; e3e~{d406BTV"$ ROAD- VEHI CLE COMMUNI CATI ON SYSTEM BACKGROUND OF THE
| NVENTI ON: The present invention relates to a conmuni cation atus on a
DSRC ( Dedi cated Short Range Communication) system which is @MWWMM’I
¥wntelligent transport systens. In intelligent transport ‘sys
radio communi cation is perforned based on a dedi cated short rarrgielsw .
comuni cation (hereinafter, referred to as a DSRC)system bet
road-si de radi o apparatus (hereinafter,referred to as a roadzm@ HMW“IW”MW
apparatus) and an on-vehicle radi o apparatus (hereinafter,
on-vehi cl e apparatus). conmunication Is perforned based on a dedi*6aeoed
short range 3 communi cation (hereinafter,referred to as a DSRC) system
bet ween a road-side radi o apparatus(hereinafter,referred to as a road-side
appar at us) and anon-vehi gﬂd?mf S AR MR TR g&%k”%‘c!%%ﬁur eferred to as an
on-vehicle Fig. 1 is a frequency arrangenent di agram show ng frequencies of
carriers used by the road-side apparatus and the on-vehicle apparatus in
the radi o conmuni cation on the DSRC system Referring to Fig. 1, a
frequency ranging 5770 MHz to 5850 MHz is used. The road-side apparatus
transmts a | ow frequency 2 to the on-vehicl e apparatus. The on-vehicle
apparat us transpaicRGE oh ok ege efrrONE he road-si de apparatus. Seven
types of carriers are transn1tted to the on-vehicl e apparatus fromthe
road- si de appar &hes priesegtcinventiont reldtes tbeasevmmuhypasioh carriers
are varied depending on the road-si de apparatuses. Seven types of carriers
are transmappsratus o rapdBRY dPedicated Short Range Communication)

system, which is used for intelligent transport systems.

In intelligent transport systems (ITSs), radio
communication is performed based on a dedicated short range
communication (hereinafter, referred to as a DSRC) system
between a road-side radio apparatus (herelnafter, referred
to as a road-side apparatus) and an on-vehicle radio
apparatus (hereinafter, referred to as an on-vehicle
apparatus).

Fig. 1 is a frequency arrangement diagram showing
frequencies of carriers used by the road-side apparatus and
the on-vehicle apparatus in the radio communication on the
DSRC system. Referring to Flg. 1, a frequency ranging 5770
MHz to 5850 MHz 1s used. The road-side apparatus transmits
a low frequency 2 to the on-vehicle apparatus.

The on-vehlcle apparatus transmits a high frequency 4
to the road-side apparatus. Seven types of carriers are
transmitted to the on-vehicle apparatus from the road-side
apparatus. Frequencles fl to £7 of the seven types of
carriers are varied depending on the road-slde apparatuses.

Seven types of carrlers are transmitted to the road-side



I 2 apparatus fromthe on-vehicle apparatus. Frequencies fl' to f7' of the
seven types of carriers are varied depending on the on-vehicl e apparatuses.
The difference between a frequency fn (n =1to 7) on the | owfrequency 2
vand a frequency fn' of the high-frequency 4 is 40 MHz. A non-stop automatic
toll collection (electronic toll collecfion system so-called ETC) uses the
carriers of the frequencies fl, f2, fl', and f2' anong the above-nentioned

frequencies For exanple, the carriers of the renmining frequencies are

used for ﬁg%? Ot 18k’ e%ei‘i%'i?ﬁgpg%(&%%' c i’%tegg‘é%%sf gh rauto

par k manage service stations n-vehi ¢l e apparatus i tsSel f

Searches 1aj, 10 W QHRNGeaRl t§Pea"BE Ch2s9RLH GireMias ol 835RLA1AGST

services, and receives service fromthe roa e apparatu Firg. 2 S

a dlagranlgh EhR Tn-Wehdlc e ggh&ﬁt%sbkansTh%SHQEf%&%h%G‘%Etﬁe%ﬁn&ent'Ona|
road-si de apparatus on the DSRC system Referring to Fig. 2, a transm ssion

syst em 106 firequetc30Ee (i @adl to03]- Hndehappwaiftequemelyl 2eand ar ansm ssion
data generating unit 8, a nodulating unit 10, and a transmtting unit 12.

The transnifieiguendst Engded dhienigh-tfrequemey dedsadoFEiz.( Frane Contr ol
Message Channel) generating unit 14, an MDC (Message Data Channel) 16, and
a switching uni A h8n-stepFaihfonabtoatohll oolllettigan¢edeesronhtrbobllata for
line control of the radio comunication with the on-vehicle apparatus. The
MDC gener atdoid.egrtilton] Gyphesr,atses dallded ETT) uses the carriers of the
frequenciles £1, £f2, f1', and £f2' among the above-mentioned
frequencies. For example, the carrlers of the remaining
frequencies are used for presentation of services such as
automatic settlement for auto park management and sexrvice
stations. The on-vehicle apparatus ltself searches for the
frequency and catches the carrler which presents desired
services, and receives service data from the road-side
apparatus.
Flg. 2 is a diagram of the structure showing a
transmission system of a conventional road-side apparatus
on the DSRC system.
Referring to Fig. 2, a transmission system 106 in the
conventional road-side apparatus comprises a transmission
data generating unlt 8, a modulating unit 10, and a
transmitting unit 12. The transmission data generating
unit 8 comprises an FCMC (Frame Control Message Channel)
generating unit 14, an MDC (Message Data Channel) 16, and a
switching unit 18.
The FPCMC generating unit 14 generates control data for

line control of the radio communication with the on-vehicle

apparatus. The MDC generating unit 16 generates the



service data on the services presented to the on-vehicle apparatus and BST
(Beacon Service Table) data indicating the type of services presented by

t he road-si de apparatus. The switching unit 18 switches the control data
vgenerated by the FCMC generating unit 14, the service data generated by the
MDC generating unit 16, and data on the3type of services) and then supplies
transm ssion data to the nodul ating unit 10. The nodul ating unit 10

nodul ates the carriers by the transm ssion data fromthe switching unit 18.
The tr ansmdd/ig.cleal onf LA Tel3 bl EREGLARAL kANENE! LA LRIMILNE

nodul ating unit 10 after nodul atton by GSi'ng surficient power. Anbng a
plurality ~Sd L r hd p LNg the
Carr i er s of R A e A peam, Sem e A e B er at e

the ser vi cq Ak ed lort HorviRae prABdntede nIDRALALUARS sRHBSRBpatlRuaC! Vi Ces

for the ETC. Next, a description is given 0 ow t he on-vehi Cl e appar at us

receives the s G4 nlg AM1itha 823 eThe'dC thkeeeon®@d1S dd@aappar at us.
Fig. 3is a flowhart showing the operation of the on-vehicle apparatus.

Herein, in deMeratrd dydeh0IoMt Weneratilng uhgtcanri ehe gerieel Gaguenci es
f4 and f5, a common radi o conmuni cation zone for general roads is fornmed to
present thgeamnatess byllthe oC Yethe raiagaund tudiéng ande daaar ioar the t he
frequency f5 presents on-vehicle apparatus's desired service. V 4

Her ei nbel owyreh e fmeratiicers ,ofanid dhen- salppd/ie sappansimis swohl dedadescr i bed
with reference to Fig. 1. A power source is turned on (step S11) and then

t he on-vehithie mgshaladting funddt 19st s Ther aodyliadd nigr agpddndyP modudatesequency
fl1 (step S12). In this case, since the road-side apparatus using the

carrier of Hhfe GansdesifcPY thes transids siop daten Sxomo fbea swdit chdngot

est abli shed (NO.n shﬁp S13). Then, the on-vehicle apparatus sequentially

swit ches t P Yeddt i dhe r'?(fe!’é’l‘ﬂi'ftrié‘gc Rt e dransmit sy f&%c CALTAS TSN 13

(step S12)._\Vhen the eptiqQn fr e S t .to the frequen f4, the

onevahi ol & SEAAAEd JREH oY eilating Rpd ml deds BRRITRREorapy:

usi ng the iﬂg?éd¥f54¥EJ€3ﬂHﬁﬂFy f4. Therefore, the on-vehicle apparatus
t S

can establis e synchrono opération (YES in step S13) and a radio |ink
i s connected behwray hhp1ueaditydesaPBahak¥aesappieals¥si eheraapar at us

denodul ates the transm Ssion
road-side apparatus using the carriers of the frequenciles
£f1 and £2, the MDC generating unit 16 generates the service
data for ETC. These road-side apparatuses present the
services for the ETC.

Next, a description is given of how the on-vehicle
apparatus receives the service data from the above-
structured road-side apparatus. Fig. 3 i1s a flowchart
showing the operation of the on-vehicle apparatus.

Herein, in two road-side apparatuses using the
carriers of the frequencies f£f4 and £5, a common radio
communication zone for general roads is formed to present
the services. The road-side apparatus using the carrier of

the frequency f£5 presents on-vehicle apparatus's desired

service.



data fromthe received carriers, and obtains BST data generated by the NMDC
generating unit 16 on the road-side apparatus (step S14). The on-vehicle
apparatus checks the BST data and determ nes whether or not the road-side
~apparatus presents the on-vehicle apparatus's desired service (step S15).
Since the desired service is presented By the carrier of the frequency f5,
the determnation result is NO (NOin step S15). Thus, the on-vehicle
apparatus switches the reception frequency in step S12 to the frequency f5

t tabl i h i b m t 4 5
SO as to esta ?%?E?L%ﬁi)m? ERQOH§EQQ€1%' ﬁ@rﬁé”bﬁ%éﬂi&?e Q@&P& 8

of the frequenc ereafter, e on-vehi ol e apparatus obtalns the HST

data (steps1982 heolibsd@Ibedl WLLHAHErdSeflcd R8s FWaet Her ar pgkrt BBurce

on-vehicl e apparatus's desired service is presentfed (step S15). Now, the

det er m nat ijgn tisidd dn (Ftdp 11 ) andEenand thieoplveiche appuehitake
apparatus continues the radio conmuni cation by the reception frequency f5,

extracts theLsa et datredeptiion Exidghealyd top @hled Eife gleneys &1y (Bitepessi ng,
and receives the desired service (step S16). After that, the on-vehiole

apparatus euis) £ he processing on the services presented by the road-side
apparatus (step S17) and returns to the processing routine in step S12. The
radi o communi catXmrthden e amm,ersdohdey thee roadd-sdidee appaaazings usdingh&hBSRC
systemis narrow. The on-vehicle apparatus on a running vehicle cannot

predi ct wherarnlemnteff sthehd negiienayo fitudisc aoitoseton@yaichiiomongad- si de
apparatus. Consequently, the on-vehicle apparatus al ways searches the
frequency (APERALARN g MRt readahiiched Ay whep G0N0 | DeRy the
synchronous operation. In the above-nentioned conventional road-vehicle

communi cat iU GRIE apRaratuskAeIuendgidly: syitahes thec F§eePEf%en and by

whi ch ier the desi ice i ted. Hence, the on-yehicl
apparat us EREMACELES GRS RERTAHRRC AR e i 8PS i ARt SPesent s the

services, qfy 2| the pbqssi t}leecg‘&{n%%el}}eerﬁl;fgléni:c qd .75'31{ S VR Err;%%(;ﬁr@%x%g'i e

services, i I's necessary to C a miuni cation 1n a

'ngf'r (‘;S'vi NG a4 I S G- G tddBardtdd S ived thY dartileie 26 ediena! Y
road-side apparatus using the carrier of the frequency f4.
Therefore, the on-vehicle apparatus can establish the
synchronous operation (YES in step S13) and a radio link is
connected between the road-side apparatuses.

The on-vehicle apparatus demodulates the transmission
data from the received carriers, and obtalins BST data
generated by the MDC generating unit 16 on the road-side
apparatus (step S14). The on-vehicle apparatus checks the
BST data and determines whether or not the road-side
apparatus presents the on-vehicle apparatus's desired
service (step S15). Since the desired service i1s presented
by the carrier of the frequency f5, the determination
result is NO (NO in step S15).

Thus, the on-vehicle apparatus switches the reception

frequency in step S12 to the frequency £5 so as to

establish the synchronous operation, similarly to the case



. 6 conmuni cation zone (Wthin a range of approximately 3min the advance
di rection) such as an ETC toll gate. When the on-vehicle apparatus enters
the radi o conmuni cation zone of the tollgate while a vehicle thereof
«receives the carrier of the frequency f3, it must wait for one round of the
search and for the frequency return fromf7 to f1 so as to catch the
frequencies fl and f2 by the frequency search. Therefore, the on-vehicle
apparatus cannot sufficiently ensure the comrunication tinme and tol

oper ati on g§iQgetQgeﬁggngkgﬁg,”OEhBQEH§£E¥,b@hQSBEQGFQQ?%énﬁ@%ﬁ?é@@%eOf

adding a new carrier to even carriers’assigned m the

round time gk ahlg LHEIWEHCHASGAY GRepH! 58T BESOMER! GRAF! . afyr t her nore,

q
there is a danger o?gtﬁg deterloratPon In"services requiring high speed for

the ETC  eyeteshYNBBYwhethEr LRVEHE! @Hﬁ_ éﬁc%ﬁha%)/ap' hrhgugngobj ect of the

present invention to provide a road-vehicle conmunication system on which

onvehi cl e JeRaradUserviteUisepreseRtbar (ktegusnsy.search is reduced and an
on-vehicl e apparatus catches a target carrier for service needing high

speed and accur No@l,y ther detegmilhateéonnresaati oA Bteposist LteubkEs. ahd order
to acconplish the above-nenti oned object, a road-vehicle conmmunication

Ssyst em conthiexefoxepithiealon-yehilcleadppatatusadcontppaest thesrhdio

comuni cati on based on a DSRC system and at | east one on-vehicle radio
appar at us. comfunileatdaan dydEheadecepppanatrequenpyi £§6s estivhatsngheeans for
nodul ating a carrier by transm ssion data and transmtting nmeans for
transni tti sg@rvideec datiac from dhenBSE deten bpprfpzmspueressagyYneans by

sufficient power. The on-vehicle radi o apparatus conprises receiving neans
for recei viPk§ceRsiag. r aad megedves: dhepfeshred, saEHLCE A§tARaRL6) n each of

t he road-side radio . a rat uses switching a recgeiyjng frequency. On the
r oad- vehi cAF tEGmIRtenithen OBy YEBIP 16 BPPASALIACENEF Fhe BEPPREFLDY PBo

dependi ng. el 18 L3518 IA0EN R0PIRA! UaallhEo8boaDs LRATaELHC Tadio

appar atus cOnpri ses service presen erati ng means which

generates 4abg QR YATnEe B SHENpiRGe3kanG RakIHe1H0BEEFPERYL NG
e type o

rel ati onship between 1 ntormation | Adicating™t servi ces presented

by the road-si dgnpadh@iaPBemmhHEcabioh Nk Gh8RELPErE@UhE athEIréd@iside
road-si de radi o apparatus uses the carrier of which frequency, every

road- si de apPadatitRlon the dIRCIy@tew HisPhaxiroy.eahe vh-¢Bniulei pl exes
the data on the service presenting state which is generated by the service
present i ng apipairatias @nganauaning vehislet eanhett papdiictswhendata.

enters the radio communication zZone of the road-side

apparatus. Consequently, the on-vehicle apparatus always

searches the frequency by switching the reception frequency

and establishing the synchronous operation.

In the above-mentioned conventional road-vehicle
communication system, the on-vehicle apparatus cannot
recognize when and by which carrier the desired service is
presented. Hence, the on-vehicle apparatus needs to search
the frequency for the carrilers which presents the services,
of all the possible frequenciles £f1 to £7.

In some presented services, it is necessary to complete

data communication in a short time including a frequency

search time of the carrier, within the exceedingly narrow
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On the road-vehicle comuni cati on system of the present invention, in at

| east one road-vehicle radi o apparatus, the service presenting state data
generating means generates the data on the service presenting state having
the corresponding rel ationship between the information indicating the type
of services presented by the road-si de badi o apparatus and the information
8 indicating that the road-side radi o apparatus uses the carrier of which
frequency, every road-side radi o apparatus. The data mnultipl exi ng nmeans
mul ti pl exes, the data.on the seryi presenting_state ich iLs generated by
The sbrvi coTmuneRetidh. Hane” finlhinhar 8RRY" Heangro tpRler¥aiBnibe) on
dat a. Therq&gy%ﬂwg%cgp%iighqq L esh%gnggiggiQgcd%gglaggeobtaining data on
t he service presenting stare Tromac 1 88sfoné r 080-SFd€ r adi o apparatus to
recei ve the desj vice, i n nj h | of whi ch
frequency is tohgggrggéiégdye#%gggf%$§?£€%8?héﬁ§g§% g?gféégféing t he

desired seldgnufinildd®18h LoRlello® (R Qoiﬁ.ﬁﬁrt@t Whi9@es Qghieigd_thgrleof

sequentially swtch the reception frequeficy as 1 n the conventional nmanner

and to cheglededveRe thle (agrdey 'b2d thel tireGuiehch #3¢Nifdmushewadkr iegk for
presenting the desired service is specified fromthe data on the service

presenti ng giedtr®und @£ ehepidedtch’ eadekey ithepFedhulencyeiretarhh€rbmequency
of the specified carrier, and the service can be received. As a result,

on-vehi cl e firTadico fApBar alsutos datgh the Freguenciescedleand £eabghthe reduced
and the on-vehicle radi o apparatus catches a target carrier for service
needi ng hi direspeayameagebur ately perforns the comruni cati on w t hout
troubl e. BRI EF DESCRI PTION OF THE DRAWNGS: Fig. 1 is a frequency
arrangenent di adfenefions.ndhier eqpraediled eoppamaitaiss capd@tby t he road- si de
apparatus and t 9 the on-vehicle apparatus on the DSRC systemradio
Connunicaliq“ﬁficiently ensure the communication time and toll

operation using the ETC might not normally be performed.

In the case of adding a new carrier to the seven carriers

assigned to the DSRC system, the round time of the

frequency search further becomes longer. Furthermore,

there is a danger of the deterioration in services

requiring high speed for the ETC, etc.

SUMMARY OF THE INVENTION:

Accordingly, it is an object of the present invention
to provide a road-vehicle communication system on which on-
vehicle apparatus's required time for frequency search is
reduced and an on-vehicle apparatus catches a target
carrier for service needing high speed and accurately
performs the communication without trouble.

In order to accomplish the above-mentioned object, a
road-vehicle communication system comprises a plurality of
road-side radio apparatuses for communilication based on a

DSRC system and at least one on-vehilicle radio apparatus.
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Fig. 2 is a diagramof the structure showng a transm ssion systemof a
conventional road-side apparatus on the DSRC system Fig. 3 is a flowhart
showi ng the operation of the onvehicle apparatus; Fig. 4Ais a block

di agram showi ng one exanple of a transm ssion system of the road-side
apparatus form ng a road-vehicle comuni7cati on system of the present
invention; Fig. ABis a block diagram show ng one exanple of a reception
system of the on-vehicle apparatus form ng the road-vehicle conmuni cation
system of the present .invention: and Fig. 5 is a flowhart _ showi ng the
oeration i n tIEe EORGrPAs. FRRS PRPER tuRaCORREAARET PERRAACTRE BREFERRED
EVMBODI MENTS: _Next., _an odi,nment. of _the esent invention wll _be described
W th ref or BREES SO BoRRARTARY o camrdRe BY; TBraeLarasPa At RoRRAg one

ref e h&e Ya’b i
Foa0t vehi ol SART R RAaRCEET VepRepd LR RrA LTI ROEETO S

bl ock_di a0 RS/ARYGAT 1Y Rre A a1y LRGSR HY" SRETUSTLRE pRReRN-VENi Cl e

appar atus form ng't he e communi cat i system o e present

invention. Figappa io%-%ef{%%%paratai%h%\ﬂp%&a%% %%ﬁ.%%is%@ irackig1hgception

systemin Fig. 4H Referring t0 Figs. B, the sane conponents
as those i mefan®d ForarR AV @hr&hﬁ:s%E%n@ﬁﬁ%&%ﬂpﬁﬁn%ﬂﬁra'?- An actua
road- si de apparatus has a reception system and an actual on-vehicle

appar at us haansnlitHing sads IySieRth KHEVah roadesd decaadiioon system and
transm ssi on system do not have a direct relationship to the present

i nventi on apparaiases by ewitchdnd taecdecivdag coguencyt.i oonsdeem 102
according to an enbodi ment conprises a plurality of road-side apparatuses

f or communineo@d-oreldaied commund 3RO ytsdiemandhe: firegiencsye ofnthehi cl e
apparatus 104. Anong the plurality of road-side apparatuses, the road-side
appar at us FETR}eh&arhes depexding oy dhee Foasds side;radip @pppEartus-Fig. 1)
conprises an MDC generating unit 116 which WIlI| be described |later, for
generating ser fitceqfita MG nopd-shde TRdd.osiapranatns, CeOPTisesnt s t he

T cauency (R vAES BRARER® IAshhS AH e Seaog, FREn E495S on 't he

[ ' tat.e to t - vehi t 04. t f th
ond. o do. SRERPAcee (R o, LR SRR e bR 1T 1
(master 1 oqgySldle, AP atiBnsti}l ddal S5 YmatildiMitlaildag 1hgad- si de

apparatus formng the road-vehicle conmmunicati on system 102 according to

the presentriMSHid e WSy ildes TrEscitei by ans ddud- sAfad kRaaenvent i onal
transm ssion systemshown in Fig. 2. Therefore, only the transm ssion

system of tdpparestivws arohdyftermeppiomtimiikdtinge tdedc iheedoad-side

radlio apparatus uses the carrier of which frequency, every
road-side radio apparatus, and data multiplexing means
which multiplexes the data on the service presenting state
which 1s generated by the service presenting state data
generating means, to the transmission data.

On the road-vehicle communication system of the
present invention, in at least one road-vehicle radio
apparatus, the service presenting state data generating
means generates the data on the service presenting state
having the corresponding relationship between the
information indicating the type of services presented by

the road-side radio apparatus and the information



11 Referring to Fig. 4A, a transm ssion system 108 of the master road-side
apparatus 106 conprises a transm ssion data generating unit 100, a

nodul ating unit 110, and a transmtting unit 112. The transm ssion data
generating unit 100 conprises an FCMC generating unit 22 (data multiplying
means of the present invention), a serviBce presenting state data generating
unit 24, an MDC generating unit 116 (service data generating neans of the
present invention), and a switching unit 118. The service presenting state
data generati it enerates .datg on the servic resenti state

navi ng . canibatime. shadt Beononts Stleada tonPEPAELTER PAGFCEPPng ¢ ho

r oad- si de appar,atus us he _carrier. of _which fre nc nd iLnfor ion

[ ndi cat i ng PRE A 2T PIRgn, REERusPEYe eYa S, TRAPAAA. SPALC BRRREAREE "0 yery
road- si de ar S iy l.acly t i I i he F

generat i ngig‘% td%%% b“é‘?&r tlgé‘%gn?‘retgpgdg‘t%gxﬁgﬁle%?%etggn?%% §P the radio

commni cat 3 yiidel gl AYE LFatARRICH! U3 HlAeraBlaThy! AECKEEvIRE data

on the service presenting state generated e service presenting state
data gener aiidddntiinly #tate dataCgeheatddli@mebist NeoRAECEraAMA18:96n
apparatus 106, the control data Obtained Dy multiplexing the data on the
service prega.i ng state, as the transm ssion data, is supplied to the
nodul ating unit 110 via the switching unit 118. The carrier of the
frequency f3 i sTHegalfaire] by kbBeelvfngnthéi tpafshbssiéni dataaanditted by
the transmtting unit 112. 12 Referring to Fig. 4B, the reception system
of the onvebtaimiagpatetalonl Ghef Gerviget preseatinghstheec dmomniatat i on
system 102 conprises a receiving unit 26, a denodulating unit 28, a service
present i ng lstaste ahet Fosshadate ngpddo @pP@rakusaitoi gecepwei thendegdred32, a
BST receiving unit 34, and a data processing unit 36. The receiving unit 26
recei ves t Hewvdqe.erit \gancbe Fesiogmilred hpesgaradesg ofh@hdeBept i on
frequency and is transmitted by the transpmitting unit 112 of eac% r oad- si de
p

appar at us. TARIYRABIHSIhPuFaceiyedst afitedigEoTene 18y k&r §758s °Sper at i on
of the carrjer .received by the ryeceivin nit 26 d.denpdyl ates the
transm ssi &ecfé'tvﬁ'%stgff o‘%l?s[jﬁeed(’:zflgﬁv&rc.eqTﬁ; esé)rn\7iv gqﬁrlgsgﬁt%?'ﬁ’g state data

separ ati ng diidall S GRAIAES, LaS Ul Urddif 397 SGRARCAS @il NY State,

which is nu pl'exed to ransm ssi transm ssi on data

denodul at ed-dye o ¥ RS didy G Nint 13 BRI erAiondl HAGHERY ahd Wait 32

specified the carrier
check to see 1f the desired service is presented. The

Q

carrier for presenting the desired service is specified
from the data on the service presenting state, the
reception frequency i1s promptly set to the frequency of the
speclified carrier, and the service can bhe received.

As a result, on-vehicle radio apparatus's required
time for frequency search 1s reduced and the on-vehicle
radio apparatus catches a target carrier for service
needing high speed and accurately performs the

communication without trouble.

RI D PT F_T DR :
Fig. 1 is a frequency arrangement diagram showing

frequencies of carriers used by the road-side apparatus and



used by the road-side apparatus which presents the service desired by the
on: vehi cl e apparatus 104, based on the data on the service presenting state
separated by the service presenting state data separating unit 30. The
receiving unit 26 is controlled by the carrier specifying unit 32 so that
the frequency of the specified carrier decones the reception frequency. The
BST receiving unit 34 extracts the BST data (data on the type of services
of the present invention) fromthe transm ssion data denodul ated by the
denodul ating unit 28. 13 The BST receiving unit 34 checks the extracted
HST data, bR& eRreehinle apearatug omcthe Gatrstem bR at us presents
the desired service, The data processing unit 36 extracts the service data
fromthe tPIHERPLEAELORAt a denpdul ated by the demodul ating unit 28, and

execut es processj ng on the service esented by the road-si de apparatus
based on the szﬁﬂ'ﬁtefdiﬂ £ ran, ‘gtres e pﬁrd’d%i‘ﬁregiw fow t he
on-vehicle ag aritui 104 rgceivgs t he service ata.%ro t he road-side

appar at us TOBPERIPRECALBYRTER, OF ( Br APV BRI ORAT AL b MBI st em

| 02. Fbrgign e, gggg-ﬁiggegpparatuses (106) using the carriers of the
frequencies ' f4 an Pt a’ common radi o conmmuni cation zone for gener al
roads and pres t Vg -&ﬁgj I i t_he
carrier of the%éehugﬁ%fl% Sf%rﬁﬂecs}g%%e eii?‘e%%ﬁ%?%%% ht?eg%\?ehi cle
appar at us $@ficlier 8pphehews;t he operation of the on-vehicle apparatus 104
will be described wth reference to Fig. 5. Wen starting a vehicle engine
having the on-vebgcl £a appad ab LscK O adean EVEWLEP Wi &ifanigle &F wehicle
apparatus 104 is turned on (step S100). The receiving unit 26 in the

onvehi cl e appasmilesidfdsiystein 6£t shéheoadcepile oappaeates cHoimindiea f r equency
fl (step S102). In this case, the road-side apparatus using the carrier of
the frequemondf¥ehdrelETCompusdcabhbn spstemeafrithe prgsents imréntoland; above,
since the denodulating unit 28 is not set to the general roads, the carrier
of the frequenckig} 4B h9taiblecki diagramdcshoning jope \aranmdieo ®f &erati on

is not established (NOin step 5103). Thus, the receiving unit 26 next
switches t RECEBEARR| SHsteBoaEnthet gRrKehirly aRRgrabus sfemming fhe opever

the frequency .f2 only for ETC is not trapsmtied and the depodul ajing unit
28 does nof oBdr BPASY e, REMBIARAEAGHs “ERERA: Phn R RCPFHESEb AR toRE, |
the receptigg unit 26 in the on-vehicle apparatus 104 sets the reception
frequency to the frequency f3 (step S106). The naster road-side apparatus

106 transmts the cagrigraqlé‘?]%‘%%goﬁggn%é Send ey &b fon LHE %pecei vi ng

unit 26 receives ?he carrier a ating unit 28 establishes the
synchronougeeRgtabnOByc¥Em iR #igRk 2807), and denodul ates the transm ssion
data fromthe nmaster road-side apparatus 106 (step S108). The service
presenting state data separating unit 30 separates the data on the service
presenting state which is multiplexed to the transm ssion data, fromthe
transm ssi on daRESCORLERTION:QF THE t PREFERRED | EMBORINEN 8. The carrier
specifying unit 32 specifies the carrier used by the road-si de apparatus,
whi ch presents N@#tgdecanrembedinert ofthe presert dgitvenliamarikldr \Rece
presenting state. As a.result, Wien the carrier corresponding to the
desired sef¢PCEibedsydth; referopge; fosthp ¥BYYNIEhe reception frequency is
set to the frequency,of , the ecified carrier under the control_of the
receiving unit ggg(sfgpi§130§£°ﬁ$cé$%ﬁFﬁﬂt%P?Yéb%w%ﬁﬁﬂﬁx?ﬂﬂxﬁﬁ?ﬁnﬁ, si nce
the desire (YA [ t y - - 5l r ing the
fir%%s}h%%io% %&g%ﬁﬂt ﬁg Yy rbl8-52ad ﬁ?@ﬁré@ﬂéi ?Lié’@iiggtg

carrier of the Trequenc carrier speclityrng un t he
frequency t3adsSvleRicle communication system of the present invention.

Fig. 4B 1is a block diagram showing one example of a
reception system of the on-vehicle apparatus forming the
road-vehicle communication system of the present invention.
Fig. 5 i1s a flowchart showing the operation in the

reception system in Fig. 4B.



15 reception frequency to the receiving unit 26. Thus, the receiving unit
26.sets the frequency f5 as the reception frequency and receives the
carrier thereof. The denodul ating unit 28 establishes the synchronous
operation and denodul ates the transm ssion data fromthe carrier (YES in
step S111). The HST receiving unit 34 edracts the BST data fromthe
transm ssi on data denodul ated by the denodul ating unit 28. Further, the BST
receiving unit 34 checks the BST data and determ nes whether or not the
road- si de apparatus presents the desired service (steps S112 and S113). In
this case, theR@&EPEFAPHatPoE1igEsuNp ARAVAR, aﬁﬁetﬁéméfﬁP@P?HﬁnEEHaﬁecelV|ng

it 34 fi t f f5 d t th
oot on Shoshaip.Figh: 20Arey d9pig %Eﬁgy{’??st ShESRSTYPECERIPRG uni { “32 ©
t t t he dat i
e oo o pReRaREOC AR, Yz Mﬁ&%?&ﬁsnﬁgm Bhd, BadchoatPertion, *Che

denndulatlggs%g a%ﬁ Sexeégét rog g anggggﬁgrv%geﬁgresented by the
as € ser p 1

road- si de apparat us, The data

processi ng %%’is{né@s%ﬁs &Q%eﬂﬁof:fxﬁ%(}?r 9h§9§5§£9g8$ﬂgn0£ {a p%yﬁ&ess' ng

1S IﬂfOFﬁE recelr ving uni nseque

recel Vi ng Wlhgm s3haht §Htstt}%mf abdNBEChavEdh ngiggéhnréiﬁféﬁ?oﬁéﬂ% L0 | e

nmenti oned above, accord gto t he present e I ment on t

comuni cat itple p¥elemtldavehteonnanahiaCiesarRptabrsSik04migeeaves the
transm ssion data fromthe nmaster road-side apparatus 106, and obtains the

16 data on the Aeryh@ecomBtfRDtabgofit 8ystéiat P02 TasSording StPomsi bl e to
recogni ze the carrier of which frequency is to be received so as to receive
t he desireembediment Coapefises, awpdoaraiidtgesifr edadesitiecapparatasesd, the
onvehi cl e apparatus 104 does not need to check whether or not,

convent i ondlory commundeition dasedceon ther BSBAt esbgmsandenti dkbgtsonechi ng
the reception frequency The onvehicl e apparatus 104 specifies the carrier
for presentryebielgc sppagatasyilOd .- fﬁGﬁPShéhGaP&uﬁﬁlﬁgﬁ eér vpad-pidseenting
state, and pronptly sets_the frequency of the specified carrier, thereby
receiving W S&8 E?earpégugﬁdetﬁgpéﬁa$8ﬁl FénapEBFaFEErieﬂscaﬁ reduce

d f t h tch h d d
i o pr oSAMeL SERBRERRHe AL TAagts g (FRESR, G ERSed™) aREMBARPRE chbal ol y

f h h l & h
embodi ment P8 RL SRl W&.‘td;“'aﬁppar 4B 7 S HeRg= e pREFr CPbr

det er mi nat lgaherﬁ%mgs detvilcePaath0Fo2NETE0S 30 NQaaOgitha Qsatﬁénd when
the road-side apparatus for ETCis set in the toll road suc as the express

way, the dgirigentd ithe sRavilce oh ThepxT8l03TARdrbda-siaeYappardthbe
on-vehi cl e apparatus 104 perforns the data processing for ETC. That is, if

t he det er musingrtiree arriier sifekhel Freique¥cy, £8heaBSa maseeyi prgadnit 34 in
t he on-vehicle apparatus 104 extracts the BST data fromthe transm ssion
data denodwdisieedppanatasddfsdupaeiseptsnidatagopstbp Segviceaptedentingnes

whet her or not the desired service (service for
state to the on-vehicle apparatus 104.

Except for the road-side apparatus for transmitting
the carrier of the frequency £3 (master road-side apparatus
106), the transmission system of the road-side apparatus
forming the road-vehicle communication system 102 according
to the present embodiment has the same structure as that of
the conventional transmission system shown in Fig. 2.
Therefore, only the transmission system of the master road-

side apparatus will be described.



17 ETC) is presented by checking the BST data (steps S132). The

determ nation result in steps S132 is YES, and the BST receiving unit 34
allows the receiving unit 26 to fix the reception frequency to the
frequency f1, thereby continuing the reception of the carrier of the faxed
frequency f1. Then, the BST receiving Wt 34 starts the data processing
unit 36. Thus, the data processing unit 36 extracts the service data from
the transm ssion data denodul ated by the denodul ating unit 28, and executes

L, PLOCESS 19 Kgkebbind Ll £8P Renh f RXohlga LRCEH4on 08" 3 Uiy D25
processi nguAit et go8hd 3ol U5pREARGSSH08 LonpBLaGECH F0ahf1EEEERYI NG NI ¢

26 (step S1 esu recelivin sets the reception

frequency i@l gehlecd4a80eY ubdt 1bot g ﬁl@ﬁ\ﬁhﬁ%ih?ogﬂito'ﬂﬁof,OEnETQ in step

S132, the processing roufine advances to step S If the determ nation

result in theRspitting ¥EIt 112 .BSthectehrkRdsdioh d4thNgkbheraeinghi cle
apparatus 104 extracts the BST data fromthe transm ssion data denodul at ed

by the denpghdltatiiong defipiris@s( ahePcHtd fenetatdky UR2tB22 ¢ahda and

determ nes whet her or not the road-side apparatus presents the desired
servi ce (saulitdpliydhgEhehnssoEp thtSpreséht daventibaldi,on sesulitei N step
S152 is YES. Then, the HST receiving unit 34 allows the receiving unit 26
to fix the precenting btagecdatat genlesratiaguandy 23,sana¥DCogeonetratdagt he
reception of the carrier of the fixed frequency f2, and starts the data
processi ngunditt 136. (Bleayilce Hata genegdatingr meensi o Ghet p¥esenrtracts the
service data fromthe transm ssi on data denodul ated by the denodul ati ng
unit 28, ad®@venddends @pd g vddebdagomndie 1d8ryice for ETC presented by
t he road-side aggaratus, based on the service data éstegﬁSlSS The dat a

processi ng unit 868 8RE¥1PRcPEEEEREIPE SLARe ARtRNgeRETH E%sg%%E $4

informed to th i Vi it 26 (step S154) . As It th i vi
i ¢ 16, neHeTRRATE, SHRL AR B AREL IR PLas PRI B SR P TIEY Fo. 11 the

service s i diordingEEC a8k B 82eydlt, RLGEIRIIGY GubhGLAdUANCES Lo

r
step S106. According t e present "enbodi ment, one roa e appafatus,
that is, onlpe fadBIER dppadativie VA tilelaldh 30 BR LBGSh! FPedfkh ??
presenting state data generating unit 34 for generating and transmtfing
the data orardd@nFiald oy av@ldatdng he tpee o sekyvipesV piedenttea service
presenting state data generating unit 34 for all the road-side apparatuses
whi ch trandgy tthearcal-gidles appddat s, c@versy evads sidel dpparatpis.f or the
frequencies f1 and f2 dedicated for ETC, all the road-side apparatuses

i ncl udi ng the nédmdlardgdtei dbeappaventidondd vahttr EhenFEMChe data on the
service presenting state. In the above-nentioned structure, if the carrier
of the frefRARTATING anddt 2% @anpmptes cophroleslada fiome 1dRer contaPrl he
next frequency f4 is received, the datgﬁ n the service _presenting state can

be obt ai ne®t Fif AP qommpndgarion « S OFy Vst icdecappgratus

104, and multiplexes the data on the service presenting

state generated by the service presenting state data
generating unit 24 to the control data.

In the master road-side apparatus 106, the control
data obtained by multiplexing the data on the service
presenting state, as the transmission data, is supplied to
the modulating unit 110 via the switching unit 118. The
carrier of the frequency £3 1s modulated by the
transmission data and is transmitted by the transmitting

unit 112.



As nentioned above, on the road-vehicle comuni cation system of the present
i nvention, at |east one road radio 19 apparatus generates the data on the
service presenting state having a correspondi ng rel ati onshi p between
information indicating the type of services presented by the road-side
radi o apparatus and information indicating the road-side radi o apparatus
uses the carrier of which frequency, every road-side radio apparatus. The
data nul tipl exi ng means nultipl exes the data on the service presenting
state which is generated by the data on the service presenting state, to

the transnissi oReHETEINghEPFdPe, 4Pn the BACGRRIEP SYEEED AbpEhetW: it is
Fecel ving PREIENE SRPETPETad04 MRS FBsFoRsIPBAELE de radio apparal us
ervi ce i 5 CBPBSBIEAT oM GXF AHo ] O SOMBEAPE SorrEaviRdoPEdtnPld. 2t he
convent | onGery o RRRRL A 38, A e TG DaRARRab TR E TP ARR) cui 1 ching

Lhe T ecept ARtk NS Gt U NS ool SR e AL A gPRIENSLNT ! BErdesi f e

service is speci ta on e service-preSenting s e and the

reception ye%u%g%goqjg&?;%épeaq{d‘ 22 G a%ar 'I%rceisixiﬁ"gogﬂﬁ.ltyﬁet' As a result,

the on-vehicle ra rat’us can reducé a requited tine for the frequency

search, and canpgat Qactsheiﬂgshhgd 08l ke8eiVvBECEnEr 888Pi6xrt hgnseK Vige
requiring the high speed and can accurately performthe conmmunication

W t hout tr obtladned 3y WA Jhirg Ah-ReceptionA fireatievielyi and agmuni cation
system conprising a plurality of road-side radi o apparatuses and at | east
one on- vehitxlansmeldite dayya rtdteu s ragand ttdady sinde 1A ofappahatroadfsilde
comuni cati on based on a DSRC system conpri si ng nodul ati ng neans for

modul at i ng appadatvsr. byhe demodidiabingnumiin@s: eskabildsheg tbens for
transmitting the carrier after nodul ati on by said nodul ati ng neans by

suf fi ci ent SyBRyTronpisy apenadian ©f ddieo canrdesn recedvedi ¥yngheecei vi ng
means for receiving the carrier transmtted by said transmtting neans in

each of sa®Sdydrg yritLd% Ahdameddahes hhe fmagspissdop: dgga

f , Jwher.ei I t id d-sid di i ;
ervi co pr BERRY g Tng Srniiondth 1 e P tent 90h 2 RrE: 988Ph on o

Service pregenlidfig gfr?hﬁ‘aé’d %fa}ﬁl'efse?tﬁx@‘ﬂé& ol QlpleOBRHhA et ween

i nformation rndicatit e typeof services presented by sa!g road- si de
radi o appanildiemitd HUTR! i dH AL i 119 g1ltdle d Fod thed draindmisadon

apparatus uses the carrier of which frequency, every road-side radio
appar atus; gdth from the transmission data demodulated by the
demodulating unit 28.

The carrier specifying unit 32 specified the carrier
used by the road-side apparatus which presents the service
desired by the on-vehicle apparatus 104, based on the data
on the service presenting state separated by the service
presenting state data separating unit 30. The receiving
unit 26 1s controlled by the carrier specifying unit 32 so
that the frequency of the specified carrier becomes the
reception frequency.

The BST receiving unit 34 extracts the BST data (data

on the type of services of the present invention) from the

transmission data demodulated by the demodulating unit 28.



data mul ti pl exi ng means which nultiplexes the data on the service
presenting state which is generated by said service presenting state data
generating nmeans, to the transm ssion data. 2. A systemas clained in Caim
|, wherein: said road-side radi o apparatus further conprises FCMC 21
generati ng neans whi ch generates control3data for line control of radio
communi cation with said on-vehiole radi o apparatus, as the transm ssion
data, and nultiplexes the data on the service presenting state to the

control data. 3. system as cl.ai qed in aim 2, erein: [ oad- si de
r adi o appa?@teugspﬁlrte)#&iv?é‘@pr“i“& sgger"#heg sdgr?& §§%P§?Faglaggaﬂ§%%i ch
generates 9qrviges JAA BeHse R PR8 e ] LA a3 g 00 yehiglg radio
appar at us asdthe AR s &SN gat & 2°%a Syst'em as ai S ai m 3,

wher ei n: S?hx%sreﬁ:‘l' e deas‘iiz%@%%%ﬁtc‘és.  phleh “‘13‘3’0353?5’%?%&@3” Lafknggmeans

whi ch switches the transm ssion data generate generati ng

Teans and (iR vl RS flvide! RACEILR] the $2hdsRAkUICH daka generating

means and supplies the swt ata to sal ulating nmeans. 5. A system

as cl ai med gemddudiadPess M HenddulAitd nig'in12238S| dad" ade@utRRar at uses
anong said plurality of road-side radi o apparatuses, said service data

gener at i ng pRAIEE AP ol Ghd R18AICE §ieddind dbyn@hesroRdrighaent i c tol |
collection as the transm ssion data. 6. A systemas clained in Caimb5,

wher ei n: aldppeaiatus arhsidion atied sapfvdict data .excl udi ng one having said
service data generating neans which generates the service data for the
non- st op aut omaNextt,olal desicrdpttion, isogpvescofahdwsthei os-pebieheéi ng state
data generating neans and said FCMC generati ng neans.
apparatus 104 recelves the service data from the road-side
apparatus 106 on the above-structured road-vehilcle
communication system 102,

Herein, two road-side apparatuses (106) using the
carriers of the frequencies £4 and £5 form a common radio
communication zone for general roads and presents the
service. The on-vehicle apparatus 106 using the carrier of
the frequency f£f5 presents the desired service of the on-
vehicle apparatus 104.

Hereinbelow, the operation of the on-vehicle apparatus
104 will be described with reference to Fig. 5. When
starting a vehicle engine having the on-vehicle apparatus
104, the power source of the on-vehicle apparatus 104 is
turned on (step S100). The receiving unit 26 in the on-
vehlcle apparatus 104 first sets the reception frequency to
the frequency f1 (step S102). 1In this case, the road-side
apparatus using the carrier of the frequency fl for ETC is
set only to an express way. As mentioned above, since the

demodulating unit 28 1s not set to the general roads, the

carrier of the frequency fl is not transmitted and the



22 7. A systemas clainmed in Claiml1l, wherein said on vehicle radio

appar atus conprises: denodul ati ng neans whi ch denodul ates the transm ssion
data fromthe carrier received by said receiving neans; service presenting
. State data separating neans which separates the data on the service
presenting state nultiplexed to the tramsm ssion data, fromthe
transm ssi on data denodul ated by sai d denodul ati ng neans; and carrier

speci fyi ng means whi ch specifies the carrier used by said road-side radio

apparatus for presenting a desired service, sed_on_ the data on. th
service pré&¥@ 'ﬁ&°§?a?%e§@§§P3t&6 B?tsﬁf éEE§9Pe€ gpgsgﬂt?ﬁﬁps§ﬁ?%?data
SePar 2t O gfERN edS eIl 3307 e RELH B BERDS BB Dal kil cauency
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operation (NO in step S105).

Next, the reception unit 26 in the on-vehicle

apparatus 104 sets the reception frequency to the frequency

£3 (step S106). The master road-side apparatus 106

transmits the carrier of the frequency £3. Therefore, the

recelving unit 26 receives the carrier and the demodulating

unlit 28 establishes the synchronous operation (YES in step

S107), and demodulates the transmission data from the

master road-side apparatus 106 (step S108). The service

presenting state data separating unit 30 separates the data

on the service presenting state which is multiplexed to the

transmission data, from the transmission data demodulated

by the demodulating unit 28. The carrier specifying unit

32 gspecifies the carrier used by the road-side apparatus,

which presents the desired service, based on the data on

the service presenting state. As a result, when the

carrier corresponding to the desired service 1s specified

(YES in step S109), the reception frequency i1s set to the

frequency of the specified carrier under the control of the

receiving unit 26 (step S110). According to the present

embodiment, since the desired service is presented by the

road-side apparatus using the carrier of the frequency f£5,

the carrier specifying unit 32 sets the frequency f5 as the



Ul cfal] ca] ca] cTa] caC

V2e' % | vpke [ U] ca] U] ca] ca] cal] ca] cal] cal] ca] cal] ca] cal] cal] ca] cal] ca] cal] ca
] caU] calU] ca] ca] ca] ca] ca] cal] cal] cal] ca] caU] ca] ca] ca=% #- #QA W& ( () **~xr |
. T ZTke [ U] caU] cal] cal] cal] caU] cal] caU] ca] ca] cal] ca

Ul cral] cal] ca] ca] ca] ca] cal] cal] caU] ca] cr§ cal] c

a] cal] cal] cay] cal] cal] ca] ca*: +=+?+, Z/ 08000000Z33455557379T; W Z;

g=3>4>>?yt oi c] Wke [ U] U] cal] cal] caU] cal] ca] ca] cal] cal] caU] caU] cal] ca] ca] caU
] caU] ca U] c”aU] ca] ca] calU] ca] cal] ca

U c”a Ll qg§§35$3 g?@ghregy > GenARBDEECEEVIng unit 26.

%:%E%é?jiﬁﬁhb@rﬁ% PbCefuinaspoat cab; LEEP cERs T aReReT LSR8 ol ra
\B\] Anan dhe EM&@&BEF&&H}"Wf and, XeCELUPE) ERE) CRTFESE R6FERET ca) caU ¢
2 s e A AGAE Saa e kTR ahadke alECarbeRrbaHcal ool cal ool
0 oach ou] CHd cg’bﬂ %ﬂ‘f Ueliftfidl ?%sg]u e 3 dhSepiphrahta ezeh €88 01 O o

U
| ol cay bar S0y oats ST S APRNGE] BB phsepyeyand caskesheay caticn

&10%& () - s ebitadis &1l HEE (ata FELR LR (Hranbmi@¥fon) aa®aEr 109%& ()- F

109 ()- 109 ()- | 109 ()-4109%& ()-10%& ()-CGdYNC 10
demodulated by the demodulating unit 28. Further, the BST
receiving unit 34 checks the BST data and determines
whether or not the road-side apparatus presents the desired
service (steps S112 and S113). In this case, the
determination result is YES and therefore the BST recelving
unit 34 fixes the reception frequency to the frequency f£5
and continues the reception of the carrier of the frequency
£f5. The BST receiving unit 34 starts the data processing
unit 36. Thus, the data processing unit 36 extracts the
service data from the transmission data demodulated by the
demodulating unit 28, executes processing of the service
presented by the road-side apparatus, based on the service
data (step S114). The data processing unit 26 ends the
processing and then the end of the processing is informed
to the receiving unit 26 (step S115). Consequently, the
receiving unit 26 starts the frequency search again (step
S102).

As mentioned above, according to the present

embodiment, on the on-vehicle communication system 102, the
on-vehlcle apparatus 104 recelves the transmission data

from the master road-side apparatus 106, and obtains the
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data on the service presenting state data. Thus, i1t i1s
possible to recognize the carrier of which frequency is to
be received so as to recelve the desired service.
Therefore, when the desired service is received, the on-
vehlcle apparatus 104 does not need to check whether or not,
conventionally, the deslred service 1s presented by
sequentially switching the reception frequency. The on-
vehicle apparatus 104 specifies the carrier for presenting
the desired service, from the data on the service
presenting state, and promptly sets the frequency of the
specified carrier, thereby receiving the service.

As a result, the on-vehlicle apparatus 104 can reduce a
requlred time for the frequency search, can catch the
desired carrier which presents the service requiring the
high speed, and can accurately perform the communication
without trouble.

According to the present embodiment, since the road-
side apparatus for ETC is not set, the determination
results in steps S103 and 105 are NO. On the other hand,
when the road-side apparatus for ETC i1is set in the toll
road such as the express way, the determination results in
steps S103 and 105 are YES and the on-vehicle apparatus 104
performs the data processing for ETC.

That is, 1f the determination result in step S103 is
YES, the BST receiving unit 34 in the on-vehicle apparatus
104 extracts the BST data from the transmission data
demodulated by the demodulating unit 28 (step S131), and

determines whether or not the desired service (service for
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ETC) is presented by checking the BST data (steps S132).
The determination result in steps S132 1s YES, and the BST
receiving unit 34 allows the recelving unit 26 to fix the
receptlion frequency to the frequency f1l, thereby continuing
the reception of the carrier of the fixed frequency f1l.
Then, the BST receiving unit 34 starts the data processing
unit 36. Thus, the data processing unit 36 extracts the
service data from the transmission data demodulated by the
demodulating unit 28, and executes the processing for the
service presented by the road-side apparatus, based on the
service data (step S133). The data processing unit 36 ends
the processing and the end of the processing is informed to
the receiving unit 26 (step S134). As a result, the
recelving unit 26 sets the reception frequency to the
frequency £2. If the service is not one for ETC in step
S132, the processing routine advances to step 5104.

If the determination result in step S104 1s YES, the
BST receiving unit 34 in the on-vehicle apparatus 104
extracts the BST data from the transmission data
demodulated by the demodulating unit 28 (step S151), checks
the BST data, and determines whether or not the road-side
apparatus presents the desired service (service for ETC)
(step S152).
The determination result in step S152 1is YES. Then,

the BST receiving unit 34 allows the receiving unit 26 to
fix the reception frequency to‘the frequency £2 so as to

continue the receptlion of the carrier of the fixed

frequency f2, and starts the data processing unit 36. Thus,
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the transmission data demodulated by the demodulating unit
28, and executes the processing of the service for ETC
presented by the road-side apparatus, based on the service
data (step S153). The data processing unit 36 ends the
processing and the end of processing 1s informed to the
receiving unit 26 (step S154). As a result, the receilving
unlit 16 next sets the reception frequency to the next
frequency £3. If the service i1s not one for ETC in step
5152, the processing routine advances to step S5106.

According to the present embodiment, one road-side
apparatus, that is, only the master road-side apparatus 106
comprises the service presenting state data generating unit
34 for generating and transmitting the data on the service
presenting state.

However, by providing the service presenting state data
generating unit 34 for all the road-side apparatuses which
transmit the carriers of the frequencies £f3 to £7, except
for the frequencies f1 and f£2 dedicated for ETC, all the
road-side apparatuses including the master road-side
apparatus 106 can transmit the data on the service
presenting state. In the above-mentioned structure, if the
carriler of the frequency £3 1is not received for some reason,
the carrier of the next frequency f4 1s received, the data
on the service presenting state can be obtailned, and the
desired service can promptly be received.

As mentioned above, on the road-vehicle communication

system of the present invention, at least one road radio
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apparatus generates the data on the service presenting
state having a corresponding relationship between
information indicating the type of services presented by
the road-side radio apparatus and information indicating
the road-side radio apparatus uses the carrier of which
frequency, every road-side radio apparatus. The data
multiplexing means multiplexes the data on the service
presenting state which i1s generated by the data on the
service presenting state, to the transmission data.

Therefore, in the on-vehicle radio apparatus, it is
possible to recognize the carrler of which frequency 1s to
be received by receiving the transmission data from at
least one road-side radio apparatus and obtaining the data
on the service presenting state so that the desired service
1s presented. Thus, when the desired service is presented,
the on-vehlcle radio apparatus does not need to check
whether or not, conventionally, the desired service is
presented by sequentially switching the reception fregquenocy.
Further, the carrier for presenting the desired service is
specified from the data on the service presenting state and
the reception frequency of the specified carrier is
promptly set.
As a result, the on-vehicle radio apparatus can reduce

a required time for the frequency search, and can catch the
desired carrier which presents the service requiring the
high speed and can accurately perform the communication

without trouble.
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WHAT IS CLAIMED 1IS:

1. A road-vehicle communication system, comprising a
plurality of road-side radio apparatuses and at least one
on-vehicle radio apparatus, said road-side radio apparatus
for communication based on a DSRC system comprising
modulating means for modulating a carrier by transmission
data and transmitting means for transmitting the carrier
after modulation by said modulating means by sufficient
power, said on-vehicle radio apparatus comprising recelving
means for receiving the carrier transmitted by said
transmitting means in each of said road-side radio
apparatuses by switching a reception frequency,

wherein at least said one road-side radio apparatus
comprises:

sexrvice presenting state data generating means which
generates data on a service presenting state having a
corresponding relationship between information indicating
the type of services presented by said road-side radio
apparatus and information indicating that said road-side
radio apparatus uses the carrier of which frequency, every
road-side radio apparatus; and

data multiplexing means which multiplexes the data on
the service presenting state which i1s generated by said
service presenting state data generating means, to the
transmission data.

2. A system as claimed in Claim 1, wherein:

said road-side radio apparatus further comprises FCMC
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generating means which generates control data for line
control of radio communication with said on-vehicle radio
apparatus, as the transmission data, and multiplexes the
data on the service presenting state to the control data.
3. A system as claimed in Claim 2, wherein:
sald road-side radio apparatus further comprises
service data generating means which generates service data
on services presented to sald on-vehicle radio apparatus as
the transmission data.
4. A system as claimed in Claim 3, whereiln:
sald road-side radio apparatus further comprises
switching means which switches the transmission data
generated by said FCMC generating means and the
transmission data generated by said service data generating
means and supplies the switched data to said modulating
means.
5. A system as claimed in Claim 3, wherein:
in said two road-side radio apparatuses among said
plurality of road-side radio apparatuses, sald service data
generating means generates the service data for non-stop
automatic toll collection as the transmission data.
6. A system as claimed in Claim 5, wherein:
all saild road-side radio apparatuses excluding one
having said service data generating means which generates
the service data for the non-stop automatic toll collection,

comprise sald service presenting state data generating

means and sald FCMC generating means.
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demodulating means which demodulates the transmission
data from the carrier received by sald receiving means;

gservice presenting state data separating means which
separates the data on the service presenting state
multiplexed to the transmission data, from the transmission
data demodulated by sald demodulating means; and

carrier specifying means which specifies the carrier
used by sald road-side radio apparatus for presenting a
desired service, based on the data on the service
presenting state separated by said service presenting state
data separating means, and controls sald receiving means so
that the frequency of the specified carrier is set to the
reception frequency.

8. A system as claimed in Claim 3, wherein:

sald service data generating means in each of said
road-side radio apparatuses generates the service data and
data on the type of services presented by sald road-side

radio apparatus, as the transmission data.



