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A Routing Algorithm in Wireless Ad Hoc Networks
with Unidirectional Links

YUSUKE FUkuUIl,t MASAKI BANDAT and TAKASHI WATANABE!

In recent years, ad hoc networks have attracted a significant amount of attention, and
various protocols are proposed. Although extensive studies have been provided in ad hoc net-
works, most of the studies assume that the nodes are homogeneous about transmission power.
However, in a real situation, transmission range are heterogeneous due to remaining amount
of battery. In this reason, performances of many previous protocols that are proposed based
on the homogeneous assumption deteriorate in power heterogeneous ad hoc networks. This
paper, especially we focus on the problems due to unidirectional links in this environment, and
we propose an on-demand protocol called LEX-R (Least EXposed Routing to avoid unidirec-
tional links). LEX-R avoids the interference from unidirectional links to establish routes with
bidirectional links only. It solves the hidden terminal problems occurred by unidirectional
links and improves the throughput in power heterogeneous network. We show via simulations
that, especially, LEX-R outperforms AODV-BL with regard to end-to-end throughput.
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Fig.1 Unidirectional link.
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Fig.2 Route establishment of AODV-BL.

ooooooooooboobooooooooooOobooooooooo 2213

gooooDbOoOoOoUoOoo RREPOOOO SOOO
00000000ooooooo RREQUOOOO
J000oO0OoOoOobDOOD0O RREPO BOOOOO
0bO0O0O0O0O0O0OO00O0OODOOUOOOobOoODOO
00 RREP-ACKOOODOOOODOO BO AOOO
ORREPODODOOOOOO B-AODOOOOOOO
00000 A0OBOOORREPOOOOOOOOO
00000000 RREP-ACKODOOOOO BOO
0000 B-AOOO0OOO0OOOOOOO0OOCOOOO
A0 Black List table 0 000000 2(a)O00O
0000 BO AO BlackList 0O O0OOOOO AO
0000 RREQUUIOOOOO RREQUOOOOO
000000o00ooo0ooUoooUoooo 2
2.2 MACOOUOOOOOOOO MACOOO
oo
gboobooooooboboboobooboobooog
MACOOOOOOOOOOODODOOOOOOOOO
000000o0o0ooo0oooOogooOoRTS-CTS
gobooboooobooboobobooboobobogo
0o0o0ooO0o0oOo0oooOoo RTS/CTS O
goobooooboobooboooboboboobobooo
goobooooboobooboooboboboobobooo
gooooboooobooboobooboo 830o
go00ooO0OOo00oOoooDooocoOoooooHOO
goodoooLioL200boo0Oooooooo
goooooboooboobooobooobooLn
0L20000000 RTS/CTSODOO00OO0OOLIOL2
goooooo0oo0OO0o Li-r2000o0ooogooDo
goboooo0oooooooobooOooooooHO
L1-L200 RTS/CTSO0OO0OOOOOOOUOO
gogLi-L20o0oooooobobobbobobooooog
g0OHOOODODOOOOOOOOODOOoODOOo
00 L1-l20000000000000000ODO
goooboobooboboboboog
e Handling Asymmetry in Power Heterogeneous
Ad-Hoc Networks: A cross Layer Approach®
go0oO0OShah ODOODOOOO

LI 2 / H

03 DOooboOoooOoooOooooo
Fig.3 Unidirectional hidden terminal problem.



2214 goooooooo

000O0® 0000000000 ShahOOoO?
00003000000 HOOOOOOOOOOO
000000000000000000000000
000000000000000000000000
0000D000000000000000000000
MACODOOOOOOOOOOOOOO0O0O0O MAC
000000000000000000000000
000000000000000000000 Hello
000000000000000NOO000000O0
000000000000000000000 orD
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000 UAMAC® 0000000000000
00000000 Shah 0OOOD0O0O0O0DOODO
ooo
2.3 0000000
000000000000000000000
e AODV-BL?
00000000000
00000000000
e ShahOODOO
00000000000000
000 1000000000000000000
0ooo
000 2000000000000000000
00
0003000000000MACOOOOOOCO

3. 0000

0000o00oooOooooooooooooooo
00000000000000oogooooooog
000000O0oooooooooooooo LEX-
RO Least EXposed Routing to avoid unidirectional
linksOOOOODOOLEX-ROOODOOOOODOO
OOOUODORREQUUIODODOOOOUOOOOOOO
O0D00OO0OO0AODV-BLOOOOOOOOOOOOO
oooooooooOooOOoOoOoMACOOOOOOO
0000O0000O0ooooooooooooood
0000000000000000oooooooog
000000000000 LEX-ROOOOOOODO

July 2007

LEX-RO00D0000000D000000000
000000000000000
()000000000000

LEX-RO0 HeloDOOODDOOO0O0000O00
000000000000000000000000
000000000O00HelloDOOOO0O0O0000
000000000000000000000000
000000000000000000000000
00D00D000000000000
(2000000000
LEX-RO0O0D0000000D000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00 RREQOOOOOOOOOOORREQODOD
000000000000000000000000
000000000001000000 RREQOOD
000D000000000D000 RREQODOOODO
00000000D00D0D0000000000000
0000000000000D00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000 RREQ
000000000000000000000000
000000000000000000000000
000000000000000000000

(3) 0000000000000

LEX-RO0 Hello D DOOODO0O0O000O0O00
0000000000000D00000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O0OORERRODOOOOODOOOOODOOOOO
000000000000000000000000
OODORERRODOODODOOOOOODOODO
000000000000000000000000
000000 RERROOODOOOODOOOOOODO
000000000000000000000

3.1 000000000000
O0OO0OLEX-RO HelloDOOODOOOODOOO
000000000000000000000000
00000000040 HelloDOOOOOOODOOO
L20000000000000000000000



Vol. 48 No. 7

Neighbor Table of Node L2
! Node 10 Tink State
o Node H Unidirectional
L1 L2 H Node L1 Bidirectional

04 HelloODDODDOOO L2000000000
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