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transmtting it, and a ground device is installed at a place for tol
char gi ng on geferencad so that conmunication is perforned between the ground
device and the on-vehicle device when the vehicle passes through a

'BACKGROUND OF THE INVENTION
1. Field of the Invention
| The -present invention reiates to a vehicle
communication system including a ground device having multiple
antenna units for setting specified communication areas on a
road, and an on-vehicle device mounted on a vehicle for
communicating with the ground device when the thicle passes
through the communication area.
2. Description of Related Art
An automatic toll charging method for a toll road such
as an expressway has been provided where a vehicle has an on-
vehicle device which stores "a pre-registered identification
number or the 1like and is cépable .of transmitting it, and a
ground device is installed at a place for toll charging on the
road so that communication is performed between the ground device
and the on-vehicle device when the vehicle passes through a
communication area set by the ground de&ice, and the .ground
devicel stores an indication that the vehicle having the
registered identification number has passed through the area,

thereby performing toll charging by other means based on the



communkcation area set by the ground device, and the ground device stores
an indication that the vehicle.having the registered identification nunber
has passed through the area, +thereby performng toll charging by other
neans based on the recorded data. -2- -2- For
exanpl e, su&BCArdsAda%Ai e . an unmanned system for a toll road, is

di scl osed in Japanese_ Lai d-OQpen Patent Publicatjion No. Sho 55-116116.
The system has ent r arks SXAIPLEx| FUCRNAt RESEIM o ATHVIMRARNRA; Fystem

transnittin% and receiving systens, and a vehicle also_has a transmtting
and recei vi #§Y ysteld sdoadat dontiseiefgdnin s JaeanssdedaidsPRER FELEEO
exchange tolling data and performautomatic toll charging w thout stopping
the vehicl @ublicapiopnaia.c $he | 55l 16y 6t ensThegraystems hasdjentrasegs and
Japanese Lai d-Open Patent Publication Nos. Hei 5- 314325, Hei 4-303289,
Hei 4-315282xahd ek tie 181H0%0ad provided Twithakranspytting and reegdiyiad for
a single traffic lane and therefore have sone difficulties in application
to a typicalystens, handng mehicpee alanehasher etnandmidtipgmandc t4aeiviagea
is set. A toll charging systemadapted to a road having multiple lanes is
di scl osed i mystem es@anpihat Japumesicdtdod- Open pexficamedPubhéxehdtyeenNo. thiei
5-324967. This toll charging system
exchange tolling data and perform automatic toll charging without
stopping the vehicle. Automatic tolling systems are also
\ disclosed in Japanese Laid-Open Patent Publication Nos. Hei 5-
314325, Hei 4-303289, Hei 4-315282 and Hei 6-131509.-
The above systems are designed for a single traffic
lane and therefore have some difficulties in application to a
typical load having multiple lanes where a wide communication
area is set. A toll charging system adapted to a road having
multiple lanes is disclosed in, for example, Japanese Laid-Open
Patent Publication No. Hei 5-324967. This toll charging system
using a non-contact IC_ card is designed to improve the
reliability of radio communication between the ground device and
the non-contact IC card at a check barrier, where multiple
antennas are connected to the ground device and are arranged so
that the communication areas of the antennas are shifted from -
each other in the vehicle traveling direction with respect to a
single lane, theréby increasing the occasions in which
communication is possible between the ground device and the non-

contact IC card of the vehicle.

In a toll road such as an expressway or the like where



using & non-contact IC card is designed to inprove the reliability of
radi o communi cation between the ground device and the non-contact |C car
at 'a check barrier, where nmultjiple antennas are connected to the ground
device and are arranged so that the comuni,cation areas of the antennas
are shifted from each other in the vehicle“traveling ' |

jrection with
respect to %°1&j AYREILRGNES De bfh"isncﬁoé‘éﬁrﬁﬁtl?'heef S Sng’wei Mesghi
conmmuni cation i s possible between the ground devi ce and.t.he, npn- cgontact
|C card of RE 9@%‘&’?"&“9 the toll ‘?l}?rQ%PSI Y"*F‘ba%h%ddﬁn“é@'dﬁﬁle ?ﬂeéssg?ﬁd'ﬂgor
the Iike where | . ) -3- ,toll_charging i
needed, thi PaEEHEIONRG idn tBe| Fohhatxead; i€ ﬁB%dm#‘brhﬂ?eF'\“&Ff‘rPﬂﬁ }apes o

charging with the individual |anes being partitioned in the toll road if

d

ch

S

the road haperfiermp|the £9dd, chargine @usematicalko|forc kiegmHit iRk kanesal | v

for the nultiple | anes, thereby reducing the manpower and the incidence
traffic corgesebyn reducdng dgdeesmanpower and THheabdpeidrnae i pEd traffic
conventional construction requires that antennas be arranged over a |ong
di stance, seongestiomadetodlygatiest. t he antennas can be arranged even in a
narrow installation space. Accordingly, the follow ng construction can
enpl oyed, where the dPhermiayecdesdeied aogudntionala gadtsudtion requires
that antennas be arranged over a long distance, so it is
necessary that the antennas can be arranged even in a narrow
installation space. Accordingly, the following construction can
be employed, where the antennas can 'be arranged ow}er a reduced
c_listance using a similar method. ’
| In example constructions described in U.S. Patent
5,525,991 and U.S. patent application serial number 08/574,635,
multiple antenna units form communication areas corresponding to
individual lanes of a road and the communication area of each
antenna unit overlaps with the adjacent communication area,
thereby enabling the comminication areas of the antenna ﬁnits to
cover the entire width of the road without any communication
blind spots. 1In thié case, different signal transmission timings
are set to the antenna units which have an overlapping area
therebetween, and the signal frequencies of the antenna units are
set to different values within a range in which on-vehicle.
devices can receive the signals, thereby enabling reliable
communications.

In the above-described construction, however,

frequency division is performed so that the frequencies of the

of

be



di stance using a simlar nethod. In exanple constructions
described in US. Patent 5,525,991 and U S. patent application serial
nanber 08/ 574,635, nultiple antenna units form comunication areas
corresponding to individual |anes of a road and the comunication area of
each antenna unit overlaps with the.gdjacent comunication area, thereby
enabling t haeARHURhESS | BPe 2E88S a2 £& AN tARL. CNNEhd NbdristirAct €0 ethérerdyd i 1 e
wi dth of the road w thout any communicatidn blind spots. In this case,
different signgl droBiad 871 Othd, WakdRg 37 ¢ré taddapeenaataid sadti ch
have an over appiptrfg area t_ere'bet weeﬁ, ang ﬁ\eeés?l gnal ?r equenci es of the
antenna “”'i@oﬂ@ons&%x&@i&{ff%?”hu}éﬁéf'e f"“a‘x{n}bﬂn LALES WHi¥h CAn be
on-vehicl e evices can receive the signals, thereby enabling reliable
conmmuni cat i . . .t he - i t 1 ON,
however, 3 eqt?«gﬁcclylsdilvif“slltgﬁ %E %erafvgi?re %0 £ H?ﬂebafr@ggée%%lﬁ%ﬂsﬂc}f t he
-4- antenna units ar t differenqtly. T fjon th for /s a
problemin that, tak?ﬁ§§%eﬁ‘?r é"&d‘ n ’;’/e% %é}fem% %‘ﬁ?iééﬁ&n :&to ?%?oe £43

a per enna un

consi derati on, .the nunber qf antenna.,units.which cap _be r ed.Ls
limted if ‘g’rﬁca}\?ﬁfaf afh S% H&ﬁ&?nbé{’ﬁ‘&rﬁsﬁﬂem THF Ereguendy apgﬁtﬁseto
Lai d- Open Patent Publication No, Hei 6-243385

respective antenna units and communication periods are set using
a time-division multiplex method. This eliminates interference

\ between the antenna ﬁnits so that communication processing can be
reliably performed although there are multiple antenna units
using the same frequency.

¢

In the above-described construction, however, when
five antenna units 1 to 5 are used as shown ;i.n FIGS. 10A - 10E,
each communication‘ period of the antenna units 1 - 5 is
sequentially shifted by a period assigned by time division so
that the antenna units 2 - 5 stop communication while the antenna
uhit 1 is communicating with an on-vehicle device 6 as shown in
FIG. 11. Accordingly, oné cycle time required for communications
6f all antenna units becomes 5T with respect to one-time
communication time T of the antenna unit 1.

When thé aﬁtenna units are set to the same frequency,
as a result, if the antenna unit 1 is communicating with the on-
vehicle device 6 which exists in a communication area 1la, as
shown in FIG. 12, a communication signal output from an antenna
unit 3 is also received by the antenna unit 1 where a

communication area 3a is not overlapped, so that interference

occurs while the antenna unit 1 is receiving a communication



di scl oses a construction where the sane frequency is set to respective
antenna uni ts and communi cation periods are set using a tine-division
multiplex method. This elimnates interference between the antenna units
so that communi cation processing can be.greliably perforned although there
are multiple antenna units wusing the sanme frequency. In the . .
above- descr BEG83L coREIM uAN orPD-VEBHRI@r devigen 6f | Vglﬁ'ht ePRES i tin 1 its 5
are used as shown in FIGS. 10A - 10E, each communication period of the
antenna unicegmunication jarexeqlenti apfly Hiist edWd alpefi oFoassdifabdepy
time division so that the antenna units 2 - 5 stop conmuni cation while the
antenna unicommupicatianini c liengtimeddiarisdony anildliplesyicamm@indsatiomn isn
FIG 11. Accordingly, one cycle tinme required for communi cations of all
ant enna uni tthevefone pexrfommed temwvedtl swuchiprobilems. conmuni cation tine T of
the antenna unit 1. When the antenna units are set to the sane
frequency, as a resuThe cémmurdicaniennsimei pef astemmaumitatisginwdrsellge
on- vehicle device 6 which exists in a comunication area la, as shown in
FIG 12, a pmopuntierndlortcsitma numbepubfl aatemia amiity)a andithe3 numbelrsof
received by the antenna unit 1 where a communication area 3a is not
over | apped, antehhatunitsenhdeRnesn o€ aise’l Wi hsd hEimitednierincbndidering
receiving a communi cation

a substantial time required for communication processing and the

frequency of communication occurrence for reliably accomplishing
communications with a véhicle which passes through the
communication area, thus leading to a problem iﬁ that it is
J_'{mpossible to provide a nuntbér of antenna units for covering wide

<

communication areas.

SUMMARY OF THE INVENTION

The present invention is made in view of the above
problems of the prior art and has an object of providing a
vehicle communication syséem which can perform the communication
processing speedily and reliably and prevent interference with
other antenna units without shortening a communication time per
antenna unit even if multiple antenna units are used in order to
set wider communication e\.reas.

The above object is achieved according to a first
aspect of the present invention by proﬁiding that when the
antenna units which are set to the same frequeﬁcy transmit
interrogation signals to the communication areas, each

communication signal is output not only to its communication area



signal. from an on-vehicle device 6 which exists in its conmmunication area

| a, and this my lead to. ~disable conmunication. The
time-division nmultiplex comunication is therefore performed to avoid
such probl ens. The conmunication tinme per antenna unit is

inversely proportional to the nunber o antenna units, and the nunber of

antenna uni ptWhitsh otBrbearissaad | s AP lisM bedawden aponareerised as a
substantial tinme required for comrunication processing and the frequency

of communi Cabiukin Hatibhe Représiintse|tndlareaC WAERE &biufighica®iBHS| Rith Obke
with a vehicle which passes through the communication area, thus

| eadi ng to gnpemid Gt ikN@habied Swhdrd IS Yrivenie1 e’ AW &R @x18EHCLInOthe
antenna units for covering w de conmunicatlon areas.
SUMVARY OF THE; | NVENTI ON The present invention is made in view

of the above problems of the prior art and has an object of providing a

vehi cl e communi cati ofk &y $hem yieihaC a6l | B hhe GVEINLEAIGRELapping

processing speedily and reliably and prevent interference wt

ant ennia un' sk A4S ANOLLED \Ghd SRTIUOL X b IE, Pelng e BRobhbE

even i f mul tl e énna unrts are use et w

connunicatiggtgﬁggsunit transmitsTuﬁifgogﬁ QQiéﬁéai&hf%”ﬂé*@%le&%&ﬂégiQﬂeto a

first
antenna unit may not be able to receive a response signal from an

on~vehicle device in its communication area if the antenna units
are controlled with the samelfrequency.

To solve such problems, a communication control unit
qontrols the antenna units which are set to the same frequency so
that their transmissions and receptions are péfformed in the same
perioed, thereby preventing' interference and performing
communication processing reliably and speedily at an increased
frequency of communication occurrence. |

Additionally, the above description will have obvious
effects in a constructioﬂ.wherein a response signal of the on-
vehicle device is transmitted after modulating an nnmmdﬁlated
carrier wave transmitted from an antenna unit. That is, if the
antenna unit receives unmodulated carrier waves from other
antenna units when multiple antenna units which are set to the
same frequency perform the receptions in the same period as
described above, this does not cause a failure in the reception
of the antenna unit, thereby eliminating the intra-unit
interference and performing reliable communication processing.

The higher ~the degree of agreement between the



aspect .of the present invention by providing that when the antenna units
which are set to the sane frequency transmt interrogation signals to
the communication areas, -each -conmunication signal is output not only
to its comunication area -6- but to
ot her areas. This is because an area set as a conmunication
represents the area where conmunications/with the antenna unit is enabled

when an on- feBhgéncidevi 68 esrgieri wavbe outpat from antenna whitsnt €hea
units do not have an overlapping comunication area therebetween,

therefore, apdatér arms NAkel SR6ANNE UniterEerass tis vl dedini funthen ntening. | s
receiving, the antenna unit may not be able to receive a response signal

froman onyghi gbeefi@d GRAmbAuldted WHRH a0 i€ adédcribedaabonea Ut s
are controlled with the sanme frequency. To sol ve such probl ens,

a comuni cakhgn agRBbn&ht USE t fr&Qncy Sridfuatés NeheNhhRoddlidtedarcargdert 0
the sane frequency so that their transm ssions and receptions are

perforned i gaiBs SEEFut PEomOdehet h&ﬁ@éﬁha udie¥eRte NPeceiviid WsCaekifd o@nd
perform ng comruni cation processing reliably and speedily at an increased

frequency oh GRITEY CAVES) ORMUHyCBESrting to cause interference.

The adjacent antenna units whose communication areas
overlap with each other and which are set to the same frequency
may perform the communication processing one after the other so
that the communication periods do not overlap with each other,
thereby enabling a construction wherein all anten?a units are set
éb the same frequency. Thus, the simplified construction is
usable in a narrow frequency band, thereby preventing
interference among the antenna units and performing communication
processing speedily and reliably.

The communication control unit may control the
adjacent antenna units whose communication areas overlap with
each other and which are set toﬂthe same frequency to perform the
communication processing so that the communication periods
thereof are shifted from each other by a half cycle. If the on-
vehitle device communicates with the antenna unit in the
overlapping cémmunication area, therefore, the on-vehicle device
can speedily and reliably communicate Qith either antenna unit
without causing interference with both antenna units.

If a time period of transmitting an interrogation
signal from the antenna unit is short, or if a time period until

the on-vehicle device replies to the interrogation signal after



Addi tioenally, the above description will have obvious effects in a
construction wherein a response signal of the on- vehicle device is
transmtted after nodul ati ng an unnodul ated carrier wave transmitted from
an antenna unit. That is, if the antenna unit receives unnodul ated carrier
waves fromother antenna units when nmultiple antenna units which are set
to the sane frequency performthe recep8rons in the same period as

descri bed abmeeivihgsthmesignail daushoat f and utltereforkee thec tpansmissdon bpife
antenna wunit, thereby elimnating the intra-unit interference and
perform ng rulle ableekivheidievdte ais [indeeaseddluring the trafsaisbigmeareribde
degree of agreenent between the

-7- frequencfesthef amvehn&r undy£Stine!t Petiminiedt a6k eaoattsl hunit ey Gidjaiser
the likelihood of interference is avoided if the antenna unit receives

unmodul at ed ¥ Be€r tN@ Vi@t e?od@Sion B¢Enab Wekorehbnd ! & vIBReeRBNMEiMing of
frequency fluctuates, the unnodul ated carrier waves output from other

antenna uni gy a3%¢ng CadeV CerAmmaskioy Qb FDAIAL e VaAS PdiEADYOST ki NY
to cause interference. The adj acent antenna units whose

e muancy. | acAEEsan, SUF A MU RIS e Ko VA Bk dch e
that the corgayerGeéi 8Rd PEFdMditda 894nY el APediidnRe®@6N tAkN8hterrogation
signal, thereby automatically enabling. the communication
processing without interference.
The timing of transmitting a response signal is
adjusted in the on-vehicle device so that the response signal can
Be received within the receiving time peribd of the antenna unit,
thereby enabling the conmunication processing without
interference.
Other objects and features of the present invention

will appear in the course .of the description thereof, which

follows. >

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present
invention will be more readily apparent from the following
detailed description of preferred embodiments thereof when
taken together with the accompanying drawings in which:

FIG. 1 is a block diagram of a first preferred
embodiment of the present invehtion;

FIG. 2 is an overall perspective view of the first

embodiment;



t hereby enabling a construction wherein all antenna units are set to the

sane frequency. Thus, the sinplified construction is wusable in a
narrow frequency band, . thereby .preventing interference anong the
antenna units and perform ng comuni cation processing speedily and
reliably. The comunication control wunit may control the

adj acent antenna units whose communi cati,on areas overlap with each other
and which are set to the sane frequency to performthe conmunication

processing so that tHFEScormifi BaVeEhifal i eress-sRektRala vde¥h ot & FPYAteach
other by a half cycle. |f the on-  vehicle device comunicates with the
ant enna uni A€V RSCopding Lopithg Ebrskembedisents ea, therefore, the
on-vehicle device can speedily and reliably conmunicate with either
antenna unit wit houtFIE&8us#Ag-i AEenrer saping, chants: ishawieg neonpunication
If atime period of transmitting an interrogation signal fromthe antenna
unit i s shoperieds jof antenmna pavitsdimrthe first embodimente device replies to
the interrogation signal after ) - 8-
recei ving the signal BI&Sshor® asudt hef ef shewt heommuniedtionon afeas heand
on-vehicle device is initiated during the transm ssion period of the
ant enna uni comRRRELCASANDNI shatem coft rthe unanterma adiniss in  the first
embodiment;
FIGS. 7A - 7D are timing charts showing operation of
the first embodiment according to communication periods and time
periods of respective signals;

. FIGS. 8A -~ 8E are timing charts corresponding to FIGS.

N

4A - 4E shdwing the operation of a second preferred embodiment of
the present invention;

FIG. 9 shows communication areas and communication
states of the antenna uﬁits in the second embodiment;

FIGS. 10A -~ 10E are timing charts showing the
operatiqn of a prior art gystem; and

FIGS. - 11 and 12 show communication areas and
communication states of the antenna units in the prior art

system.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS
A first preferred embodiment in which the present
invention is applied to a toll charging system for an expressway
will be described hereinafter with reference to FIGS. 1 - 7D. 1In

FIG. 2 showing an overall view of the first embodiment, an



and set the interrogation signal beforehand so that the timng of starting
the transmssion is within the tinme period of the reception of the antenna
uni't, and the on-vehicle device may generate and transnmt a signal in

response to the interrogation ‘'signal, thereby automatically enabling
the comunication processing wthout interference. The tim ng
of transmtting a response signal is adjgisted in the on-vehicl e devi ce so
that the response signal can _be received within the rf&—ﬁvﬁ% é&ﬁiod
of the anten®PResSWaY ther dopL Yer%flﬁ i ,q@recﬁ‘@ ofontrtiR ng
wi thout interference. her objects and_features ,of the pr esent
i nvention vF¥Rressya¥, liln Whéheﬁmséaﬁf "—Pﬁ%edég'é?fr pt#onl %Jhéf‘g 4 Q% ane

fol |l ows. BRI EF DESCRI PTI ON OF THE DRAW NGS

Addi tional obldfrt s FarRredatarningss tellt ahayginge pointnbant A omankry 15e asore
readily apparent fromthe following detailed description of preferred
enbodi ment s graundofdepice exiradinggevérerthe t hoadielhecoBhenydangrir % s i n
whi ch: FIG 1 is a block diagramof a first preferred enbodi nment
of the presesntennaepnibs;16 - 18 directedl dovinwand beececrrespondprdtenes \afew
of the first enbodi nent;

the lanes 12 - 14 to set communication areas 19 - 21.

The communication areas 19 -~ 21 are set in such a
direction from the respective antenna units 16 - 18 that they
cover approaching vehicles I'( represented by automobiles 29). 1In
_ this embodiment, the antenna units 16-18 respectively have
:anténna elements 22a and 22b, 23a and 23b, and 24a and 24b that
respectively set communicative areas 19a and 19b, 20a and 20b,
and 2la and 21b, thereby respectively forming the communication
areas 19-21.

As shown in FIG. 3 (the antenna unit 16 is shown as a
representative structure which is similar to the other antenna
units), each of the anterr{na units has a waterproof construction
J;.ncluding a base 25 installed on the lower surface of the gaﬁtry
15, a control circuit section 26 mounted on the base 25, antenna
elements 22a and 22b, and a resin cover 27 which is permeable to
radio waves.

The control circuit section 26 controls the driving of
the antenna elements 22a and 22b for transmitting and receiving.
The antenna elements 22a and 22b are rotatably supported by
support shafts 28 so that .t':he orientation of the radiation

surfaces of the antenna elements 22a and 22b can be adjusted.

" Although not shown in the Figure, the antenna elements 22a and



-0-
according t

‘FIG 3 is a vertical cross-sectional view of a ground device

o the first enbodi ment; FIGS. 4A - 4E are timng

charts showi ng communi cati on perlods of antenna units in the first

enmbodi nent ;
connunicati
FI GS. 7A -
according t
FI GS. 8A -

FIG 9 shows connunlcatlon areas and communi cati,on

units in t h8%s&BahdtBRpogieRation of the radiagion g

FIGS. '5 and 6 show conmmuni cation ar eas
on states of the antenna untlk in the first enbodinent;:

and

$2ho Ak ALeP GR LA Showﬂ%&‘i‘%ﬁ ) oagspe‘%“hre%‘i Léiﬁ@ggg%'ﬁ?%
8E
operati on oPeﬁgélg%’:?:‘fg]a ‘é?ea}{e}aif“%%rﬁg g’@ 1928 e ﬁgls']én mven?lng\rl':ﬁpg the

charts showi ng the  operation of prior art system

FI GS.
11 and 1223d3n%4ed sEBuKRREERAGTO O &lri‘;&gtlm Pe;rmﬁﬂh'?%# da? &he: SUPPRFE( he

ant enna uni

ts in the prior art system
shafts 28.

The communicative areas 1%9a and 19b are set
respectively depending on the angles of the radiation surfaces of
the antenna elements 22a and 22b, thereby forming the
communication area 19. The communicative areas 19a and 19b have
an overlapping area 19c therebetween so that the communicative
areas 19a and 19b are contiguous. (Similarly, the other antenna

élements 23a, 23b, and 24a, 24b produce overlapping areas 20c and

~21c.) The antenna units 22a and 22b output microwaves of

different frequencies to perform communications as described
later.

Each of the antenna elements 22a, 22b, 23a, 23b, 24a
and 24b is a micro-strip type array antenna element wherein eight
square patches are formed on one surface of a printed circuit
board and are linked by transmission lines to a feed terminal.
The printed circuit board used is made of a resin material
printed with a conductor on both surfaces (i.e., a twofside
printed circuit board), where the change in temperature
characteristics of the dielectric constant of the resin material
within the operating temperature range (e.g., .high-temperature
range up to approximately 120°C) is a predetermined level or
lower (e.g., 1% or lower). For example, a BT resin material or a

glass epoxy material is used. The eight patches are laid out in

tes of th antenna

Krgacesld:f:an a t??n ng



DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY
EVMBODI MVENTS A first preferred enbodi nent in which the present
invention is applied to a toll charging systemfor an expressway wll be
described hereinafter with reférence to. FIGS. 1 - 7D. In FIG 2 showi ng an
overal | view of the first embodi ment, anl2-

-10- expressway 11 (only one direction of traffic flow of the expressway
11 i s shown)tweasromsr @f [fonas pakches sach4with orrspestdee WepPERS ofafingd
toll charging point has a gantry 15 as a ground device extending over the
road 11.  Teeehgetther ieings skightdya auti tenticto f£ormi pAEERkRLoRPRIFEedo
correspondi ng ones of the lanes 12 - 14 to set conmunication areas 19 -

21. wavefhe dhesenpetches areaforied byl beiagsetched stegetherdiwiddt i on
fromthe respective antenna units 16 - 18 that they cover approaching
vehi cl es (reghtecteahsnidpionulldnedi | es 29). In this enbodi nent, the

antenna units 16-18 respectively have antenna el enents 22a and 22b, 23a
and 23b, and 24a and RIthdédyl an exragt ianebyns chavioymangapatehes easudlldy and

19b, 20a and 20b, and 2la and 21b, thereby respectively formng the
conmmuni cat | Generates side lobes, the antenna elements 22a and 22b in this
embodiment reduce side lobes by adjusting the impedance of the
transmission lines to prevent communication-disabled areas from
.occurring in an intermediate band. For example, each of the
antenna elements 22a and 22b is designed to cover substantially
the same area within the range of a height of approximately 1 to
2 meters; that is, the range of height at vivhic'h an on-vehicle
device 30 mounted on the vehicle 29 passes.

The vehicles 29 running on the expressway 11 are
respectively equipped with the on-vehicle devices 30 mounted in
the vicinity of their dashboards. Each of the on-vehicle devices
30 has an antenna 31.. which receives pilot signals and
interrogation signals from the antenna units 16 - 18 on the
ground device gantry 15. The antenna 31 is also a micro-strip
type_ antenna having two square patches formed on a printed
circuit board which is the same as that used for the antenna
element 22a. In this case, the two patches are single patches
respectively provided for receiving and transmitting.

The antenna 31 has a configuration where a response
signal is transmitted by reflecting while modulating an

unmodulated carrier wave transmitted from the antenna unit 16

with the response signal. That is, the on-vehicle device 30 is



areas 19-21. As shown in FIG 3 (the antenna unit 16 is shown as
a representative structure which-is simlar to the other antenna units),
each of the antenna units has a waterproof construction including a base
25 installed on the | ower surface of thg.gantry 15, a control circuit
section 26 nounted on the base 25, anterina elenents 22a and 22b, and a

resin cover déggiged hto shpecapable 6P tiadinittdngs the response slignadnbyol
circuit section 26 controls the driving of the antenna el enents 22a and

22b for trapeflédtity aRE GRfHMaBEd cadtdedNWRGE AL AInE B! antddnainthiZgbigr e
rotatably supported by support shafts 28 so that the orientation of the

radiation sunBagAthoh the aohmRiiRratisTMsas’ 2o aﬂdzizﬁgcﬁﬁebasédbbskﬁé

Al though not shown in the Figure, the antenna elenents 22a and

are al so rokghphhse %‘iﬁﬂﬁitm Egcéféﬂgtthkouﬁngd\{leacttehoearﬁfé PeAadecul ar to

the support shafts 28°by a me | - known ructure so that t orientation of

the radiation Surfaceﬂéaéle%'&?%?f s BJiPHALEToE! e’ PRPEE! b dlineRE! L27F

per pendi cul ar to the support comuni cati ve

areas 192 paeedbedificn SeferdiBBPES' YS! 1 JORAL A0 ALY G110"

the radiation sur
be used as a representative example of the similarly-constructed

antenna units 16 - 18. FIG. 1 shows an overall construction, in
which control section 33 as the communication control unit for
controlling control circuité 32a and 32b provided respectively
for the antenna elements 22a and 22b includes a coﬁtrol circuit
34, a power source circuit 34, and an interface’ circuit 35 for
ekchanging data with the outside. ]

In the control circuits 32a and 32b respectively
provided for the antenna elements 22a and 22b, a modulation
circuit 37 modulates a carrier wave, i.e., an oscillation output
from an oscillator 38 having a predetermined frequency, with a
pilot idterrogation signgl or an interrogation signal from the
control circuit 34, and outputs the modulated signal to the
antenna element 22a via a circulator 39.

A receiving circuit 40 for ©performing signal
processing, such as demodulation, is connected to a mixer 41.
The mixer 41 receives an oscillation output from fhe oscillator
38 and also receives a radio wave signal from the antenna element
22a via the circulator 39 correspondix.xg to a response signal.

The carrier wave and the radio wave signal corresponding to the

response signal are mixed by the mixer 41 and the mixed signal is



the antenna elenents 22a and 22b, thereby formng the

communi cation area 19. The communi cative areas 19a and 19b have an

over| appi ng area 19c therebetween.so.that the communicative areas 19a and
19b are contiguous. (Simlarly, the other antenna elenments 23a, 23b, and
24a, 24b produce overl apping areas 20c apg- 21c.) The antenna units 22a and
22b output mcrowaves of different frequencies to perform conmunications

as descri be €to the. rece heiQkulibe 480t enid AleR@BOLRg 2darcwRD, 4@34,
23b, 24a aﬁgtg@% |% a %1gro Eﬁéﬁﬁ 33%3 array antenna elene%t wher ei n ei ght

square pat cRegoRl faddd’ e Q{écg.rll@eéuéé 1 fe % %?\hﬁ!t td Obkathla Q@Q@Qné‘é‘_d

are linked by transmssion lines to a The printed Circuit

board used 'igggfﬁn%f oﬁté@éé rlt”@k:eéﬁglconkﬁ t@ﬂé"d%fthﬁ conduct or on both

surfaces (|. CiTcuit boar whére the change in
rateri al - within ¢ he S50 45 taf% 29“5%43 BHPES | 36 BEPLL 'ﬁés&tﬁ%ﬂ’
(g, "l off pr°§§@%§% $4RL°B5L ) i 2R LB el o éﬁ‘é%
fr?tz?ri al is fusedonggasel %lcrgé‘}é%‘se Sw1 rh(ainI aa' dpr%'étetermmed frequency band,
for example, in the 2.45 GHz band. Each oscillator 38 is set to
output a oscillation signal of a uniform frequency by using a PLL
(phase lock lodp) circuit or the like to provide stable outputs
to make the frequency of the oscillators consistent with each
other at high precision. Such a technique is dgscribed in U.s.
g;atent application serial number 08/504,155, dincorporated herein
by reference.

Each of the antenﬁa units 16 - 18 constructed as
described above receives a timing signal driven corresponding to
the respective antenna elements 22a - 24b by a control unit (not
shown) connected thereto via the interface circuit 36. In this
case, the timings of outputtmg the pilot J.nterrogatl.on signals
and interrogation signals to the communication areas 19 - 21 are
set to be shifted by one cycle with respect fo the repeat cycle
(e.g., 10 ms) between the adjacent antenna units 16 and 17 and
between the adﬁacent antenna units 17 and 18.

Accordingly, if thé on;-vehicle device 30 mounted on a
vehicle which passes through the communication areas 19 - 21
passes through an area where the communication area 19 and the

communication area 20 overlap with one another, for example, the

on-vehicle device 30 will not simultaneously receive pilot



two rows of four patches each, with respective vertexes facing each other
being slightly cut out to formcircular polarized waves. These patches
are formed by being etched together with the transmission |lines.

Al t hough an array antenna havi ng many patches usually generates side

| obes, the antenna el enents 22a and 22b-jig* this enbodi ment reduce side

| obes by adjusting the inpedance of the transmssion |lines to prevent
conmmuni cat i GAgartabizam Weaanterma unitsirk6 mgdi b7 aas ideseribed atateyand. For
exanpl e, each of the antenna elenments 22a and 22b is designed to cover
substantially the sak®e bheaoni+véhivlehalavirege 30f dheciqpntrol aipcuitndgely
1to 2 nmeters; that is, the range of height at which an on-vehicle device
30 nount ed dmcilhdineld €PT,29 FAcand. a RAM outputs Tharimis daea, 28uchumsi ag on
the expressway 11 are respectively equipped with the on-vehicle devices 30
mounted in ideatuficatiion ebdeheas sapbdnisds sigaal oéspdissive- tehiaClpdlot
devices 30 has an antenna 31 which receives pilot signals and

interrogati eigaalnadrs &fointBerégitdona siyrday lfccorfingn tdiea gpralytogeyi ce
gantry 15. The antenna 31 is also a mcro-strip type antenna having two

squar e pat Clpeegram! "ethécortrbli BLesuiti4XUid Rpnedtdli €4 tife tdHtenAHE 38S
that used for the antenna elenent 22a. |In this case, the tw patches are

single patchda arezpehittdng Rievhtedtd oOrade @ikl Ra2Rd rbbaDeifd tditGuit
The antenna 31 has a configuration where a response
44.

* The transmitting circuit 43 performs modulation
processing in accordance with a response signal and modulates an
unmodulated carrier wave received by the antenna 31 to transmit
it as a response signal. The receiving circuit 44 demodulates a
radio wave received by the antenna 31 to obtain an interrogation
signal and supplies the signal to the control circuit 42, thus
forming a half-duplex structure. The control circuit 42 is
connected to a data memory 45 which is a read/write-non-volatile
memory. A battery 46 supplies power to the circuits in the on-
vehicle device 30. A timer circuit 47 as the communication
control unit is constructed as a one-shot timer circuit whi.ch
generates a timer interruption signal after couhting a
transmission-inhibited time AT described later if a start trigger
is given, and outputs the timer interruption signal to the
control circuit 42.

The control circuit 42 includes a starting circuit
(not shown). When the control circuit 42 receives a signal from

the outside, the starting circuit starts the entire device and

switches it from “sleep status” to “wake-up status” to make it



signal "is transmtted by reflecting while nodul ati ng an unnodul at ed
carrier wave transmtted fromthe antenna unit 16 wth the response
signal . That is, the on-vehicle device 30 is

-13- designed to be capable of transmtting the response signal by
reflecting the unnodul ated carrier wave-Xf6~omthe antenna units 16 - 18

w thin the communi cation areas 19 - 21 by the use of the response signal
whi | e recei PEXREOFRcCOMMPIGRELRRE carWhen the ccommunications ke <fampleted)
structure of the first enbodinent will be described with reference to FIG
1. The antethg BREire gleyice ipccqmiagliedate cgtrams @ndareterextmpjihe dislekp
simlarly-constructed antenna units 16 - 18. FIG 1 shows an overall

construct i ostatns” whard wiitsr do geceive 83sagnahefmammihe csitisddeconThab
unit for controlling control circuits 32a and 32b provi ded respectively
for the ant eonatevetion sr@iwesndtlZ2 beconsimmtdiona epntthel atteryt 4634whéen
power source circuit 34, and an interface circuit 35 for exchanging data
with the outcomgunication is not perfbemed.ontrol circuits 32a and 32b
respectively provided for the antenna el enents 22a and 22b, a nodul ati on
circuit 37 nodul ates & ssemarprofiethe opegatiom wifem Ifligki antendapunitsram.an
oscillator 38 having a predeterm ned frequency, with a pilot interrogation
signal or al amteusedatildnbei desdribednwite reference to FIGS. 4A -~ 4E and
6 before describing the operation of this embodiment. The five
antenna units A - E are set to the same oscillation frequency f1.
The adjacent antenna units respectiirely have communication areas
which overlap with one another, thus foming contiguous
communicative areas over a wide range.
The antenna units A - E are divided into two groups:
namely, a first group consisting of every other antenna unit a, C
and E and second group consisting of every other antenna uhit B
and D. The antenna units of the respective groups are controlled
to perform communications.at the same timing within that group.
During communications, transmission is performed during the
transmission period (down 1link Dn) and reception is performed
during the succeeding reception period (up link Up). During the
down link Dn, pilot signals or various interrogation signals are
transmitted to the communication area. During the up link Up,
unmodulated carrier waves are transmitted, and the -antenna unit
receives a response signal from the on-vehicle device in the
communication area. | |

In this case, the response signal from the on-vehicle

device is transmitted towards the antenna unit by modulating an



control circuit 34, and outputs the nodul ated signal to the antenna

el enent 22a via a circulator 39. = A receiving circuit 40

for performng signal processing, such as denodul ation, is connected to
a mxer 41. The mixer 41 recei'ves an oscillation output fromthe
oscillator 38 and also receives a radi ollave signal fromthe antenna

el ement 22a vi h I rcul.ator 39 correspondi tQ.a respons Lagnal.. _ The
carrier vvaveu‘?ﬂ?? ﬁge$a‘éﬂgj\ﬁ§ygag? g’?ﬁﬁ“sﬂ‘bﬁ%gp‘%%m %Bet%&%@g gg%%ﬂ’:@ a
signal are mixed._by t m xer 41 and the m xed sjgnal, is

TLA® out putsiiatas  Bel pirgnes  Biit A8oeLvaheChacBaPRY P, Ay FesRPRSe
denodul ates the recei ved conposite signal to obtain a response signal and
outputs it tHIPd-control circuit 34. Each of the oscillators 38
provi ded respectively for the antenna el enments 22a - 24b outputs the

carrier wave in the f8r ¥hef f{rskioraup efarasenna hupitd fredetddibh&r in
frequency band, for exanple, in the 2.45 GHz band. Each oscillator 38 is
set to out pehe ssesand (gxobipnofi gnbenng wnidsi Borand ribqudiese ISPMRYNEGAGLOM |
(phase lock loop) circuit or the like to provide stable outputs to nake
t he frequencdress tée boti loverdap wibki eacht ovihen edthinotther goup,geach
precision. Such a technique is described in U S.
communication period T is set so that the antenna units within
the same group have simultaneous down link periods Dn and up link
periods Up. .For example, during the down link period Dn in which
the antenna unit A is performing the transmission, the antenna
units C and E are also performing the transmission and therefore
‘a transmission signal output from the ante_nna‘ unit A is not
received by the antenna units C and E (FIG. 5).
During the up link period Up in which the antenna unit
A is receiving the signal, i.e., performing the reception while
transmitting unmodulated carrier waves, the antenna units C and E
are also in the up link period Up in which they are respectively
performing the reception while transmitting unmodulated carrier
waves, and therefore the antenna unit A receives a response
signal from an on-vehicle device which exists. - in  its
communication area or receives unmodulated carrier waves from the
antenna units C and/or E. If the antenna unit A receives
unmodulated waves from the antenna units C and/or E having the
same frequency at this moment, it does not cause interference
therebetween because the unmodulated wave from the antenna units

C and E have the same frequency as that of the antenna unit A, so

the antenna unit A can receive the response signal transmitted



pat ent- application serial nunber 08/ 504, 155, incorporated herein by

r ef er ence. Each of the antenna units 16 - 18 constructed as
descri bed above receives a timng signal driven corresponding to the
respective antenna el ements 22a - 24b by a control unit (not shown)
connected thereto via the interface cir~d8rt 36. In this case, the timngs
of outputting the pilot interrogation signals and interrogation signals to

the comuni g&d\%é‘rc)?\a§eljr cIe %@v Jlns%.ttst gﬂﬁuﬂugﬁl‘éﬁ Bire®ne cycle with

respect to the repeat cycle et ween the adjacent antenna

units 16 and 17 and ﬂg%ﬁgeuﬁghgc?t agt gggagggﬂée&kaad $Bat the

Accordingly, if the on-vehicle device 30 nounted On a vehicle which passes

through the gomuyni 1%;11391 22LE8Ss 1l?avm2g% ar JVeE: e?@%ﬁljgﬂo it ivheaeeh e

conmuni catlon ar ea t he™ conmuni over ap w th one

anot her , 0L, gx a0l fuer! *;elteeﬂ?yee@ s Aokl 630 ohinbhs S0Ls o BJchRnqeysEy

receive p|Io WO ant enna un| 17 as

descri bed | q?‘nc’l (ﬁ)ﬁg aTtasU lsn e Ondu%g' cle q}vi iers%o g g:?.nta{n‘ilenn

circuit 42 Dan put’s var ata suc as

an identifi cag OR c%d 2nde % rers%ségglvéal g”n?glet%s%%'és't‘iﬁetQo&nﬂi&ttlon.

i.e., both a down link period Dn corresponding to the former half

cycle in which transmission is performed and the latter half
cycle corresponding to an up link period Up in which a reception
is performed, they also stop transmitting unmodulated carrier
waves. Subsequently, units in the second group ?f antenna units
B and D respectively perform one-time communication; when the
antenna units B and D respectively complete a down link period Dn
in which transmission is performed and an up link period Up in
which reception is performed, they also stop transmitting
unmodulated carrier waves.

As a result, if the on-vehicle device exists in an
area wvhere communication areas " overlap with each other, the on-
vehicle device will not have a failure such as interference
caused by simultaneous communications with two antenﬁa units,
thus performing communications with either antenna unit.

This method can be applied to perform communications
reliably and speedily without interference while using a minimum
frequency band. Such effects will be more obvious when
increasing the number of antenna units to be used.

The operation of this embodiment will be described

with reference to FIGS. 7A - 7D as well. It is assumed that



signal “or an interrogation signal according to a pre-stored program The
control circuit 42 is connected to the antenna 31 via a transmtting
circuit 43, and also via a receiving circuit 44. The
transmitting circuit 43 performs nodulation processing in accordance
with a response signal and nodul ates an.jginnodul ated carrier wave received
by the antenna 31 to transmt it-as a response signal. The receiving
circuit 44 depndylalesy i&%‘é' %uw]a.vo%r el Mg by ot he antgy a%%d%ﬁ '
an interrogation signal and supplies e Signal™"to the control circulrt 42,
thus form ng«, 9345 LHCt ULe e r circyjt '

connect ed t(r)]ﬂla at% %%%4?‘5\”%%{% %satgga g&ﬁt%{sﬁdn-vo aﬁhﬁ%e da%egrrgﬁy.
battery 46 i r tao.the.circuits in the on- vehicl,e device :
A timer ci rcu! E|lt|[i agg\t,\%e °8§Xﬁﬂﬁ+‘%!bﬁ’1 oW 5%t e LAntenRe r uct ed ig a
one-shot tiner circuit i.ch enerates. a ., tinmer _jnterruption i gnal
after countcfcf\“dmnéca%? At st 5'd'lcf"gdc‘Fl"i‘r%e‘%T?’éjelg‘&‘?‘? qnat‘é?sh"i e§
start trigger. s g{':r\l/er}i hagg outputs the tiner interruption signal to_the
control cirQfFF1Rg through the coppunigation axeasulf 225m@EPdde’dn reiablyng

circuit (not shgwn) When . the contrql circuit 42 recejives a signal from

the out si de,SXSFHtE: FhE RFCLARER CLsttha steangnidata JEikhc cthe on=ghiches it

from"sleep dsta,t us" to "wake-up status" to make it | . .
evice 30. At this moment, the control circuit 42 in the on-

A

vehicle device 30 is switched to the “wake-up status” by the
starting circuit, and then performs the following communication
processing while in the start-up status.

In a normal communication session, wpen the vehicle
énters one of the communication areas 19 - 21- and the on-vehicle
device 30 receives a pilot signal PLT, the control circuit 42 is
switched to the start-up status to start a communication control
program and determines whether a receive interruption occurs in
the status. If a receive interruption occurs, the control
circuit 42 executes a receive interruption program. The control
circuit 42 checks the data of éhe received pilot signal PLT and
determines whether it contains any abnormal data or not. If
abpormal data is found, the control circuit 42 ends the program
to return to the initial state because a correct pilot signal has
not been receiﬁed. If abnormal data is not found, the control
circuit 42 proceeds to the next step.

The control circuit 42 determines a response waiting
time Twait based on the contents of the received s:i_.gnal, and sets
the response waiting time Twait in a interruption timer circuit

47 and then starts the circuit 47 with a starting trigger. After



-16- perform communi cations. Wen the conmmunications are conpleted, the
entire device is controlled to stop and return to the "sleep status", and

waits to receive a signal fromthe out si de. This construction reduces
t he consunption of the battery 46 when comrunication is not performned.
A sumary of the operation when five .antZdma units A - E are used will be

doser1 bod Wackel L eogs L B O oA dlldae® M0 nlsht AgDSo
same osci | | gl @Rl r eGSR, L prolienadi ROl a0t 002, UNigs cfEPEELINelY

have conmmuni'cati on ar eas her, us

formng contiguous,,co nicatLve areas over ,a wde ra . \ The
ant enna uni tcgui%_ aEtgP%rrTE-'llmedg ich i twr@néﬂb§$1°91'a‘rﬁ@1l§,gg§df$%‘ grihep
consisting of every. other antenna unit A C and E and second group,

consi sting dfCeFEFytIRee tile ehARSSRy the timer Firgvdtadd cAREPYH (% tMerhe
respective gqroups are controlled to perform conmmunications at the same
timng wthiiMtERERPHIQMY Sianpl §hFheopwtriite #irsnit 42ansni ssion is perforned
during the transmssion period (down |ink Dn) and reception is perforned
during the succeedi ngTP%cgibW’bncbéWJGd 4Upisi metume that nghe hdowRowrinki nk
Dn, pilot signals or various interrogation signals are transmtted to the
conmuni cat i ®¢raPADPN, Bug-mgthddalf ryeke Y2, where T is one communication

cycle, is set to the timer time which is a transmission-inhibited
A\ time, e.g., 5 ms. Thus, transmission of a response signal is
delayed until 5 ms elapses after a.signal is received from the
outside.
When the main program restarts in the'control circuit
42, it analyzes the contents of the received signal and executes
operations based on the contents, and then generates a responsel
signal based on the result of the processing. The control
circuit 42 only generates a response signal in this step, and
therefore waits for the timing of transmitting the signal. The
control circuit 42 is then in the state of permitting a timer
interruption by the interruption signal from the timer circuit
47. Then, the control circuit 47 waits for a timer interruption
to transmit the response signal.
If the interruption signal' has been input from the
timer circuit 47 or it is input therefrom, the control circuit 42
executes the timer interruption program. That is, the control
circuit 42 starts transmitting the response signal in the up link
period Up and then executes the post-interfuption processing to

return the main routine. After completing transmitting the



unnmodul ated carrier waves are transmtted, and the antenna unit receives a
response signal fromthe .on-vehicle device in the comunication area.
In this case, the response signal fromthe on-vehicle device is

transmtted towards the antenna unit by nodul ati ng an
-17- unnodul ated carrier wave transnmtt@¥-fromthe antenna unit with a

signal . Theesporse@asigndl r eveihes LAY, SithealmaAin BprafRansartsIngl - the
In the first group of antenna units A, C and E or in the second group of

ant enna unib&nE&aquhﬂchmhomgaagaqﬁunication areas do not overlap with each
other within the group, each conmunication period T is set so that the

antenna units w thin e ecRPR10" %ugquzsigyl Eﬁgegusvgﬂjéﬂé ia&,dﬁ%:li ?ﬂs Dn

and up link periods Up. For exanple, during the down |ink perio

which the 3ahepited Nind ér%ﬁsxﬁ’:.ecrsf Qq %ngw@ di Qgghgggp%ﬁéﬂ%a%egﬂées

units C and’E are also performng the transm ssi _ erefore
Lranom o108 SRk SULAULLT QUL R 208 SRRy yndve 10! 1o ST KEGEY (1
thi o the agkegen Wik b |Reel KRGyl Spalivgh & ouBRE" SHAMAR HF,,
Cand E from the antenna units 16 - 18, the control circuit 42 performs
the communication processing as described below while repeatedly
\ performing the above-described processes.
Once the control .circuit 42 receives a pilot signal
PLT1 from the antenna unit 16, for example, the control circuit
42 establishes the antenna unit 16 as a fixed comibunication party
thereafter, and will be set to reject pilot s;‘.gnal PLT2 and PLT3
ﬁransmitted respectively from other antenna units 17 and 18 if it
receives them. In this state, the control circuit 42 generates a
pilot response signal RSPl in response to the pilot signal PLT1
and transmits a response by reflecﬁing while modulating
unmodu;ated carrier wavéé continuously transmitted from the
antenna unit 16 by the use of the generated pilot response signal
RSP1. The pilot response signal RSP1 holds an identification
code which has been registered as a code specific to the on-
vehicle device 30.
After the above processing, the antenna unit 16
transmits an on-vehicle device data transmission request signal
RC1 as an interrogation signal following the pilot signal PLT1.
The on-vehicle device data transmission request 'signa-l RC1 holds

a code indicating a location, a gantry code number, and an



are also in the up link period Up in which they are respectively

perform ng the reception while transmtting unmodul ated carrier waves, and
therefore the antenna unit A receives a response signal from an
on-vehicle device which exists in its comunication area or receives

unnodul ated carrier waves fromthe antepna units C and/or E If the
antenna unit A receives unnodul ated waves fromthe anteng unlts C gnd/or

E havi ng 't hdédestikidatiqne fodeatregibtenedrenerresponddngd ne

feirtéfence

t her ebet ween because the unnodul ated wave fromthe antenna unlts C and E
have the sadevicequdhcpoasthatat aslyt henswehisde udevice 3§ eXEHRSenti®unit
A can receive the response signal transmtted

-18- from chamonicedion proeessimgi aftées thenmeneptidron area. The

antenna units A - E are provided such that the adjacent antenna units
havi ng an over | appi ngugmnnecedaing ntlsy em-vehicbdalavwice dBterhEﬂQﬁ%AﬁﬁéPﬂorn1

one communi cation cycle (FIGS. 4A - 4E). That is, when units in the
first group reguast eémalu RCLs the @xﬂ%hEcLes@adde/GIOy readp| data osachi as
conmmuni cation, i.e both a down link period Dn corresponding to the

former half baqxﬁbe Anibudit ghtd ) s Genskate i dquedl peaddsiamalt RR1) anderthienl f
cycle corresponding to an up link period Up in which a reception

transmits the signal to the antenna unlt 16 in the same manner as
described above. Wwhen the antenna unit 16 receives the read
signal RD1 as an interrogation signal, it transmits specified
data for processing tolling data as a write signal WDl to the on-
vehicle device 30. The write signal WDl holds a tolling
instruction code, toll amount data, a locaeﬁon‘code number, a
gantry code number, an identification code of the on-vehicle
device 30 and operation time data and the ;ike. If the response
signal RSPl from the on-vehicle device 30 is abnormal, the
antenna unit 16 executes a specified abnormality processing
routine. -

When the on-vehicle device 30 receives the write
signal WDl, it reads the contents of the signal to perform a
specitied write operation and then transmits a write end signal
END1 including a location code signal, a gantry code ﬁumber and
an identification signal of the on-vehicle deviee 30 in the same
manner as described above. Upon receiving the write end signal
END1, the antenna unit 16 transmits an end acknowledge signai
ACK1l to the oﬁ-vehicle device 30 to inform it of the reception of
the write end signal END1. Upon receiving the end acknowledge

signal ACK1, the on-vehicle device 30 determines that



is perforned, they also stop transmtting unnodul ated carrier waves.
Subsequently, units in the second group of antenna units B and D
respectively performone-tinme comunication; when the antenna units B and
D respectively conplete a down link period Dn in which transm ssion is
performed and an up link period Up in wh3th reception is perfornmed, they
al so stop transm {ting wunnodul ated carrier waves. ) ., As, a result,
if the on-vEYRPBlGRYLIN: hag; Deen jGpmpletad e santhcthe EHAFTARG aE1¥mR i S48PS
overlap with each other, the on- vehicle device wll not have a failure

such as i nt & dhddEe theadevirg\tosithe t“Alesns statngihi cBRatonks mithe tstatus

antenna units, thus performng communications with either antenna unit.
Thi s met hod hefarpecempinication &artsm comuni cations reliably and speedily
Wi thout interference while using a minimum frequency band. Such
effects will be noig btheioos-vellicle | devéaei n§0t heegeibes ot apidnha
units to be used.. : The operation of this enbodinent will be
descri bed \dinterrejationceigna¥IPGP. addin fDthe weimmhunicattionsarsssuridd-t Bat
-19- individual vehicles run on the lanes 12 - 14 with randomtine
i nterval s betfnethet heame agrownd hedeuwical Imsaftekn ithi hasasperformed the
communication processing, the on-vehicle device 30 ignores the
signal judging from the data on the communication results stored
s therein, thus avoiding interference with communications by other
on-vehicle devices. This also prevents the on-vehicle device 30
from repeating communications within the same communication area
19 or within the communication areas of the same gantry 15, thus
eliminating the possibility of double charging of a toll.

For actual toll charging processing, the on-vehicle
device 30 is designed to be used with an IC card (not shown)
mounted therein. After passing through the communication area
16, the on-vehicle device 30 is designed to write the data
corresponding to the amount obtained by subtracting the toll
amount data transmitted during communications from the toll
balance based on various written data specified by the above-
mentioned write signal WPl in the IC card via an IC card
interface.

The following 'will describe the case where small
vehicles such as motorcycles are running side by side and the on-
vehicle devices 30a and 30b mounted therein start communications’

respectively after receiving a pilot signal PLT1 of the antenna

unit 16 and a pilot signal PLT2 of the antenna unit 17 while they



well a% in a conventional system the antenna units 16 - 18 conmmunicate
with the on-vehicle devices 30 nounted on vehicles passing through the
comuni cation areas 19 - 21, and can reliably execute the exchange of the
tolling data with the on-vehicle device 30. At this nonent, the control
circuit 42 in the on- vehicle device 3Q4i-s switched to the "wake-up

status” by the starti circuit, and,then perfor the, follow.n
Soamini ol i 8RS pattlia | Yhytah ol SYRRLaTeInd Hrsh B pbstaRtiftly % | phe
nor mal conmuni catj on session, when the vehicle enters one of the

cormuni cat i §A™&r *19 - 21 and the on-vehicle device 30 receives a pilot
signal PLT, the control circuit 42 is switched to the start-up status to

start a communi cati orf FoRoEBunicsignsnbetyeant Ehei AR sVERitIsdeyises o302
interruption occurs in the status. |If a receive interruption occurs,
t he control andj 3¢k jand;theyantenna anisgel§eanditehr Fhei Sl1wdidahimep care
control circuit 42 checks the data of the received pilot signal PLT and
det er ni nes #REt heFhet compndicatiomycydlnrPrais dseta &, foxr. example abhdrngd
data is found, the control circuit 42 ends the program to return to the
initial stafhepconmyricationr evcles| mf sthgaknherna nvaitmeh r @ndi VUdd. are f
abnormal data is not found, the control circuit 42 proceeds to the next
st ep. shifted[fgomorachvlotherchy tonk? cyefler i nee.a 1esponsdswahowvmgint i me
Twait based on the contents of the received signal, and sets the response
wai ting tinEBIGwaild,i @ sdawm ekimiptperiodi n, cimcwhich pilot signals PLT,
interrogafion signals RC or the like are transmitted, is set to a
time period 5 ms that begins with the beginning of the
communication cycle T. An up link period Up, in which the on-
vehicle device 30a transmits response signals, is set to a time
period 5 ms that begins at 5 ms and ends at 10 ms following the
down link period Dn.

Among the above-described periods, transmission of the
response signal during the up link period Up is set within the
on-vehicle devices 30a and 30b. That is, a start trigger is
output to ‘the timer circuit 47 to start the timer operation when
a pilot signal or an interrogation signal is received, and the
response signal is transmitted when a timer interruption signal
is input when the response waiting time Twait elapses.

When the on-vehicle devices 30a and 30b perform
communications respectively with the antenna units 16 and 17 in
the overlapping area D, the timings of transmitting the response
signals from the two devices may overlap with each other. If the

overlapping of the response signals occurs in the overlapping

area D in this way, the antenna units 16 and 17 each receive both



47 and' then starts the circuit 47 with a starting trigger. After

-20- executing post-interruption processing, the control circuit 42
returns to the main program The tiner circuit 47 thus starts to count a
tinmer time which is a transmission-inhibited tinme. Wien the set tinmer tine
el apses, the tinmer circuit 47 outputs a~&€%mer interruption signal to the

output circuit 42. . The tiner cifcuit 47 is set_.so that t.he down
link periodSBRONEE o S190318 ¢\ FhUT CRUSIRG, 1njenLference. oneT%nﬂﬁf%%fﬂe&%
cycle, is set tq the tinmer ti ich is a transni ssion-j.nhibit.ed i e,

& S5 s, Avide. SiehaR; SYPBR BY SeFELND s cPORRRRRe |G LGS
el apses after ,a signal, is received fromthe outside. When t he
mai n prograﬁﬁsﬂégtﬁg?st’i“\?rt Farebit A3k circuit 42, it analyzes the contents
of the received signal and executes operations based on the contents, and
then generates a respbhsBhown giR| CAsRed dn (FHE.r gl tibhf thectErRALESIRG.
The control circuit 42 only generates a response signal in this step, and
t heref ore w&ifne fIgr afhan jiftegregatiaomstianalngst He mg g#rd . therhprogessing|
circuit 42 is then in the state of permtting a tinmer interruption by the
i nt erruptiorkigeg¥8 ofr dthet Haternegationc fignad7 isTHems t o rKampleei thei t

47 waits for a timer interruption :
timing of transmitting the response signal corresponds to a 5 ms

to 10 ms period which is in the up link period Up. As shown in
\ the case 2 in FIG. 7C, if the transmission time TQ of an
interrogation signal is 5 ms and the processing timg TS is 2 ms,
the timing of transmitting a response signal corresponds to a 7
ms to 10 ms period which is also in the up _1ini< period Up, so
that interference will not be caused if the response signal is
transmitte_d . |
As shown in Case 3 in FIG. 7D, however,' if <the
transmission time TQ of an interrogation signal is 2 ms and the
-p'i:ocessing time TS is 1 ms, the timing of transmitting the
response signal comes after 3 ms or later, i.e., in the down link
period Dn before an elapse of 5 ms. In this case, the
transmission of the response signal is delayed until the response
waiting time Twait, i.é. r 5 ms, set to the timer circuit 47
elapses. As a result, when signals are exchanged, an overlapping
time of the response signals respec{:ively transmitted from the
on-vehicle devices 30a and 30b is eliminated, and the
transmission time TQ of an intefrogation signal, the prc;cessing
time TS of an interrogati:on signal and the trans;nission time TA

of a response signal vary according to the changes in situations.



to transmt the response signal. If the interruption signal has
been input fromthe .timer circuit 47 or it is input therefrom the control
circuit 42 executes the tinmer interruption program That is, the control
circuit 42 starts transmtting the respopse signal in the up link period
Up and then executes the post-interrupti®h processing to return the main

routine.  AhLeLe ,!éﬂé'H%ébﬁﬁﬂéﬂ%t&éJEEe§|§%a and 30b can respectively

-21- response signal” in this way, the main programstarts in the contro

circuit 42 agghinicate with thel eERRS "dH1tR! 18ULAa 3 WithBEt Ofiteeetbfice

device 30 generates and transmts a response signal every tinme it receives
a signal fr tside as described above. In the normal state, when
t he control%gk%gﬁ?gkf%"receives a pilot signal PLT fromthe antenna units

o LB b oMo B chRaBSE RATT o, I ROUTURLE U O OBRShAR 20
A S PR PN I PR LR
16,35 2 11 XefCommunlonthen PRI 1BNSLRA\Shoudly dlhitbrhosturi2at Eh56"
and the antenna unit 17 performs communication after the antenna
units 16 and 18 complete one communication cycle so that a pair
A of the antenna units 16 and 18 and the antenna unit 17 execute
. communications alternately with each other. That is, the antenna
units 16 and 18 are set to the same down link period Dn and up
link period Up to perform transmission and reception. Therefore,
this prevents interference between the anten;a units 16 and 18-
and makes it possible for the antenna units whose communication
areas overlap with each other to communicate with the on-vehicle
device reliably. Furthermore, speedy and reliable communication
processing can be performed because there is nollimit to the
communication time depending on -the number of antenna units, such
as in the time-division multiplex method.
Additionally in this construction, .the timer circuit
47 is in the on-véhiclé-device 30 mounted on a vehicle to perform
control so that the timing of transmitting a response signal
comes after an elapse of a specified time and the control circuit
47 transmits the response signal after . receiving a timer
interruption signal from the timer circuit 47. Therefore, when

small vehicles such as motorcycles are running side by side and

communicate with the antenna units 16 and 17 respectively while



transmtted respectively fromother antenna units 17 and 18 if it receives
them In this state, the control circuit 42 generates a pilot response
signal RSPl in response to the pil-ot signal PLT1L and transnmts a
response by reflecting while nodulating unnodulated carrier waves
continuously transmtted fromthe antengg_unit 16 by the use of the
generated pilot response signal RSP1. The pilot response signal RSPl holds

an identifi ahlel oR-veRittl eMieticB8S3 £ ciind ePis inundteds thereile pasecithrough. t he
on- vehicl e device 30. After the above processing, the antenna

unit 16 trapemoterbdppitgyabes! B, dove0appahg tramsatiissionnof ethe stesponsel
RCl1 as an interrogation signal followng the pilot signal PLT1. The

on-vehi cl e dayhats das aabs AR an Hher8EYLS! tRé UBSImINGEakRLAS inBerfi®nce
i ndicating a ["ocation, a gantry code nunber, and an

122 i dent’i dgat b SRREEET SLET AfleC OLLRMAONT! Nink), { RehedNo¥icicac 4RV ce

30 so that only on- e executes the comuni cation processing

after the r%&%BEEQﬁx and the %}Qﬂ?ﬂo{:@fﬂi‘q%ﬁﬁaﬁhﬁe Fr14aBi ¢! Sertined . dat a

transm ssio request signa e on-vehicle device 30 reads data, such

as bal ance anount daiﬁ"t & HERRY %Sﬁ‘“ﬁé’ﬁ’g al(s‘:%ﬁ]n%igﬂéb g{gve'arg‘et RSkher

transmts the signal to the antenna unit e sane nmanner as
circuit 47 is in the on-vehicle device 30 to adjust the

communication time to prevent interference; however, .instead of
using the timer circuit 47, the antenna units 16 -~ 18 can have
the same functions as the timer circuit 47. That is, when it is
estimated that the on-vehicle device 30 transmits a response
;ignal at a timing earlier than 5 ms in response to a pilot
signal or an interrogation signal transmitted from the antenna
units 16 - 18, the control circuit 34 transmits the pilot signal
or the interrogation signal with a dummy signal, which does not
directly relate to communication, as a preamble so that the
timing of transmitting the response signal from the on-vehicle
device 30 comes after 5 ms duriﬁg the up link period Up.

‘This construction eliminates the need for taking
measures to 'prevent interference for on-vehicle devices | 30 to be
mounted on vehicles by providing the control circuit 34 of each
of the éntenna units 16 - 18 with the function of attaching a
preamble to a pilot signal or an interrogation signal if
necessary, thus preventin§ interference if the same situation as
in the first embodiment occurs.

Further in this constructidn, instead of attaching a

preamble to a pilot signal or an interrogation signal, the



described above. Wen the antenna unit 16 receives the read signal RDl1 as
an interrogation signal, it transmts specified data for processing
tolling data as a wite signal-WD1 to the on- vehicle device 30. The
wite signal WDL holds a tolling instruction code, toll anount data,
a location code nunber, a gantry code +@8¥er, an identification code of
the on-vehicle device 30 and operation tinme data and the like. If the

response  SpghaloIRRYkculit0g L B8 Ohkn ¥ it dRiefifia GRits SL6 abniB mdn bée he
antenna unit 16 executes a specified abnormality processing routine.

When the onguelifdse tde ¥kt Ca MeTHC i1HeS T NGo¥dshBnathgina thBl tine ofatise t he
contents of the"signal to performa specified wite operation and then

transmts a | e ] I | uding a location code signal, a
P28 B lersbpnd el

gantry code®n and cati1on signal of the on-vehicle device

30 in the same mnng a5 A8Sehbehdlione (nPBRLaRe! HvEATIBR 161 Lo

d
signal END1, the ant'enna unit ansmts an~end acknow edge signal ACK1l

i gnal ENDISR DG 1o ot Vi dnBhnd " cntPReidillg caGshEE B intng, | B8, bk ond

signaI_ENDl.ln _ ei ving thi ac Si gna
on-vehi cl e indFYé.C %, Pe ggtegéﬂn%e%reqagx%ies of the antenna elements 22a

-23-
and 22b of the antenna units 16 and 18 are set to the same
frequency f£1, and the operating frequency of the antenna elements
22a and 22b of the antenna unit.17 is set to a frequency £2 which
is different from f£fl; that is, each communication cycle of
antenna units 16 -~ 18 is set to be shifted by half a cycle
;etweén the adjacent antenna units. This. embodiment has a
construction wherein the on-vehicle device <can perform
communications at either frequency fl or f2 which is set to the
antenna units 16 - 18.

The principle of this embodiment will be described for
the case where five antefina units A - E are used as well as
described with reference to .FIGS. A - 4E in the first
embodiment. The first group of the antenna units A, C and E is
set to have the frequency f1, and the second gfoup of thé antenna
units B and D is set to have the frequency f2. The second group
of the antenna units B and D starts the communication period T
affer the first group of antenna units A, C and E ends the down
link period Dn which is set to thé first half cycle of the
communication period T (FIG. 8). The down 1link period Dn
overlaps with the up link period Up of the first group of the

antenna units A, C.and E.



comuni cati on has been conpleted, and the starting circuit stops to shift
the device to the "sleep status”, that is, the status before comunication
starts. If the on-vehicle device 30 receives a pilot
interrogation signal PLT again’in thé conmunication areas 19 - 21 of the
same ground device 15 after it has perfo Hgd the comuni cation processing,
t he on-vehicle device 30 ignores the sig al judging fromthe data on the
comuni cation results stored therein, thus avoiding interference with

communi cati ons by ot hAFCOBHLAENic| &t ddipkess. 1 73T s a8 sONBr KHSles £aE all
on-vehicle device 30 ,fromrepeating communications wthin the sane |
comuni cat i AEANER undtyA i EhFe eomplesentihe ccanmwnigatian &- t feshie dantry
15, thus elimnating the possibility of double charging of a toll.
For actual tEurtherarxgdugedr eoapsred, wihk dheveaine| eyckeveEe 180 the dbbisgned
to be used with an IC card (not shown) nounted therein. After passing
t hrough t he embadiment; i dhezeby ihéreddimgnthehifrequersy cef3Comgudisatgioad t o
wite the data corresponding to the anmount obtained by subtracting the
toll anountoatatrxencensn tted during conmunications fromthe toll bal ance
based on various witten data specified by the above- nentioned wite
signal WD1 in the | C dar dhei above | domstrtictioh orélaere. the on-vehicldhdevice
following will describe the case where small vehicles such as notorcycl es
are runni ng perfiorimg eommupivhtiibasolin an area where communication areas of
two antenna units overlap with each other, since the
communication cycles T are shifted from each other by half a
cycle, the on-véhi_cle device first receives an interrogation
signal transmitted from the antenna unit which,is in the down
link period Dn of the communication cycle T and starts
communicating with the antenna unit.

In this case, the oscillation frequency of the two
antenna units are set differently from each other. Once the on-
vehicle device starts communicating with either antenna unit,
therefore, it transmits a response signal in response to a
carrier wave of the frequency transmitted from the antenna unit
and can continue the communication processing without
interference.

Although the present invention has been fully
described in connection with the preferred embodiments thereof
with reference to the accompanying drawings, it is to be noted
that various changes and modifications will become apparent to
those skilled in the art. For example, instead of providing the

timer circuit 47, the control circuit 42 may implement a timer

function using software. In this construction, however, the CPU



vehi cl e devices 30a and 30b nounted therein start conmunications
respectively after receiving a pilot signal PLT1 of the antenna wunit 16
and a pilot signal PLT2 of the antenna unit 17 while they

-24- are passing through an overl apping area D substantially at the sane
tinme. -For communi cati ons betwggen the on vehicl e-devices 30a and
30b and the antenna uni%s 16 . and 17, the follow.ng tines are set. The

communi cat i GANRQE| L¥PCuLe s PLRY (REOCERSIRG o Whildeng exeqibing, nHhgi chinen
cycles of the antenna unjts 16 and,17 are shifted from each other by one
cycle T, i.dUnCHPhys ShstRafouihe ntipes time pugbuhe| CRNBRR | sakiRg iLAtawi ch
pilot signals PLT, interrogation signals RC or the like are transmtted,
is set to aCoPPHIFTALAPBJtER Rrocrasing diime @ft bnterxrogagiomisignalss he
communi cation cycle T. An up |link period Up, in which the on- vehicle
devi ce 30a transmits Wheipchsereamplel as ia dwowmy oskgnalneis pattashed o tdat
begins at 5 ns and ends at 10 ns following the down |ink period Dn.
Anong t-he abddet cukgneilber arerinsérrogatimrisignah, dft tiseposeiente attach
during the up link period Up is set within the on-vehicle devices 30a and
30b. That ai sumay ssignal riqgyedjustingt pime tuntdimtiednmen thecebhtdits cost art
the timer operation when
communication or attach other data needed for communication as a
dummy signal.

A _ Besides expressways, the present invention can be
applied to toll charging operations in pay parking lots. 1In this
case, vehicles can simultaneously enter from multiple lanes, and
there is no need for the vehicles to stop at the entrance/exit to
perform toll charging procedures, thereby enabling speedy
entrance and exit to and from the parking lot and reducing labor
necessary for toll charging.

In addition to toll charging operations, the present
invention can be applied. to the exchange of various data for
research on traffic and the like. For example, the invention can
be applied to research on traffic volume and the preparation of
traffic information, to city traffic planning and the like.

The number of traffic. lanes is not limited to three,
but may be two, four or more. Further, the on-vehicle device is
not limited to a structure which wakes up upon receiving pilot
interrogation signals, but may always be in operation. Also, the
antenna element may use means other than patches.

Finally, preferred embodiments of the invention have

been described in connection with a passive communication method;



a pilot signal or an interrogation signal is received, and the response
signal is transmtted when a.tinmer. interruption signal is input when the
response waiting time Twait el.apses. When t he on-vehicl e devices
30a and 30b perform conmunications respectively with the antenna units 16
and 17 in the overlapping area D, the i ngs of transmtting the response

signals fromthe,two devjces.may, overlap .w th egch_of he f t .
over | appi ng%fgtﬁ%' r%‘é"’po’ﬁ‘sé‘ﬁ‘s“lggnﬁﬁg 8%‘8‘?‘%‘“#&% ﬁ% 8o r?é‘b%’%ar?ge ngegaﬁ)"?n
this way, the anienna units 1 nd 17 eac ecei ve bath

-25- respon§&98} aqée,mselllﬂﬁ g‘éﬁs‘f‘?@e]iynﬁ'@gf‘iﬁgﬁcﬁ’rgna%?ﬁ LM SBEERTE MR o ds
such an event,bg/ sefting a response waiting tine Twait .ysing the tirrgr
circuit 47.units while leRbind | themis hovevgr r) the 7HventioR MaY 4ALFP sBfon
time TQ of an interrogation signal is 4 ns _and the pr,ocessigg tipge TS of
the interro@BPiigA stynak AStiveSYstem dmawhich the sigpphy &FoR  BR&nPRTI ng
the response signal corresponds to a S ns_to 10 ns_period which is in the
up |ink per vehi¢ke ARiSRowre n genpEated e thergin @nd/cdo; f e 45PERE T 98j on

time TQ of an interrogation signal is 5 ns and the processing tinme TS is 2
ms, the ti ¥efieekian odsaiqnalsy Ixomcthr pndenngrdnitéor responds to a 7

Such changes and modifications are to be understood
as being included within the scope of the present invention as

\ defined by the appended claims.



ms to 10 ns period which is also in the up link period Up, so that
interference will not be caused if the response signal is transmtted.

As shown in Case 3 in FIG 7D, however, -if- the - .transm.ssion tine
TQ of an interrogation signal is 2 ns and the processing time TS is 1 s,
the timing of transmtting the responms¥ i gnal Ummml"am,f or later,
l.e., in the down |ink period Dn before I n
this case, WHATe ISt CBASMEB SIS2n of the response S|gnaT i's deléyed until the
response waiting tine Twait, i.e., 5 ns, set to the timer circuit 47

el apses. As a result, 1when v@tﬁﬁﬁé%o’tﬁﬁn&&ﬁ’ﬂﬂéﬂ@ipst@ﬁ compdizipigag tinme of
the response signals respectively transmtted fromthe on-vehicle devices

30a and 30b is el amplakgtity 268 ahBEnnd ! aH$EE SY1E018) Meadk) Bhvilg a
i nterrogation signal, the processing tinme TS of an interrogation signal

and the trarﬁé@p@&t@ﬁetémumcaeio@ dreaPQAss-siwynala \lﬁro)ipaﬁﬁoﬁﬂid‘gaﬁ&dnﬁe

changes in situations. 26- Therefore,
the on-vehi cifitde\ireess POse iyl s3RD teARKECSRRE E¥Eqvency) MR %eaﬁsmﬁdlnbhe
antenna units 16 and 17 without interference therebefween. S

enbodi ment hﬁ&e&rseaﬁidm%g%mh%eancéﬁﬁoﬁaéy%leostfa 'doﬁhhﬁﬂcéﬁ@%ﬁ%c)bn'-s
set to all antenna units -
vehicle devices (30) mounted on vehicles (29) in said
communication areas (19a-21b), and receiving response signals
from said on-vehicle devices (30) responsive thereto; and
communication control means (34) for controlling
antenna units (16-18), set to the same frequency, whose
‘communication areas (1l9a-21b) do not overlap with each other to

perform communication so that receptions of signals from said on-

vehicle devices (30) are performed in a common period.

2. The system of claim 1, wherein said communication
céntrol means (34) is for controlling at least two antenna units
(16-18), in said plurality of antenna units (16-18), which are
immediately adjacent to one another and set to the same
frequency, to perfo;m communications so that the commnnicaﬁion
periods (Dn, Up) thereof consisting of iransmissions I(Dn) and

subsequent receptions (Up) do not overlap with each other.

3. The system of claim 2, wherein communication areas
(19a-21b) of at least two adjacent antenna units (16-18) in said

at least two antenna units (16-18) overlap with each other.



the antenna units 16 and 18 sinul taneously perform comunications and the
antenna unit 17-perf.orms. communi cation after the antenna wunits 16 and 18
conpl ete one communi cation cygle so that a pair of the antenna units 16
and 18 and”mmmmm’r gl 17 execute conmunications alternately with
each other!ll mﬂﬂmtenna units 16 and 18 are set to the same down
link period Dnand Up Slink period Up rd3performtransni ssion and
reception. Therefore, this prevents interference between the antenna units
16 and 18 and nmakes 4t pTkei systémrof lneamferalaimgi s -wios &heseinnisaidi on
areas overlap with each other to communicate with the on-vehicle device
reliably. Feommsniorwionscostiyohmeans i(38) eis ofiow madrpdhingrajc deaistgtwan be
performed because there is no limt to the comunication tine depending on
t he nunber @ntanhannaitsi {H-18)ch inasaid pharaliey dof i steEnnaulnipsex 16—

met hod. Additionally in this construction, the timer circuit 47
is in the on8)ghiinmmeddevellr 28jament etb oeach vebhhet eahd petf comdififierent so
that the timng of transmtting a response signal cones after an el apse of
a specifi ed firdegmenaiked hetoorgerformi rconmunidadtidnsansoi tthatt heommesipatien
signal after receiving a tinmer interruption signal fromthe tiner
circuit 47. cythesef(bnhg, uphent <iel lancehns | anitsicl &l 8yptavec \ahliftedr €rom
runni ng side by side and comunicate with the antenna units 16 and 17
respecti vel yeadhi beher by half a cycle.

5. The system of claim 4, wherein communication areas
(19a-21b) of at least two adjacént antenna units (16-18) in said
.at least two antenna units (16-18) overlap with each other.

6. The system of claim 4, wherein said communication
cycles of said antenna units.(16-18) include a first portion (Dn)
for performing transmissions and a second portion (Up) for

performing receptions.

7. The system of one of claims 1 and 4 - 6, wherein
said on-vehicle devices (30) are for transmitting a response
signal in response to said interrogation signal after an elapse

of said transmission period (Dn).

8. The system of one of claims 1 and 4 - 6, wherein
said communication control means (34) is for setting the
interrogation signal so that the timing of transmitting a
response signal from said on-vehicle devices (30) in response to

said interrogation signal comes after an elapse of said



-27- ~the on-vehicle devices 30a and 30b nounted therein pass through. the
over | apping area D, overl apping transm ssion of the response signals is
avoi ded and therefore the comyuni cation interference can be prevented

to the utnost. Thus, the comunigation processing and the tolling
operation can be reliably perforned. In the first enbodi nent as
menti oned above, the ti . circyit 47 is in the on-vehicle device 30 to
adj ust the & SRRTH A0 §§£%?4;§D@§'prevent i nterference; however, instead of
using the timer circuit 47, the antenna units 16 - 18 can have the sane
functions as the tinmer circuit 47. That is, when it is estimated that the

on-vehicle device 30 frangmts response. signal at.a Ll [ .t han
5 nms in response to a pil%@e Y % rciﬁlpn érVh§5?+%né%$%na1§%%én§%% t ed
fromthe antenn upits 16 - 18, the control circuif .34 transm t he.pil ot
signal or t(ﬂé'iﬂ! et? F&esY 2 wigha ﬂﬁwtﬁc{)ﬁgl 5a i%#éa%'eas uﬁ%
directly relate_to communj ¢cation, as a_preanpble so that.th L d
transmittindl®nd8) e%%r@“g'la@ﬁ Ia‘fqa(ﬁﬁftlﬁstﬁgg%h?’bl@’v&&f:gg %‘”tdgeqnégfo&f ter
5 nms during the yp link peripd;im This construction elimnates
the need fora8 SRAAgFeSRORSEr 8390} prevent interference for on-vehicle

devices 30 to be nounted on vehicles by providing the control circuit 34
of each of the antenna units 16 - 18 with the function of attaching a

10. The system of claim 1, wherein said communication

\ éontrol means (34) is for controlling said antenna units (16-18)
set to the same frequency whose communication areas (19a-21b) do

not overlap with one another so that transmission of signals to

'said on-vehicle devices (30) are performed in a common period

{Dn}.

11. The system of claim 1, wherein said communication
control means (34) is for controlling the antenna units (16-18)
to transmit a dummy signal, to which said on-vehicle devices (30)

do not respond, as a preamble of said interrogation signals.

12. A vehicle communication system comprising:

first and second antenna units (16, 18) each having a
respective communication area (19a, 19b, 2la, 21b) non-
overlapping with the communication area (19a, ;9b, 2la, 21b) of
the other, said first and second antenna units (16, 18) being for
transmitting interrogation signals in a common cycle to
communicate with on-vehicle devices (30) mounted on vehicles in

said communication areas (19a, 19b, 2la, 21b), and for receiving

LI



preanble to a pilot signal or an interrogation signal if necessary, thus
preventing interference if the sanme situation as in the first enbodi nent
occurs. ' Further in this construction, instead of attaching a
preanble to a pilot signal or an interrogation signal, the

-28- control circuit 34 of each of the~dRtenna units 16 - 18 can be
designed to I ' d_correspondi o the.tine t he reanbl e
to delay t ra%gﬁ"rxg%élj%ngyg&dﬁe £4bn As?éioﬂﬂ"éiﬁﬁéﬁné%"lﬁst Hggbr gggﬁgnswe

i nvention istEFg¥@ .in FIGS. 8A - 8E and 9. According to this enbodi nent,
as shown in %l the operating frequencies of the antenna el enents 22a
and 22b of the antenna upjis, 16 and 18 are set to the sane frequency fl1,
and the operating freq"‘heﬂi&r‘%f aphenng,t upkh dléhendatesposed,betyeas said
antenna unit 17 js_set to a frequency f2 which is different fromfl; that
i s, each com#ﬂlﬁ?{':a?'? FESPAAcaBFeNNA (WS APy s18b and ghawinge@ wespectivg t ed
by half a cycle between the adjacent antenna units. Thi s enbodi nent
has a consPPIRIRIGAtIQReATER (308: hlvehfer o trapsmitdingc sintegspgation

comruni cati ons at_ eit her frequenc%/ fl1 or f2 which is set to the antenna
units 16 - lg_lgnals in a cycle different from that of said first and second

antenna units (16, 18); and

communication control means (34) for controlling
antenna units (16-18), get to the same frequency, whose
communication areas (19a-21b) do not overlap with each other to
perform communication so that receptions of signals from said on-

‘vehicle devices (30) are performed in a common period.

13. The vehicle communication system of claim 12,
wherein each of said antenna units (16-18) includes an oscillator
(38) having a phase-locked loop for generating an oscillation
signal, said antenna qu.ts (16-18) being for generating said

interrogation signals based on ‘respective oscillation signals.

R



The principle of this enbodinent will be described for the case where five
antenna units A - E are used as ' well as described with reference to
FIGS. 4A - 4E in the first enbodinent. The first group of the
antenna units AL Cand Eis set to have_%%g frequency f1, and the second

group of the antenna units yByapde Dhmm A&qona§¢%iﬂp frequency f2. The
i

second group of the antenna conmuni cati on period
T after the first group of é%#%%%gﬁuﬁ?t fﬁigqgé ends the down |ink

period Dn which is s to fir cycle of.ihe o] | [ riod
T (FIG 8). The do\ e‘ﬁtfjlg 68@‘."%%’%51“%\/&913 %;i!& ?%&tggf%)ﬁl% n%]p%r?i od
Up of the fi,rst _qroup.of the antenna units. A, C and E. . 1
“20- ih3reshed, 'iRemepCY; O FRuBupisacion orciirefice  yhey Proyiding,
units A - E to, ¢ | ete the ¢ ication. T. The tinme _is _further reduced
conpar ed vi PHLEHRLS A0tEYRR HIAFS; for Hb WD are ik tiokte 598 GFPRETRasi ng
the frequenc f communi cati on occurr.encge. I.n th ov .
constrUctioﬁ%cﬁhB T?ﬁ?qﬂﬁ-yéﬁF%I%g%ﬁgﬂnﬁglnﬁe?f8??&?%xﬁﬁnﬁ% @aﬁﬁﬁﬁgaﬁﬁ h
area where conmuni cation areas of two antenpa uniig overlap, with each
ot her, sifeL § that adjacent antenna units 16- having the same
frequency alternately perform communications. Each communication
period is set to have a down link period Dn in which an
\ interrogation signal is transmitted and an up link period Up in
which an unmodulated carrier wave is transmitted while a response
signal is received. Upon receiving a signal, an on-vehicle 30

L4

‘device generates a response signal by using a control circuit 34
and transmits the signal by reflection, and f;xes a communication
party for further communications. The communication cycles of
adjacent antenna units 16-18 are shifted from each other, thereby
avoiding interference. The down link periods and the up 1link
periods coincide between the antenna units 16-18 whose

communication areas are apart from each other, thereby avoiding

interference.

eet Has Been Replaced
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communi cation cycles T are shifted fromeach other by half a cycle, the
on-vehicle device first receives an interrogation signal transmtted from
the antenna unit which, is in the down link period Dn of the _
conmuni cation cycle T and - starts comunicating with the antenna unit.
In this case, the oscillation frequizcy of the two antenna units are set
differently fromeach other. Once t 7on- vehicle device starts
comunicating with either antenna fnit, therefore, it transnits a response
signal in vesponse to a carryg wave—of--the—F ncy transmtted fromthe
antenna unit and can contf nue |the ermruni caji on processing W thout
interference. Al t hough fthe Eﬁi i nven{i on has been fully
described in connection with the pcn'q5;9d§b7bodi nts thereof wth
reference to the acconpanyi ng] @™ u§Pﬁ¢Ea b to beé noted that various
changes and nodifications wilj bsg t appakeht to |those skilled in the
art. For exanple, insteaghof-roVi g ttﬁ%i imer ¢ircuit 47, the control
circuit 42 may inplement®™a tiner bing software. In this
construction, however, the CAU i
cannot execute other processing
that the tinmer tine nust be cp

-30-
e executing th+ timer function, so

o .
< ___- 1
& & ~
A A -
: ~
\ —
v/
L) r l 2
e
. 3}
(&) N o
—E8H—Rz=2 | | -
L] %
. : Y
. 1 <C -3
O ] = ! N
—— O] on = sl 32
L , = 0 3 !
N\.._- |<
i R i
LN e <
= =
li—-—l
><1_ > <
7r <
l >= >
ry [ = o'
o - = pa = w
L EE = t:
I =l =
E.
I
-q\g
—




consi deration the processing tinme of interrogation signals. When
a preanble as a dummy signal is attached to a pilot signal or an
interrogation signal, it |s possible to attach a dummy signal for
adjusting tine unrelated to the contents of conmunication or attach other
data needed for communication as a dummy signal. Besi des
expressways, the present inventio&;*unbe applied to toll charging
operations in pay parking lots. Irf‘tthis case, vehicles can sijgultaneously
enter fromnultiple |lanes, and there is no need for the vehicfjes to stop
at the entrance/exit to performtoll charging procedures, thgneby enabling
speedy entrance and exit to and fromthe parking |lot and redpdi ng | abor

necessary for toll charging. In addition to toll chgrging
operations, the pres i ' ' e of
various data for redearch on traffic and the |ike. For exanple] the
I nvention can be appst ' preparation
of traffic informatiQp\ to city traffic planning and the |i/ke.
The nunber of traffic es is not limted to three, but gay be two._ four
or nore. Further, the vehicle device is not limted tf a st
whi ch wakes up upon:;e I\ ng pilot interrogation signalfs, but al ways
be in operation. Al €9y antenna el ement nay use nean t her
pat ches. Fin preferred g@bodinents of the have
w -—
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been described in connection with a passive communication method;

-31- that is, one in which the on-vehicles do not generate any radio
signals thensel ves but nerely nodul ate signals fromthe antenna wunits
while reflecting them however, the invention nay also be applied to an
active systemin which the signals fromt on- vehicle units are

generated therein and do not depen e ction of signals fromthe
antenna units. Such chan . ifications are to be
understood as being included within the scope of the g&sent invention as

defined by the appended cl ai ns. VWHAT IS CLAI MeD | S: 1.
A vehi cl e communi cati on system conpri s'sg: : P ty of antenna
units (16-18) each having a respective conmy 61T 9a-21b), a
group of said antenna units (16-18) beg s#t to the arre f requency, for

transmtting interrogat i}tgl posmni cate with
on-

¥ S S A A AV AT A AT A

b o vy o
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vehicle devices (30) nounted on vehicles (29) in said

communi cation areas (19a-21b), and receiving response signals fromsaid
on-vehi cl e devices (30) responsive thereto; and comuni cati on
control nmeans (34) for controlling antenna units (16-18), set to the sane
frequency, whose comunication areas (19a-21b) do not overlap with each
other to perform communication so that {fﬁeptions of signals fromsaid on-
vehi cl e devices (30) are perfornmed in a n period. 2. The
system of claim 1, wherein said communication control neans (34) is for
controlling at | east two antenna uninEClGG-S), in said plurality of
antenna units (16-18), which are i il elyw?adj acent to one another and
set to the same frequency, to perform comrunications so that the

comuni cation periods (Dn, Up) thereof consisting of transm ssions (Dn)
and subsequent receptions (Up) do not overlap with each other.

3. The system of al-m herein conFunLcaLion S (19@=21h) of at
| east two adj acept ant 16-118) pi n sai«f | past] t ant enna
units (16-18) ovg 6: N th eaé% of her c B ‘E

— e —

AN
VEHICLE| |vemcus“




4. The systemof one of clains 1 - 3, wherein said comunication control
nmeans (34) is for controlling at |east two antenna units (16-18), in said
plurality of antenna units*(16- 18), imedi ately adjacent to each other
and set to different frequencies, to perform comruni cati ons so that
communi cation cycles (Dn, Up) of tdhgyantenna units (16-18) are shifted
from ea er hal f a cycle. 5. The system of claim 4,
wherein H&ip [ areas pn(19a-21b) of at Ieass two adj acent antenﬂﬁ
units (16-13) in sai t IeQSt t,Wwo antenpa upi tsv¥(16-18) over]lap wt Bich
ot her. e Syt Al rein 1d C Lcat 1 of
cycles of said ante EB[QBins (w\ﬁ&m@mfi’&%ﬁ jst @@r'ﬁ“t)ﬁ%ﬁ or
performn [ANS Ryl ONS and [ SgCcoNGr pOTTTONT(OP)f TOr,  pertormngr |
receptiong‘.-iGn. 758 7. The system of{onejof dlairs 1 @nd # -

wherein said on-vem devi itransmtiting a rpsponse | '
signal in response d irrut e‘rmm is'gNmrgn | aflterTAn e} apsé ofi saild
transm ssi on period AM.)UNlT i . The sLsteEm of onE of t cl aitms 1 and
4 - 6, wherein said i¢atian _contro ans r setting the
vEATELE" St ";e_r_i: S RESPONSEPr sptting
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Interrogation signal so that the timng of transmtting a response signal
fromsaid on-vehicle devices (30) in response to said interrogation signal
cones after an el apse of said - 34-
transm ssion period (Dn). 9. The systemof claim1l, wherein
each antenna unit (16-18) is for receiving a signal generated by said
antenna unit (16-18) and nodul ated and refl ected by an on-vehicl e device
(30) as said response signal. 6/7 10. The system of claiml,
wherein said conmuni cation control (S;L is for controlling said
antenna units (16-18) set to the smaGeq cy whose communi cati on areas
(19a-21b) do not overlap with one another so that transm ssion of signals
to said on-vehicle devices (30) are perforned in a conmon period (Dn).
11. The systemof claim1, wherein said communication contrgl neans (34)
is for controllinflhe antenfd units (F118) to f2ansnit a dubmy signal

to which said - | e geviTesy (30 ot egﬁﬁﬁd as [ péea bl e of
sai d interrogatf omsi dnal §. B
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12. A vehicl e comuni cati on system conpri sing: first and second
‘antenna units (16, 18) each having a respective comunication area
(19a, 19b, 21a, 21b) nron- overlapping with the comrunication area
(19a, 19b, 2l1a, 21b) of the other, said first and second antenna units
(16, 18) being for transmtting interrogation signals in a comobn

cycle to communicate with on-vehi devi ces (30) nounted on vehicles in
said communi cation areas (19a, 19b, 214, 21b) and for receiving

-35- response signals fromsaid on-ve es (iggég_bgggzgve

t her et o; a third antenna u |t nter n said

first and second antenna units (16, 18) and haV|ng a respective

comuni cation area (20a, 20b), for transmitting interrogation signals in a
cycle different fron1that of sad first agd second 4@ntenna ugts (16, 18);
and comupi cation cgntrol neany (34) for controlllﬁé ant enna
units (16-18), set_tfo tre sane {f requenc whose co ni cati o areas
(19a-21b) do not oveél wi §h chi ot hler bo per!orﬁ<uynn1icqéioT so t hat
receptions of signal gai & on

FIG.|2 PRIOR ART
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U o

.vehicl e devices (30) are perforned in a conmon perigﬂ;laéu97é>—~é 13.

The vehicl e communi cation system of claim 12, wherein each of said antenna
units (16-18) includes an oscillator (38) having a phase-|ocked | oop for
generating an oscillation signal, said aggenna units (16-18) being for
generating said interrogatVOhIGLDCIOMMUNAGATION SYSTEMCt i ve oscill ation

signal s. ABSTRACT OF THE DISCLOSURE

To perform communication speedily and reliably at an
increased frequency of communication occurrence when providing
multiple antenna units 16-18 which are set to the same frequency,
each of antenna units 16-18 having a géhtry 15 in a tollgate is
set such that adjacent antenna units 16-18 'having the same
frequency alternately perform communications. Each communication
period is set to have a down link period Dn in which an
interrogation signal is transmitted and an up link period Up in
which an unmodulated carrier wave is transmitted while a response
signal is received. Upon receiving a signal, an on-vehicle 30

[ 4

‘device generates a respohse signal by using a control circuit 34
and transmits the signal by reflection, and f;xes a communication
party for further communications. The communication cycles of
adjacent antenna units 16-18 are shifted from each other, thereby
avoiding interference. The down link periods and the up link

periods coincide betwggn the antenna units 16-18 whose

communication areas are apart from each other, thereby avoiding

interference.

(Figure Nos. 4A-4E) \

REPLACEMENT SHEET

07 0OCT 1997




