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1. Introduction

In the field of Intelligent Transport Systems (ITS), inter-vehicle communication systems are actively
researched for the purpose of decreasing the numberfb€tagcidents. In particular, reduced visibility
due to buildings and vehicles is a significant cause of right-turn accidents and head-on accidents. The
Inter-Vehicle Communication system enables the position of a vehicle to be transmitted to other vehicles,
so itis expected to provide a means by which to prevefiid¢raccidents. Atlocations in which the system
will actually be used, such as urban intersections in which several cars are present, communication using
an antenna mounted low on the vehicle cannot be avoided. In such cases, buildings and other vehicles
exist as shadowing objects between transmitting and receiving vehicles. Therefore, it is expected that
surrounding objects will strongly influence the received power. For such reasons, it is necessary to
investigate radio propagation characteristics in the inter-vehicle communication environment.

Urban radio propagation characteristics and propagation loss predictions have been investigated in
several frequency bands[1][2][3]. However, the influence of nearby vehicles has not been considered
because the assumed mounting of the transmitting antenna was higher than the vehicle height. Although
there has been interest in a 5.8-GHz safety system in Japan[4], it has been reported that shadowing by
nearby vehicles greatly influences the received power change in this frequency band [5].

Higher reliability and response are required for safety systems than for entertainment systems.
Therefore, a system design that considers the propagation characteristics in Non-Line-of-Sight (NLOS)
and the influence of vehicles is necessary. A simple propagation model to evaluate the communication
guality and the ffect of the introduction of the safety system is also needed.

In the present paper, measurement of the propagation characteristics in an urban intersection with
a low antenna mounting (2 meters above the ground) is presented. From the measurement data, the
Line-of-Sight(LOS) and NLOS propagation characteristics and the influence of surrounding vehicles are
evaluated.

2. Description of measurement

Figure 1 is a map of the measurement location, and Table 1 lists the measurement parameters. At the
measurement location, buildings were built along both sides of the road. The transmitter was set at one
location for the LOS measurement and three locations for the NLOS measurement. The transmitter was
stationary, and the receiver was mobile. The received power was measured. Transmitting and receiving
antennas were placed on the roof of the vehicles, as shown in Fig. 2. The heights of the antennas were
fixed at 2.08 m and 1.72 m, because the application was assumed to be to Inter-Vehicle Communication.
Frequencies of 2.552 GHz and 5.015 GHz were used, and authorization was obtained from the Ministry
of Internal Affairs and Communications.

In addition, in order to evaluate the influence of surrounding vehicles, we performed measurements
during the daytime (13:00-16:00) and the nighttime (1:00-5:00). The measurement location during the
daytime is crowded with vehicles, and vehicles are located in front of and behind the measurement
vehicle. In contrast, few vehicles were present during the nighttime.
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Figure 1. Measurement Environment
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Figure 2: Measurement Vehicles

3. Measurement Results

The LOS and NLOS measurement results are shown. The receiving power is given as the median
value 2.5 min front of and behind the receiving point. In the following graphs, the vertical axis indicates
the receiving power, and the horizontal axis indicates the distance from the transmitter.

3.1 LOS Results

In the LOS measurement, we used measurement course 1, and data was measured over approxi-
mately 400 m. Figures 3 and 4 show the LOS results of 2.552 GHz and 5.015 GHz, respectively. Linear
fitting curves are shown corresponding to the measurement results in graphs and can be expressed as
follows:

P; = 10logy0d® + b (1)

The curves are shown by the two slopes on the boundatly, @fhich is the distance from the transmitter
to the breakpoint[6], given by the following equations:
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In Figs. 3 and 4, the value of the decrementfiioenta of the nighttime results (non-vehicle) is

1.6 - 1.8 in the section from Tx tdb and is 4.0 - 4.3 in the range frodb. There results correspond
approximately to the results of the general grand propagation characteristics. When the daytime results
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Figure 3: 2.552 GHz LOS Characteristics
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Figure 4: 5.015 GHz LOS Characteristics

are compared to the nighttime results, the received power corresponds in the range frodn.Tir the
range beyondl, the nighttime results are 10-20 dB higher than those for the daytime.
The reason for this is thought to be as follows. Typically, in the LOS environment, direct waves and

road reflection waves are predominant of the received power. However, during daytime measurement,
road reflection waves do not exist because there are several vehicles on the road. Therefore, direct waves
cannot be strengthened in phase with other strong waves in the area ladeyond

3.2 NLOS Results

In NLOS measurement, we used measurement course 2, which is the LOS environment from the
starting point to the intersection and the NLOS environment after turning to the left at the intersection.

The transmitter was set up from the intersection to 10 m, 50 m, and 100 m, respectively.

Figures 5 and 6 show the NLOS results for frequencies of 2.552 GHz and 5.015 GHz. Fitting curves
are shown as two slopes on the boundary of [IMA®S. The values of the decrement ft@enta are
calculated under the condition that the boundary of [NO®S is defined ag=0. In Figs. 5 and 6, the
value of codficienta does not depend on the frequency or the distance from the transmitter and is almost

constant.

Figures 7 and 8 show the influence of surrounding vehicles in the NLOS environment for frequen-
cies of 2.552 GHz and 5.015 GHz. From Figs. 7 and 8, there isfifieréeince in received power in the
NLOS area, even if surrounding vehicles exist. These results indicate that surrounding vehicles do not
influence the propagation characteristics in the NLOS area.
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Figure 5: 2.552 GHz NLOS Characteristics Figure 6: 5.015 GHz NLOS Characteristics
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4. Conclusions

The measurement of radio propagation characteristics for inter-vehicle communication in urban ar-
eas has been clarified with respect to the influence of surrounding vehicles in the LOS and NLOS envi-
ronments. In the LOS environment, the received power was decreased by 10 - 20 dB as a result of the
influence of surrounding vehicles. On the other hand, surrounding vehicles did not influence the received
power in the NLOS environment. In addition, the NLOS results showed that the value of the decrement
codficienta does not depend on the frequency or the distance from the transmitter. In the future, it
will be necessary to perform similar measurements in a suburban environment in which there are few
buildings.
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