VEHI-&E ‘COVMUNI CATI ON SYSTEM US| NG STAGGERED COVMUNI CATI ON' CYCIREME

| NTERFERENCE CROSS- REFERENCE TO RELATED APPLI CATI ONS This application is
related to and clains priority from Japanese Patent Application No. Hei.
7- 33524, incorporated herein by reference. 10

BACKGROUND OF THE I NVENTION 1. Field of tthe Invention The present

I nvention relates to a vehicle co Leatt-an—sF '
road-install ed device having a plurality TRIS $HEEIHﬁ%E$§Nt
predet er ni ned conmmuni cation 15 areas ¢h a rﬂ&ﬂLAQ BB a veljicle:installed
device provided in a vehicle for connunlc ] e road-installed
devi ce when the vehicle passes ‘

1E oo ) § SYSTEMNI cation areas. 2.
Description of Related Art 20 In a typi cal conventi onal
automatic tolling system for UB&Y GEEREDS GOMMUG CATIONG SXCLE , a
vehicle is provided with a. connunE§§§%§E d£V|§§ E;N%.,.a vehicle-installed
device) that stores a pre-register nber or the |ike.

Al so included is; a place for tolling using anot her conmuni cation device 25
(i.e., a road- |nstalled devi ce) for when the vehi cl e passes through a
conmuni cati on area det er m nexbIS¢REFERENGE OF LR deeipxdameoNg ONTTUNi cat i ng
with the vehicle-installed device to Substltute sheet - 16 February 1998
recogni ze that the vehicl EthaAPRYLITFEORdG Selated tYodarf Fiakma poiraigrbisomhas

passed through t r}%ngﬁeege ggge% gm:ﬁl.sL1 ctap-one}.(rgntﬂe-:rgl §3:24, incorporated hereLn

by reference.

R oF TION
The present invention. rélates to. a vehicle
communication system including a road-installed device having a
plurality of antenna units that set predetermined communication
areas on a road, and a vehicle-~installed device provided in a
veﬁicle for communicating with the road-installed device when the

vehicle passing through one of the communication areas.

escripti =) ed
In a typical conventional automatic to_lling system for
toll roads, such as express highways, a thicle is provided with
a communication device (i.e., a vehicle-iﬁ-stal-led device)- that
stores a pre-registered identification number or the like, and
a place for tolling is provided with another communication device
(i.e., a road-installed device) for, when the vehicle passes

through a communlcaulon area -rdetﬂrz;_l.,

negL by the roa.d-m.s‘.:a1 led*?

This Sheet Has Been Replaced
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e-nabl es the toll to be collected he basis of the data

—-

recorded. 5 - Howe H'Sa?rH'EEUMSBEEM ti onal systens

“generally are desi gned for a single t r BEPLACEBINe angl t herefore have sone
difficulties in application to a typrcar_road fewrg a plurality of |anes.
A toll data communication system adapt@d?to a road with a plurality of

| anes is disclosed in, for exanple, Japanese 10 Lai d- Open Pat ent
Publication No. Hei. 5-324967.. This road toll collecting system using
non-contact I1C cards is designed to inprove the reliability in vvireless

communi cati ons pgtdaReatiNthientéild8th AaigCenatdgoOe Nt 86k 1 5 GRE LS
a check barrier. In this system a road device 15 provided In a check

barrier is conneutsst hes Ppasisedadirbygivfchandimmanasd shateatte asveangeth soqdhat

t he conmuni cation areas of the antennas are shifted fromeach other in the
vehicle travel i g ¥eet FBR Wth PPt leereadl PRRRY Meansretirobasis

i ncreases the occ jons. Ln_whigh,communication between the road device and
t he 20 nofi* c ;&Fali’car §S° of the vehicles is possi ble. This

construction elimnates. d.for r f. tic tollin |
kOPeiacdal e er CORVURGoRL ke 1 " s

procedure with the individual "anes bei ng separated 1I°'n a oﬁneFS

a express hi'ghvaysigdear efdrold i sithdle needeik bide paid ainEekbfs WL AUTBL én%
tolling procedure 25 for the plurality of lanes as they exist, er eby

reduci ng t he naApbijaultdgsiinedrpkidatbon tiony tybécahaioddiveiag &Ipaﬁfam‘"
congestion occurring at toll 00 However, because the

above- descr i bed°th§‘berﬁ‘i oﬁ‘almgys"lg‘aé?‘ﬁ CORMHIEEt 1P S TSRPRNFEAPHSE 5P rantRad over
a Iohg di stancewith a plurality of lanes is disclosed in, for example, Japanese
-Laid-OPen Patent Publication No. Hei. 5-324967.

This road toll collecting system using non-contact IC

cards is designed to improve the reliability in wireless

_communications between a road-installed device and non-contact

- IC cards in a check barrier. In this system, a road device
provided in a check barrier is connected to a plurality of
antennas that are arraanged so that the communication areas of the
antennas are shifted from each other in the vehicle traveling
direction with respect to each lane, in order to increases the
occasions in which communication between the road device and the
non-contact IC cards of the vehicles is possible.

This construction eliminates the need for performing
an automatic tolling procedure with the individual lanes being
separated in a tc;ll road, such as a express highway, where
tolling is needed;, but performs the automatic tolling procedure
for the plurallty of lanes as they exist, thereby rednclng the
manpower required and reducing the incidence of traffic

conqgestion occurring at toll booths.
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It is necessary that the antenng
spaces. To avoid this, a constr
but allows the antennas to be ar / RERIY 2t L edu:
follows. In an exanple constructitem=a prarality of antenna units are

provi ded so that comruni cation areas are3prOV|ded corresponding to

I ndi vidual | anes of a road and so that the 10 comuni cati on area of
each antenna unit overl aps the nei ghboring communication area, so that the
conmmruni cation areas of the antenna units cover the entire width of the road
wi t hout any conmmuni cati on blind area. | fferent trans si on t|n1n s.are
deternined for the an?@ﬁﬁ%?ﬁhl CRHB8e %%hﬂﬁﬁ?%%ﬁ ?ﬁ?r&gé §@aventicqhad, | ap

each ot her, and dlfferent or the

det d f
antennas wi tTHF FETYE"TH § ac % vsﬁ?ﬁ} uea%gégs?d Veev%ceé{l%g F&R%e the
signals, ! NuS eBablaRdsLety abgsageqavaageﬂaﬁws Hawenee. berause alAy

expected drda descr |s construction has

problemin tﬂ?sttéﬂeat%m&g | OfS deliweeni s webbgderidtsioal Lagk C&%&ﬁ\bg,gfcand

an antenna unit may fail. An exanple construction where such a dra

occurs will besGeSicid hedhwilt But of FIowEC ehé CafldaRas] Boand dfrangebBvelrl @ 15
shows a gantry 1 that extends over the width 25 of a road on which
vehi cl es tr avedudegdrbtishenbetinmst doflhews op of the sheet of the draw ng.
The gantry. 1 is provided with two antenna units 2, 3 that define

communi cati on areas 4In5an e&@mpé9p690$vtﬂﬁtlcﬂuaQuiﬁﬁﬁﬂléévlGﬁ Andenng, 5

have an overlap area
units are provided so that communication areas are provided

narrow i nstall ation
a simlar nethod

corresponding to individual lanes of a road and so that the

communication area of each antenna unit overlaps the neighboring

communication area, so that _the communication areas of the

antenna units cover the entire width of the road without any

communication blind area. Different transmission timings are -
determined for the antenna units whose communication areas

overlap each other, and different signal frequencies are

determines for the antennas within a range in which vehicle-

installed devices can receive the signals, thus enabling reliable

communications.

However, because of an expected drawback as described
below, this construction has a problem in that the communications
between a vehicle-installed device and an antenna unit may fail.
An example construction where such a drawback occurs will be
described with reference to FIGS. 15 and 16A - 16D.

FIG. 15 shows a gentry 1 that extends over the width
of a road on which vehicles travel from the bottom to the top of
the sheet oflthe drawing. 'The gantry 1 is provided with two

antenna units 2, 3 that define communication areas 4/ S,

Sheet Has Been Replaced




Din common. If a device 6 installed in a vehicle passes through a

peri pheral edge area of one of the conmunication areas, at |east one of the
antenna units 2, 3 will comunicate with the vehicle-installed device. The
antenna units 2, 3 transmt pilot signals and interrogation signals and
unnmodul at ed carrier waves over the coniuffi Cation areas 4, 5 at different
frequencies and different transm ssion timngs. Wen the device 6 installed

in the vehicle passing though the conmunication area_ 4 or 5 receives a
pil ot signal fYRFRSIFAVEAYennheFPIMYNiGaTdoReAT 3% 4/nSt BAYR #BVPELAR area

det ' th t it 2 fixed i cati ty._t ti

further cormur? ot FMEOB LEehei e Snf AFGALLOY 2P FHTo &1 SREFES BT FHe
th t Lt ti | [ [ | ti

Chus avol do 1 BYSUERAEY (P08 AEAs e OBR, 8Fc cnfr Comp e GRTehicds) 8,

through the ove(]ab HLyDerdNalekhe CafitL oAl Sl ebnibfladts WAR faleh

t he antenna uni us experiencing radio interference. However, If

the vehicle-ingdidded ide¥heed deviicaSt atleedntonia Ykl ¥£IH ek@nshi€piasta
notorcycle, and 1f the device 6 and another device 7 also installed in a

smal | vehicl e §igusls sindeinbyridgieiands sgmalls andoushgdwrited aaroier haweisng
area D, interference may occur as descri bed bel ow, dependi ng on the
contents of coowemitis icomgunScation rereaso 4and eamadiffiareng fBeguencissa and
each other and their comunication areas 4, 5 overlap each other in the
area D, the amdiffferant tyapsmasgken FALRGFt ed so that the timing of 5

When the device 6 installed in the vehicle passing
though the communication area 4 of.s receives a pilot signal_from
the antenna unit 2, the vehicle—inétalled device 6 determines the
anéenna unit 2 as a fixed communication party to continue further
communications and remains unresponsive to pilot signals from the
other antenna unit 3 until the communications end. This.
construction thus avoids the drawback that when the vehicle-
installed device 6 passes through the overlap area D, the device
6 receives pilot signals from both the antenna units 2, 3, thus
experiencing radio interference.

However, if the véhicle-installed device 6 is installed
in a small vehicle, such as a motorcycle, and if the device 6 and
another device 7 also installed in a small vehicle travel side-
by-side and simultaneously enter an overlapping area D,
interference may occur as described below, depending on the
contents of communications.

| Since the two antenna units 2, 3 are next to each other
and their communication areas 4, 5 overlap each other in the area

D, the antenna units 2, 3 are controlled so that the timing of



transmi ssion of a pilot signal PLT or an interrogation signal- RC or WC from
‘the antenna unit 2 is shifted fromthe timng of transm ssion of a pil ot
si*gnal PLT or an interrogation signal RC or WC fromthe antenna unit 3 by
half (T/2) of the cycle T of the transm ssion of the antenna units 2, 3
(see FIGS. 16A and 16D). Wen the two vehPcte-installed devices 6, 7 enter

t he overlapping area D, the devices 6, 7 receive a pilot signal PLT1 from
the antenna unit 2, which starts transm ssion earljer than the antenna unit
3. The vehi cltEansmiasien ded Below signgbRYes ARl iterrogenien s$ignallsRESP1,
RSP1' corresponding to the pilot signal PLT1, and transmt the pilot
response si gR&l FRIFPM F@Fel AanReIngq Rt g J*tshébéf&ﬁél $rReithpetiméng ngf an

unnodul ated carri et mave om.t q:anten un e FIGS .16B and_16C).
Sinoe the: antEARERRAT LS 94 acpb it BRGSAL bl ok gp 1 arrprat LoRmE SR rRe he
yemeLe neL ek e ARl GReOantll Al uhte o B3°halfAh oY LG DN Al B

device 7, the antenna unit tran ron sig

generat ed ok Jpligny8hisd Gy r’cﬁfeaah@én&ae\@n&%sfizgS§e<féeGszé§A)1 a e LB ot her

hand, the vehicle- installed device 7 does not receive an |n errogatl

signal generated ther efién ajtiehewghvdtidlas ihseabrad td%ﬁh&é@ el | PlentEPORSE
signal RSP1'. Thus, the vehicle-installed device 7 wil respond to a pilot

signal PLT2 foﬁzem‘ﬂ.abplwtaeafdaanuntne devibes 65 t Nergedivd a— pisdeldimaderttes 6,
7 continue the communications with the antenna units 2, 3, respectively, a
time At nay decomr the awnqnna:Melte&poﬁsshssgmmﬂsFﬂiansmaasncnteatluerthman
antenna unit 3 by the vehicle-installed device 7 as a result of the data
read from a $b6ragkeRpa Undf fhe %V%@qlqﬂnﬁéébb%éieﬁ’éces 6, 7 generate’

pilot response signals RSP1, RSPl' corresponding to the pilot
signal PLT1, and transmit the pilot response signals RSP1, RSP1'
by modulating the signals when reflecting an unmodulated carrier
wave from the antenna unit 2 (see FIGS. 16B and 16C).

| Since the antenna unit 2 receives the pilot response
signal RSP1 from the vehicle-installed device 6, which is closer
than the vehicle-installed device 7, the antenna unit 2 transmits
an interrogation signal RC1 generated for the vehicle~installed
device 6 (see ETé. 16a). On the other hand, the vehicle-
installed device 7 does not receive an interrogation signal
generated therefor although it has transmitted the pilot response
signal RSP1'. Thus, the vehicle~installed device 7 will respond
to a pilot signal PLT2 from the antenna unit 3.

While the vehicle-installed devices 6; 7 continue the
communications with the antenna units 2, 3, respectively, a time
At may océur in which the response signal RD2 transmitted to the
antenna unit 3 by the vehicle-installed.device 7 as a result of

the data read from a storage unit of the device 7 in response to



6 the interrogation signal RC2 overlaps the response signal WDL transm tted
to the antenna unit 2 by the vehicle-installed device 6 (see FIGS. 16B and
16C). However, if the two vehicle-installed devices 6, 7 simultaneously
transmt response signals WDl and RD2, the signals interfere with each
other and then the antenna units 2, 3 Gafindt separately receive the
response signals WD1 and RD2. Thus, the antenna units 2, 3 are in an
interference state and cause a problemin that neither of the signals can
be properly received. SUMWARY OF THE | NVENTI ON The present invention is

i ntended to sl AISETREBTLORt ST R QNEFl?ESiEhgnr%%ﬁ%{ﬁe ¢tlgnéd WDl

invention to provide a.vehicle comunication systemdin which, if a
pl ur ial ity of s&lépeflnfs"t §E‘Fe%fmed‘é’\7i 'f:'_éét Itzq?:\‘f §¥‘Sp:é%r%ﬁ%§t :PﬁFBﬁiﬁF_deaﬁce
over | appi ng comuni on ni cati ons between the

vehi cl e-i nst aﬁjl(es edg\?g;géslgénﬁﬁéinggn a units are unfailingly enabled. A

vehi cl e comuni cation Fg,;é@élg’acg?rgﬁ@gt&@ @eﬁicflset-i@éﬂggge@f abPE LI egent,

i nvention includes a plurality antenna units provi correspondrhg’'to a -

plurality of £omMHARestsp tiadenit HesPBhEOdTigNE16 WIBhE AHD2ONERSignals
transmtting interrogation signals in a predeterm ned cycle and for

recei vi ng a ragjeyteeeswitinleddhoothdre andmhen cdiel antedeawni®s 2, 3 cannot
vehi cle-install ed device for setting different timngs of transmtting

i nt err ogat i onsepagadiedyf veceaive ddet respeonseotighal|WRlalandyRD2. artharsnathait s
whose communi cation areas nei ghbor and overlap each other so that the
timngs are anfigfm@edritdmbpach Hiheln 3 ipfigrfegpncenhgtate and cause a

problem in that neither of the signals can be properly received.

W

The present invention is intended to solve the above
stated problems. It is an object of the invention to provide a
vehicle communication system in which, if a plurality of vehicle-:
installed devices aré passing through an oveilapping
communication area, communications between the vehicle-installed
devices and anﬁe'nna units are unfailingly enabled.

A vehic_le communication system according to a first
aspect of the present invention includes a plurality of antenna
un.its provided corresponding to a plurality. of communication
areas for performing communications by transmitting interrogation
signals in a pre&etermined cycle and for receiving a-response
signal from the communication areas; a vehicle-installed device
for setting. different timings of transmitting interrogation
signals for at least those of thé plurality of antenna units
whose communication areas neighbor and overlap each other so that

the timings are -shifted from each other by half of the



7 transm ssion cycle, and for identifying a vehicle passing through one of
t he communi cation-areas on the basis of a signal received; a-

vehicl e-instal |l ed device provided in a vehicle for transnmitting a response
signal when receiving an interrogation signal fromone of the antenna units
and for, when receiving an interrogation’signal again fromthe same antenna
unit, transmtting an interrogation response signal, so as to perform
conmruni cations; and a comuni cation control unit provided in the vehicle-
installed device for setting a timng of transnitting a response signal for

the interrogatdQniss88alcycled dddop0idintaky g (‘ahv&'!x:U@leivlba.bQélﬁiI tArough
predet erm ne Iength of tine elapses; the tine point being within theé

transm ssi onpayelEerd cohuhbéftidigaieas i ghalbasAscof di Bdghal tdeceigsgect of
the invention, the antenna units transmt interrogation signals over the
comuni cat i envahtase+ingtzd lededetisrenprevidedcie d nebicle fonanrnsmikainghe
transm ssion timngs of neighboring antenna units are shifted from each

ot her by hald responge|sdgnal\sn zegehyine apnnt@rregasion ¢dgsplLaomeonti ng
vehicl e enters a conmunicatign area, the vehicle- ipstalled device
transmts a QfsEhithRAtengaaPprisst AR AFP%n e TeCFLBIMANTR LR HRFTgSREAeR has

recei ves an |nterro atlon %a{: and erfotrmgurth ?Q‘mTHnlctlons with
that antenna®ifRat g"ﬁ% Rey IS8R c ARTBERUNT pansmiteing an

. yehicle- 'rggtef:'bé%%d LL68 DEIgrddic sLERLI o of T 8 &smgc@ga@%re%&snétgna'

errogation si oatlrre ol nt at tlrrea
| east a pred&% ‘ﬁﬁ%leleﬁ tdorﬁ%rsial%ge A%mlueae {101 Bhe b&igAG bt hi N
t he |nterrog I on signa

transm ssion cycle. a result, for exanple, if a
plurality of;sd@illed device for setting a timing of transmitting a response
signal for the interrogation signa.l to a time point at which time
at least a predetermined length of time elapses, the time point
being within the transmission cycle'of the interrogation sigmnal.
According to this aspect of the invention, the antenna
units transmit interrogation signalé over the communication areas
in.the predetermined cycle in such a manner that the transmission
timings of neighboring antenna units are shifted from each other
by half the cycle. When a vehicle-installed device of a
traveling wvehicle enters a communication area, the vehicle-
installed device transmité a response signal to the antenna unit
from which the device has receives an interrogation signal, and
perform further communications with that antenna unit. The
communication control unit of the vehicle-installed device sets
the timing 6f transmitting a response sighal for £he received
interrogation signal to a time point at which time. at least a
predetermined length of time elapses, the time point being within
the interrogation signal transmission cycle.

As a result, for ei:ample, if a plurality of small



8 vehicles travel side-by-side and enter the conmunication overl appi ng area
and start communi cations with nei ghboring antenna units, the response

signals fromthe vehicle-installed devices will not conflict with each
ot her since the conmunication control unit of the vehicle-installed device
del ays the response signal transnission8tTning. If the response

signal were transmtted i nmedi ately when the signal is generated w thout
the timng delay operation, the response signal could interfere with the
response signal fromthe ot Eer vehi cl e-i nstal‘led devi ce, Thus, the vehicle.
conmuni cat i onVeBAGER acFVarngS eI S198 pei of*NHEE | B8Nt FOfURication

substantial ly “Fﬁt vent.s radio int ﬁr fsecrence and Rerforms cq ni cat.i.ons
ec

without a faif .aagrlé"fzer%?)ﬁ/, aft _ -oar’f:ﬁun?%%_uln&n ci’icﬁ??o!w 'tn?JrﬁHki?Jé'él_ga
timer that Sta(ds maitkaneans! Yeuiddie' Se6RL1 O thS LRhEE{ 00AIAN 8LoNal

to count transnission Inhibition tihnme, an e conmuni cation Contro it

transmts theyd&dd Q981 ifyt ebARPct fith@abhPHAURELES +AREEG ibRe
timer has en?éé(jﬁ%:sizorgdi ng to thi sc aslpiect aof t he i nvention, Eftﬁ%ﬁlé&fubﬁ

communi cat i ONe¥H¥d10LniBi ¢ Hha' véhidle-ihBesl Tetti deirige Qsladlsi €Re Hesoaski Mer
when receiving an interrogation signal, and transmts a response signal for
the interrogaiquelsi grahsmissivm t timimpunt i ) dher atésponsle t BbgidNEkvelas
ended and the transm ssion i-nhibition time has elapsed. As aresult, if a:
plurality of srensmitdedcimsediatedy whet the-signalaha genesratiedewithoninichat i on
overl appi ng area and start conmmuni cations with nei ghbori rcllg.antenna units,

&

the response Biming SelAY| ORRN2tdOR! | The TRFPPRSDACANALIFRNLD ABtemtake WhEN

above. Thugﬁe %Qgﬁogggngiéaal_from the other vehic;e-installed device.
Thus, the vehicle communication'system according to this aspect
of the invention substantially prevents radio interference and
performs communications without a failﬁre.

Preferably, the communication control unit includes a
timer +that starts simultaneously with reception of the
interrogation siénal to count transmiséion inhibition time,'and
the communication control unit transmits the interrogation signal
if the time couﬁting operation of the timer has ended.

According to this aspect of the invention, the
communication control unit starts the timer counting operation
of the timer when receiving an interrogaﬁion signal, an_d
transmits a response signal for -the interrogation signal if the .
time counting operation of the timer has ended and the
transmission inhibition time has elapsed.. As a result, if a
plurality of small vehicles travel side-by-side and enter the
communication overlapping area and start communications with
neighboring antenna units, the response signals will not conflict

with each other as described aboﬁe. Thus, the wvehicle



9 conmuni cati on system according to this aspect of thé invention
substantially prevents radi o I nterference and perforns

cémmuni cations without a failure. Another aspect of the present invention
provides a plurality of antenna units provided corresponding to a plurality
of comuni cati on areas for perform ng conmdruni cati ons by transnmitting

i nterrogation signals in-a predeterm ned cycle and for receiving a response
signal fromthe communj cation areas; a. vehicle-installed device for setting
different ti ﬁPﬂB‘énb‘Fa’i’r%sﬁﬁﬁtﬁF‘n&cFﬂ’E&IP%g%ﬂi SsPIREFS Phrthe jnvantiomose
of the plural of _antenna_unj ts_whose .conmmuni cation areas nei ghbor and
overl ap eachs%ﬁ‘éan’oa- t PREVETTT ngd3dre sHFEASTTRTH eaéﬁgot ERﬁr al f

of the transgkﬁﬁhﬂgc%@§35§ wngohgr?ifgiydigying a vehi cl e passing through
s e,

one of the comunircation aréas on asis of a signal received; a

vehicle-installed devigg dieQvi den & Vgt -;;}%sfe‘?ﬁ: tf@;ﬁg&%hia%g,o@iaﬁgpggistes

signal when receiving an I nterrdgation sign rom one o antéen

and for, whep1peaeivy N antbAhLUrAGR! hedv SddN@bra8dbdndimebhg rﬁ&%ﬁﬁ%e““a
unit, transmtting an interrogation response signal, to-perfor

conmuni cati 0Bg; @BfmanCEOATALH Caiteds C @i OlpettEbimPi@Vi eitninl dah 0ast eBga
units for adjusting transm ssion of the interrogation signal so that the
expect ed ti mcegnehittimys ninttermggation esgmade in gngiredetethahed ndyileogalti on
signal will be a tinme point at which tinme at least a predetermined |ength
of tine el apfex, retelving: 3preAPoReed migniatthErom he comprhisabinm yadeasef at he
i nterrogation signal, According to this aspect of the invention, for
vehicle-installed device for setting different timings of
transmitting interrogation signals for at least those of the
plurality of antenna units whose communication areas neighbor and
overlap each other so that the timings are shifted from each
other by half of the transmission cycle, and for identifying a
vehicle passing through one of the communication areas on the
basis of a signal received; a vehicle-installed device provided
in a wvehicle for traﬁsmitting a response signal when receiving
’,
an interrogation signal from one of the antenna units and for,
when receiving an interrogation signal again from the same
antenna unit, transmit:ing an interrogation response signal, to
perform communications; and a communication control unit provided
in the antenna units for adjusting transmission of the
interrogation signal so that the expected timing of transmitting
the response signal for that interrogation signal will be a time .
point at which time at least a predetermined length of time
elapses} the time point being within the transmission cycle of

the interrogation signal.

According to this aspect of the invention, for



- 10 - transm ssion of an interrogation signal, the antenna unit uses the
communi cation control unit to adjust transm ssion of the interrogation
si'gnal so that the expected timng of transmtting the response signal for
that interrogation signal will be a tine Bdint at which tine at least a
predeterm ned |l ength of tine el apses, Thé t'me point being within the
transm ssion cycle of the interrogation signal. As a result, if a plurality
of small vehicles travel side-by-side and enter the comrunication
over | appi ng area and start conmuni cations with neighboring antenna units,
t he response signals.mﬁll'not conflict wth eac ogggrpas descri pbed above.
't h

Thus, the vEFREPBLIERHAUNTAT AP GFILERFIRR Gl BLSRPA YT uses

i nvention suybstanti all vents,. radi o interference and perfdrns
g gﬁi%ﬂ

communi cati ons vﬁ°f“ﬂ‘3&f‘¥3€?r‘§?l u?%‘.:rc?f e CmEH S FRHESIPRu RSt ays
ol ut = ! : o cat! U=t

cont rol uyi nter2Badtion Mgdt Lo Ahetedittinddf oF EIMIERAG |

transm tt ed.¢pASraspésil lsignhiasot Ltrh%'t: ¥ e S railibnVehifd £5,1172K8! o Y3de bY

side and enter the communi"cation overlapping area and” start conmuni €atl ons
with nei ghbeiiing k! eiidnNife dthelsadanseraddHeams nel! [1eRgtnC AR ldigl With

each other as described above. Thus, the vehicle communi cation system
according t @llapsesaspiet tive tguenthbedhgonituihs et icabhympPs SVt Syd1adiog
interference. and perfornms communi cations without a failure. Qher objects
and feat ur eshef inherrogagitdrosignkl . appear in the course of the description
t hereof, which foll ows. :

As a result, if a plurality of small vehicles travel
side-by-side and enter the communication overlapping area and
start communications with neighboring antenna uniﬁs, the response
signalsfwill not conflict with each other as described above.
Thus, the vehicle éommunicétion system according to this aspect

- of the invention substantially prevents radio intérference and
performs communicétions without a failure.

If the' communication control unit delays the timir;g of
transmitting the interrogation signal, the communication control
unit may transmit a dummy signal until the intérrogation signal
is transmitted. As a résﬁlt, if a plurality of sﬁall vehicles
travel side by side and enter the communication overlapping area
and start communications with'neighbofiné antenna units, the
response signals will not conflict with each other as described
above. Thus, the vehicle communication system according to this
aspect of the invention substantially prevents radio interference.
and performs communications without a failure.

Other cbjects and features of the invention will appear

in the.céurse of the description thereof, which follows.



BRI EF DESCRI PTI ON OF THE DRAW NGS Addi ti onal objects and advantages of the
present invention will be nore readily apparent fromthe foll ow ng detail ed
description of preferred enbodi ments thereof when taken together with the
acconpanying drawings in which: FIG 1 jis a block diagramof a first
preferred enbodi nent of the i nvention;" A% "2 is an exterior per spective
view of the overall construction of the first enbodinent; FIG 3 is a
vertical sectional view of a road-installed device according to the first
enbodi ment; FIG 4 indtcates the frequencies assigned to the antenna

el enent s and the reception frequency characterlstlcs of a vehicle-installed
device in the first enbodBRRE RRGRI T L0 B dtEa BRI onal relatlonshlps
when a plurality of. vehicle- |nstalled deV|ces pass rou t he

overl appi ng area; Fl 8dddtionalf |QRiassst . apd @ﬁ@aﬁﬁﬁﬂe%rﬁgé;l gl |RFRSeRE ng
t he control operation perforned by the, vehicle- |nstalled en
recei ving alrVepision FY&LL7 bes moRs ofeadity ofP ?Wée‘ftecgf)?lf‘o ] g‘?%’in&n

B TPriny crastsHeddeestin n-eaﬁ%ageie@ré?eea& LG R S, 9 1
cyeler 1T L Sed e Jith Phe"Nabbublisitly Aalnbboud 1H S Of

FIG. 1 is a block diagram of a €£first preferred

embodiment of the iﬁventipn;
FIG. 2 is an exterior perspective view of the overall
' construction of the first embodiment;

FIG. 3 is a vertical séctional view of a road-installed
device according to the first embodiment;

FIG. 4 indicates the frequencies assigned to the
antenna elements and the reception frequency characteristics of’
a vehicle-installed device in the first embodiment;

FIG. 5 illustfates positional relationships when a
plurality of vehicle-installed devices pass through the
overlapping area;

FIG. 6 is a flowchart of the main program illustrating
the control operation performed by the vehicle-installed device

when receiving a signal;

FIG. 7 is a flowchart of the reception interruption

program;

FIG. 8 is a flowchart of the timer interruption
program.

FIG. 9 is a timing chart illustrating various assigned
times within the communication cycle;

PTG. 10 is a timinag chart illustrating the timings of



- 12 - transmtting an interrogation signal and a response signal within
the communication cycle; FIG 11 is a timng chart illustrating the tim ngs
of transmtting an interrogation signal and a response signal within the
conmmuni cation cycle; FIGS. 12A - 12D are timng charts illustrating the
status of comunications between the ant®ma units and the
vehicle-installed devices; FIG 13 is atimng chart illustrating the
.operation of a second preferred enbodi nent of the present invention,
corresponding to FIGS. 12A - 12D; FIG 14 is a timng chart illustrating
the operation of a third preferred enbodi ment of the present invention,

cor respondi hgagsmiytdngl A intgerrogatdon Hignalyand & SPeRS e Sagvadkeiiin he
conventional art, corresponding to - FIG 5; and FIGS. 16A - 16D are timng
charts il ushe acommpniaati@npe¥blens in the prior art, corresponding to _
FIGS. 12A - 12D. DETAI LED DESCRI PT] ON OF THE REESENTQX PREEERRED,EXENPLARY
EMBODI MENTS The pr ef diid énB8df ittt @D rhaRE bt RER2 5T fifoR1BiRgS of
herei nafter descrjbed with, reference to the_ acc gFanging drawi ngs., A first
enbodi ment ERSRATEFE Y 2pr HEERRTIGRRT: BiFiad apRid BACPRRaS sdeRalikkiny

fgséfgéfo& ?Eeix r5§§342é¥3ﬁa%y%hék be descri bed hereinafter with reference

FIGS. 12A - 12D are timing charts illustrating the
status of communications between the antenna units and the
vehiclg-installéd devices;

FIG. 13 is a timing chart illustrating the operation
of a second preferred embodimént of the present invention,
corresponding to FIGS. 12A - 12D;

FIG. 14 is a timing chart illustrating the operation
of a third preferred embodiment of .tﬁé present invention,
corresponding to FIG. 12A - 12D;

FIG. 15 iliustrates the drawbacks of the conventional
art, corresponding to FIG. 5; and

FIGS. 16A - 16D are timing charts illustrating timing

problems in the prior art, corresponding to FIGS. 12A - 12D.

The preferred embodiments of the present invention are
hereinafter described with reference to the accompanying
drawings.

A first emﬁodiment in which the present invention is
applied to a toll charging system for an express highway will.be

described hereinafter with reference to FIGS. 1 to 12D.



- 13 - Referring first to FIG 2 which illustrates an overall view of the
system a toll express road 11 (only |anes having one direction of travel
~are shown) has three lanes 12, 13, 1.. predetermned toll charging point is
provided with a gantry 15 extending over the road 11. The gantry 15 serves
as a road- installed device. The gantry 13 has antenna units 16 - 18
directed downward corresponding to the respective lanes 12 - 14 to

det erm ne comuni cation areas 19 - 21. The communi cation areas 19 - 21 are
set in such a direction fromthe respective antenna units 16 - 18 that they

hi traffi ted -t ar. vehi.cl 29). A di t
Ehi s embodi ment . the BRESRRLSGAE SToth b R P L TBAEEA908 SDaTernaL -
det ' i cat ' 1 i yel t h id
he. communi SRTOREaTiS 10 R o R SRoetiY AR 1F don 1y Phaad Uifa, Bug
antenna el eiRYc338 or? Pavkidhre SAGHIY s GHEMNLGEELVE, B180S, 202,
, respectirvely, hat together provide the conmuni cation area 20 as a

result. The Vﬁ@a%%%m Rk %émaéhﬁ&ﬁfaﬂ@oghentﬁﬁt gr%?de@mt&lh%t igggftt%ggwe

conmuni cati ve areas 2la, 21b, respectively, at together prov

comuni cat i Q+¥nRAngl o¥erd theStbhd A3.shawe iganEl{ 18, sepeds Ohst Bergaienna
units 16 - 18 has a water-tight construction conprising (using antenna unit

16 as an exam¥tR)lladbaksride.conmiest gdnty t D8 haveanssnhacandtst g ganygy

15, the antenna el ements 22a, 22b and a control circuit section 26 nounted

on the base &xected dophwatd ccamrespofdindiato ithepeespabtive dlamnedi A2VWaVES.

The control circuit section 26 - '

- to determine communication areas 19 - 21.

The communication areas 19 - 21 are se£ in such a
direction from the respective éntenna units 16 ~ 18 that they
cover approaching traffic (represented by motor vehicles 29).
Accbrding to this embodiment, the antenna unit 16 has antenna
elements 22a, 22b that determine Eommunicative areas 19a, 19b,
respectively, that together provide the communication area 19 as
a result. Similarly, the antenna unit 17 has antenna elements
23a, 23b that determine communicative areas . 20a, 20b,
respectively, that together provide.the communication area 20 as
a result. The antenna unit 18 has antenna elements 24a, 24b that
determine communicative areas zia, 21b, respectively, that
together provide the communication area 21 as a result.
As shown in FIG. 3, each of the antenna units 16 - 18

has a water~tight construction doﬁprising (using antenna unit 16
as an example) a base 25 connected to the lower surface of the
gantry 15, the antenna elements 22a, 22b and a control circuit
section 26 mounted on the base 25, and a plastic cover 27 that

is permeable to radio waves. The control circuit section 26

includes an electrical construction as described below that



I ncl udes an el ectrical construction as descri bed bel ow t hat - 14 -
control the driving of the antenna el enents 22a, 22b for transmtting and
recei ving operations. The antenna el enents 22a, 22b are rotatably supported
by support shafts 28 so that the .orientation of the-radiation surface of
each antenna el ément 22a, 22b can be adjb$ted. Although not shown in the
figures, each antenna elenment is also rotatably supported wth respect to a
di rection perpendicular to the support shaft 28 by a well-known structure
so that the orientation of the radiation surface can al so be adj usted mnth
respect. to. directions perpendi cul ar to the support shaft 28. The

communi cat i vecedeRs, 198e Wivdegerst oné hanteghes elfembhesr abiagt | prb sugroﬁ:aces
of the antenna el enments 22a, 22b, respectively, that together provide the
comuni cat i ontzaresmit®iag and vegkivimpodeszridisd dhweventdima ehements 22a,
communi cative areas are defined to form an overl apping area 19c. Thus, the
communi cat i ve22ip eate 192tatEE YasupRerted Uk IsswaRPIte Sratns 28ase ttlhsltelthtevveen
(simlarly, the other antenna elenents 23a, 23b, .24a, 24b produce

over | appi ng aPEHREASEONAT F1e TAHAIARCHHE IechE MASIoIBE TR e bemeRk 222,

t diff f h her f t th
Vehi ol o0 nst R PR a Mo AEIUERER - of MW GRa SBPBhet <SS m DR o gacho3D,

242 and 24b i g, a0 acreqeﬁgpkylgyaﬁsw 2 ARG IRoELENRN L ROQUERADY [ oL M N

ei ght patchesa Yoy enara squar e shape on one~ o

printed ci r cUbl - QORI BELHERRNARIE:Eo ife RAPEEEE Sadd 205BYS2 UL 11ERn! O

the feeding term na
"structure so that the orientation of the radiation surface can

aisb be adjusted with respect to.directions perpendicular to the
support shaft 28. .

. The communicative areas 19a, 19b depend on.the angles
of the radiation surfaces of the antenna elements 22a, 22b,
respectively, that together provide the communication area 19 as
a result, as described above. The two communicative areas are
defined to form an overlapping area 19c. Thus, the communicative
areas 19a, 19b are coﬁtiguous and leave no'space therebetween
(similarly, the other antenna elements 23a, 23b, 24a, 24b produce
overlapping areas 20c, 215). The antenna elements 22a, 22b
output microwaves at frequencies different from each other for
communication with vehicle-installed devices.

Each of the antenna'elementé 22a, 22b, 23a, 23b, 24a
and 24b is a micro-strip type array antenna element produced by
forming eight patches of a generally square shape on one of the
Slde surfaces of a printed circuit board and connecting the
patches by transmission lines to the feedlng terminal. The
printed circuit board used is formed of a resin material and’

printed on both sides (i.e., it is a two-side printed circuit



printed circuit board used is fornmed of a resin material and printed on
both sides (i.e., it is a two-side printed circuit - 15 - board). The
-resin material used has a dielectric constant having such a tenperature
expansi on characteristic that the variation within the operating
tenperature range (for exanple, with thelbpper Iimt being about 120'C) is
a predetermned level or lower (for exanple, 1% or |lower). For exanple, a
BT resin material or a glass epoxy material has been used. Although a.
typi cal array antenna conprising many patches exhibits side |obes, the
antenna el enents 22a, 22b reduce side |obes by adjusting the inpedance of
t he transm ssPEATR) neFheor 3 &y BateEsahuarddidson diiessirbicl ¢anstantabatimm
occurring in the communication area. . For exanple,  each of the antenna
el enents 22a, S8SB PsCERRPEAGH & SXP80eIOR WRrAREPEL PG Hdataeavaiatidin a

hei ght range of. about 1 to 2 neters. that is, the height range through
whi ch the vehichéPngPﬁl?gar%ﬁ%HQN§e§§e55§§%S.raﬁﬁg Rﬁ?greféﬂp fesWith the

traveling on X I devi.ce n_in FIG. 2
installed cl oglgs? g Fﬁgjl'strs b&ggﬁ %%Da%gso a)ct%%véhg%c{ee-sﬁg%g?‘%??egev&évP elBPhas
an.antenna 31 LM NG gPbt Ofoweirgnal dait r,ogat Lon si |s_from
the antenna urs:(ft8 g %%&@I{ég gg g%glm%w%:rg FI%@%%&I‘I‘%%&M% g%n%g%fshgggféﬁ £F

m cro-strip twupglasseamaat datelrsa DhdsvdeRat e, of a generally square shape
formed on a printed circuit board as used for the antenna el enent 22a.

The two patches are sepuliztomghatzhegppeali deday oradteanan ciigafisdig many

reception. patches exhibits side lobes, the antenna elements 22a, 22b reduce
'side lobes by adjusting the impedance of the transmission linesu
to prevent communication_imposéibility areas from occurring in
'tng communication area. For example, each of the antenna
elements 22a, 22b is designed to cover substantially the same
area within a height range of about 1 to 2 meters; that ié, the
height range through which the vehicle-installed .deGice..30
passes. ' .

The motor vehicles 29 traveling on the express road 11
have devices 30 (shown in FIG. 2) installed close to their dash
bo&rds. Each vehicle-installed device 30 has an antenna 31 for
receiving pilot signals and interrogation signals from <the
antenna uﬁits 16 - 18 as shown in FIG. 1. The antenna 31 is also
a micro-strip type antenna comprising two patches of a generally
square éhape formed on a printed circuit board as used for the

_ antenna element 22a. The two patches are separate patches
provided for transmission and reception.

The antenna 31 reflects an unmodulated carrier wave
from the antenna unit 16 while modulating the carrier wave with

a response signal for transmission of a response signal. That



The antenna 31 reflects an unnodul ated carrier wave fromthe antenna unit
16 while nodulating the carrier wave with a response signal for

transm ssion of a response signal. That - 16 - is, the
vehicle-installed device 30 transmits a response S|gnal by receiving an
unnmodul ated carrier wave fromthe antemnd®umits 16 - 18 within the

comuni cation areas 19 - 21 and by reflecting it as a response signal while
receiving it. The electrical structure of the systemw ||l now be descri bed
with reference to FIG 1. First, the simlarly constructed antenna

units 16 - 18 id) leHee veRSEL &btk day 1eaf @svidw 300ttaeswiieRN@e¥Pbhse & 1 %HQ;’”
in FIG - 1 A control section 33 for controlling control circuits 32a

provi ded respeny insdeiving dbharmmideianed| eeriles @20 Hm thelaﬂe&hﬁg_@gmggol
circuit 34, a power source circuit 35 and interface circuit 36 for
exchangi ng datkf wi B whtiia &hgaromewiicatipn axads 6P tHl eadt byl reflectihg
32a, 32b provided for the antenna el ements 22a, 22b, a nodul ating circuit
37 nodul ates alt@S FeFefRBSe tHgnalswhike o%Qﬁqu’&FGohtout put from an

oscillator 38 of a pred ned fr uency, with_an interrogation signal or
a pilot interrogation sﬁéﬁa? B?Eﬁ% ﬁﬁFWFﬁBrEOHFrGPeCFVEU?$ Will jpew be

outputs it to éesc %legn%&q; eggggré%l%% Vi & gaé! rgul at Bbﬁ t1 sABrSﬁr(fFe Iégg{-% .

circuit 40 for signal processrl ngs, Sch-%s al ati

m xer 41. The Pa@Ri-ytlehCrfldhd ﬁ919§c1'6| Laié qu %gufné)%esg{r(ima& %%'ek tor

38 and al so receives fromthe antenna el ene a a radi o wav
correspondi Ng ¢ thel SSPOHIRE uBLENEE shéRE i@ﬁ?&berl Waxec&[Ei-otlhEeE@Pddj 3‘9’a¥8r

ot gnal controlling control circuits 32a, 32b provided respectlvely for
the antenna elements 22a, 22b includes a control circuit 34, a
power source circuit 35, and interface circuit 36 for exchanging
data with an external device.

| In each of the control circuits 32a, 32b provided for

the antenna elements 22a, 22b, a modulating circuit 37 modulates

a carrier wave, that is, an oscillation output from an oscillator

38 of a predetermined frequency, with an interrogation signal or

a pilot interrogation signal provided by the control circuit 34,

and outputs it to the antenna element 22a via a circulator 39.
A reception circuit 40 for siginal prpcessings, such as

demodulation, is connected to a mixer 41. The mixer 41 receives

an oscillation output from the oscillator 38 and also receives

from the antenna element 22a a radio wave signal correspondin;g

to a response signal. The carrier wave and the radio wave signal

: corresponding to the response signal are mixed. by the mixer 41
.and then outputted to the reception circuit 40. The reception

circuit 40 demodulates the composite sigmal into a response

signal and outputs the signal to the control circuit 34.



corresponding to the response signal are m xed by the m xer 41 and then
outputted to the reception circuit 40. The reception circuit 40

deénodul ates the conposite signal into a response signal and outputs the
signal to the control circuit 34. - 17 - Each of the oscillators 38
provi ded respectively For the antenna ®l éfents 22a - 24b outputs the
carrier wave in the formof quasi-mcrowaves within a predeterm ned
frequency range assigned thereto, for exanple, in the 2.45 GHz band.. As
indicated in FIG 4, each oscillator 38 is assigned with one of the

frequencies fl to f6 thatnape éhéf&rﬁritlaeafg%fg%@@@:@@g&@ém@%g he
af orenenti oned frequency band and output the assigned frequency. t he

ot her hand, tpges Validine-enghahtehiewW eanldBuisutieigned -toef opeiy 6 Aldyet he
signals corresponding to the oscillating frequencies fl - f6 of the
osci |l ators 3formsofiegnasibeictatares ¥hehidias peedstentind foequeRcy Hdngalt -
18 receive timng signals driven corresponding to the respective antenna
el ements 22a asfineddy thevsitaol fdeviexempbot d$hoviile contfecGEd thHaadet o g t he
interface circuit 36.. The timng signals are determi ned such that the
nei ghbori ng abedigrtaghiinsF18; 47 ecd aycillatont pbitipidssanfdevivymneons
signals and interrogation signals at timngs that are shifted half an
i nt er r ogat i ontRe nfRBERSRINES! riom Bt Jtheér arengidhgTent RpeFov frequency
vehi cle-install ed device 3% of _a_notor .vehicLe passes,through, for exanple,
an area mherer??ﬁFﬁxﬁﬁﬁﬁﬁﬁb PFOﬁ*%f?ﬂﬁ?ﬁf@?eio#?ﬁ/|ﬁn§§,b?ﬁ% TR VRIS | ed
device 30 will not, &l BdARRRYS! Y oheehl VEsndY IiiindS’ ¥1R Yehi ORI Mical1ea
device 30 is designed to receive all the signals corresponding
to the'oscillating frequencies £1 ~ £6 of the oscillators 38, as
described later.

The thus-constructed antenna units 16 - 18 receive
timing signals driven corresponding to the respective antenna
elements 22a - 24b by a control device (not shown) connected
thereto by the interface circuit 36. The timing signals are
determined such that the neighboring antenna units 16, 17 and 17,

18 output pilot interrogation signals and interrogation signal

at timings that are shifted half an interrogation timing cycle
from each other. Thereby, if the vehicle-instalied device 30 of
a motor thiclé passes through, for example, an area where the
communication areas 19, 20 overlap, the vehicle~installed device
30 will not simultaneously receives pilot signals from two
antenna units 16, 17.

In the vehicle-installed device 30, a control circuit
42 constituting the communication control unit includes a ROM and

a RAM. . According to a pre-stored program, the control circuit

42 outputs various data, such as the vehicle's identification



antenna units 16, 17. In the vehicle-installed device 30, a control circuit
42 constituting the comuni cation control unit includes a ROM and a RAM
According to a pre-stored program the control circuit 42 outputs various
data, such as the vehicle's identification - 18 - code, in response to a
pilot signal or an interrogation signaf.l8he control circuit 42 is
connected to the antenna 31 via a transmssion circuit 43, and also via a
reception circuit 44. The transm ssion circuit 43 perfornms nodul ation in
accordance with a response signal to nodul ate the unnodul ated carrier wave

recei ved by thgoddf efiNaedpohBe OfslN pioPes{faD bians M Hdrabgadignt Hgnal .
recepti.on circuit 44 denodul ates the radi o wave received by the antenna 31

into an interrogat tocsoPnelranid appld esoddeetatigral the tdateanat 3al Giar QUi t
42, thus formng a sem -doubl e construction. The control circuit 42 is
connected to atcetsnimsionycdScuihatl,i spdaateadiier ikt v2aeptial atirlcaineqory. A
battery 46 supplies power to the circuits provided in the vehicle-installed
devi ce 30. Although not T8BoWFransmipeiqn gekeauitt neS cBeFUmscimedntatd@nj sin
provided with a starting'qi[cuit that starts the entire _device to switch
from"sleep st3FERFIARFS WHER- Fp TEERPRS® FH9RYert AW HAEB iR RARP SN2 tadd,
when the communjcati ons ‘s_and sgu'vjte%h S tJL% enti read%.i ce toor{ he "sl ee
status” to st aﬁf?e%ﬁjy $ot ?%%elpt “ortYof* sﬁlbtr?&ln f Fomtthé _si‘ﬂ’e_.P 15!
construction mplidees the LoadnrLog ! 8 Yol WIChe kI THELAONS ALS
not performed. 0 . N _
wave received by the antenna 31 into an interrogation signal and
supplies the signal to the control circuit 42, thus forming a
semi~double construction. Thé'control circuit 42 is connected
to a data memory 45, that is, a read/write non-volatile memory.
A battery 46 supplies power to the circuits provided in the
vehicle-installed device 30.
Although not shown in the Figures, the control circuit
42 is provided with a starting circuit that starts the entire
device to switch from “sleep status" to “"wake-up status" to
operate for communications and, when the communications end,
switches the entire device to the "sleep status” to stand ready

for reception of a signal from the outside. This construction

minimizes the load on the battery 46 when communications are not
performed. ‘

The operation of this embodiment will be described with
reference to FIGS. 5 - 13. In a normal case where it is assﬁmed
that motor vehicles travel separately.in lanes 12 - 14, the
antenna units 16 - 18 perform communications with the vehicle-

installed devices 30 of the motor vehicles traveling through

their respective communication areas 19 - 21 to exchange tolling



The operation of this enbodi ment will be described with reference to FlGS.
5 - 13. In a normal case where it is assuned that notor vehicles travel
separately in lanes 12 - 14, the antenna units 16 - 18 perform .

conmmuni cations with the vehicle- installed devices 30 of.the notor vehicles
traveling through their respective commid® cation areas 19 - 21 to exchange
tolling -19 - data without failure sinilar to the conventional art. '
When the starting circuit switches the vehicle-installed device 30 to
"wake-up status”, that is, the defice is started, the control circuit 42
executes the programillustrated by the flowhart of FIG 7 for
comuni-cations. |In nornal operat I on for communications, the vehicle-

i nstal l-ed devi cedB3 vpsratestddugastimiBben “%I@\ﬁ ﬁﬂ%‘f?%@ﬁhh@-b—newaéntm

comuni cation areas 19 - 21 and receives a pilot sig ﬂ; First, the
control circuit ¥RHERGt SFTEERLT oSELHESt h@“pf’ﬁﬁr%\‘m “’Fhe Hht F9Tics ruito 42

determ nes whet her 1 ecept Nt JLuption,, has ..agcucred (step, Sl).
According to thi s"er’rlﬁoalk%g% ﬁe “r écept |o%‘$|’n?errup§|%n odcﬂl‘P? ﬁ%‘n“e‘?F‘H-

pilot signal is receisved; a@gg,;tuhgscg{g Vo%gscéx{ QUi hs 422 RCPEE S tALLEHa -v | of
the negative determnation is in this step, Tfeception

I nterruption w Ii'TG)CQUForTmﬁHiEEEiorﬁ rcuit 42 then holds the processing
in this step until the reception interr'uption ends. Then, since the control
circuit 42 has received alpitaomadi gparathion, fohecyBWRLGRt LT UIthedRekikeauyt es

the reception i nterruptlon programas illustrated in FIG 7. The control
circuit 42 firstiR¥Hediedt IRy iFa: 30 GPeTHes 28 SoFERIRNT BELAY ghap sacering one

of the communication areas 19 - 21 and receives a pilot signal
PLT. First, the control cifeuit 42 is started to start the
progfam.  The control circuit 42 determines whether reception
interruption has occurred (step S1). According to this
embodiment, the reception interruption occurs when a piiot signal
is receive& and the control circuit 42 becomes started. If the
negative determination is made in this step, reception
interruption will occur. The control circuit 42 then holds the
processing in this step until the reception interruption ends.
Then, since the control circuit 42 has received a pilot
signal PLT, the control circuit 42 executes the reception
interruption‘program as illustrated in FIG. 7. The control
circuit 42 first checks the data of the received pilet signal PLT
to determlne whether the signal carries any abnormal data (step
TL). If there is any abnormal data, which means that the
received pilot signal is not correct, ﬁegative determination is
made in step T1 and the control circuits ends the program and
returns to the main program. £ there is no abnormal data,
affirmative determination is made and the operation proceeds to

step T2.



to determ ne whether the signal carries any abnornmal data (step TI). | f
there i s any abnormal data, which neans that the received pilot signal is
not correct, negative determnation is nmade in step Tl and the control

circuits ends the program and returns to the main program If there is no
abnormal data, affirmative deternination2Ps~nade and the operation proceeds
to step T2. - 20 - The control circuit 42 determ nes a response waiting

time based on the content of the received signal (step T2), and sets the
response waiting tifmme in the interruption tiner circuit 47 and starts the
circuit 47 (step T3), Taedcpetfol neipmsit 42nteteppines ProeLscisy u(ﬁ_ttqpl T4),
and then returns to the main program The tinmer circuit 47 thus starts to
count the titime tiased ehi theicontantapsntheimrdivieidbisignalt { steep WBN taha
time set in the timer circuit 47 elapses, the timer circuit 47 outputs a
timer interrsghs éResrgrpensd waisiggnting ig theiinterrupsdoni pimer iqimetit47
Is set to, for exanple, 4 ns, as the tiner time, that is, the transm ssion
i nhi bi tion t4heandhS§5aresa i SISt 4 rexfimsB3bi gaRf Perorust post-ns
followi ng reception qQf a signal, fromthe outside. Wen returning to the
mai n pr ogr am® %ue&ﬁepopregﬁtﬂg 4ZRAaP oS ShEBrFEHTHA Anehecneinea
signal and executes t ntent gsteg and the g%?ﬁrat es a response
EERLFn

si gnal basedSI¥FRHe r (5445 LT =3e &ipedi t
42 7 o
gener at e}’?’}]%e??gﬁ% §' gp.?én?x{ué%loi ﬂﬁﬁf \gxg:q} \ggtﬁé? en! e td Mg LF

transmttin circurt
in the timer circuit 47 elapses, the timer circuit- 47 outputs a

timer interruption signal to the control circuit 42.

The timer circuit 47 is set to, for example, 4 ms, as
the timer time, that is, the transmission inhibition time. Thus,
transmission of a response signal is held for 4 ms following
reception of a signal from the outside.

When returning to the main program, the contreol circuit
42 analyzes the conté_nt of the received signal and executes the
content (step S2), and then generates a response signal based on
.-the result of processing (step S§3). The control circuit 42
generates a response signal at this stage and waits for the
timing of transmitting the signal. The control circuit 42 then
assumes a sté.te for permitting timer interruption in response to
the interruption signal from the timer circuit 47 (step S4).
Then, the control circuit 42 waits for a ltimer interruption to
transm.i't the response signe.l (step S5).

If the interruption signal from the timer circuit 47
has been inputted to the control circuit'42 in step 5, or if the
interruption signal from the timer circuit 47 is inputted while

step S5 is repeated, the control circuit 42 executes the timer



assunes a state for permitting tinmer interruption in response to the
interruption signal fromthe tinmer circuit 47 (step S4). Then, the control
circuit 42 waits for a tinmer interruption to transmt the response signal
(step S5). If the interruption signal fromthe tiner circuit 47 has been .
inputted to the control circuit 42 in3t&p 5, or if the interruption signal
- fromthe tinmer circuit 47 is inputted while step SS is repeated, the
control circuit 42 executes the tiner - 21 interruption program as:
illustrated in FIG 8. The control circuit 42 starts transmtting the
response signal (step PlI), and perforns the post-interruption processing
(step P2), oFeEtPLAsnt PRAFEMaiaf rbbhusteatagt do il egi ng Theargamitizioilng -
t he response signal by this fgrocessi ng, the control circuit 42 nmakes an

Al firmative SARHHR AGITOH S CSRRBRERE KT EHE TRABPNSROBIGRA hridteBI B he and

t SI. Th trol . ci it 4 f t hi cl e-i.nst al |l ed [ 30

Gentr at es | AR TRAHIE RS BOd e S bR iR Pheess LBEEFT4F Fdder 988 Zetargaal

f 'th tsi de, . i :hed d_sh inFlG.. 9. Inth |
State. whon e, FRLH PRI SRALG B0od 080N ks R ing ehd Tesrmee 16
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descri beg ggit%vﬂv%%%cﬁg%gaé%fsgéﬁbr%ﬁre]; theggggvdé élg'rg?? effl“%ﬁg%%ZEEi ng.

When the co l @i det2rmC88EYES 8n Pk E ggal Tlyafi O e | e,
t he antenna%ﬂfiltm%&l the control ci rcurilt E 'dg%egﬁi ﬁgé %“ﬁfé'ﬁa te %ému)élﬁ?p

that has transfiddse@ot Beepi 50t signal PLT as a fixed communication party
for the later -

The control circuit 42 of the vehicle-installed device
30 generates and transmiﬁs a response signal every time it
receives a signal from the outsiﬂe, as described above and shown
in FIG. 9. In the normal state, when receiving a pilot signal
PLT .from. any of the antenna units 16 - 18, the control circuit
42 performs the communication processing as described below while
repeatedly performing the above-described processing.

When the control circuit 42 receives a pilot signal
PLT1 from, for example, the antenna unit 16, the control circuit
42 determines the antenna unit that has transmitted the pilot
signal PLT as a fixed communication party for the later
communications, and set up a status to reject pilot signals .PL'I'
.from the other antenna units if any are received. In this
status, the control circuit 42 generates a pilot résponse_ signal
in response to the pilot signal PLT, and reflects the unmodulated
carrier wave continually transmitted from the anténna unit by
modulating it with the generated pilot response signal RSP, thus
transmitting the pilot response signal RSP. The pilot. response
signal RSP carries an identification code that has Been

registered as a code specific to the vehicle-installed device 30.



communi cations, and set up a s a?HE;éﬁE'ﬁHﬂ@ﬁEEN pt signals PLT fromthe
other antenna units if any arejreceil gg LACEbn thig status, the control
circuit 42 generates a pilot r F=rgsponse to the pil ot
signal PLT, and reflects the unnodul at ed_carrier wave continually
transnitted fromthe antenna unit by mbodRA dating it with the generated pilot
response signal RSP, thus transmtting the pilot response signal RSP. The
pil ot response signal RSP carries an identification code that has been
regi stered as a code specific to the vehicle-installed device 30.
KRELACEMENTM SHEEf i T Substitute sheet - 16 February 1998 0 3MA 198 After
that, the antenna unit 16 .transmts a vehicle- installed-device data
request signal RCl as Afterntéatpgeits amtengaatnivl lowinegstiespal véhistighal
PLT. The vehicle-installed- device data request signal RCl carries a code
i ndi cating t hessalled~devicat idg%2a irisquestieshaterRet ffe2fadnterrogat idme

I dentification code_regi stered corresponding_to the vehicle-installed

devi ce 30, tR&FRMdY FRRIAHFINRE PREPT SHiSERe- ?ﬁgtal?QﬁiWﬁQHQ§§'SBS¥%#kﬁQ~forn1

a conmuni cati on eration follow.n rece thﬂ of t e Si nal When.
recei vi ng thgeveﬁgc %t?ng?gf?iﬁiiﬁg% éeiﬁétga o) ﬁuég ?ﬁﬁﬁﬂﬂ e

t he vehlcle nst a d Vi d = Qunt
bal ance, 5aﬁer +§ éggﬁr rea S|gnaIE%ﬁg%'5ﬁ “t en raﬁé%??n“ W ERgna

R Y et
the vehicl e- kRstaby eshudaviccondP tHLdRheE Mé+iadcdatadresitideedol 86 perform
a communication operation following the reception of the signal.
When receiving the. vehicle~installed-device data
request signal RCI1, the vehicle-installed device 30 reads out
data, such as data on account balance, to generate a card read
signal RD1, and then transmits the signal to the antenna unit 16
in the manner'ae described above. When the antenna unit 16
receives the read signal RD1, the antenna .unit 16 transmits to
the vehicle-installed device 30 predetermined data required for
tolling data processing as a write signal WD1. The write signal
WD1 carriers a toll instruction code, toll amount ‘data, a
location code number, the gantry code number, the identification
code of the vehicle-installed device 30, operation time data,.
etc. If the response signal RS1 from the wehicle-installed
device 30 is abnormal, the antenna unit 18 execute a
predetermined abnormality proceesing routine.
When the x}ehicle-installed device 30 receives the write
signal WD1, the vehicle-installed device 30 performs
predetermined writing processing. The vehicle—installed device

30 then transmits a write end signal ENDl carrying a location

This Sheet Has Been Re

T
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tolling data processing as a wi te si gnal WC1 . The wite signal W1

carriers a toll instruction code, toll anount data, a |ocation code nunber
the gantry code nunber, the identification code of the vehicle-installed
device 30, operation tinme data, 20 et c. Zf the response signal RSPI

fromthe vehicle-installed device 30 i § ASnormal, the antenna unit 16
executes a predeterm ned abnormality processing routine. Wen the

vehi cl e-install ed device 30 receives the wite signal WDl, the
vehicle-installed device 30 perfornms 25 predetermned witing
processi ng. | | || dgyy 304t ' ite .en

si gnal ENDi %%P%%ﬁ‘gérgiﬁ)éc&ﬁ%ﬁ lggaegé?gﬁ%l 5,)0 t%gn%g%%\tan ?%ﬁ%%%e&nu < ¢

the identifi Jéy1(§?35- s34 Eh&yrid e Lel @k Nst ed device 30
in the rranne%ﬁéas descCri erﬁl%g\]irelg Upon ﬁleﬁie%lans\iﬁﬁgimﬁ?ef’eﬁéc}l%?adlnﬁnnéND

1, the antenggiginig t8nkh 20§t %_nana&&%ﬂ@aga%ggﬂa sicakoAGKd x}e%itéi%a

vehicle- installed device 30 to informit of recéeption of the wite én

si gnal ENDL. i {1 YeRr leviide Bbetengnesd oy edgeegbgtddn AAKlshd Rrite end

vehi cl e-instal l'ed device 30 determ nes that communi cati ons have-been

conpl eted. THtgrd RENDDY Tgonlrtceivingy theserd abkhbeleldyd @d.gadltacKs| gl

status”, that is, the sane status before the starting of comrmunications. If

t he vehi cl e-velsicld-dmsttalilied dévieer S0vdstarmidas thatecommaniostisingnakvyagai n

in the comunication areas 19 - 21 of the road-installed device 15 after it

has conpl et ceeevrenplesefon Thocsssthng aiireuishseors ihessuitel theydewiade

I gnores the signa
' 30 to "sleep status“, that is, the same status before the

starting of communications.

If the vehicie~instailed device 30 receives a pilot
interrogation signal again in the communication areas 19 - 21 of
the road-installed device 15 after it has completed communication
processing, the vehicle-installed device 30 ignores the signal
with reference to the data on communication results stored,
thereby avoiding interfering with the communications_by other
vehicle~installed devices. This function pfevents the vehicle-
installed device 30 from repeating communications within the same
communication area 19 or the communication areas of the same
gantry 15, thus eliminating the possibility of double charging
of a toll.

For actual toll processing, the vehicle~installed
device 30 is designed to accommodate an IC card. After passing
through thé communication area 16, the vehicle-inétalled device
30 writes in the IC card through an IC card interface the data
corresponding to the amount obtained by subtracting the toll
amount éatal transmitted during the communiéations' from the

balance on the basis of various data specified by the write



with reference to the data on communication results stored, thereby
avoiding interfering with the conuni cations by other vehicle-installed
devices. This function prevents the vehicle- installed device 30 from
repeati ng conmuni cations within the same _conmuni cation area 19 or the
comuni cation areas of the same gantry-184 thus elininating the possibility
of double charging of a toll. For actual toll processing, the
vehicle-installed device 30 is designed to accommpbdate an I C card. After
passi ng through the comuni cation area 16, the vehicle-installed device 30
wites in the I1C card through an IC card interface the data correspondi ng
to the amu@%fimq by subtracti-ng the toll anount data transmtted
during the .co nications fromthe bal ance on the basis of various data

specified by the wit ' - G i;ahl e.
p y @.ssuranlaé of Helhab1 WlommisS ¢hdR6R iﬂ:foc{e%lstlﬁg ‘,g%]e Beher o

comuni cation processing'will be described with reference to

a conmuni catiédc IRMSSWthi ttefeiahee My OawIr case demerebed tomlication
Description of the Related Art. Let it be assuned that the small vehicles,
such as ot ofmpedsihildty btavelnay osicde- by deisdeibed imeheebeskeipt st ald ed
devices 30a, 30b installed therein substantially sinultaneously enter and
pass t hr oughtid®edwdredappt ng Latteit (he Mosumspahati thelsmall vehiabesmsdchhat
communi cati ons have been started by the vehicle-installed device 30a

recei vi ng t has pmbgersyghes, PEFe furavelhagasidanhyuside 18ndndtheherehicle-

vehicle-installed device 30b receiving the pilot signal PLT2 fromthe
ant enna unj tinstalled devices 30a, 30b installed therein substantially

simultaneously enter and pass through the overlapping area D.
More specificaily, it is assumed that_communicétions have been
- started by the vehicle—installea device 30a receiving the pilot
signal PLT1 from the antenna unit 16 and the vehicle-installed
device 30b receiving the pilot signal PLT2 from the antehna unit
17. |
For the communications between the vehicle-installed
devices 30a, 30b and the antenna units 17, 16, the follbwing
times are set. The communication cfcle is set to, for example,
10 ms. The communication cycles of the antenna'unit le6, 17 are
shifted from.each'othef by 5 ms. The interrogation signal-
assigned time TQ fbr, for example, pilot signals PLT and
interrogation signals RC, is set to a fime within the range from
the start time of the cycle and the maximum 5 ms. On the other
hand, thé response signal-assigned time TA, that is,.the timing
of transmitting response signals from the vehicle-installed-
devices 30a, 30b, is set to 5 mé from 4 to'9 ms. The proceésing
time TC of the antenna units 16, 17'for'processing the received

response signals is allocated to the last 1 ms of the cycle, that



17. For the conmunications between the vehicle-installed devices 30a, 30b
and the antenna units 17, 16, the followng tines are set. The

comuni cation cycle is set to, for exanple, 10 ns. The comuni cati on cycl es
of the antenna unit 16, 17 are shifted fromeach other by 5 ns. The
interrogation signal- assigned tine TQi%ﬂ,’for exanple, pilot signals PLT
and interrogation signals RC, is set to a time wthin the range fromthe
start tinme of the cycle and the nmaxinum5 nms. On the other hand, the
response signal -assigned tine TA, that is, the timng of transmtting

response signals fro L.cle-l I | .30b, . 1s, set. 5
m from4 to 9 ns. Th%eﬂ%?‘g\égggiéntgs'%fq%é#é%%f Qg%%&,g% g%ﬁglggﬁgnelg@ "ibffor
processi ng LEedéggfiggg.response signals is allocated to the last 1 ns of
the cycle, that - 25 - The manner of setting the response waiting tine

TQwi Il be described pf#dSlofaial,l thkhge bl frdraatiall advdeyi §@b3g§o§])30a)
must transmt an interrogation signal after the antenna unit 16 (1 as

started proggsei PLaidifit eWPIRterso§ition @ighuedarddy THes dneeauseuhef of f the
the

antenna unit 17 (16) starts processing the received response signal, re

i s a possibih7yyhddadtddted erbekesingiitld edsgenseesiifiml( IRRpifFAY. Stthig be

transmtting a response signal. Therefore, the response waiting time TQis

set to a tbsneecypese dfomeobhe¢ ntennm ngit A7 (LAanstarts procebsing the

interrogation signal fromthe antenna unit 17 (16) until the start of the

processi ng vécehved eygsponssi ghignaly t¥kermt 8Ana possibility that the
vehicle-installed device 30& (30b) may_still be transmitting a
response signai. Therefore, the response waiting time TQ is set
to a time pefiod from the timing of transmission of an
interrogation signal from the antenna unit 17 (16) until the
start of the processihg of the response signal by the antenna
unit 16 (17). .

The waiting time TQ, that is, the time period from the
timing of transmission of an interrogation signal from the
antenna unit 17 (16) until the start of the proceséing of the
response signal by the antenna unit 16 (17) is provided by the
following equation:

Q=T (1 - X - C)
where TX is a shift between the timings of transmission of the
response signals from the antenna units 16 and'17, and TC is a
time required for processing the response signal received.

Amoﬁg the aforementioned time periods, the response
signal-assigned time TA is set at the vehicle-installed devices
30a, 30b. During that time, a start trigger is Butputted to the

timer circuit 47 to start the timer operation when a pilot signal

or an interrogation signal is received, and the response signal -



un|t 16 (17). The waiting time TQ that is, the tinme period fromthe timng
of transm ssion of an interrogation signal fromthe antenna unit 17 (16)
until the start of the processing of the response signal by the antenna
unit 16 (17) is provided bythefollovvin equation: TQ=T (1 - X - O
where TX is a shift between the timngs Transm ssion of the response

signals fr o%@qsm,@wq’m %] }_ﬁegngnégr %&'}P di%y @elﬁﬁﬂ'ﬂit%g?vrf%%ﬁ

proceSS|nb esponse sl gnal recelve t he "a orenent one
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waiting trne
antenna units 16, 17 receives the responses signals from the two

devices, thus causing interfereﬁce. .This embodiment avoids this
event by'the timer circuit 47 setting a response waiting time.
In the case illustrated in FIG. 10, as for example,
where an interrogation signal lasts for 3 ms and the prpcessing
time TS required for the interrogation signal is 1 ms, the
transmission timing of the response signal will be between 4 ms
and 9 ms. In ﬁhe case 1illustrated in FIG. 11, where an
interrogation signal lasts for 5 ms and the processing time TS
required for the interrogation signal is 2 ms, the transmission
timing fér the response signai will be between 7 ms and 9 ms.
Since, as shown in FIGS. 12A - 12D, this embodiment has
a construction where the timér circuit 47 is provided in the
vehicle-installed device 30 for controlling the response signal
transmission timing to a timing later than the elapsing of a
predetermined length of time, and where the control circuit 42
transmits a response signal after receiving a timer interruption
signal from the timer.circuit 27, the embodiment substantially

prevents communication interference by preventing the overlapping



In the case illustrated in FIG 10, as for exanple, where an interrogation
signal lasts for 3 ns and the processing tine TS required for the
interrogation signal is 1 ns, the transm ssion timng of the response
signal will be between 4 ns and 9 ns. In the case illustrated in FIG

11, where an interrogation signal |astsS £4r—5 ms and the processing time TS
required for the interrogation signal is 2 nms, the transmssion timng for

t he response signal will be between 7 ns and 9 nms. Si.nce, as shown in FIGS.
12A - 12D, this enbodi mrent has a construction where the tiner circuit 47 is
provided in the vehicle-installed device 30 for controlling the response

si gnal transafsséspbﬁééﬁsﬂynhasaevémﬁﬂmgthateaséfwaarbhé plapsliey &t amal]
predeterm ned |l ength of time, and where the control circuit 42 transmts a

response si guehial¢ssr msecki \angmatergmrleisnt errayeli oside-thyalsideonaddieths ner
circuit 27, the enbodi nent substantially prevents comunication _

i nt er f er encevehiptevitatald echedeigesappiary 30b- of7 thef vebipbese pergoshs
even in the case where a pluralité of small vehicles, such as notorcycles,
travel si deSHYRSRHRBIRRS heltnhle e ARESRRR | 88188vilbes BDavhibe prssheg
vehi cl es perform-co nications ., wth the antenna upits 16, 17 while

passi ng throﬁgﬁ°?%%rqvﬁfﬁa\?§lﬁgeﬁrﬁ DPhu??thetgﬁbﬁ‘El‘PmenﬁePFSfﬁms
comuni cati on _processi.n talling erati.on without.a failure. Al so,
accor di ng toc?ﬁmgn%n%omeé%%tl\%geﬁn df@&&ﬁ&.ﬁp&ﬁgeﬁﬁ{:{@ 18ithout, py
antenna unitg,iy,,d8, the output timng of the pilot query signal and the
query signal to tﬂe ,

Also, according to this embodiment, between adjacent

antenna units 16, 17 and antenna units 17, 18, the output timing
of the pilot query signal é.nd the query signal to the
communication area is shiftéd a half-cycle from the repetition
cycle (10 ms), the output timing of the pilot query signal and
the query signal to the communication areas 19, 21 are the same
for the antenna units 16 , 18, ﬁith the query signal allotted time
TQ, response time allotted time TA and the response signal
processing time TC all having the same timing. Therefore, even
if the frequencies of the pilot query and the query signals
generated from the antenna units 16, 18 Are ma&é to be equal, the
signal generated from the antenna unit 16 will no longer
interfere with the antenna unit 18 nor will the signal generated
from the antenna unit 18 interfere with antenna unit 16.

In other words, for a plurality of neighboring antenna
units, there are cases when interference occurs if an antenna
unit which is receiving a signal frdm the wvehicle-mounted unit
receives a signal generated from the other antenna units. To

prevent this interference, it might be good to make the frequehcy



communi cation area is shifted a half-cycle fromthe repetition cycle (10
ms), the output tining of the pilot query signal -and the query signal to
the conmuni cation areas 19, 21 are the same for the antenna units 16, 18,
with the query signal allotted tine TQ response tine allotted tinme TA and
the response signal processing time TC a#® having the sane tining.
Therefore, even if the frequencies of .the pilot query and the query signals
generated fromthe antenna units 16, 18 are nmade to be equal, the signal
generated fromthe antenna unit 16 will no longer interfere with the
antenna unit 18 nor will the signal generated fromthe antenna unit 18
interfere wth antenna,un

it 16. In other rqi for %I%ralit of .
nei ghbori ng &REERRE BAFEs, BRLFE % é‘°€5‘§é£§’)v\h IR ee%fher eﬁ(?gu‘a%%%rzéeqlf“an
- ant uni t i ¢ch_i LVi ' hi, gl t i t,
fecetvas a sitntigermtaESe (19 RIS et IR 2 SsTRHE Shdll it
i”teffefence’tﬂet:emagﬁ s.bﬁ%QPQﬂiEyo dfaiagtgﬁﬁaf&@msew and” (R} chaM&Nde

unit. However, nhornma ecause the frequency region for transmssion is
usual 'y set hafmdeRand tdqfenédls bard)allidetbheteratBe 2aftefimd i ki, a,ﬁ%enna
units (N) an channel s of different frequencies are allotted for the
antenna uni t $andae dRanshy dalkhf Qitearhuait eetemesi N/ DeS0GRS, NI 4huéhaheand
t hus, the bandw dth becones narrower as it is limted by the nunber of

ant enna uni t pandwidit baedmedt harsowerni deditanis bhimvitesl by riche dumdyesr o€ t he
probl em of having difficulty in raising the communication baud rate between
t he vehi cl e- mntenad units. arkf tihe handwidth dist 4imited and becomes narrow,

there is the problem of having difficulty in raising the
communication baud rate between the vehicle-mounted units and the
antenna units. '

To solve this problem, one method of preventiﬁg
interference between a plurality of adjacent antenna units is to
time share the_ interval when the antenna units perform
communication. However while the éommunication baud rate can be
accelerated wiﬁh this method, the communicable time for each
antenna unit is limited by the time divisions and so, there is
the problem of not being able to secure enough communication
time.

In the above embodiment, because the query signal
allotted time TQ, respénée time allotted time mg and the response
signal processing time TC timing are made to be the same for
antenna units that are two antenna units away from each other,
between neighboring antenna units 16, 18, antemna unit 16 (or 18)
will not generate a signal when antenna unit 18 (or 16) is
receiving a signal. In other words, in the above embodimen;,

because there will no longer be mutual interference even if the



To solve this problem one nethod of preventing interference between a
plurality of adjacent antenna units is to tinme share the interval when the
antenna units perform comuni cation. However while the comunication baud
rate can be accelerated with this nethod, the communicable tinme for each
antenna unit is limted by the tine di vi 8%ons and so, there is the problem
of not being able to secure enough communication tinme. In the above

enbodi ment, because the query signal allotted time TQ response tine
allotted time TA and the response signal processing tine TC timng are nade
to be the sane for antenna units that are two antenna units away from each
ot her, between nei ghboring antenna units 16, 18, antenna unit 16 (or 18)

will not gen@®BeRAtedtIRM thfARtEMSNRRIER| 1614 8¢0RTE6cTIS Sayeitiiengthe
signal. In other wards, Jjn the aghove enbodi ment, hecayse there will no
| onger be nu {Eﬂu?qﬁﬁﬁsféFLﬁ@éYeﬁgHaF?n?rﬁ?lts-n?89-PebéﬁéﬁﬁFthPrGﬁ?Vhet
antenna unitsg r ane. : requencies, of _only. adjacent
units need b&® c%éfneg];%& c{% oebﬁﬁtg\%gﬁt E{F;% %?%@?’éﬁlb%qmeﬁﬁ n&F ﬁﬁoy?%%SUnFY’% .

| n ot her. wOr dganddfl CHANBGIRcaEABHUEEhERDY | LBAYENGYe¥pUl deSUELECE 1O

prevent interference between antenna units. ecause

timng for aptesBardideS pébwed® AHt@nhBeufdF®, the communi cable tine per
antenna unit can be fully extended. It nust be noted here that to nmake the

frequenci es of the pi IAQ@oq.uebrefa&genaheammhbﬁj_q&e{% stiiidg egdel ankBRRE 1S
: units 16, 18 are the same, the communicable time per antenna unit
can be fully extended.
It must be noted here that to make the frequencies of
the pilot query signal and the.query signal equal, there is a
need to raise the frequency accuracy using PLLs or the like.
Also, when there are a number of antenna units, the disparity due
to antenna units having the same frequency channel cannot be
completely eliminated and so if there is a need to provide some
distance between antenna units, the frequencies for communicétion
can be set to 4 channels.
| FIG. 13 illustrates a second embodimenﬁ of the
invention. The features distinguishing the second embodiment
from the first embodiment will be described. .According to the
second embodiment, a timer function is provided in antenna units
16 - 18, instead of providiné the ﬁimer circuit 47 in a vehicle-
installed device 30, If it is expected that the vehicle-
installed device 30 will transmit a response signal at timing
earlier than 4 ms in response to a pilot signal or an
interrogation signal from any of the antenna units 16 - 18, a

control eircuit 34 provided as ;he communication control unit



need to raise the frequency accuracy using PLLs or the |ike. Al so, when -
there are a nunber of antenna units, the disparity due to antenna units
hdvi ng the sane frequency channel cannot be conpletely elimnated and so if
there is a need to provide sone di stance between antenna units, the .
frequenci es for communication can be s&t3Po0~4 channels. FIG 13.illustrates
a second enbodi nent of the invention. The features distinguishing the:
second enbodi nent fromthe first enbodiment will be described. According to
t he second enbodi nent, a timer function is provided in antenna units 16 -
18, instead of providing the timer circuit 47 in a vehicle- installed
device 30. oirf ipterzogxpican edgnikit as e prehinble-of rtdtealsligdadiesd ceh 30 tiel |
transmt a response signal at timng earlier than 4 ns in response to a

pi | ot si gnal TGSPAASENEAEREaFERSBLEFEAR f EuRinshyohf thee vahicherainatialdedt -
18, a control_circuit SA-frovided as the communi cation control unit - 30

- or interroG8ViGR 3P ghitl Re 4 PFreQRbleESH 2Snandichiad 4 FAG 1Be response
[ |t | SSi ti f. t hi -install ed devi 30 will be 4
o Tater as imnd cated TH T SobdEnal' SLG AR 0 | Fphdc 407 ravdedagor
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D ovi di ng. | naasizes PEot PLECe AR EEe B BNy WUHiELE-LRELE LA SHER" 30 ™

function of %f}%%ﬁ&ﬁ%%%é&z%l%%?&uﬂ Walo Ok naNahBLA4 QA0 g3 gnal

if necessary. e secon odlnent_t us prevents conmunication
interference Qeanthl EORCERRE teHingdal Praaibilenedi QNpYidt dfalll b3t an

enbodi nent .

interrogation signal if necessary. The second embodiment thus
prevents communication interference even in the case described
in conjunction with the first embodiment. |

FIG. 14 illustrates a third embodiment of the
invention. The third embodiment is distinquished from the second
embodiment by a construction where a control circuit 34 of each
of antenna. units 16-18 does not add a preamble to an
interrogation signal or interrogation signal but sets a delay
time Td corresponding to the time of the preamble to.accordingly
delay transmission. The thira embodimght achieves substantially
the same advantages as achieved by the second embodiment.

Although the present invention_has been fully described
in connection with the preferred embodiment thereof with
reference to the accompanying drawings, it is to Se noted thgt
various changes and modifications will become apparent to those
skilled in the art. Such changes and modifications are to be
understood as being included within the scope of the present
invention as defined by the appended claims. Examples of such

changes and modificétions follow.



FIG 14 illustrates a third enbodi nent of the invention. The third

enbodi nent is distinguished fromthe second enbodi nent by a construction
where a control circuit 34 of each of antenna. units 16-18 does not add a
preanble to an interrogation signal or interrogation signal but sets a
delay time Td corresponding to the time3df the preanble to accordingly
delay transnission. The third enbodi ment achi eves substantially the sane
advant ages as achi eved by the second enbodi nent. Although the present
invention has been fully described in connection with the preferred

nmbodi t th f h f t . ' AW L At is. t
Roted that VALFRLtOASNBEE BRdRBAIRFEALHahe wTt B0 RSy A P'BSPMSS
killed th t. Such c f Wt d d
bei ng- | ncl udBECRF MR no  SHbRELH  CRESBrAEER | miarasy s PhS B0 1

appended cl %@Efoggéwhes e éyc%uﬁlae s gRd e g@&d@ngeg%mwot

- circuit 42 prOV|de W th a software tiner unctlo pr ogr ami

In this Consg&ueag g. howRUBE oMbl | €nd NeirfeRU diglef Qhuak tHae édurﬁ%df sm&eonb

t he CPU cann per orn1other proceSS|ng Therefore, the tiner tjnme nust

count ed whi | @zkakgnentdt€nd Neoxiieirdeioh | €k tdite! raQuieedli f&6 dricessing
processing interrogation signals or the like. As for the dummy signal a

as a preanbl gnebraogatidn «igmallsosrathe ritider.ogati on signal, the dumy
signal nmay be a mere tine adjusting signal irrelevant to the content of
communi cations or a siidmdor sheydumpyisignakatised as & @reanbiéatodms pilot

signal or an interrogation signal, the dummy signal may be a mere
time adjusting signal irrelevant to the content of communications
or a signal carrying data neede& for -.communications.

_Bésides toll collection for express roads, the
invention can also be applied to parking fee collection for auto
.parks. This application will allow an entrance/exit design with
a plurality of gates such that a plurality of vehicles can
simultaneously énter and eliminates the need to stop each vehicle
at the entrance and/or exit to perform fee collecting operatiéns,
thus enabling speedy entrance to and exit from the auto park and
reducing man power requirements.

In addition to tolling operations, the invention may
be applied to various forms of data exchanging such as research
on traffic. For example,'the invention may be used for research
on traffic volume for the purpose of preparation of traffic
information, city traffic plénning and the like. T h e
invention can be applied not only to a road of three lanes, but
also to roads of two lanes or more than three lanes.

The vehicle-installed device may be left in operation

be
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Besides toll collection for express roads, the invention can al so be
applied to parking fee collection for auto parks. This application wll
al'l ow an entrance/exit design with a plurality of gates such that- a
plurality of vehicles can sinultaneously enter and elimnates the need to
stop each vehicle at the entrance and/ or38xrt to performfee collecting
operations, thus enabling speedy entrance to and exit fromthe auto park
and reeduci ng man power requirenents. In addition to tolling operations, the
invention may be applied to various forns of data exchanging such as
research on traffic. For exanple, the invention may be used for research on
traffic volume for the purpose of preparation of traffic information, city

traffic planning and the |ike. T h e invention-can be applied not
only to a road of three lanes, but also to roads of two | anes or nore than
three | anes. The vehicle-installed device may be left in operation - 32

- on reception of a pilot interrogation signal. The vehicle-installed
device may be left in operation all the time, instead of incorporating the
function of waking up on reception of a pilot interrogation signal. Al so,

the antenna gheggggé?{ggrdyng %Mlé&rf§§%¥53§aQEBﬁrsi the above-descri bed

patch structure. Fu , the“vehic nstal I ed device may be equi pped with
an oscillator for transd tidni¢1eesROFSELeH 9Bk se m&?'ﬁﬂ'leEEaﬂnréﬂgiatﬁgﬁs'Ve
e

reflective nodulation arrangenent described above. Wereas t

vehi cl e-i nst allletheladimes; daseesd s ihbérporating the function of waking up
on reception of a pilot interrogation signal. Also, the antenna
elements may employ structures other than the above-described
patch structure. Further, the vehicle-installed device may be
equipped with an oscillator for transmitting response signals, -
rather than the passive reflective modulation arrangement -
described above.

Whereas the vehicie-installed device determines the
antenna unit 16 as a fixed communication party immediately when
receiving a pilot signal from the antenna unit 16 according to
the above-~described embodiments, the following construction may
also be employed. That is, after receiving a pilot signal from
the antenna unit 16, the vehicle-installed device ign§res pilot
signals received from other antenna units for the period of
communication cycle T. Then, upon receiving an interrogation

signal, the vehicle~installed device determines the antenna unit

16 as a fixed communication party.



antenna unit 16 as a fixed co pdi atel y when receiving a
pilot signal fromthe antenna § p the above-descri bed
enbodi nents, the foll ow ng con‘truct Ry—2 e enpl oyed. That is,
after receiving a pilot signal omt he antenna unit 16, the

vehi cl e-instal I ed device ignores pilot” sidmal s rggeLMed—L%enTUrﬁE?’antenna
units for the period of communication cycle T. Then

interrogation signal, the vehicle-installed devi c “m“gnt enna
unit 16 as a fixed connunication party. VHAT I sl *

vehi cl e conmuni cati on system conprising: a plurallty 0 antenna unlts oné
correspondi ngWHAT 28 ICKNIMEDpESral ity of comruni cati on areas, respectlvely,
for perform ng comrunication by transmtting interrogation signals
according to a predeterhingd vahjiclle Fommehicaddioni aystem porpyrisiiggal s,
wherein at |east sonme of said comunication areas overlap with adjacent _ -
communi cation a vehicl eanﬁlﬁﬁ%]d-tdnﬁf ﬁéF?B‘P%W%lﬂﬁ?ﬂ#é&@l 8h i Phuralgiteen

one of said pluralit antenna units, b recel |nterro ation signal
fromsaid givel S PRI SaEHGE HEAS| AT PRELRTT I COMRRRECRE Lon
and sendi ng sai d rgspons. nal sai d _given antenna unit
connunlcatlon%gbnttﬁ$ %Fﬂp sett??ﬁf%ﬁgaFngrrﬁﬁé¥ﬁ i S|iﬁﬁﬂréiqgottgﬂ a

period TB wit c S IIott
period TA fol Egvgud%%g’%?ﬁ cﬁér regggta?%‘nk%?élnst“haaﬁ*?’?@%@pgtﬁ*‘%f%fﬁaﬂt W3t

said pr ed cygbﬁmﬁngegtfgﬁﬂhfggssald conuni cation areas that each said
interrogation signal allotted perlod TB in each of said comrunication areas

is offset-in time frominyerieonatncuhtelgrali tahoahted BarizdtreidiR which,
overl appi ng conmuni cation areas, and so that ‘each said response signal

allotted peri adtéA recemeingfa statelrr@gmmmatlgnml afwas a giokhsetie idF tgalel
fromresponse signal allotted period TA in overl appi ng comruni cati on areas,
and control | i pduradnby i amtaermasaind tent perHyats momiughahtions by sending
a response signal to said given antenna unit;
setting means for setting a transmission timing of
interrogarion signals from at ‘least antenna units whose
communication areas overlap with adjacent communication areas to
a timing in which a transmission cycle T of those interrogation
signals is shifted by a timing TX (0 < X <1) relative to timings
of antenna units corresponding to said adjacent communication
areas;
identification means for identifying said vehicle when
said vehicle passes through said comﬁunication area by processing
said response signal from said vehicle within a predetermined
interval TC (0 < C < 1, C + X < 1} in said communication cycle
T and |
communication control means for setting-a transmission
timing of said response signal from said vehicle-mounted unit to
an interval from T(1-X-C}) to T(1-C) after receipt of said
\
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be transmtted wthin said interrogts el CofTled period TB and
transni ssi on of said response-signall TSHd! J rediw thin said response
stgnal allotted period TA 2. A Vehi c| BE i n system accordi ng
to claim1, wherein said communication controller Lzag;EBEEEgﬂLﬂﬂsaLdﬁ

vehi cl e-nounted unit. 33 3. A vEhP8l & commun n systen1accord|ng
to claim2, wherein: said comunication controller. t“‘n “Lhat
starts simul t aneousl y with receipt of said interrog am“ﬂmglm\ unt a
transm ssion prohibition time; and sai d comuni cat i orls cont rol Mer ® is further
for transmitting said response signal contingent upon said tiner conpleting
timng of said transm ssion prohibition tinme. 4. A vehi cl e comruni cati on
system according to claim1, wherein said comunication controller is

di sposed i n each of salzd ant ¢ \%ﬁi‘ci‘é‘iéoimuéicati&y 'trélmeaeegpg%ﬁ:qg i?:'iaim .

system according to clai'm4, ereln sald comuni cation contr

further for tiam&mfélm&aaddemuﬁimonuebhtréplraba!r&t qrsra%g;wéu ég%hd's
started transmtti ng when said conmmuni cation controller delays said timng
of transm tti{ghssld-ndumdfedogaiton signal. 6. A vehi cl e conmuni cati on
system according to claim3, wherein: said vehicle-nounted unit includes an
interrogation signal checking device for checking said interrogation signal
for errors; and said conmuni cation controller determ nes a response tine of
sai d response signal basedAomehhtle mammyniraticn dystear rogarding dicgrdkiamnd
sets said response tinme in said tiner if said interrogation signal is
error-free. 34, wherein:

said communication control means includes a timer that

starts simu-lténeously with receipt of interrogation signals to
count a transmission prohibition time; and

said communicatibn control means' is further for
transmitting said i:esponse siénal contingent upon said timer

completing timing 6f said transmission prohibition time.

4. A vehicle communication system according to claim
1, wherein said communication control means is disposed in said

setting means.

5. A vehicle éommuniéation system according to claim
4, wherein said communication control means is further for
transmitting a dummy signal until a interrogation signal ‘is
transmitted when said communication control means delays said

timing of transmitting said interrogation signals.

6. A method for performing communi_cations between a

plurality of antenna units and a vehicle-mounted unit in a
S
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Substitute sheet - 25 March 1998 JF===—7cyefn TIE Tamiuni cation system
conprising: a plurality of antenn Eﬁﬁ%Eﬁgﬁyg rrespondi ng to each of a
plurality comruni cation areas, re pectiﬂgf’ BB, perflormn i i

by transmtting interrogation signals gcggrgli ng to a predeterm ned :
and receiving response signals from sai d Conmuni cation - mﬂ“‘;mnﬂnéﬂw :

| east sonme of said conmunication areas overlap with adjg S on
areas; a vehicle-mounted unit nounted on a vehicle perfofnihg 'comuni cati on
with a given one of said plurality of antenna units by receiving a

I nterrogation signal fromsaid given antenna unit, processing said

i nterrogation signal toushke & phsadite SEnaﬁtém&rme%siamgapglhﬁﬂlﬂ@ &hd
sendi ng sai d response signal to said given antenna unit; and a

conmuni cat i on coswespphding oconuwa icdtlong areass nitysinemitthheo dhteakégation
response signal based on a transmtting period of said interrogation signal
transnited fr&#g8ata @orerdingerfita anPredatereintdrorelsi g guat i pecefving
interrogation signal TS so that said transm ssion timng of said response
signal to sai FePOBAC AP EMMS FFioR SeidfammurdcafiPRagTedS over | appi ng
conmuni.cation areas. 8. omuni cation _system according to claim

. A hi
7, wherein said commni%%ﬂtq%xgc%f%{’f%f?'ﬁ%e i $pdEedountedi gn a vehicle,
hi cl e- t aJ . hj i catli di t
Craim 5, hor SoRAhY, & zeanthd® AR AN I 2bh e Y RE UL AT RLr Al s o2
o ps L ey . . it > . t
Cranshi o5 on AASRHa VL] AEGE Weclivial e RGN, SLONE A0n gaTn "

further for tgageAl hhtdhSaird g;esponse signal contingent upon said tiner
conpleting timng of said transm ssi.on prohibition tinme. 10. A vehicle

communi cation system acssyidinggat ©ratsaii8sIon Wiaiiaghosdinterrogation signals’

from at least antenna units whose communication areas overlap
with adjacent communication areas to a timing in which a
transmission cycle T of those interrogation sighals is shifted
by a timing TX (0 < X < 1) relative to timings of antenna units
‘corresponding to said adjacent communication areas; |

‘identifying said vehicle when said vehicle passes
through said communication area by processing said response
signal from said wvehicle within a prédetermined interval TC (0
<€C<1l, C+ X < 1) in said communication cycle T; and

setting a transmission timincj of said response signal
from said vehicle-mounted unit to an interval from T(1-X-C) to

T(1-C) after receipt of said response signal.

7. A method according to claim 6, said response signal
tfansmitting timing setting step comprising the steps of:
receiving a interrogatien signal;

executing said received interrogation signal;
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conmmuni cation controller is dispo | gy tenna unit. 11. A
vehi cl e communi cati on system accoridiTReg SREET RRBBEENM]er ei n sai d

conmmuni cation controller is furthgf for REPAASEDt ti ngjla dumy signal unti
an interrogation signal is starte ' _ sai d communi cati on
control l er delays said tining of transmitting said +nterrogation signal.
12. A vehi cl e communi cati on system according to clai mr
vehi cl e-nmounted unit includes an interrogation si gnam mmmm““ for
checking said interrogation signal for errors; and sai 4 conuntcati oh '

controller determ nes a response time of said response signal based on
information is said interro Srn signal and sets said response tine in

said timer ifiREPECPFAENID ‘signal is error-free.

initiating an interrupt timer; and

waiting for an interrupt from said timer before

receiving a subsequent interrogation signal.

8. A method according to claim 7, said executing step
comprising the steps of:
cheéking said interrogation signal for errors;
if said interrogation signal is error-free,
determining a respbnse’ time Dbased on.
information in said interrogation signal; and

setting said response time in said interrupt

timer.

9. A method according to claim 7, further comprising
a step of, when said response signal is generated before said
interrupt from said interrupt timer, transmitting said response

signal responsive to said interrupt from said interrupt timer.

;\
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