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1. INTRODUCTION

In recent years, Sudy of the propagation characterigtics
of inter-vehicle communications (IVC) in the 60 GHz
band has increased enormoudy [1]-[3], motivated mainly
by some exciting new agpplications, which indude
multimedia communication between vehides and
automatic control of vehides such as Advanced
CruissAssg Highway Sydems (AHS). In the
line-of-9ght (LOS) case, the 2-wave modd [1],
comprising a direct wave and a wave reflected from the
surface of the road, has been shown to be effective in
predicting the received power. In the non line-of-sght
(NLOS) cae, where an intermediate vehicle causes an
obstruction, the 8-wave model using the uniform theory of
diffraction (UTD) [3] is capable of providing accurate
propagation characterigics. These models, in which a
determinigtic approach is employed, can provide the
sgnd drength a a specific point in the radio cel. In
practice, however, in desgning a cdl for mobile
communications, the most important factor isto be ableto
predict a rdiable vaue for the path loss for the point of
interest.

This paper presents the propagation path loss for 1IVCs
in the 60 GHz band. The pah loss is derived from a
cumulative didribution of the propagation loss by
ddidicaly processng a number of data obtained by
changing the heights of the antennas. The path loss
prediction formulais conducted by best fitting aline using
the median path losses cdculated from the 2-wave and
8wave modds. Findly, propagation tests between
vehidesin motion were conducted. From this, the success
of the path loss prediction formula in esimating the
propagation loss was confirmed by the measurements.
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2. EXPERIMENTAL SETUP

Figure 1 shows the configuration of the propagation tes.
A verticdly polarized wave of 10 dBm at 59.1 GHz was
radiated. Standard pyramida horn antennas with a pesk
gan of 23 dBi were usd for both receiving and
transmitting antennas. A vehicle was located at the center
between the trangmitting and receiving antennas in the
NLOS case. Figure 2 illustrates the gtructurd parameters
of this intermediate vehide. Five types of commercid
vehicle were sdected for this, the dimensions of which are
ligedinTable 1.

3. PROPAGATION PATH LOSS

Figure 3 shows the measured received power in the
LOS case as a function of the height of the receiving
antenna between vehicles communiceting at a fixed
position. The height of the tranamitting antenna (ht) was
<t to be 1.03 m. The height of the receiving antenna (hr)
was varied from 0.39 m to 1.87 m. The digance between
the transmitting and receiving antennas (D) was s to be
120 m. The results caculated using the 2-wave modd [1]
are d< plotted in Fig. 3. The cdculated results are in
good agreement with the measured data. Figure 4 shows
cumulative digributions of the propagation pah loss,
which are obtained from the recelved power shownin Fig.
3. The propagation peth loss is defined by the following
equetion.
Gr -Gt - Pt @)
S
where Pt and Pr are the tranamitted and received powe,
repectivdy and Gt and Gr ae the gans of the
trangmitting and receiving antennas, respectively. In this
paper, the propagation path loss is defined as the median
of propagaion losses obtained by varying ht and hr. The
ranges of ht and hr are st to be from 0.4 mto 1.4 m snce
the antennas are congdered to be mounted on the body of
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the vehicle. In the caculaion, ht and hr are incremented
by intervas of 2 mm, which corresponds to 0.39 of the
wavelength. Thus there are 500 data points for both ht and
hr. Consequently, the amount of data needed for
cdculating the median of the propagetion losss is
250,000. In addition, the propagation losses a 90 % and
10 % are obtained from cumulative digtributions in order
to examine the range of propagaion loss, which may be
used in the radio link caculation for a sysem with
different outage.

Figures 5(@ and (b) show the propagation losses as a
function of distance a 50 %, 90 % and 10 % in the LOS
and NLOS cases cdculated using the 2-wave and 8-wave
modds. The propagation losses in the NLOS case are
average vaues cdculated from the propagation losses of
dl the intermediate vehicles. It is found from Fig. 5 that
the difference between the propagation losses a 90% and
10% in the NLOS case is smdler than thet for the LOS
cae snce only a mgjor wave can arive a the receiving
antenna as areault of the obstruction of the direct wave by
an intermedigte vehide Furthermore, the results
cdculated using the path lossformulaare plotted in Figure
5. The path loss formula for the propagation loss is
defined asfollows

L=A-10-log,, D + C +16 - D /1000 @

where D is the digance between the antennas in meters
and the third term on the right hand sde is amospheric
attenuation of 16 dB/km at 60 GHz. A and C are obtained
by abest fit to eq.(2) using the least mean sguare method
and theseareligedin Teble 2.

4. PROPAGATION PATH LOSSBETWEEN THE
COMMUNICATING VEHICLESIN MOTION
Figures 6(@ and (b) show a photograph of the

communicating vehides and the top view of the test

course. The trangmitter and receiver are mounted on the
back of the leading vehide and the front of the following

vehide shown in Fg. 6(a). ht and hr are st to be 0.49 m

and 0.43 m. The received power measured aong the 750

m straight part of the courseis evauated. Figures 7 shows

the propagation characteridtics a a vadue of D of 80m

when the vehides are moving a 40 kmvhour. In the

NLOS case, the minivan is used as the intermediate

vehide The reaults cdculated using the 2-wave and

8wave modds, with D measured ingantaneoudy and
condant vaues of ht and hr, are in subgtantidly good
agreement with the measured ones. Figure 8 shows the
propagation path losses obtained from the experimentd
data when the communicating vehicles are moving. The
data cdculated from eg. (2) are dso shown in the figure.
Figure 8 indicates that the results from the experimentd
data are in good agreement with those caculated by eq.
(2). Asareault, it can be gated that the path loss formulas
successfully etimate the propagetion losses for
communications between the moving vehicles.

5.CONCLUSON

We have derived aformula to estimate the propagation
losses for the IVC in the 60 GHz band. Thiswas obtained
from the cumulative digtributions in the LOS and NLOS
caxes. From the propagaion experiments between
vehides communicating whilst in motion, it was
concluded tha the formula successfully edimates the
propagation loss, and thusis suitable for the cdl design of
thelVC.
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Fig. 1 Configuration of the propagation test.

Hd1

Lc

Ny,

MIN

A

Huﬁ

IR

|Lb

<>

Hd2

fH u2

A
B
i e e e M M M M i N N N N i Nt N i N R N P P R i i e

Fig. 2 Sructurd parameters of an intermediate vehicle.

Table 1 Dimendons of intermediate vehiclesinm.

Lc | Hc | Lf | Lb | Hul|Hu2|Hdl|Hd2
Light motor vehicle |3.36 [1.62 [1.34 [0.20 [0.22 [0.27 [{0.98 [0.99
Truck 6.00 |3.00 |1.57 |10.00 |0.29 {0.33 |1.40 {0.80
Wagon 4.54(1.45(2.00|0.50 {0.23 {0.36 |0.90 | 1.00
Sedan 4.40(1.42(1.80|1.20 |0.20 {0.33]0.89 |1.07
Mini-van 4.60 [1.55(1.85]0.00 |0.20 {0.32]1.29 (1.30
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Fig. 5 Digance characterigics of the propagation losses at 50 %, 90 % and 10 %.
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Table2 A and C of apath loss formulawhen the ranges of ht and hr are set to befrom 0.4 mto 1.4 m.

Received power [dBm]

A C [dB]

0.50 0.99 001 | 050 | 099 | 001
LOS | L.83E+00 | 3.73E+00 | L.8BE+00]6.90E+01] 5.33E+01] 6.46E+01
NLOS | L74E+00 | 6.92E-01 |2.24E+00|7. 70E+01| 1.08E+02| 6.30E+01

(8 Communicating vehicles
Fig. 6 Communicating vehicles and top view of thetest course.
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Fig. 7 Received power in the LOS and NL OS cases when the communicating vehiclesarein motion.
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Fig. 8 Propagation path losses ca culated by the experimenta data between the vehiclesin motion.
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