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Energy-Efficient Routing Protocol for Hybrid Ad Hoc Networks
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Abstract

Curently, os the requirement for high qualty Infemet access from anywhere af anytime is consistently increcsing. the
inferconnection of pure ad hoc networks fo fixed IP networks becomes increasingly important. Such integrated network, referred
to os hybrid ad hoc networks, can be extended to many applications, including Sensor Networks, Home Networks, Telematics, and
so on. We focus on some data communication problems of hybrid ad hoc networks, such os broadcasting ond routing. In
particular, power failure of mobile terminals is the most important factor since it offects the overall network lifefime. We propose
an energy-efficient routing protocol based on clustering for hybrid ad hoc networks. By applying the indexbosed data
broadcosting ond selective funing methods, the infra systern perfomns the mojor operations related 1o clustering ond routing on
behaf of ad hoc nodes. The proposed scheme reduces power consumpfion as well os the cost of path discovery and
maintenance, and the delay required to configure the route.

er keywords: Hybrid ad hoc network, energy-efficient routing, indexbased data broadcasting, selective tuning, clustering
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Approach Protocols
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Power Control - Power aware Localized routing (PLR)
+ Minimum Energy Routing (MER)
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Routing (CMMBCR)
Sleep/Power- "SPAN
Doee“% g | * Geographic Adaptive Fidelity (GAF)
» Prototype Embedded Network (PEN)
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Data segment >

time

« Header unit : (Node ID, Cluster ID) pairs, arrival time of CID data units

« Cluster connectivity unit : (CID-CID;) connectivity table, arrival time of CID.gateway data units

* CID unit : cluster information

« CID.gateway unit : clustergateway information of each CID
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1 Listen the header unit of index segment,
2 If ( source.CID = dest.CID)
3 wakeup (own CID unit of data segment); listen
Else
listen the following cluster connectivity umit;
wakeup (own CID unit,
listen; sleep;
wakeup (gateway units of intermediate CIDs);
9 listen; sleep;
10 wakeup (dest. CID unit); listen;
1 compute the optimal path;
12 Transmit the data using source routing;

00 =1 N L

A x=E J92 AIHEE F3 FHA
=7t &gl 28 DE dokdnh A
% 22 Fy28 Y == FEUt §
2 FH2E7 2F AR AojuA En. whek
e Felxeztd ZeaE 92 AaUEE 7
& 3, BHAA Aol she STLEH HH
g deth HE Aol A k= T FELH
ID W] AolEo] unit =& ATl 242 7)o
U SEARE ERANA HHe BE2E deth

4. 35t
4.1 OHx|] 2

2 HiNe A% e g8 ARG =29
quir] 2dE& 2% =29 idle? active T

AR AR Yo duske duA%e 33
gt

(3 3) ==9| oflidx| Aej

ZiAo BAHA =R AL AR
u), AZ A Je =5 CPU, NIC(Network
Interface Card), GPS A o1X¢) A AHEHE
ZA3%t} 2 =2E duA ZE REo) wEt &
HEE uR|go] than, AXE Al&" FR
wg} xjol7b vtk B =FoA A% BHE A3l
AMEEE oA Bd (4] & ¥ 29} Zom, AlE
#lol Ao A3 =9 ujE{2]= IBM Thinkpad
600 =EE9] 108V, 3.2AH A4S wlEt).

(& 2) oljix] 22 (2H9: mW)

StrongARM SA-1100 | 0.16 400
Digitan 2 Mbps 80211 | . | receive [ 1,550
Wireless LAN transmit | 1,900

continuous | 462

p-blox GPS-MSIE 33 | power save

(1s update) 165

4.2 AlEsoid &

Aggolde cg FEHNH, 25~100719]
=EE A HYAZ BH UEHIE AE
gold Rd= o]g3ch EHTL 1 pkysE A
A BN ZoH, AR EFx] moe WY
A 22H0) itk & "o g uiA =
98 ARGt AA A2"HY ouA] ARFEE
zAR%) zt T2EZAN Fhse H2 AF
A, ey Wax FF 2L voH AE
< 93] 2R, 7, R kA AR

AiAE A
4.3 AlEd0lM Zut

B =RoXME reactive H2]2] AODV [5], 7I1&E
28263 9] CBRP [6], non-clustering 373
oA Qdx e ArAERGE HEF WY
7 Aot o) A vnE Ptk 1Y 4= 4
Z2EZM HEHZ 7)) BdE AA A
2R FE HAFE

138

2007. 10



sl0|H2|E o E & W EYAAQ X F

gM2 1 2teE Lu2F

Number of nodes

(33 4) TA AMA-S] ofjix] 228

Ao BHxo|, A}t Hlo} 7|E W2l H]
3 L H5S RYS & F Stk AODVAXE
A2 AAE A3 Ao HAAE AA UEHA
2 HISAHA2AENFE onlgzg s oyX
Axgo] gy ole] ¥ CBRPE ©l#d B2
EFjsElo] B k=2 AJE 7] uEe] AODV
o vla] AEsE A7 Atk Al fR He
flat EYA Ao 2 =FA AL 424
9rdS HEg Ao AR W wiE| 4%
o] @olF& & F 3t ol FYAEFHo] H
o} HETA~E HAXE AAHeE 43
A g, U}EW A kEe BAA =EE
27 Y3 AAA AAE HFHsokhe ¥,
A WAL BEFA) k=9 FeiH FET A
Aspd H7) gEe) UHA Ay quAE =2
A ek 4 Stk

pr-an}

Nl

Battery Life Remaining (%)
g
-
,
P

20 - |-~ CBRP
- 1w~ - Flat-broadcasting
- Cluster-| broadcashng(Prcposed)

LN
100 200 300 400
Time (mins)

(03 b) Al2H 5

g wed oux avE BA AxH
S0 JEe AU, IY sE 59 A 1
o WA A2 delsle HEE U
Fe 2R Rolrk Aol BFel, 3008 ?—
o} AODV, CBRP A|=®lo] o] Tt Hof H

o) AR A B s WA o
r;lr_e_ u}A)

5.4 &

B =FME JHY U3 d5E delEgs
= I YEAINMY A &L 1HT
ZH 289 2H9E WS Adgich AL WA
A 24 o)lF VEYAY AZE UgEd v
g2)2) Aorters shasty) A3, nAg J1A
=3 22 AZEE %‘%UPU} °Er’4~‘i Sl Ea
7)ke] HEEIAE S B3 AzAgrd
< Hg3te AHAA WE 43011 Ez%’_r’i‘l ARE

A & F lon, 7 x=E dyAE dos
sl sk AR ois] deFoz ZHITL
gty 22 g4, A48 R B2 4R 28
3 AN, =29 quA 2EFE T
T St

ACKNOWLEDGMENT
B AT7E AREAE 2 HEFAATIEY
o] the} ImaTAE AYAEe A+ Z2IHUTA-
2007-(C1090-0701-0046)) Z 20063 BF(RLFUH
A28 Aoz I FTATHe] AAdS
wol 4809 A74(KRF-2006-214-D00132) 4.
AR FES

FaEd
[11J Y. Yu et al, "A Survey of Clustering
Schemes for Mobile Ad Hoc Networks,” IEEE
Communications Surveys and Tutorials, vol. 7,
no. 1, 2005.

ok

82 OByl AEslE| (8H55)

138



sto|2Bl= ofE & YEYIoMS oliX| EEHE Tast 2ieE ¢22F

[21 C. Yu, et al, "Energy Efficient Routing (5] C. E. Perkins, et al, "Ad hoc On-demand
Protocols for Mobile Ad Hoc Networks,” Distance Vector (AODV) routing,” IETF, RFC
Wireless communications and mobile computing, 3561, 2003.

Wiley, vol. 3, no. 8, 2003. [6] M. Jiang, et al., “Cluster Based Routing Protocol

[3] T. Imiclinsk, et al, “Encrgy Efficient Indexing (CBRP),” Internet-draft, draft-ietf-manet-cbrp-spec
On Air,” In Proc. of ACM SIGMOD, 1994. -0l.txt, 1999.

[4] O. Kasten, Energy consumption. ETH-Zurich,
Swiss Federal Institute of Technology. Available
at: hitp://www.inf.ethz.ch/~kasten/research/bathtub/
energy_consumption.html.

OXMAENOD

4} & O/(Hyemee Park)

20053 AFeNsn AFETITY SAGEHD

2007 Ao g AFE T SUEAD

Ao} . Mobile IP, Network Mobility(NEMO), Ad-hoc networks, efc.
E-mail : hyemee@ece.skku.ac.kr

g} & F(Kwangjin Park)

2000 nHSw AFE IR SAEAD

2002 miste oig AFE SR SHQAEAD

20061 e thsta oishl e s SHEAD

20079 T 2P @A 2 AT RFATY
BARoL : dolguolx B, 7 B4, olF AFK.
E-mail : kwangjin.park@gmail.com

# # &(Hyunseung Choo)

1988 A ahstm 8 EAEAD

1990%d University of Texas ZATEI 38 ZA(XAh

1996'd University of Texas Z B389 Z4EMHD

1979 E3% AAMT FAFEAAEZRLAATD)

19983 ~ AA Aa AN JRFNFIF Falg

20013 ~ B4 FZAHNB RS DTAI Y AT o}

20043 39 ~ 20061 89 HEH A wSHAAAS HEAL

20043 89 ~ AA) FIARARARNS) =EAVIAER

2005 19 ~ @A) 3= AFEFAAEE AEALY

2005 109 ~ A FREARMRC A FHASTATAE, ARBATHT AL
)

Aol | R vIES, AUATE, JATESW, Te)=HFT

E-mail : choo@ece.skku.ac.kr

140 2007. 10



