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Abgract

This paper presents an exanple of a supposed future intdligent
transport sysens (ITS and the reaults of examination of the
system configuration. And, this paper proposes a road-vehide
communication systemfor the future ITS As an evaluation of the
proposed system, propagation characteristics of the radio link
usng 45GHz band millimeter-wave are examined,  such asthe
vehicular interval for the line-of-dght communication, the
receved power levd at the nmobile dtation in adopting the
trangmitting power control and the diversty and attenuation
caused by rain, which will darify thefeashility of thissystem

1. Introduction

Recently, the function improvement of the automobile and the
congruction of road trangportation control system have been
advanced, with the progress of information processing technology
and digtd communication technology. Then, invetigetion,
research and development on the intdligent trangoort systems
(ITS have been made, as the infrastructure which will support
future trangoortation sysems. In the ITS the following four
information communication systems become importat  key
technologiesto condtitutethewhole I TS

Eh@iadvanced information communication network for
efficiently carrying out collection and service of thevehide
information and management of road trangportation;
Ea@tvehicle-communication (RVC) inwhich theinformation
communication iscarried out between road trangportation infra:
gructure and vehicleinthetrave:

En@-vehicle communication (IVC) that thetravel dataistrans:
mitted to each other between vehiclesfor cooperdive cruise
BEh@information network in vehidein adaptation to theinfor-
mation sodiety and the computerization of vehide

However, many research and practica development promoted
a present on these information communication systems have been
mede regpectively and origindly. If it advances in presat as
many systemsand equipment will Smultaneoudy cometo exigt in
future. Therefore, it is conddered that many usars can not
individually follow such stuation because of the difficulty that
they smultaneoudy introduce large number of systems. o, it
is estimated that many these current information communication
sysemswill be certainly integrated in the small number of

0-7695-0571-6/00 $10.00 ® 2000 IEEE
7th International Conference on Parallel and Distributed Systems: Workshops (ICPADS’00 Workshops)

sysemsin future. Astheintegrated form, road-vehicle communi-
cation sysem which can continuoudy communicate by two way
interactive seems to become the main sysem, because it can be
correspondent to much application.

Then, aithors propose the road-vehicle communication
system of the continuos-communication type using the millimeter
wave, asthe integrated mobile communication sysem redized in
highway and high sandard road. In this communication system,
the line-of-sight communicetion is done between radio base
dation placed in the roaddde in uniformly interval of severd
hundred meters and mobile daion on vehicle usng direct
seguence (DS) oread gpectrum communication system[1]. Then,
the communication with individud vehide is controlled by
mobile communication control system based on the IPaddress. In
this system, the multimedia railway information
communi-cation system in which the authors have
advanced the study for future railway [2] is applied to
the road by adopting the spread spectrum system, with
the am of tranamitting in high-qudity and surdly not only voice
and text Sgndls but aso quasi-video and video image sgnds for
large number of usersof vehiclesinthetrave.

In this paper, characteridtics of radio link using 45GHz band
millimeter wave are mainly examined, on the road-vehicle-
communication system proposed as a mobile communication
sysdem for the ITS in next generation. As the result, it is shown
thet this system is enough gpplicable as road-vehide communi-
cation sysemfor future I TS

2. An Exampleof a Supposed FutureInteligent
Trangport Sysems

Mohile communication means by the radio are necessary in
order to cary out the communication between vehicles a high-
geed traveling and roaddde infradructure facilities, or inter-
vehide communication. For necessary information in the vehicle,
there are the front-sheet information thet is directly necessary for
driver's seat, and the rear-segt information that is not directly
concerned in the operation. For the former, the information of
which the communication qudity is high ismainly induded, such
asinformation with theimmediacy and the certainty which
concerns contral of vehicle and the safety, and information with
the high rdiability which concerns the money like Electronic Toll



Collection (ETC), ec. For the later, the information of which
convenience and amusement are high is mainly included, such as
generous padtion information like stores and parking lot in the
neighborhood, and information without the dependence for
position and regiondity like tlephones and eectronic mail, etc.
However, it seems to be a essentid to take in the rear-set
information by multi-media such as eectronic mail and internet
information of which the importance increases more and more,
when the popularization of future I TSis considered.

Inthe meantime, varioudly information communication such
as trffic sarvices, sfety services convenience and amenity
sarvices for vehicle usars, safety and convenience sarvices for
pededtrians, and business communication sarvices for the road
operation enterprises, €c. are induded, for the informetion
communication in the ITS [3]. It is necessay to sy the
following reguirement on the information communicaion in
order to redize above services:

El vehidesinthetravel can condtitute the communication link

for the necessary intervd;

Eh@high communication quality can beredlized, in which the

sureinformation trandfer ispossible;

Bh@day of information transfer isenough short inthe

compearison with the mobile performance of thevehide.
Real-time, immediacy, continuity, reliability, safety are
required in the operation, and in addition, reduction of
the system operation cost and expansibility of the
system, etc. are required. Therefore, it is necessary that
sensor function which detects the road transportation
environment, control function which controls the
movement of vehicles and various information commu-
nication function are included, for infrastructure facility
which realizes future ITS.

Theinformation communication system composed like Hg.1
is assumed for the future ITS tha satidfies these requirements
That is to say, the information communication system are
composed of roadside access-network which communicateswith
theroadsidefacility including radio base station (RBS) and the
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sensor, regiond backbone network which connects the control
dations (C9) for traffic control and network and are processed in
thesefadilities And in necessary, the processed information is sent
to the vehicle through the RBS &s I TS sarvice information. The
communication control with individua vehicle is carried out by
mobile communication control system based on IPaddressin CS.
Future ITS asumed like the above is congdered asysem on
the road trangportation congructed on the multi-media mobile
radio communication plaform. And in the information
communication sysem, how the communication between
roadsde network and vehideis carried out, isalargetheme.

3. Examination of the Sysem Configuration

The technica subjects shown in Tablel must be examined in
order to daify the posshility in which to offer multi-media
service and function described above is possble on the integration
mobile communication sygeminthenext gengration ITS Inthe
fallowing, research resuilt is described on main matter in Table 1.
(1) Transmission rateand frequency band for service content

At present, the RvC and |V C are considered asthe Dedicated
Short -Range Communication System (DSRC). It seemsthet the

TABLE 1. Technicd subject sof aroad-vehicle multimediacommunication sysem for thefuture ITS

Design Requirement Subjectsto be studied bjectsto beevaluated
® Communicationto high speed vehide | ® Freguency band (enough broad bendwidth ® Received power level
(ex.~200km/h) for video signd trangmission ?) -high speed fading fluctuation dueto
® High bit rateand Large cgpacity ® Sdl size(propagetion between vehidesand multipeth

informetion (ex. 2~10 Mbps)
® Multimedia communication
(Text, Voice, Dataand Video sgndls)
* Trangmission of Sgnaswith varied

radio basegaionisintheline-of-sight?) ® Attenuationand circuit interruption dueto
® Antennas (unidirectiond ?) ran
® Diversty and combining sysem ¢ Channd interference
® Multipleaccess (FDMA/TDMA/CDMA?Y) (Co-channd, Overreach wave)

bit-reteand qudity ® Radio chennd cortrol * BER, ® Diversity effect
* Trangmission of sreemtypesgnds -high gpeed handoff ® CNR(a redio linksand feeder links)
and burgt typesignas -timing with high gpeed mohility ® Transmissonloss(at radio linksand
® Security, maintainahility, ® Error cortrol (FEC/ARQ) feader links)
expandability and economic operation | ® WirdessATM ® Dday timea the handoff inradio links
* Modulation/Demodulaion * High speed handoff
® Feader Linkstoradio besedation  dc. * Cod ec.
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multimedia dedicated communication system shown in Fg2
shoulders the role, as information communication system which
composes the regiond backbone network described in FHg.1 and
offerstheabove sarvice inthe I TSinthenext generation.

Authors congder thet image are indigpensable besides voice,
text and dill-picture. for the red-time information interchange of
dangerous warnings of collisons, etc. and cooperdive cruise, €c.
in the ITS in next generation. And, it is regarded as rear-seet
requiring the transmission of image informetion such asthe video
on demand and the Internet informetion as a necessary condition.
Thedfore, the compogtion of the large-cgpacity mobile
communicaion system in which the video transmisson of the
multi-channel per one radio zone is possble is examined. The
necessary tranamission rate is regarded 2~10Mbps, and frequency
band isas saverd hundreds MHz asasystem.

(2) Themobilecontinuouscommunication sysem for Large
capadity information

It is regarded as integrating for the road-vehicle communica
tion, for the large-capadity continuum mobile communication
induding the communication with the road outside. For the road-
vehide continuum communication, the radio zone system and
wire system using leskage coaxia cable or leskage waveguide are
examined a presant. In these systems, authors consder thet the
road-vehicle-communication of the radio zone system sLits most
inthe purpose
(3) Radiofrequency

Theradio frequencies considered inthisstudy are 2 to 50 GHz
with bandwidth of above 100 MHz that many users in various
fields can use even for video Sgnd tranamisson. The concrete
frequencies are the 2GHz band for IMT2000(I nternational Mobile
Tdecommunications-2000), microwave bands (for ingtance, the
5.8GHz band and the 24.5GHz band), and millimeter-wave bands
(for ingance, the 37GHz band and the 45GHz band). Tradeoffs
between each of these bands are indicated in Teble 2. In generd,
the higher the frequency, the greater the accompanying
enginering problems. Paticularly in the millimeter-wave band,
there are numerous problemsto be resolved, induding high-speed
handoff, high-speed fading fluctuation, BER floor effect due to
fading and effect of rainfal and so on. As the reaults of radio
frequency tradeoff in Table 2, we here examine a 45GHz
millimeter-wave sysem that has wide-band to hold out the
promise of multiple-channdl video trangmission.

(4) Thecommunication sysem

FDMA, TDMA and CDMA are generdly known asthe multiple
acoess system. Here, the CDMA systermn in which the technology
develops by the IMT2000 system is adopted with the generd
advantage of goread oectrum communication system, such as
inteference resgance, multi-path fading resgance, same
frequency with adjacent cdl, keeping a privacy, jamming
resistance, interogpting-proof and o on. And, by adopting the
CDMA, itispossbletotake in the advantages of the system such
ashigh frequency ficiency, reduction of transmission power and
change of trangmisson ratein up-link and down-link by changing
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TABLE 2 Radiofrequency tradeoffs

equency bands | 2GHz 58GHz | 245GH-z | 45GHz

Items band band band band
Bandwidth for muiti-channd
video Signdl transmission*1 A O © ©
Maximum Doppler frequency *2 | 33383Hz | 966.7Hz | 4.1KHz | 7.5KHz
Cdl diamgter (exanple) 3km 15km 500m 300m

Propagation lossat digance of 1080dB |1112dB |1142dB | 115dB
diameter of acdl

Timetotravaseodl *2 1min 0sc 10sc 6sC
Smplicity of drcuit contrd O O A A
Simplicity of radio basegtations [@) @) © ©
(20dB antenmadiamgter :m) *3 | (67%) 233 (59 (30)
Avallability of existing technology © ®) O A
Influence of rain, snow, iceand
Countermeasures O O A A
*1 Bandwidth a each frequency band assumed to be 0.5% of centrd frequency

for entiresystem

*2 For amobilestation (train) speed of 180 kmvh (50 n/sec)
*3 Equivalent diameter of antenna with efficiency of 50% and
indicated gain

the spreading ratio at the base-band,
(5) Thecdl sze(Interval between radio base tions)

When millimeter wave is usad & RF, the propagation loss
increeses and the propagation condition is largdy affected by
wegthe and drocumference ervironment. Therefore, it is
necessary thet the propagation distance during trangmission and
reception is within about severd hundred meters in the line-of-
Sght.

(6) Antennas

@About 1150B propegation loss is generaed & 300m
propagated digance, when it is45GHz millimeter-wave. And, the
reguirement  reception level has the necessity including the
aufficient margin, since the propegation condition is largdy
afected by weether and circumference environment. It is possible
to use the tranamisson and recaving antenna of the desirable
directiondity with the high gain of 20~30dB, because the
reldionship between the trangmisson and reception may be
congidered ontheline dong the road in this system, unlikeusud
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@@@ Fig.3 Thecompaodtion of theradio zone using directiond antennas
portabletdephone. radio base dation is composed of the tranamisson reception dud
(7) The compostion of theradio zone @ use antenna, duplexer, and O/E converter, up Converter, SS

Asareault of the examination, the composition shownin Hg. 3
is adopted here because of the requirement that the ddlay of the
signd in hand-off does not become complicated, even in the case
of the multi-path propagation.

4. Proposal of RVC Sysgem for theFuturel TS

From the result of the above examination, authors
propose a road-vehicle communication sys-tem using the
millimeter wave as a integration mobile communication
system of the ITS in the next generation. And, aims of
this system are as high-quality continuous communica-
tion, two-way interactive communication between
multiple vehicles and ground facilities, and optimization
of information service and control.

Outlines of the proposad road-vehide-communication system
aeasfollows
1) In various information, the news, sport, movie and the other
immediate video image that correspond to rear seet information
arerecaived from satdllite broadcesting with multi-channd TV by
the antenna mounted on the roof of the vehicle. In mountainous
area.and road in the tunndl, the satdlite broadcagt is received and
boosted in reception facility equipped the region of the problem,
and retranamitted to the vehicles
2) For the information tranamisson of other than 1) including
video image, a new road-vehicle-communication network is
condtituted, which usesthe DS spread gpectrum communicetion
sysem by millimeter wave for radio link, and radio on fiber
optical communication system{4] by opticd fiber for the feeder
link which condtitutes the roadsde network. Then, voice and
video sgnd are continuoudy trangmitted in radio link, and the
datasgna of which bit error is savere is tranamitted in burst neer
theRBS.

3) The CSis placed in the wayside of the road every 20 * 30km,
and it is connected by roadside network by the opticd fiber in the
interval with RBS placed in the roadsde every severd hundred
meter. Up-link redio signd by the roadsde network is transmitted
asasub carrier, dter it isconverted into the lower frequency.

4) The CSiscomposed of control switches modulators,
demodulators, E/O converters, O/E convertersand so on. And, the
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trangmitter for dowrHink, and of SS recaver, down converter,
E/O converter for the up-link. By ingdling the control switchesin
the lump together which contralsthe network in the control station,
the composition of the RBSis supposed to be very smple.

5) Radio link between RBS and vehides adopts the micro cdluler
communication sysem which arranged a series of dliptica cdl
dong the road, and the DS soread spectrum system using
millimeter wave for the communication system. 45GHz band is
consdered for example as the frequency of millimeter wave,
wherethe very wide frequency band has been dlocated for mobile
communication. Owing to place the RBS every severd hundred
meter, communication is fundamentally done in the line-of-sght.
And dso, two waves of direct wave and road surface reflected
wave are dominant, and non-direct wave except road surfece
reflected wave becomesrdaively avery smdl environment in the
propagation condition. @@

6) Tranamitted power from RBS is controlled in order to be
proportiond to the square of the distance to mobile station (MS)
from RBS 0 thet the reception level in MS may not become
minute a the cdll edge and near the gation. For the same purpose,
in RBS, the directiona antenna of the dlipse beam with gain of
20~ 30dB and HB ratio of over 30dB isused and isingtdled with
the beam tilt for the radiation direction. The dlipse beam antenna
is adopted for reducing the leskage of the radio wave to the road
outsde and it is placed so that the mgjor axis of dlipse beam may
padld the road. And, on the antenna of the MS, the fan beam
antenna with a haf-power width of 3~5 degressin verticd plane
and a half-power width of about 20 degreesin horizontd planeis
used for reducing the reception of the reflected wave by the
ground. It is ingalled so that both antennas may face eech other
and gpproach with the advance of the vehicle to eech other, as
shown in Fg.3. By such antenna configuration, reception level of
the non-direct wave is reduced, and the stabilized reception leve
isaso ensured even in winding road.

5. Evaluation on Radio Link of the Proposed System

Here, we discuss the charadteridic on radio link of the
proposed sygtem, such as the vehicular intervd for the line-of-
sight communication, the propagation characterigics with the



diversty of equd gain combining and atenuation caused by rain
which aredarify the possibility of aredization of thissystem.
5.1 Thevehicular interval for theline-of-sight communication

Figure 4 shows the vehicular intervd  d for the line-of-sight
communicaionin showing the parameter asthe height of forward
vehide 3.8m, the height of recaiving antenna; 0.5m, distance
from edge of the cdl;xand the height of tranamitter
antenng; h; d, : diameter of thecdl (refer toFg. 5).
5.2 Thepropagation characterigics

It is reported that propagetion of millimeter wave in the line of

sight agrees well with andlyss of two-wave modd [5]. So, we
evauate the recaived level characteridtics on the modd shown in
Fig. 5. Mobile antennas are inddled & the front of the vehide
with a diversity of the verticd direction. Here, we suppose that
upper antenna and lower antenna recave direct wave and
reflected one by the earth plane, regpectively. And, the sdlection
combining diversty scheme is goplied between these antennas.
The objective is to reduce the effect of excessivdy deep fadesin
thereceived levels

Electricd fied intengty E of direct wave a the recaving
antennais generdly calculated asequetion (1).

E =E, exp(- jkry) Dy (6,) (D (6,) ®
E, =CLYPR G g @
k=2m/A (2 :wavdength) 3

Here, r,is the path length of the direct wave; 6,1s an
angle between the direction of a direct wave and the antenna
main beam axis Cis condatt, P is trangmitted power
contralled in proportion to the square of the distance, as shown
hereinequation (4);

P, =P, [f(d, +50.- x)/d,)? @
where, P, : trangmitter output power, d, : diameter of thecel,
x : dislancefrom far edge of thecdl.
L, istrangmission loss shown asequetion (5).

A
Le =
=Boet ©
And, D; andD, which ae directivities of the tranamitting
antennaand the receiving antenna, are shown as equiation (6).

20 dog Dy g(6) =200ogcos* 8 (inmainlobe)
=32-200ogb - G, , (insdelobe) (6)

where, x isthe coefficient which showsthehalf beam
width corresponding to antennagain G, , , and is
aG,, =20dB, here
By adding the fidld intengity of reflected wave got in the same
way to equation (1), synthesized reception fidd intensty E
trangmitted by beam tilt antennais obtained asthefollowing
equation (7),(8).
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Fig.4 The vehicular interval for the line-of-sight communi.
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Fig. .5 Analytical model for the received level

E =E,exp(-jkr,) D, +D; R, Exp{-jk(r, —1o)}] @)
Dy =D+ (6, -~ %) [D(6,) ,D; =D1 (6, —¢) D(6) (8

Here, transmission loss of reflected wave is assumed being nearly
egud to direct wave one. 1, isthe peth length of areflected one.
6, is ange between the direction of a reflected wave and
horizontal axis. ¢, isatilt angeof thetranamitting antenna And,
R, isthe Fresnd reflection coefficient for vertica polarizetion
with equd permeshility in the boundary of two media, given as
equation (9).
R, _n®cosg —4n® -sin’ ¢ )
n2cosg +4/n? —sin® ¢

n : complex index of refraction (here, n =2.0- j0.05),

¢ : incidenceangle.
Therefore, recaved fidd intendty |E| is obtaned in the
fallowing equation (10).

|E| =E, E{/(Do +D.R, 0055)2 + (Dle sin5)2 (10

d=kr -r,) (1)
Figure 6 shows the calculated results of the received
level with transmitting power control and the diversity
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of equal gain combining (bold line), compared with the
received one without diversity (fine line), in the condi-
tion of f =45GHz, P,=17dBm, d,=300m, the height of
transmitter antenna;h, = 15m, ¢, =4h/d,= 0.16 and
the heights of lower and higher receiving antennas; h,
=0.5m, h,,, =0.65m,respectively. Fig.6 shows the received
power level that is down of about 15db by fading, but
this level is improved about 8dB by diversity in this
case.
5.3 Attenuation caused by rain

In the millimeter wave region, radio wave dtenugtion by rain
is condderable, and dircuits may be interrupted in times of heavy
rans The amount of attenuation Z, resulting when rain fals
uniformly in the propagation path can be In the millimeter wave
region, radio wave attenution by rain is considerable, and dircuits
may be interrupted in times of heavy rains The amount of
atenugtion z, resulting when ran fdls uniformly in the
propagetion peth can be approximeated asfallows;

Z,=kMR"  (dB/km) (12
Here R is the ran intensity (mm/min), and x and n ae
congtants with the vaues of « =17.2 and n =0.87 for 45GHz
transmissions. Hence when R=1.2 mm/min, the attenudion over a
diganceof 400 miscalculated tobe8.1dB.
The C/I ratio taking also the attenuation Z due to
rain into account may be calculated, in dB, as follows,

C/l =Py +Gt +Gr -Ls-Z -KTBF  (13)

where, p, isthetransmitted power, Gt isthetranamitter

atennagain, Gr s the recaver antenna gain, Ls is free-gpace
trangmission lossand KTBF isthethermd noise of therecaiver,

K ; the Boltzmann congtart, T ; the absolute temperature, B ; the
bandwidth, and F the noise figure Fig. 7 shows atenuation
margin Z,(=Z - Z,) for atenuation due to rain in the relation
with R and distance d. Hence, when spread spectrum modulation
ae usd, C/| required to achieve the necessary trangmisson
qudlity, that is a 9gnd BER P, can be obtained by using a
following eguition.
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For example, whenasignd BER P, is1x107°, W is 50 MHz,
and R, is384Kbps, C/| is—11.6dB by eq.(14)

And 0 when paanges ae gven as Gt +Gr =40 dB,
Ls=1175dB (frequency f =45GHz, digance d =400 m),
KTBF =90 dB and p, is given as eq. (4), the attenudtion Z dueto
ranis41.1 dB. Henceamargin of about 33dB with z, = 81dB
aboveisanticipated.

6. CONCLUSON

In this peper, we propose a road-vehide communication
sysem using 45GHz band millimeter-wave and CDMA commu-
nicaion sysem for the future ITS As an evdudion of the
proposad system, propagetion characterigtics of the radio link are
examined. From the results of the examinaion on the vehicular
interva for the line-of-sight communication, the recaived power
leved a the mobile gation in adopting the transmitting power
control and the diversity and atenudtion caused by rain, it is
consdered that the proposed sysem has the feeshility to
redization.
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