] S Hofa)ar #|
A AP Tl v AS S AR Es
dlole] Age] A=AdE A w3 ekt A
R owA WA Mgl Aodd Arutew A% 7
27} AAEE A4S 25t MMSPEED:= 1-3
o] A|9A AAHS 48Y517| wfitoll SPEEDS} gt

THVR®-S DDSR-S 3F4A]7]7] 9]3) HE]-5e] A
A17E ARE o] 83le] A dlolE] HE H=ZE A
Ak VE A Ao wXR|o] FA3F T7FE 1
MA] &rE 2] 98l 3 HHE 2-F o= AljE
3l32 9lck. SPEEDS} #bo] 2-F2] A= A wwk vk
3%l A=} A=

OMLRP"= AA7F A1 Zu‘ HeE Ajsle]

© 23 DDSRS %7}

689



FFEAI33| =22 *13-08 Vol.38A No.08
AZIk OMLRPE ds mmsh %44 Afele] ¢ e
l“f&ﬁl% o] EAhe B HE-F AS H2 A o
= yosit) g g ARs) SRy T7]— = R

7h‘fﬂ+ Aol wAX|7E ARE 7+ ol xfRE H—J‘Ef&ﬂ}.

S, o EAE 2 o
A} g,

o= X1

3] arojay

E A3 QAT Bl
Table 1. Comparison of previous studies

[l Ee] tslo] H27]3t

o] Aol HahA= vhs AellA] A

==E2 TE e & :;E:E X124 of
RPAR X X Low X
SPEED proactive 1 Low O
MMSPEED proactive 1 Low Q
THVR proactive 2 Low O
OMLRP on—-demand multi Low X
RREM on—demand multi Moderate O

A AFEE <E 1>o] vla gelgeh Fold B

fo r{r

OMLRP9+ RREM+

ARE /‘xh‘s]—r/}
OMLRP+= HH%7

&Ag ﬂ rlr m

7] wiiEel]

oWl E~Z}
27\32AP ) abEle] WelF gn
2 olgakx] B AR dolelE 4 ) RREM
Pl G e Fe] AL YR g o5l
o] 25 AAZ) w27 3Al 7} A E] ]

dﬂr #¥o], SPEED<S} MMSPEED, 12|32 THVR
1% we %0 AuE Aden S48

oplE WA el-Fe)

o]E/H_Q

Ao} WA 47} g

II.

OMLRPelA HE]-F AX|7F

%“‘“

= AL

F 23]

X= Source—= & =
o 0o el At e
FARE 2 woE AN

Yol Hlole] g} FAlol 3=
shdste dlolHe] AF A=E «l

HEE X7 |SH2H|

2e A%,

Jofel, AL 54
e da e o% Kok, 2
qa ol E n

E5e A9 1-

0 .

Radio range

---Jp» Acknowledgemert message
—» Data transmission

gzl . /\1/\]7]— E”o]ﬁ z] H]—\:H

Fig. 1. The method to collect real time information
oo wrdd] B5ehe RelF Aue e )
Bl 25 3l njEglel olE B0, k-F2] AA
AH= k-179] dloe] Afo] o]l Fof] 4]
o} kA dlolelE AE o k-Fo] AAT AR
o]-g3t] HARE AT 4 Qe wekd "HEl-F
A A7} ;gy__a_ o]ﬁ_z‘s]- E—ﬂO]E—] A A2 FAIS
% JashA €k
ks & ?7} %—7}%7«% Jli‘r A7k F7kst

).

o

it (N9

2y j% Lo rulm
by

- i < 1
2
0
L
E
o>
o
£

Moving direction
of event

I Saurce
] P
I il
/ l’ 1-hop loock-ahead
’,, v completion
ff,"$ _________ -\:7__7 T ——— \‘\
L4 \ ==
/W saurcey; © o' o T o
1} e N
l‘ 5\ 2-hop look-ahaad . \“p\ s
. completion LN
1 . o - =] N
A S ~ .
\ \\\ [o] s R \\
\ e S [« I
~ [} )
* 3-hop lock-ahead R El
&J.n:ewc completion S~
A= e Dest1nat10n
[+]

I8 2. oJYlE o]Fel whE W27 SHEA
Fig. 2. Recollecting multi-hop look-ahead information
problem

OMLRP+= %713} ¢t5 F 3l He-F At
AR E 0] 83}e] HAe] ArE AA3 4= 9lc) I
uk Zq) x| e} Fho] oWl BV} o] sl 380 =
TA Al "HElF AAZE AR F 5| ofego] 3
= Qltk 13 29} Fo] oMl EVL o



= AL ALK el AAIZE S-8-9) ol E o] gAe A|8lslr] f13 2k W

gh 9]x|ol] AMEE A V) AGH o7 AAE)
FAHEE F e 550 7P s esellA
5-5 AR FAlo] SkRE77A] 27)5F Azte] Has)
th Z27)3} k5 A oMlEV} o] 5o BN L kT
Sourceo= 5-5° AHE 534 H3haL 3-89 A
Hutow ARE AASE 4~ = Source I
Sourcep °ME 7|3} k7 Aol o]t o[HIER
&l 153 2-82 AR s3%Ick 2713} 8ks o]
Hol| oMl E o]Fo] MY dlo]e= 5-F2] X7}
ohd A|d4 AHuwt vei¥l J22 253 o] AH
oWl E o] FAoR Qlal] WHEZ|ShEAlZ| WA= 1
DDSRe| ZHA¥Ic}

IV. RREM

ARkels 2h9E) el A8l A4 Pl
= vt Ak A, BHRE Ejeke 2E Al
X=E+= GPS(Global Positioning System) 5= 53
Az B9 917 ARE b gl Ea
A =2 G2 el Aol wdsiAl A=
o] g} mix|toe g ZF AA rrEQ oHlE 7HA]

wslsl hele Wil Eelsih

2

=

4.1. OMLRPE 0[|2¢l 7|2 Hd=z MH
RREME| dHlo|g] A% AHE AA ¥-S OMLRP

A WA Hlole7F At FAlol A=t Add
A Eam ARl 52 Aole] ARlE o8-8l
2| 2A| A HE N ARl dlole] A% AR A
Z_'

R
GollA] FpAlobd g ek ug 5

o

—7hset =1 (1)

s i BAR| 6 QIS HaAPHEE s
2 sk e 2w g dele:
A Eerp fA& o] o] & ) el =9

a2]ar A9} e Alo] AR} A FA == E

e 95 WAAE Qs 29 ohe e
e 25t ererk Al welel S8 AN e
2o A Be-Fel ARE dAAT B3k AL
o QAT ek delelrh AguA] sk Az
of 1% Auak fHak)

N
N
o
DAE
—1>i
=)
2L

A ZgA ] k-F7HA] AE A
9] 3 pa AAxk=lch

B
2
i)
e
>
r:i

i)~
N Z)iiJrl

0% 3. HE-F AEE o]83 AF AR
Fig. 3. Routing path using multi-hop look-ahead
information

a3 32 HE-F AR ke dloly] A ARE
nolrh, HiAlPI$SES 302 st del
Bl 7P mhe AE2e Adedht i AS S
Aele aEebA] o 2] et ol A3 AE &

ZRF gk} A~ =X SourceollA 1-§ 7HEo R

}

¥

691



WE

o
ok

}3]=14] °13-08 Vol.38A No.08

dole & Afshe 4, 82 A% S8 7l Pathl
o] Aeli¥lc). Path 12 1-& o] %l ¥l ¥2A| ¥ (void
area)o| EAst] o o]t Aol Brbsdit 12|
2-50] ARS ek A5 S S 6.5((6+7)/2)
3l Path 27} AREA|RE 3-Foll A Blo]E] A L7}
12 =8l 775 Selokslr] wiiiell DDSRe] 44
gt} 3-F°] AHHrl 1e%l 7E Path3> 1-FllA
AE &= 42 =R 3-F7bA9] A S}
6((4+5+9)/3) 2 4.667((6+7+1)/3)8] Path2 B} o}
DDSR2 &HAIZIeL o] A7 AlA whel] Wit G2 4+
= FaAew EAshs 1l 7 A9 A% s
A& HAe] T r=g A F =E gl

4.2. RREM2| O[HIE o|=4 X|&

OMLRPE &3l 415 HEl-F AAZE e 7
A reor dA] A7Hgel ARl w3l
283 o]F A~ == AS(Anchor Source) ==
AAELh AS ke A5 YR k=2 oWlEVL
o] 5= 739 A AR 2 k=2 NE o
g Aol #F BARE AEh AS ke
F7IHZ Rl v wAR] e A1) 91F] A X,
ERz| 22 dlole] Hit AE A7HE wo} HE i)
28 gk v AR S AR Al 2EE2 AS

re ARE xAskc)

Data redirection
path iz changed from

‘ Meving direction

Data transmission
path by AS Nodeo

) AS node to Nodel ’ of avant
\'—\ fr— ,
= e o -
v s
\ 23 Saute, \“ ______________
O O o T L A LT
‘ .
‘\ Data 'tr‘ansnlissiclh'._
K6 W path by Node At
.- - = e
AS Node o6 ——6 2 Destination

12 4. RREM2| dlo|g] gltjol=lle] A=z
Fig. 4. Data redirecting path

715 4= RREM9] Hlo[¥] gicle]dle] A 25 13l
t}h RREMoA] A k5= AS =E7lx|2] 72|
T = Sl AS =0} HAA] Ale]o] Ak
= W elel &3F =t ole=A] AR &3 =0}
Stk dlolelE 189 4~ :T Sourcey I 7]
A= o] gl AS kE R AHEECL do|e]l S FAlgh

AS et A7uo] gl Bel-F AT Ang ol

692

B3] HAe| AnE dA Al
eEr} Qb s e oy e
7h Elcteld®] s Al a9 49 a2
Sourcep 2t 32o], Ho[El:= AS == 2|tlo]d]
A

A| 9F31 4o~ € Sourcep®] AFHE W9l o)

&
= |
&l

™

|
E-F AAZE ARE o] §3lo] AR E dlolelE A
43kl RREM&= AS =Wt} ##le] -7} Zx)s}
= AT dld = grieldld] HeE AF HEE
A8} vl DDSRS U8 3:AkA] 71T

. Restricted region of
... ONMLRP for Sourcey
- Restricted region for data el

‘z* == redirection to AS Node e

1 L

: 1"

T2 5. RREM®] HE-F AR F3S S8k Agk W9
Fig. 5. Restricted region in order to collect multi-hop
look-ahead information

gl RREM< whl-& Au 7ke] J2E Fol7]
A&l 18 59 7o] A~ T Source oA SHAH
o} Aoz Q1A AS kT do|ElE HEgh)
AS L ENEE HEl-E ARE o]43lo] dloleE A
$3l2s DDSRE AZIch =g A kT
Sourcey ol AS =E=714] gltloldE]E $4l Algk=]
= HE BAA7A Y] We)ne} Sk 7)ot
ol whe} A== Ao A7} FhAste] ofuf=]
FEA ok

RREMolA] A2 A T AS L E74|2] 7]
2] AEe} Fd AF S5 AWE 7|FoE 2713} 3}
Aol 3 of = Pt} the-e 3 o] B2 Wikt
3] A& F 7 ZA Aol

cond. 1: D(nsr(ﬂ n ) = D(ns’rc’ ndst)

as

cond. 2 : T(nsrc, nas) > T(nas, ndst)

A A 2L s mESLAS kE Aole] A7)
Din 7F AR Aelske] Al Diny,,ny,)
Hop A7 382 Aol o] Afe s sl

src? nas



B A A

oA AL 582 o[IE o] FAE ey 27k 2HH 71

AS x=71xel AY D(n,,.n,) 7} HolxlozH
AS FEZRA9] A2 AR ¥ W ARke] AaF]o
DDSRo] 7}43}A] =},

A 22 AS =7bA] 9] dlole] A A7t
T(ng,ong) ©1 AS Ze=ellA SA42]712]9] dlole] A
= A T(ngng,) Beb 270 222 7golch &
22 kB AS k= F AFE dloleo] 39 wIAR R
AS X T7lA|9] I A /1]7}_0_ AxR} s k-
Eoflx] AS k=71A|e] dHole] A A7ke] Fkshd
DDSRe]| 7A-%Ic}

2
=

V. d

oIr
oA

MatLab!"® A|E#0]41S- o]-&3l4] RREME -8
slaL 7| A3 A5l A vlal #Agc) =
2B AL ey il Alx #e] d= F7)=
200x200m°e]™ 3007H¢] =7} MElsHA Bix| = o]
otk 7+ Alxe] Blr] e WS 10mo)ar, Ak ke
0.05%}4 dHlole #Zls shpd gt ARt |
N5 A= b0 3 052 7R

5.1. AMAIZF Hlo|E] ML MEE

B A o|4= DDSRS £ A, 97 4% 1
2|3 oWIE o]y Lkel uwg WIlE odolirh
SPEED®} THVRLS 71 w2 A2 2 dlo|g|7} A%
= == A3tk OMLRP2} RREM+ 5-3 ©|-%9]
AA7F ARE 2218} s Tl oWl EES 71K
gF == AlelofA] A&k 7l AY A o]F
NA F4 A|zEl3 Zro] AA 7} o] F3k= -l ©]
& S5} eo] Al F7lol wEbA] she] A e
Eolla] the] Hlo[e|7} A=Y = gl AfelA+=
ole} & $8-S wdlR gl

I8 6 s Eel 5] Afo]e] Fg]ef wkE
DDSR-S HolFEt) oMlE o]% Lhl= |5m/sE L
gk} o] F £% 15m/se] o WIEE Ax 9] g

£ ubef|A] ofe] W | = AL she] A ko
A tle] dlole] AFe] HhAE]7] wfs-el OMLRP+
Hel-F JWE 3% 4 qlrh. SPEED®} THVRS-

vle] A% Dld-go] ARE o] 83l dlole|e] A
+ ARE AR SRR AR A Al Td-F
o] Axnt y12%7]| wjiel] AH2|7} Helxl4~% DDSR
o] Zka%lct Ag $Hell4] OMLRP= 43 HE-
:g_ xgy__a_ o]ﬁ_s—}cq 743_% /\4243}7] wﬁyfoﬂ clel. _—g
A WE o]-43sh= SPEEDY} THVRYET} 35 A%

Heltl, OMLRPE A7) oF 85m7HAl+= 90% ©]
A+2] DDSRS Holut A7} Welz<4== DDSR?]
gl 1#v RREM= 7|8l 415 HE-52
AAZE ARE o] §dl7] wiie]| 85m o|FelA%E
OMLRPXT} 10% ©]% 345 DDSRS Holclh

> o

0o o

084 —= 3PEED

—#— THR
—&— OMLRP
—w— RREM

Deadline Delivery Success Ratio (CDSR)

T T T T T T T T
a 20 o &0 a0 100

Distance (m)

T2 6. A WSt wE A dlole] A AFE
Fig. 6. End-to-end distance

Deadline Delivery S uccess Ratio

T T T T T T T T T T T T T 1
300 oo S00 &00 700 200 o0 1000

Desired delivery speeds {m/s)

a2l 7. Al Gxel Az Hlole A ATE
Fig. 7. Desued delivery speeds

1m

JF/] 75 Z_D]—74 = 100m, ]HJ]E <>]E_ L
15m/s2 A 79 A S=ol wl2 DDSRS X
o]t SPEEDQ} THVR—°— A &£xr} ZESE
DDSRe| A3 Zhagic) dhte] Ao erofAd
o] dolg] ZHdo] HRAEE= 2)E g}ﬁoﬂ/q
OMLRP:= HE-E AR E 3E3)F 4= 9t} 4~
E-F ARE o]g3le] oy A =7} *éﬂé?»lﬂ
uj ol 1A &=} Z7)sle] = SPEEDY} THVRAE
t} 415l DDSRS ¥elth RREME 800m/s2] 97|

il

693



= EA1EF3] = 2] *13-08 Vol.38A No.08

2504 20% 71EF k)%l DDSRS Helt] oWl E
7P o|Fal= 3H7elx] RREM:= Zltlo]dES E3
HEl-F ARE o] 83| witel] HxAH o= He-F
AH7} $%EE= OMLRPET} 7% 71=F 3=
DDSR-S- ®3lt}

ot

Deadline Delivery Success Ratio (DDSR)

T T T T T T T T T T T
a 3 10 13 20 23 30

el o itvim )

=

07 8. ol &=t AT dlely A% A
Fig. 8. Velocity

of

I8 82 oHlE o] Himel mpE 7 e e Fo
DDSR& HojFrh 52l 100me|tk.  SPEED
1} THVRZ o[¥IE o]F &7} webd 7-$- DDSR
o] FAsM Zhagich A3 $HAelA oMIE o] F &
27} S7Fh she] A krEella] AfEE dle]
B A% 3l57F 2%tk OMLRPOA] Hlole] A5
a7t AaE AAR Al Hel-f et &
oj £t} HEl-F ARt A=A 58 OMLRPE =
w4 el 739 SPEEDY THVR¥} o] whel-3 AHu 5

7eke 2 AR} AdAx]o] DDSRe| zt4gkc) 234
Al B A3k 22o] o5 Hi2 20mys o) Atelld At 2t
423819 30m/sellAl+= THVRI} H|$=3+ DDSRS X9l
v}l &A|9k 2 =Foll4] RREM+:= Hlo|E|E 2lrio]e]
Blglo 24 ojdlE o]% 4 30m/sellA%E OMLRP
Hr} 50% 4E 90% ol dlolelrt A e
<= FlEksict

5.2. o|4X| AH|2k

uE

ot w¢] A 2uE F U B
o%u}. 7} Al e=ellA] A wlolele] S4alel A

HlEE oUA S 2SmWE ZhRie) w9l A7k 4l
A o7 seeks 24al] 98] A se] Fo)
S e AAalA] sighel oMMER ABHeld A7
somsollA] 2z AR 15myse] e o] F e,

N

694

4000 o

3000 o

2000 o

1000 o

Energy Consumprion (mw)

T T T T T T T T T
a a0 100 150 200 230 300

Simulation Time (ms)

a7 9. 2] AR el e
Fig 9. Energy consumption per unit time

SPEED$} THVR-2 27] o|-%- ARE 357 ¢
gk Ao wAR|7} AA 7 Z A o] AE]7] wtel] A

BE= oyAZE FAA Skt RREMS
OMLRP= ¢[WlE HEAA A o Algkel #]ellx] Al
w| A 2] 7} HEA)=] 7] wj-e]] ol i =] 7} SPEEDY} THVR
li‘ﬂr AA| AmElck lHﬂJP °o]-53h= 7-- RREM

AS =719 F2- AR W elellA] Ao wAJ=]7}
%}*Eﬂﬂ w3+l SPEED®} THVRYEC} 4 15%,
OMLRPEL} B 10% HE F& of=)7} Lwglc)

V. d =2

wEel %
S spalslel

References
[11 U. Prathap, D. P. Shenoy, K. R. Venugopal,

and L. M. Patnaik, “Wireless sensor networks

applications and routing Protocols: survey and



B A A

wold A% 42 olE o] 54

o

A dsh7) $1g 2E 71

[S)

(2]

(3]

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

research challenges,” in Proc. IEEE ISCOS,
pp. 49-56, Mangalore, India, Dec. 2012.

P. Chennakesavula, J. Ebenezer, and S. A. V.
Satya Murty, “Real-time routing protocol for
wireless sensor networks; a survey,” in Proc.
WiMo, pp. 141-158, Coimbatore, India, Oct.
2012.

S. Bansal, D. Juneja, and S. Mukherjee, “An
analysis of real time routing protocols for
wireless sensor networks,” Int. J. IJEST, vol.
3, no. 3, pp. 1797-1801, Mar. 2011.

R. S. Oliver and G. Fohler, “Timeliness in
networks:
RTN, Brussels,

wireless sensor common
misconceptions,” in Proc.
Belgium, July 2010.

R. S. Oliver and G. Fohler, “A proposal for a
notion of timeliness in wireless sensor
networks,” in Proc. RTN, Dublin, Ireland,
June 2009.

J. A. Stankovic, T. F. Abdelzaher, C. Lu, L.
Sha, and . C. Hou,

communication and coordination in embedded

“Real-time

sensor networks,” Proc. IEEE, vol. 91, no. 7,
pp. 1002-1022, July 2003.

I F. Akyildiz, W. Su, Y.
Sankarasubramaniam, and E. Cayirci, “A
survey on sensor networks,” IEEE Commun,
Mag., vol. 40, no. 8, pp. 102-114, Aug. 2002.
T. He, J. A. Stankovic, T. F. Abdelzaher, and
C. Lu “A
protocol for wireless sensor networks,” IEEE
Trans. Parallel Distrib. Syst., vol. 16, no. 10,
pp. 995-1006, Oct. 2005.

Y. Li, C. S. Chen, Y.-Q. Song, Z. Wang, and

Y. Sun, “Enhancing real-time delivery in

spatiotemporal communication

wireless sensor networks with two-hop
information,” IEEE Trans. Ind. Informat., vol.
5, no. 2, pp. 113-122, May 20009.

J. Jung, S. Park, E. Lee, S. Oh, and S.-H.
Kim, “OMLRP: Multi-hop information based
real-time routing protocol in wireless sensor
networks,” in Proc. IEEE WCNC, pp. 1-6,
Sydney, Australia, Apr. 2010.

O. Chipara, Z. He, G. Xing, Q. Chen, X.

Wang, C. Lu, J. Stankovic, and T.

Abdelzaher, “Real-time power-aware routing
in sensor networks,” in Proc. IEEE IWQoS,
pp. 83-92, New Haven, U.S.A., June 2006.
[12] E. Felemban, C.-G. Lee, and E. Ekici,
“MMSPEED: multipath multi-SPEED protocol
for QoS guarantee of reliability and timeliness
in wireless sensor networks,” IEEE Trans.
Mobile Comput., vol. 5, no. 6, pp. 738-754,

June 2006.
[13] B. Karp and H. T. Kung, “GPSR: greedy
perimeter stateless routing for wireless

networks,” in Proc. ACM/IEEE MobiCom, pp.
243-254, Boston, U.S.A., Aug. 2000.

[14] N. Bulusu, J. Heidemann, and D. Estrin,
“GPS-less low cost outdoor localization for
very small devices,” IEEE Personal Commun.,
vol. 7, no. 5, pp. 28-34, Oct. 2000.

[15] H. Park, D. Hwang, J. Park, D.-O. Seong, and
J. Yoo, “A positioning scheme using sensing
range control in wireless sensor networks,” J.
KCS, vol. 13, no. 2, pp. 52-61, Feb. 2013.

[16] MathWorks, MatLab, Retrieved Juy, 10, 2012,
from
http://www.mathworks.co.kr/products/matlaby.

0] & ¢ (Soyeon Lee)

20091 29 =wItiEta A=}
33 (b

2011 24 ~3A) st
ZAFrel gt AR

20104 24 ~&A =}3t]

' SAHRATY A7

<FlEel A Al U ES
=, exfele] vEY =, AR} Ao vESA &

Ol & (Jeongcheol Lee)
20083 24 Fdisk
El-g-e} (b
~ L 20101 8¢ st
3 El-g-eht (AAh
20101 94 ~&A) Fgdgta
ZAFElge} vk

e
« -
<3H]F-ok> Internet Routing,

Wireless Sensor Networks, MANET &

7

=
3

7

El
EE

695



= EA1EF3] = 2] *13-08 Vol.38A No.08

Ht $ M (Hosung Park)

2008 29 Fdehstal ZSrE]
23} (3

20104 29 FEeEhal 5]
2t (4

20104 39~z Fdsta
Al et whaja

<¥H4]Hok> Internet Routing,

Wireless Sensor Networks, MANET &

=2 A 2 (Jonguk Kong)

1993 29 SheEEr|ed
A7) 2 AR (3h

19981 2% ¥yt
A RgAlE} (AAD

2008+ 29 P AR
SAlEE s

19931 d~2001d (HlolF F

oFedTa Al

20011~200211 () 2=go] B 2 qledT-<]
20021~ A =g Rl A<
<FR W A% B, B A W 5

696

N
0z
ol

} (Sangha Kim)

19801 Al-Zthskal (8H4h

198411 University of Houston
34

198911 University of Houston
(24

199213 ~&A  Fdeista 7

Felges) 3
<34]EoF> Internet Routing, Wireless Sensor
Networks, MANET, 4G, Mobility, Multicast -5





<<
  /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


