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Abstract Wireless ad hoc networks offer the advantage of direct communication without the need for infrastructures
such as base stations. Instead, each node is equipped with a router function which makes multihop communication,
even if microwaves cannot reach the destination. In the application of ITS inter-vehicle communications, the
influence of multipaths should be considered for due to the effect of reflection from the road surfaces. According to
the traditional processing, which avoids the influence of multipaths, space diversity technique is often applied with
two or more antennas of different height. By using ad hoc network technology to avoid the influence of multipaths, it
is possible to apply the route diversity technique with the multihop communications. This paper describes
fundamental measurement data of reflection characteristics on asphalt surfaces in the 2.4-GHz band and the
experimental results of space diversity and route diversity on the road when using WACNet (Wireless Ad hoc
Community Networks), which is based on the ESPAR antenna and 802.11b ad hoc system.
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1. Introduction

Wireless ad hoc networks offer the advantage of direct
communication without the need for infrastructures
such as base stations. Instead, each node is equipped
with a router function which makes multihop
communication, even if microwaves cannot reach the
destination. It is important to determine the best relay
nodes for routing in wireless ad hoc networks. However,
GPS (Global Positioning System) information is not
always useful, because microwaves are often shielded
by buildings, bridges and other something materials.
Therefore, each node itself should find the best relay
nodes via periodic collected information on both
neighbor nodes locations and microwave propagation
conditions. Figure.1-1 shows the outline of the
developed test system consists of ESPAR
(Electronically Steerable Parastic Array Radiator)
antenna [1], as a smart antenna, wireless module based
on 802.11b ad hoc and notebook PC embedded routing
protocol.
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Figure 1-1 Outline of the test system

The protocol for searching the best relay nodes is that
a setup signal is broadcast with an omni
(non-directional) beam, and a search phase is
transmitted, while a source node A senses carriers on
the CSMA/CA. When the setup signal is received at a
neighbor node (B, C, D), an RQ signal with a
directional beam stirred at a set angle unit from source
node A is received and the signal intensity is measured.
A neighbor node (B, C, D) also follows in sensing the
carriers and replies with RE signals carrying the
measurement result (Figure.1-2). RE signals are
received in order as a data packet, for which the
communication procedure consists of the four-way
handshake: RTS/CTS/DATA/ACK based on 802.11
MAC (Figure.1-3). In the meantime, the source node
A creates the AST (Angle-SINR-Table) information on
the related nodes after receiving the reply. Such
repetition brings the AST information to all nodes
(Table.1-1). [2]-[5] Based on this information, a relay
node is searched for that offers the most suitable route
for multihop communication.
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Figure.1-2: AST creation protocol
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Figure.1-3: Data communication procedure

Table.1-1: AST information (Node-B)

Received Signal Leve! (RSSI)
Abgle(° )
Node A Node C Node D
0° -18.5 -15.3 -21.6
240° 1.6 0.8 7.6
270° 9.4 4.9 5.2
300° 8.7 6.4 2.1
330° 4.3 1.3 -6.8

At the data communication phase, a directional beam
can suffer less interference on the same frequency
channel than an omni beam, which contributes to better
performance of total throughput than an omni beam on
a network of same size (Figure.1-4). [6][7]
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Figure.1-4: Difference of total throughput



2. Reflection characteristics of asphalt

Details data of the asphalt sample are as follows: 500
mm long (rectangular shape), 50 mm thick, 2.38 g/cm’
density, used as a piece of road for about one month
(Figure.2-1). The cutback method [8], which is used in
the measurement of transmission characteristics (such
as attenuation and the transmission bandwidth) of
optical fibers, is applied with a modification for
free-space instead of a coaxial line, to measure the
dielectric properties; these are complex relative
dielectric (er=er’-jer”) in the microwave band
(Figure.2-2). The measurement principle for this
method is that group delay is related to Ver’, while
attenuation is related to er’/Ner’. With  this
measurement, the complex relative dielectric (er) is to
be er’=5.70, er’=0.56 at 2.484 GHz
(IEEE802.11b_ch14) (Figure.2-3).

Figure2-1: outline of asphalt

The reflection characteristics are calculated for the case
of vertical polarization (I'v) by formula (2), while the
case of perpendicular polarization (I'H) is calculated by
formula (3),

I'V={n’cosi-V(n’-sin’0i)}/ {n’cosi+V(n’-sin’6i)} ....(2)
H={cosBi-V(n*-sin’0i)}/ {cosOi+V(n>sin?0i)}  ....(3)

Where p is the permeability and ¢ 0=8.8542E-12[F/m]
and i is the incident angle (Figure.2-4).
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Figure.2-4: reflection image

In act, reflection characteristics are actually measured
with a network analyzer (Figure.2-5), and it is clear
from Figure.2-6 that both the experimental and
calculated values of the reflection correspond closely.

[9]
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Figure. 2-3: characteristics of complex relative

dielectric (er=er’-jer”)

Furthermore the complex refraction rate (n) is
calculated to be n=2.39-j0.117 by formula (1),

n =V(po/p)*V{(ers ~jera")(er, -jen, ")}
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Figure.2-5: I'v &'H measurement scene
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Figure.2-6: calculated and measured (I'v &['H)
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3. Space diversity experiment

We measured the characteristics of both propagation
and communication between the two WACNets. The
instantaneous propagation characteristics could be
estimated with a two-way propagation model (Figure.
3-1), (Figure.3-2), and they agree well with the
measured results for each case of antenna of different
height (Figure.3-3), (Figure.3-4). Multipaths have the
effect of degrading the received signal level at a phase
difference to one half of wavelength between a direct Figure 3-2: measurement scene
wave and a reflection wave, which contradicts each
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Figure 3-1: two-way propagation model Figure 3-5: Pr vs PER with Space diversity




4. Route diversity

We measured the characteristics of propagation,
communication and routing dynamics among the three
WACNets (Figure.4-1), (Figure.4-2). Results show that
when the received signal level decreases or PER
increases between node A and node C due to multipath
occurrence or the behavior of moving far away, node A
and node C communicate with node B under better
propagation conditions using multihop communication
owing to the periodic collected information of neighbor

nodes locations and propagation conditions (Figure.4-3).

First, in the routing table of node A, the metric numbers
for node B and C are equals to one. In the multihop
communication phase, the metric number for node B
equals one, but for node C it changes to two, and next
hop is shown to be node B, which means that B is rely
node (Fig. 4-4). [11]
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Figure.4-1: experiment image for route diversity

Figure.4-2: measurement scene
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Figure.5-2: Pr vs PER with Route diversity

Direct
[## Route Table ##]

_ _Destination_ _ __ _NextHop_ __ _Metric_
192.168.1002  192.168.100.2 1
192.168.100.3 192.168.100.3 1

Multihop

[## Route Table ##]
_Destination__ NextHop _Metric

T 7921681002

1921681002 1 .,
192.168.100.3 L2

192.168.100.2 2
Figure 4-4: Routing table (node A)

We measured and collected the data of received signal
level, PER and routing table among the three WACNets
continuously. We embedded FSR (Fish eye State
Routing) of the routing protocol to the WACNet test
bed of which trigger up date time for refreshing the
routing table is set to be Ssec.

S. Conclusion

We measured fundamental data of reflection
characteristics on asphalt surfaces in the 2.4-GHz band,
and multipath characteristics of the relation between
received signal level and PER in several situations. We
confirmed the performance of space diversity which is
the current technique to avoid the influence of
multipath, and validity of route diversity which is the
advantages of ad hoc network technology. In our future
work, We plan to measure the communication
characteristics; throughput, delay time and convergence
time for routing table, et al in the several situations in
order to evaluate the effects of dynamic changing
networks which major parameters are node numbers,
relative velocity and density of the networks.

6. Acknowlegement

The authors wish to thank NICT (The National
Institute  of Information and Communications
Technology) for its research request and thank the
members of dept. smart networks at ATR for fruitful
co-operation to execute the experiment in the field.

Reference

[1] M. Hashiguchi, et al, “Variable Directional Antenna
for Wireless Ad Hoc Networks” SB-3-18,
Communications Society Conference of IEICE, Japan,
September 2002

[2] Y. Ohno, et al, “ATR: Angle-SINR Table Routing
for Wireless ad-hoc networks™ B-5-109, General
Conference of IEICE, Japan, March 2000.


研究会Temp
テキストボックス


[3] M. Watanabe, et al, “Directional Beam MAC for
Node Direction Measurement in Wireless Ad Hoc
Network” B-5-343, General Conference of IEICE,
Japan, March 2003
[4] M. Watanabe, et al, “Directional Beam MAC for
Node Direction Measurement in Wireless Ad Hoc
Network” EuMW2003; No.ECWT9-14, ppl55-158,
Munich Germany, October 2003
[5] M. Watanabe, et al, “Experiment result of node
direction measurement in WACNet (Wireless Ad hoc
Community Network)” B-1-279, General Conference
of IEICE, Japan, March 2004
[6] T. Ueda, et al, “Wireless Ad Hoc Network Testbed
using Smart Antenna” SB-3-17, Communications
Society Conference of IEICE, Japan, September 2002
[7] M. Watanabe, et al, “Performance of overhead
reduction for AST (Angle SINR Table) creation
protocol in WACNet (Wireless Ad hoc Community
Network)” B-1-278, General Conference of IEICE,
Japan, March 2004
[8] T. Kamei, et al. “Measurement dielectric properties
of nematic liquid crystal at 10 KHz to 40 GHz and
application to a variable delay line” IEICE Vol. J85-C,
No. 12, pp. 1149-1158, Japan, December 2002
[9] M. Watanabe, et al. “Multipath characteristics of
WACNet due to the reflection of asphalt surfaces in
2.4GHz-band” A-17-17, Communications Society
Conference of IEICE, Japan, September 2003
[10] A. Kato, et al, “Propagation Characteristics of
60-GHz Millimeter Waves for ITS Inter-Vehicle
Communications” IEICE Trans. Commun., Vol E84-B,
No.9, pp2530-2539, Japan, September 2001
[11] M. Watanabe, et al, “Experiment result of route
diversity in WACNet (Wireless Ad hoc Community
Network)” B-1-280, General Conference of IEICE,
Japan, March 2004





