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comuni cation system for vehicles, and nore particularly to a

communi cati.gn system.for vehicles conprising an aboveground wunit for
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unit when-the “vehi ¢l es
This application is based upon and claims the

benefit of priority of the prior Japanese Patent application
No. 6-320208 filed on December 22, 1994, the contents of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention:

_The present invention generally relates to a

= T e

communication system for vehicles, and more particularly to
a communication system for vehicles comprising an aboveground
unit for setting a specified communication area on a road and
vehicle mounted responders mounted on vehicles fof'
communication with the aboveground unit when the vehicles

pass through the communication area.

2. Related Arts:

As a method for toll collection designed for a toll
‘road, such as expressway, a system has been conceived which
comprises a communication unit (vehicle mounted responder)
stored with an identification No., etc. registered beforehand
and mounted on the vehicle side and a communication unit
(aboveground unit) disposed at a place of toll collection on
the road for such an arrangement that when a vehicle passes

through a communication area set by the aboveground unit,



pass thmgggpithe conmmuni cati on area. 2. Related Arts: As a
nmet hod for toll collection designed for a toll road, such as expressway, a
system.has been conceived which conprises a comunication unit (vehicle
nmount ed responder) stored with an identification No., etc. registered
bef orehand and nounted on the vehicle sigle and a comuni cati on unit
(abovegr oundonmuah jcdt spnsed peérfiophedebetwéoh| thal hbovregroand thétraad for
such an arrangenent that when a vehicle passes through a conmuni cation
area set bythéevelbhokegrmonmiteditesponder and thereby the vehicle of the- 2-
communi cation is perforned between the aboveground unit and the vehicle
nount ed r espagileterned t hddengifhieatébncl| e Naf. t hepasszs st etkdough the
i dentification No. passes t hr ough the comunication area is
recogni zed commanitationeatrézddaredgmizethendetolieis datetled based on
the recorded data.
The aboveground unit includes an antenna element
for communication. In general, the antenna element comprises
a plurality of patches on one surface side of a printed
circuit board, and each patch is combined with a transmission
line for receiving pdwer supply.

_In general, when a plurality of patches P are used

to form an array qﬁtenna, as illustrated in FIG. 23, a maiﬁ
lobe ML and a sidg lobe SL are generated by the mutual
interference of wa&és outputted from each patch P. .When the
side lobe SL is generated, an area where the wavés drown out
each other by the mutual interference thereof, i.e., a dead
zone DZ, is generated between the side lobe SL and the main
lobe ML.

If the dead zone DZ is generated at fhe height of
the vehicle mounted responder indicated with broken line in
this figure, théte will be a problem that as the vehicle
mounted responder passes through the side lobe SL, the dead
zone DA and the main lobe ML in this order, toll collection

is repeated, and communication is wastefully performed.

SUMMARY OF THE INVENTION

In view of the above problem, it is the primary

~



The abgwegriound unit includes an antenna el ement for communication. In
general, the antenna el ement conprises a plurality of patches on one
surface side of a printed circuit board, and each patch is conbined with a
transm ssion line for receiving power supply. In general, when
a plurality of patches P are used to forman array antenna, as illustrated

in FIG 2spjéctbbfi thebgrdsentd imvidrdgidobe Jrew pdgeaceampdniyationnut ual
|nterference of waves outputted fromeach patch P. Wen the side |obe SL

i s gener adpstenn forcavsheetes havhiditescahOWrettint eaah Cﬁet}%aﬁbdthelmu'[ ual
interference thereof, i.e.; a dead zone DZ, is generated between the side

| obe SL arell1setiBhnandowastbful communicatiohhe dead zone DZ is generated
at the height of the vehicle nounted responder indicated with broken line

in this figure, thetécordinglgo ahy comminikal:iah shsteahifolrevennobesd
responder passes through the side |lobe SL, the dead =zone DA and the main

| obe M. isftbhe prdeentt dnventlibagt ithe size epfeailnsl,sbdel Tobsusfcgheon is
wast ef ul 'y perf orned.
setting communication area is reduced by adjusting the
impedance of the power supply route connecting each patch.
Therefore, it is possible to set the communication area with
‘a small variation in the height direction while maintaining

the length thereof necessary for communication according to

each traffic lane width. It is consequently possible to

———— - -

perform communication processing by setting a constant
communication area irrespective of the mounting height of the
vehicle mounted responder that varies depending on the size
of the vehicles in running.

Furthermore, depending on the number and layout of
the patches, an appropriate communication area can be set to
the requirements of the traffic line width of the road, the
height dimension of the installation position of the antenna
element and other environment, and hence the degree of
freedom can be increased.

It should be noted here that the antenna unit can
be so constructed as to have a plurality of antenna elements
having the respective communicable areas which differ from
each other. If the communication area of the antenna unit is
set by setting a communicable area beneath the first antenna

element by wusing the first antenna element and a



SUWARY¥QF; THE | NVENTI ON o In view of the above problem it is the

pri mar E - 3- object of the present

i nvention to provide a comunication systemfor vehicles which can prevent

any repeated toll collectifon and wast g@ful comruni cati on.

According to the comuni gati-on systemfor vehicles of the present

i nvent i orcorinén icaeioi -4dhea sonethebéasthebe sidet bynmsdonmuheaseoondrea i s

reduced by adjusting the inpedance of the power supply route connecting

each pat dnterierelement j teven pifsa Bmalb waiidhe existsi mmedibatekp W th

a small variation in the height direction while maintaining the length

t her eof rissiehshray Yaxrge orehimilegt ifor azxempdiengthe deadhzonafc¢agsédneow dt h.

It is consequently possible to perform comrunication processing by setting
—a const arthe coommuum st ion sarea byr &hpetarge véhiddencantbagdbesglvedf t he

when the large vehicle passes through, and communication
processing for the small vehicle within the communicable area
set by the first antenna element can exactly been performed.
As a result, there is a little dead zone due to the condition
of the vehicles passing through, and communication processing
" can exactly been performed.

If a direction adjusting means is provided for

Nt

adjusting the setting direction of the communication area,

1

when the antenna element is installed, it is possible to fine
adjust the setting direction according to the road and the
installation pésition. of the antenna element. It is
consequently possiblé to set the communication area to a
desired area and ihc:éase the degree of freedom of the
installation work. -

Moreover,ﬁ if ia plurality of antenna units are
provided and the adjoining antenna units are so set as to
have the respective céﬁmunication timings and oscillation
frequencies which differ from each other, even if the vehicle
mounted responder passes through thé duplicated area of the
communication areas set by the antenna units, for example,
the vehicle mounted responder does not concurrently receive
interrogatory signals from both antenna units but receives

interrogatory signals earlier from either antenna unit, and



vehicl e nﬁhhﬁed responder that varies depending on the size of the
vehi cl es 1 n running. Furt hernore, depending on the nunber and
| ayout of the patches, an appropriate comuni cation area can be set to
the requirements of the traffic |ine wdtsh-of the road, the height
di mrension of the installation position of the antenna elenent and ot her
envi ronnent thend viehtdicd e henadagresk afesgombsiom that behaacr easedved the
It should be noted here that the antenna unit can be so constructed as to
have a pl ur ahteyrofasnrgnnaigiabhentcan heer form heomegpdchitienc omittini chiel e
areas which differ from each other. If the comunication area of the
ant enna uni antennaeuny thati hgsaseotnmiihiecdblteraogatbeyeatignais ftior £he
antenna elenent by using the first antenna el enent and a
-4- comunvebicde mouvated rkepbadeler side by using the second
Here, if the length dimension of the communication
area is set to be or less than approximately the length
dimension of the vehicle, even if a plurality of vehicles
pass through in the bumper-to-bumper state, as long as it is
the normal running state, communication processing can be
performed for each vehicle and the occurrence of impossible

communication due to interference or the 1like can be

minimized.

If the communication system for vehicles according
to the present invention is applied to the toll collecting
operation for a toll road, the conventional toll collection
operation by hand at tollgates, etc. can be saved, and hence
traffic jam at tollgates can be eased and cost reduction can
be facilitated by cutting labor or performing speedy toll

settlement without using cash.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and
characteristics of the present invention will be appreciated
from a study of the following detailed description, the
appended claims, and drawings, all of which form a part of
this application. 1In the drawings:

FIG. 1 1is a perspective view illustrating the



ant ennag el,esrent, even if a small vehicle exists imediately behind a |arge
vehicle, for exanple, the dead zone caused to the conmunication area by
the |l arge vehicle can be dissolved when the |arge vehicle passes through,
and conmuni cation processing for the smpll vehicle within the communicabl e
area set by the first antenna el enent can exactly been perforned. As a
result, thentire e&onistirvetdead oforee fliist cehbed tmeuit t accordingheovehec! es
passi ng through, and comruni cati on processing can exactly been perforned.

| f a direcpreseat] iavengionans is provided for adjusting the setting
direction of the communi cation area, when the antenna elenment is
installed, it is posBIBLe t20 fisie aadjwesttiidad settoss-skeceidénah aedetdi ng
to the road and the installation position of the antenna elenent.

It is condtkgyatnakyingoasi Bheehnasparthe conmuni cation area to a desired
area and increase the degree of freedomof the installation work.

Moreover, if a plurBEGty df iant@nparspectismee vpewviidddistmhttimng athei ni ng
antenna units are so set as to have the respective comuni cation timngs
and osci | | appearance of the antenna unit;

FIG. 4 1is a perspective view illustrating the
appearance of antenna element;

FIG. 5 is a plan view illustrating the antenna
element of a vehicle mounted responder;
FIG. 6.is a schematic diagram jillustrating the

electrical construction of the antenna unit;

FIG. 7 is a schematic diagram illustrating the
electrical construction of the vehicle mounted responder;

FIG. 8 is a schematic diagram illustrating the
electrical construction of the communication circuit of the
vehicle mounted responder;

FIG. 9 is a diagram illustrating the carrier wave
frequency of the antenna element and the antenna
characteristics of the vehicle mounted responder;

FIG. 10 is a waveform diagram illustrating the
signal output waveform of the antenna element;

FIG. 11 is a frequency characteristic diagram
illustrating the signal output of the antenna element;

FIG. 12 is a side view illustrating a communication
area;

FIGS. 13A through 13C are plan views of the
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FIGS. 152 through 15E are side views illustrating
the correspondence between the number of patches and
communicable area of the antenna element;

FIG. 16 is a side view illustrating the shapes of
the main lobe and side lobe of the antenha unit;

FIG. 17 is a side view illustrating the reaching

area of the response signals from the vehicle mounted

-
gt &2

responder within the communication area of the antenna unit;

FIG. 18 is a view for use in description of a case
where two vehicle mounted responders concurrently exist
within the same communication area;

FIGS. 19A through 19E are timecharts illustrating
output from three antenna units and two vehicle mounted
responders (part I1);

FIGS. 20A through 20E are timecharts illustrating
output from three antenna units and two vehicle mounted
responders (part II);

| FIG. 21 is a side view for use in description of
the communication condition of a motorcycle existing
immediately behind a large vehicle (part I);

FIG. 22 is a side view for use in description of

the communication condition of a motorcycle existing

immédiately behind a large vehicle (part II); and
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per f or.med f.or each vehicle and the occurrence of inpossible comrunication
due to interference or the Iike can be mnimzed. I f the
comuni cation system for vehicles according to the present invention is
applied to the toll collecting operatiorngfor a toll road, the conventi onal
toll collection operation by hand at tollgates, etc. can be saved, and
hence traffic jam atFIG|3atss aaside widewdihhustvatingdtbei shapas olfe
facilitated by cutting | abor or perform ng speedy toll settlenment wthout
usi ng cash.the main lobe andBRifE DelseRy PN comvERE ioRall MGSenna unit.
These and ot her obj ect s, features and characteristics of the
present invention will be appreciated froma study of the follow ng
detail ed description, the appended clains, and draw ngs, all of which form
a part of this applicBETARLED \DESCREPEIPNQEF THE PRESENELE. 1 is a

perspective view illustrating the
PREFERRED EXEMPLARY EMBODIMENTS

Now, the first embodiment in which the present
invention is applied to a toll collecting operation system at
an expressway will be described referring to the appended
fIGS. 1 through 22.

In FIG. 1 illustrating the entire appearance of the

construction of the present invention, an expressway

e 8

(illustfé%ed the traffic area on one side only) 11 has three
traffic lanes 12, 13 and 14 on one side. At a specified toll
collecting point is disposed a gantry 15 as an aboveground
unit crossihg over the expressway 11 as a aboveground unit.
On this gantry 15 are downwardly dispose& antenna units 16,
17 and 18 to counter traffic lanes 12, 13 and 14 respectively
to set communication areas 19, 20 and 21.

The communication areas 19, 20 and 21 are set from
the antenna units 16, 17 and 18 to vehicles (e.g., 32 and 33
in FIG. 1) in the approaching direction thereof. The antenna
unit 16 is provided with antenna elements 22a and 22b. The
communication area 19 is composed by setting communicable
areas 19a and 19b for these antenna elements 22a and 22b
respectively. In the same way, the antenna uniﬁ 17 is
provided with antenna elements 23a and 23b, and communication

area 20 is composed by setting communicable areas 20a and 20b



-6- .emtiresconstruction of a first enbodi ment according to the present

I nventi on; FIG 2 is a vertical cross-sectional view

illustrating an antenna part; FIG 3 is a perspective view
illustrating the appearance of the antesina unit; FIG 4is a
perspective view illustrating the appearance of antenna el enent;

FIG 5 is BepPaRtivelri| |1ard r dlengankenaat epmit di8endat rfowideshi wiigh
nount ed responder; FIG 6 is a schematic diagramillustrating the
el ectri cal 2BbRRRR UELEBRNSS 28 AndeRdbuARd communicatiom ayeas2 is
schematic diagramillustrating the electrical construction of the vehicle
mount ed reSYBRRERd by setting; eommupigahéfnt @Ee@Sagridm i |ardtr2dbng t he
el ectrical constructjon of the comunication circuit of the vehicle

mount ed r eSpRREEFLVely.
As illustrated in FIGS. 2 and 3, on the antenna

units 16, 17 and 18 (although only the antenna unit 16 is
illustrated representing all the antenna units in this
figure, the rest antenna units are of the same construction)
are disposed a control circuit part 26 on a base attached to
the bottom surface of the gantry 15, and the antenna elements

22a and 22b. The entirety is covered with a resin cover 27

-
C.

which c&h~permeate electric waves to form a waterproofing
structure. The control circuit part 26 is provided with an
electric circuit (described later) to drive and control the
antenna elements 22a and 22b for performing transmitting and
receiving operations.

As illustrated in FIGS. 2 and 3, the. antenna
elements 22a and 22b are rotatably supported by supporting
rods 28 and 28 respectively as a direction adjusting means in
such a way that the directions 6f the radiation surfaces of
the antenna elements 22a and 22b can be adjusted. The
antenna elements 22a and 22b are also rotatably supported by
a well-known structure (not illustrated) in the directions at
right angles to the supporting rods 28 and 28 respectively in
such a way that the directions of the radiation surfaces of
the antenna elements 22a and 22b can be adjusted in the

direction at right angles to the supporting rods 28 and 28



FIG 9 i.swa diagramillustrating the carrier wave frequency of the
antenna elenment and the antenna characteristics of the vehicle nmounted

responder ; FIG 10 is a waveformdiagramillustrating the signal
out put waveform of the antenna elenent; - 10 - FIG 11 is a frequency
characteristic diagram _illustrating the signal output of the antenna

el enent ; respectigelyz s a side viewillustrating a conmmunication

ar ea; ~FIGS. 13A through 13C are plan views of the

-7- communi cation ar eaFWrtRhegmerey endcaerghngdi #enstbes; angles of fFras
14A through 14E are plan views illustrating the _correspondence between the

nunber of pat EBddaxign syxfasesapile thecansenpre edements @2@nand 22b, the

FI GS. 15A through 15E are side views illustrating .
communicable areas 19a and 19b are set respectively, and by

composing these communicable areas 1%9a and 19b, the
communication area 19 is provided. Between these two
communicable areas 19a and 19b, however, is provided a
duplicated area 19c to join the communicable areas 1%a and
19b without a break (the other antenna element 23a, 23b, 24a
and 24b are also provided with duplicated areas 20c and 2lc
in the same way). As described later, the antenna elements
22a and_gib are so arranged as to communicate by outputtiggz
microwaves of respective proper frequencies which differ from
each other.

Each of the antenna elements 22a, 22b, 23a, 23b,
24a and 24b are microstrip array antenna elements, forming
eight pieces of square patches 30a through 30h on one surface
side of a printed circuit board 29 (although only the antenna
element 22a is illustrated represénting' all the antenna
elements, the 1rest antenna wunits are of the same
construction) which are combined with transmission lines 31a,
31b and 31lc for connection.to a power supply terminal 31d.

In this case, the printed circuit board 29 is made
of resin material printed with a conductor on both surfaces
(two~sided printed circuit board), wherein the change in the
temperature characteristics of the dielectric constant of

this resin material within the working temperature range



the correspondence between the number of patches and communicable area of

t he antenna el enent; FIG 16 is a side viewillustrating the
shapes of the main | obe and side | obe of the antenna unit; FI G
17 is a side viewillustrating the reaching area of the response signals

fromthe vehicle nounted responder withislthe communication area of the

antenna unit;

FIG 18 is a view for use in description of a case

where two vehi(d.g o untgit- remparaiancse aEmye ngntty apprdximatdaln Y2@°Ganes
communi cati on area,; FI GS. 19A through 19E are timecharts

il lustrating

nott mdrd robhanhtke aspeenfihedn(esgapdnbhtomosie dhamdiint.ed For

responders (part 1); FI GS. 20A through 20E are tinecharts

illustrating

exampite f rBEN tds e matemnied WY tgl amal dépaxy amtériabuis ersed.

responders (part 11); FIG 21 is a side view for use in
descri pti on offhe lelgiompieoss iofh poahias daofthromgloritic| arexiasid mput in
I mredi ately behind a | arge vehicle (part 1);

two rows, four pieces of patches 30a through 30d in one row
and four pieces of patches 30e through 30h in the other row,
with the respective vertexes facing each other being slightly
cut out. These patches 30a through 30h are formed by being
etched together with the transmission lines 3la through 31d.
As a material for the patches 30a through 30h and the
transmiSdion lines 31la through 31d, aluminum is used. By
slightlfgéutting out the vertexes facing each other, the
signals to be transmitted become circularly polarized wave
signals. Furthermore, it is so arranged that by laying out
the patches 30a through 30h as described above, a desired
communicable area can be obtained. On the other hand, the
wire widths of the transmission lines 3la and 31b are so set
as to be higher in impedance than the transmission line 3lc.
As an impedance setting method, a method by reducing the wire
widths of the transmission lines 3la and 31b at the time of
etching to be narrower than the wire width of the
transmission line 31lc or a method by trimming the
transmission lines 3la, 31b and 31c after etching can be
employed.

In general, in an array antenna in which a

plurality of patches are laid out to set communicable areas,

as illustrated in FIGS. 14A through 14E and FIGS. 15A through



FIG 22 is a,side view for use in description of the comunication
condition of a notorcycle existing imrediately behind a | arge vehicle

(part 11); and - 8- FIG 23 is
a side viewillustrating the shapes of the, main | obe and side |obe of the
conventional antenna unit. Al LED DESCRI PTI ON OF THE

PRESENTLY dE the Ishﬁ%@%&%ﬁ%ﬁﬁl nven?%)gﬁggéappﬁ?reddmg toN@We

the first enbo t he present to a tol

col l'ecti ng ngg%xﬁfa%?c%?.y?ht hr@k ﬁan §§Q&§f§c‘9@11%' lasb‘il‘.iiﬁ%%h@%ﬂ §af PrESNg

to the appen I'Tustrating the
entire appear et}?foﬁgg 1&19”%1{ Wh pkchls Prﬁ.\?@niai@V&E‘E'ﬂf‘a #8w for

expr essway ustrat t he’ tr ic area on one side only) 11 has three

traffic | anesmjrg, phiecd @éoo'bl@&%ss,' Oghrdd Picles f6Ldfblll pieces, the

extensions of communicable areas S1 through S4 become long in
the direction at right angles to the row of the patches P,
but change little in the direction of the row of the patches
P. Furthermore, as illustrated in FIG. 14E, when eight
pieces of the patches P are laid out in two rows, four pieces
in each row, the communicable area S5 in the row direction

becomes w1der in comparison with the other layouts. On the

'| f"

other hand, the expansions of the communicable ranges Si
through S4 in the direction of wave radiation reach farther
according to the inérease in the number of the patches P, as
illustrated in FIGS. 14A through 15D. In this case, even
when the number of the patches P is eight as illustrated in
FIG. 15E, the communicable area S5 reaches almost as far as
the illustrated in FIG. 15D.

As described above, by properly selecting the
number of the patches P for use in the antenna elements, it
is possible to set such communicable areas that have desired
shapes, specifically those shapes illustrated in FIGS, 14E
and 15E according to this embodiment.

The antenna elements 22a and 22b according to the
present invention are provided with the communicable areas
19a and 19b respectively as illustrated in FIG. 12. 1In this

FIG. 12, it is assumed that the height for the installation



col l ecting poiint is disposed a gantry 15 as an aboveground unit crossing
over the expressway 11 as a aboveground unit. On this gantry 15 are
downwar dl y di sposed antenna units 16, 17 and 18 to counter traffic |anes
12, 13 and 14 respectively to set communijgati on areas 19, 20 and 21.
The conmmuni cation areas 19, 20 and 21 are set from the antenna units 16,
17 and 18 to ofhithleesafitegna 3thidnd183 is n 6ml,G the |iantdmnapplememtng22a
direction thereof. The antenna wunit 16 is provided with antenna el enents
22a and 22b. gievidimguiiie arommiinkiasbled areac d¥godbedeayhsthei agteonaunntdbl e
areas 19a and 19b for these antenna el enents 22a and 22b respectively.
In the same vb§, isheamitsonedirwiti7the angle defl wiheh radiation| snefiase23a
and 23b, and communi cation area 20 is conposed by setting comunicable
areas 20a andtl@beof inclined by approximately 5° f:s:m r bgecvervtigaland
the antenna unit 18 is provided with
direction, while the antenna element 22b is positioned with
the angle of the radiation surface thereof inclined by
approximately 60° from the horizontal direction
(approximately 30° from the vertical direction).
Moreover, in the antenna unit 16 (17, 18) of this
embodiment, the transmission lines 3la, 31b and 31lc to which

the eight pieces of patches 30a through 30h are connected are

so set agzio be uneven in impedance as illustrated in FIG. 4
against the respective antenna elements 22a and 22b. As a
result of this arrangement, the amplitudes of waves outputted
from the patches 30b, 30c, 30f and 30g disposed at the
central part on the printed circuit board 29 become large,
and the amplitudes of waves outputted from the patches 30a,
30d, 30e and 30h disposed at the end part become small.
Accordingiy, as illustrated in FIG. 16, side lobe SL becomes
small. Here, in FIG. 16, the broken line indicates a
position at which level a responder mounted on a vehicle is
supposed to be (e.g., the level of the hood of the vehicle).

By constructing as described above, in any position
of the heights of 2m, 1.5m and lm, as illustrated in FIGS.
13A, 13B and 13C, communicable areas 19al, 19a2 and 19a3 and
19b1, 19b2 and 19b3 of almost the same diﬁensions can be

obtained with the communication area 19 to be capable of



antennagel enents 24a and 24b, and communi cation area 20 is conposed by
setting communi cabl e areas 2la and 21b respectively. As
illustrated in FIGS..2 and 3, on the antenna wunits 16, 17 and 18 (al t hough
only the antenna unit 16 is illustrated fepresenting all the antenna units
inthis figure, the rest antenna units are of the same construction) are
di sposed a covéribhgcalmost phet safiecareabasenakishhddfferehhehbaghas.
surface of the gantry 15, and the antenna elenents 22a and 22b. The
entirety is covered Wehielessfie.qgove? and 38i th EBG. dey meaind e eaf the
waves to forma waterproofing structure. The control circuit part 26 is
provi ded wié¢xpressweayciili arei mountefddesidth hrcsdomdens tt dand e3dndncaher o
the antenna elenments 22a and 22b for performng transmtting and
recei ving opecimibypsof the respéstiveéuhbodsed | BaEhGSf 2thesk 3yvehliele
antenna elenents 22a and 22b are rotatably supported by supporting rods
28 and 28 rmowmtedvregpenderdi Bdctamh 3j dist prgvidads with stivéd eon@yoflhat
the directions of the radiation surfaces of the antenna el enments 22a and
22b can be eiffesitdpartTid® (FIG. 2) and an antenna 36 which receives
interrogatory signals from the antenna units 16, 17 and 18 on
the aboveground unit (gantry) 15. This antenna 36 is an
microstrip antenna with square patches 38 and 39 composed on
a printed circuit board 37 which is the same as that used for
the above-described antenna element 22a. In this case, the
patches 38 and 39 are composed as a single patch providéd for
receiving and transmitting waves.
The patches 38 and 39 are formed with the vertexes
facing each other cut out to circularly polarize waves, and
so composed as to be connected to the power supply point side
through transmission lines 40a and 40b respectively through
an amplifier 41. Accordingly, it is so constructed that when
the vehicle mounted responders 34 and 35 are within the
communication area 19, response is possible within a less
. directive range SA illustrated in FIG. 17, for example. For
the antenna 36, it is so constructed that in transmitting
response signals, transmission is performed by modulating
unmodulated carrier waves received from the side of the
antenna unit 16 by using response signals and reflecting the
modulated carrier waves. Specifically, the vehicle mounted

responders 34 and 35 receive unmodulated carrier waves from



antenna el enents 22a and 22b are also rotatably supported by a well-known
structure (not illustrated) in the directions at right angles to the
supporting rods 28 and 28 respectively in such a way that the directions
of the radiation surfaces of the antenmnhdSetenents 22a and 22b can be

?‘dgiisfe"rieé‘ t:‘eieg#éfﬁ%i%?li,ts 1 1o o1€ HAEPaPnG S, CARRERETEELER 1 no
iati th I t d 22 h i cabl
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dupl | cated area 19 { Gl sk SSTMILGARLE o e 1redtic BB @
the control circuit part 26 will be described referring to
FIGS. 6 through 11.
FIG. 6 illustrates the entire construction. A
control part 43 which unifyingly controls control circuits
42a and 42b of the respective éntenna elements 22a and 22b is

composed of a control circuit 44, an electric power circuit

45 and an interface circuit 46 for exchanging data with the

outside:: Here, in this figure, as the control circuit 42b is
the same as the control circuit 42a, the illustration of the
internal composition thereof is omitted. 1In the control
circuits 42a and 42b provided to counter the antenna elements
22a and 22b respectively, a modification circuit 47 is so
arranged as to take the oscillation output given from an
oscillator 48 having a specified frequency as carrier waves
and modify the same by using the pilot interrogatory signals
or interrogatory signals given from the control circuit 44
and output the same to the antenna element 22 through a
circulator 49. Here, the pilot interrogatory signals mean
signals which activates a responder mounted on a vehicle and
interrogates the type of the wvehicle to the responder.

A receiving circuit 50 for processing signals, such
as demodulation, is connected to a mixer 51. To the mixer 51

is so arranged as to receive oscillation outputs as carrier



and 24b _are al so provided with duplicated areas 20c and 21c in the sane
way) . ‘As descri bed | ater, the antenna elenents 22a and 22b are so arranged
as to comuni cate by outputtlng m crowaves of respective proper
frequencies which differ from each other Each of the antenna

el ements 22a, 22b, 23a, 23b, 24a and 245 are microstrip array antenna

el enents, f qafesg frengtheicneisl ftsfUps cafat 8Des 2@aelibeouavre3Bidgnlane
surface side of a printed circuit board 29 (although only the antenna

el enent 22afrom | thet raxteshnepetenentn224| throwy) eahe eietwbatort O rest
antenna units are of the sanme construction) which are conbined with

transm ssi oacicoreinglao fid earriér fvavesomigrtirespdmsa phgralsupplThe
term nal 31d. In this case, the printed circuit board 29 is nade
of resin nacerirdlerpwavesdanit tha wave usigrias doddrding aoethd respoinis
printed circuit board), wherein the change in the tenperature
char act eri ssiignadfs tire dompesedi togehbézanby othe tniixer €51 ) ared etherl sérthi n
t he worki ng tenperature range
to the receiving circuit 50. The receiving circuit 50 is so
arranged to obtain the response signals by demodulating the
given composite signals and output the same to the control
circuit 44.

The respective oscillators 48 provided to counter
the antenna elements 22a through 24b described above outputs,
as carriéi' waves, quasi-microwaves of 2.45GHz band, fo;:
example, allotted as a specified freguency area, and
therefore, are so constructed as to allot and output
frequencies f1 through f£f6 having narrow different frequency
areas in the frequency band. On the other hand, as described
later, the responder 34 (35) mounted on the vehicle is so
provided as to receive the signals corresponding to all the
oscillation frequencies f1 through £6 of the respective
oscillator 48.

The antenna units 16, 17 and 18 constructed as
described above are so arranged as to receive timing signals
which drive the antenna units 16, 17 and 18 in correspondence
to the antenna elements 22a through 24b respectively from a
controller (not illustrated) to which the antenna units 16,

17 and 18 are connected through the interface circuit 46.

Here, the output timing of pilot interrogatory sighals and



(e.g., high-tenperature range up to approximtely 120[err]C) is not nore
than the specified (e.g., not nore than 1%. For exanpl e, BT resin

mat eri al or gl ass epoxy material is used The ei ght pieces of patches 30a
through 30h are laid out in two rows, pi eces of patches 30a through
30d in one row and four pieces of patcﬁe 30e through 30h in the other

row, Wwth tintcreeRRAIIME iRia@setd atd Edtlh iddttlodirtass | 1ghtdy ardit
out. These patches 30a through 30h are formed by being etched together

W th the transHissddnsét Ngs *adat_xai_ﬂéowﬁeudg ofis aa hadlfeidydll & @rdnheedusti ches
30a through 30h and the transmsion |ines 3la through 31d, alumnumis

used. By olth@fht | yetwébhngheUtad jwivbhd exatehael ngnPech 16t heid e and
signals to be transmtted becone circularly polarized wave signals.

Fur t her nor e beitiveeh Sther adjoddingatardtentyi Ggiest 17 hengattghes 8¢a tHiHugh

30h as descri bed above, a desired communicable area can be obtalined. On

the other haidangement, even if the vehicle mounted responder 34 (35)
passing through the communication area 19, 20 or 21 passes
through the duplicate area of the communication areas 19 and
20, for example, it is so arranged that the responder 34 (35)
does not concurrently receive pilot interrogatory signals

from the two antenna units 16 and 17.

In FIGS. 7 and 8 illustrating the electrical

constructlon of the control circuit part of the vehicle
mounted responder 34 (35), a control circuit 52 for
controlling the entirety is composed of a microcomputer, a
ROM, a RAM, etc. and has been stored with a communication
program for entire communication control. On the wvehicle
mounted responder 34 are disposed a communication circuit 53,
an IC card interface 54 and a display part 55 for displaying
the communication state.

The communication circuit 53, which is designed to
process the transmitting and receiving of signals by the
above-described anteﬁna 36, is added with a starting circuit
53a which is so constructed as to start the entire system
upon the receipt of pilot interrogatory signals. That is,
when communication is not performed, most components
including the control circuit 52 are in the inactive state,

i.e., "sleep state," but activated by this starting circuit



wire widths of the transnmission lines 3la and 31b are so set as to be

hi gher i n |npedance than the transm ssion line 31c. As an inpedance
setting nethod, a nmethod by reducing the wire w dths of the transm ssion
| ines 31la and 31b at the time of etchi-nd tto be narrower than the wire

Uranom ssi on3% | HBESSEAS' Sommifednfe Frardy: dnfng ciRkAEBoREAESel

| deneral | in an aiEY SAVAL W £062 oMb AREIC R L 4
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are laid out"'Tn € plece, t WO pl eces
pi eces, thetransm:.tt:.ng signal modulator 64 and the wave detector 63 can

wave detect receiving signals and output the same to the
control circuit 52. A data signal modulation circuit 65 is
so constructed that, upon the receipt of transmitting data
signals from the control circuit 52, frequency modulate or
phase modulate the transmitting data signals and send the
same to the transmitting signal modulation circuit 64. The
transmifﬁing signal modulation circuit 64 is so constructed
as té modulate the carrier wave signals received by the
receiving antenna 38 by using modulation éignals generated by
the data signal modulation circuit 65 and output the same as
transmitting wave signals through the transmitting antenna
39.

In the above case, the control circuit 52 is so
arranged as to set the transmission timing of the data to be
sent by selecting a time slot at random from among a
plurality of preset time slots and using the selected time
slot as described later. That is, it is so arranged that
even if transmitting signals from a plurality of wvehicle
mounted responders 35 (45) compete with each other,
differentiation in time slot can prevent the concurrent
transmission.of transmitting signals and consequently prevent

the occurrence of interference.



ext ensi ons of communi cable areas S1 through S4 becone long in the
directi‘on at right angles to the row of the patches P, but change little
in the direction of the row of the patches P. Furthernore, as
illustrated in FIG 14E, when eight pieces of the patches P are laid out
in two rows, four pieces in each row, -t e -comuni cabl e area S5 in the r ow

giLE?tLSRd f?ﬁgnﬁipﬁkgﬁ%nta ot ar'%%ﬁﬁ%%%gaﬁhf?iﬁ%%éggﬁg:ﬁﬁroasﬁ S e
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sel ecting t e pa usein the antenna ele
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to exchange various data including toll collection data
through the IC card interface 54.

Now, description will be given to the length
dimension La of the communication areas 19, 20 and 21

referring to FIG. 1. When the vehicle mounted responder 34

passes through the communication area 19, 20 or 21, an exact
communication with the vehicle mounted responder 34 must be
secured. As the minimum requirement, the length dimension La
along the forward direction of the expressway 11 must be set
- for a certain length or more fo'prevent the wvehicles from
straying from the communication areas 19, 20 and 21 durihg
the communication.
Firstly, the requirements of the length dimension
La of the communication areas 19, 20 and 21 are set by using
the following equation:
La > (C/S +t) X V xXxn cee eeae (1)
where, C is data information content (byte), S is
communication speed (byte/sec), t is information pfocessing
speed within the system (sec), V is vehicle speed (m/sec),
and n is the number of retransmission specified as the number

of communication necessary for one toll collection data



present invention are provided with the communi cable areas 19a and 19b
respe¢tTvely as illustrated in FIG 12. Inthis FIG 12, it is assumed
that the height for the installation : - 13
- of the antenna unit 16 is 6m the antenna el enent 22a providing the
comuni cabl e area 19a beneath the antemn@unit 16 is positioned with the
angle of the radiation surface thereof inclined by approximately 5 from
the vertical®*“®d ™4 on, while the antenna el ement 22b i's positioned with

h I f th di g} yr f .thereof i.ncl.ined b ' |
6OLer ] from  the MR CAGRPIRCION ABCROR TPAnp SAPRATLFY SOTBHILE fom
th tical_ _di tJ . . \b , h it 16.(17,
18) of thi o STARbA TR0 R ARaierPEaRsron roBesdf 88:570RutE L 4 s L

t he ei ght pieces of. patches, 30a ;through 30h are connected are .SO.S sto
bo- uneven | RECHRERATRD Soad e hHeEn Hhe o Sofn SRR doa %0r “fhof

bytes, and the number of communication of 3 by using the
above equation, it is found that the length dimension La
necessary for the communication area 19, 20 and 21 should be
2.2m or longer. |

To arrange the vehicle speed to be compatible to
higher speed, the length dimension La of the communication

areas 19, 20 and 21 must be increased according to the above.

-— - -—
-

equation. If the length dimension La becomes too long, it is
likely that a plurality of vehicle mounted resﬁondérs 34 (35)
concurrently enter the communication areas 19, 20 and 21, and
therefore a problem is that interference may occur at a high
probability. Therefore, the value of the length dimension La
should preferably be maintained shorter than the length 6f
the smallest vehicle among of all the vehicles.

In view of the above, in order to compatible to
high-speed vehicles, it is preferable that the communication
speed S should be set to a larger value instead of setting
the length dimension La of the communication areas 19, 20 and
21 to a larger value. Therefore, the principle for
increasing the communication speed S will be briefed now.

Communication between the vehicle mounted responder
35 and the aboveground unit (gantry) 15 is performed by

modulating the unmodulated carrier waves received from the



agai nst_the respective antenna el enments 22a and 22b. As a result of this
arrangénent, the anplitudes of waves outputted fromthe patches 30b, 30c,
30f and 30g disposed at the central part on the printed circuit board 29
beconme | arge, and the anplitudes of waves outputted fromthe patches 30a,
30d, 30e and 30h di sposed at the end pathlecorre small. Accordingly, as

i |1 ustrat edah8yvEhFouk@, uﬁigelﬁ%%mgﬁ%%é Bhé -respdiise sidhdlGto 16,

t he broken ?I ne indicates a position at | evel a responder nounted on

a vehicle ighesypaased tBeb8bbPedrounBeundel sokyhiine fi@ﬂé&ftih@e orehind e) -
By constructing as described above, in any position of the hei'ghts of 2m

1.5mand 1nyigs ibkusthat afbtitld GRountdd %%BPeﬁae&SCu@omﬂﬁéf@bl &1y eas
19al, 19a2 and 19a3 and 19bl, 19b2 and 19b3 of al nbst the sane di mensi ons

can be obtabpRdnthitibhessesdiiGalbearAifddldct8rengaba e @ccupied
- 14 - covering alnost the sane area even with different heights.

bandwidth of the modulated waves (modulated signals) of all
the transmitting signals. The occupied bandwidth of the
electric power obtainéd from the spectra of the transmitting
signals can be calculated by obtaining the size of the
spectrum width that occupies 99% of the entire sending power.
FIG. 11 typically illustrates modulated signals and the
spectra . The electric power percentage Kn (n=1, 3, 5, ...)_

when the spectra of the modulated signals are taken for n

pieces can be expressed by the following equation:

n+l

1,22 f: sin? (2n-1) ¢

2 Ty n=1 (2n-1)4
1-2¥ vee e {2)
3n

Kn =

In the above equation, when the modulated signal
rise time is <, the modulated signal tilt rate can be
expressed as 2t/S, and the value obtained by multiplying the
modulated signal tilt rate by x is ¢ (= 2nt/S). Therefore,
when the modulated signal tilt rate is 0.3, for example, the
value of ¥ is 0.03%x, and K9 = 98.9% can be obtained and then

'K1l1= 99.3% is obtained from the equation (2). From these
results, the occupied bandwidth can be formed by taking the
spectra up to the eleventh. When the communication frequency

band is supposed to be 2.5MHz, for example, the maximum



Vehicles (e.g., 32 and 33 in FIG 1) running on the expressway 11 are
mount'ed with responders 34 and 35 in the vicinity of the respective hoods.
Each of these vehicle nounted responders 34 and 35 is provided with the
control circuit part 26 (FIG 2) and anj,gntenna 36 which receives
interrogatory signals fromthe antenna units 16, 17 and 18 on the
abovegr ound communigation speed ¢ansbansetnto3014Rbps. ML rasinmicat Bma

wi th square patches 38 and 39 conposed on a printed circuit board 37 which
I s the sanespeedhataisingf metholds ,aboherdesxe brdthodsnity esetredihg22she | n
this case, the patches 38 and 39 are conposed as a single patch provided
for recei vicogmand datdosnifirequencyy &éand to a largetherglatecheset3Bmndidd are
formed with the vertexes facing each other cut out to circularly polarize
waves, and medudatmesedsizmalo beiXbnneated thw t he phaegesupplagxepoi rdtesi de
through transm ssion |ines 40a and 40b respectively through an anplifier
41. Accordi Sglegifiicaldyso bypnsetddngd that nilsdmg t hémeehi cbf mmdhiletted
responders 34 and 35 are within the communication area 19, response is
possi bl e wi shigmaisl £€xom the antenna element, illustrated in FIG. 10, is

set to a larger value, the communication speed can be

increased.

Here, according to this embodiment, the frequency
of the carrier waves in use is set to the area of 2.45GHz and

the available frequency band is set to 26MHz. This available

e - -

frequency'band is divided into 12 channels, and 2.17MHz is
allotted to each channel as the communication frequency band.
By modulating this by using a modulated signal with a
modulated signal tilt rate of 0.03, a communication speed of
100kbps could be obtained.

Accordingly, 12 pieces of antenna elements were
prepared, and each communication frequency was set to
2451+ (nx2.17) MHz. Here, n is an integral number from among
1 through 6. Two pieces of antenna elements with the
frequencies set in this way are installed in the respective
antenna units 16, 17 and 18. To be more specific, different
frequencies fl1 through f6 are allocated to the respective
antenna elements 22a through 24b of the respective antenna
units 16, 17 and 18, and allocated these antenna elements 22a
through 24b to the gantry 15. The antenna characteristics of

the vehicle mounted responders 34 and 35 with the respective



directive range SAillustrated in FIG 17, for exanple. For the antenna
36, i‘t is'so constructed that in transmitting response signals,

transm ssion is performed by nodul ati ng unnodul ated carrier waves received
fromthe side of the antenna unit 16 byjusing response signals and
reflecting the nodulated carrier waves. Specifically, the vehicle nounted
responder s c¥rwisk 3avecerequansbes| Al edheanighefonarichiin dthe occupied

-15 - the antenna units 16, 17 and 18 within the communication areas 19,
20 and 21 dawhdwsldtdrtatdéecasaddlubitiratedcdinviFEGi e, sdneorded tirerelbis

response signals can be transmtted. Next, the construction of
the el ectriconstmatiard tohbecaompaltiblecuid pachsa6whelrle Hrhelasaxidnen
referring to FIGS. 6 through 11. FIG 6 illustrates the entire

constructi omhikleorgpedd pats 412 0dmAh, untligi nppfoxmat ion s comtemt ciscuits
42a and 42b of the respective antenna el enents 22a and 22b is
150bytes, the data processing time is 12ms, and the number of
retransmission is 3, the value of the length dimension La is
set to 3m.

Furthermore, to set the communicable length
dimension La, a two-sided printed circuit board of BT resin
with a dielectric constant of 3.7 was employed as the printed
circuit board 29, ana the patches 30a through 30h were set to_
30mm in :ide. Then, the output from each antenna element wa;~
set to 20mW, and the transmission time interval of pilot
interrogatory signals was set to 10ms. By these settings,
when each vehicle 32 running on the expressway 11 passes
through the communication area 19, 20 or 21, either the
antenna unit 16, 17 or 18 can exactly communicate with the
responder 34 mounted on the vehicle 32.

This time, the mode of operation of the present
invention will be described. 1In the normal case, as it is
assumed that each vehicle separately runs in either traffic
lane 12, 13 or 14, it is possible that communication
processing is performed with the responder 34 mounted on
vehicle passing through the communication area 19, 20 or 21
and the toll can exactly be collected from each wvehicle in

the same way as the conventional methods.

In the following passages, referring to a situation



conposed of fa control circuit 44, an electric power circuit 45 and an
interface circuit 46 for exchanging data with the outside. Here, in this
figure, as the control circuit 42b is the sane as the control circuit 42a,
the illustration of the internal conpggztlon thereof is omtted. In the
control circuits 42a and 42b provided to counter the antenna el ements 22a

K
and 22b 1 eSREGHIEN Vin€eBdrbhca! hal Eotlils i5ha1yS hedl AL A LQ, take

the oscillation output given froman haV|ng a’sp
frequency apwcahbl @omMBHEEataBH BAdYadtity g£ %dt QG Ri LRt ya]
interrogatory signals or interrogatory S|gna S Re ton

circuit 44signatdenPwilin®ecsdeBcribkhle apsenns u§£f?€8& gﬁ ﬁf@OUQ? qﬂ%|ch

circulator 49. Here, the pilot interrogatory signals nmean

activat es @aniesposflethe@ R Dés a 39ehifd e3§“daré “E%Eagﬂaté‘érglﬂfrér)% of

the vehicle to the responder. A receliving circu

processi ngeatefdng theClsanis ctaRilcHtidh dred QYL &hd At dAnE utie 10

the mxer 51 is so arranged as to receive oscillation outputs as carrier
18, and hence the antenna unit 18 is now capable of

communicating with the responders 34 and 35 mounted on the
respective vehicles 32 and 33. In this case, it is assumed
that the vehicle 33 passes through the duplicated
communication area duplicated with the communication area 20

of the antenna unit 17.

In the above situation, as a mode of communlcatlon,

a case as illustrated in one of FIGS. 19A through 19E and
FIGS. 20A through 20E occurs. Specifically, in FIGS. 19A
through 19C, the antenna units 16 and 18 are repetitively
outputting pilot interrogatory signals at a time interval of
At from a time t0 to a time t7. The antenna unit 17,
however, against the adjoining antenna units 16 and 18 in the
same timespan, is repetitively outputting pilot interrogatory
signals in the same way but at a timé interval of At with a
time-lag of At/2.

Then, as illustrate in FIGS. 19D and 19E, when the
vehicle mounted responders 34 and 35 receive pilot
interrogatory signals PLT from the antenna unit 18 (time t0),
the respective vehicle mounted responders 34 and 35 are
switched from the sleep state to the wake-up state by the

starting circuit 53a, start communication processing



- 16 - waveg fromthe oscillator 48 and al so receive wave signals fromthe
anterfna el'enent 22a through the circulator 49 according to the carrier
waves and response signals. The carrier waves and the wave signals
according to the response signals are c osed together by the m xer 51,
and then sent to the receiving circuif . The receiving circuit 50 is so

arranged toopbtatiohhereesgnize shdrstsréd )it Plddatindd.datdngdicede and
conposite signals and output the same to the control <circuit 44.

The respectgantpgceddatNnes ciéntpdDvedierh tthe @inlody inteeraghtory shigmaliss 22a
t hrough 24b descri bed above outputs, as carrier waves, quasi-m crowaves of

2. 45CHz banpLTf oandexheml, e asldeddribed aboweri gésdratequrecyespeatigad

therefore, are so constructed as to allot and output frequencies fl

t hrough f 6 hespogseasignadsfREPEndnd IRSRENMsparttiagliyn anlde tiraagmd ey hand.

On the other hand, as described Ilater, the responder 34 (35) nounted on

the vehicl esameso In this case, it is so arranged in transmitting the
response signals RSP, the unmodulated carrier waves received
from the antenna unit 18 are modulated by the response
signals into transmitting waves and reflected as described
above. |

The response signals RSPl and RSP2 contain the
respective identification codes registered in the respectivgi
IC card;TEG installed into the respective IC card interfacgu
54. The transmission timings of the response signals RSPl
and RSP2 are so arranged to be set to the respective time
slots selected at random respectively from among a plurality
number of time slots. Therefore, even if the response
signals RSP are concurrently sent from a plurality of vehicle
mounted responders 34 and 35, the pfobability that those
transmission timings are duplicated can be lowered, and the
opportunities of the occurrence of impossible communication
due to interference can be lessened.

In FIGS. 19A 'through 19E, as the transmission
signals from the vehicle mounted responder 35 enters the time
slot of earlier transmission timing than the transmission
timing of the transmission signals from the vehicle mounted

responder 34, the antenna unit 18 determines the receiving

order for the response signals RSPl and RSP2 in such a way



provi ded asjto receive the signals correspondlng to all the oscillation
frequencies f1 through f6 of the respective oscillator 48. The
antenna units 16, 17 and 18 constructed as described above are so arranged
as to receive timng signals which drive the antenna units 16, 17 and 18

I n correspondence to the antenna el enBrtds~22a t hrough 24b respectively

froma corhad e (WsHidlé Undirt&d) réSpdhash Qbelénkﬁﬁn%ﬂﬂyﬂfhﬂHSthé7 and
18 are connected through the interface circuit 46. Here, the output tinng

of pilot i Redrikcaeameuntedirakpontér 34 is the second. The antenna unit- 17
- interrogatory signals to the comunication areas 18, 20 and 21 is so set

as to have 18 gendsg vehh il ifountdd desPomrrah imtdiiatinearatdiei s ni ng

antenna units 16 and 17 and between the adjoining antenna units 17 and 18.
By this akegugetdny eighalk tRelveld cligt@dedorgspendaalsd €85)the

passi ng through the communi cation area 19, 20 or 21 passes
vehicle mounted responder 35 (time tl). The vehicle mounted
responder information transmission requesting signals RC1
contain the position indicating code, the gantry code No. and
the identification code registered in the IC card 66 of the
subject wvehicle mounted responder 35. When the vehicle

mounted responders 34 and 35 receive the vehicle mounted

responde;_information transmission requesting signals RC1,

-
. -

the vehicle mounted responder 35 performs receiving
operation, but the vehicle mounted responder 34 determines
that the vehicle mounted responder information transmission
requesting signals RCl1 are not intended thereto due to
discrepancy in the identification code and does not perform
communication processing.

Upon receiving the vehicle mounted responder
information transmission requesting signals RC1l, the vehicle
mounted responder 35 reads the IC card identification code,

- the balance amocunt data and other data from the IC card 66
according thereto, generates card read signals RD1, and
transmits the same to the antenna unit 18 in the same way as
described above. Then, upon receiving the card read signals

“RD1, the antenna unit 18 sends a specified data for toll
collection data processing as card write signals WDl to the

vehicle mounted responder 35 (time t2). In this case, the



through the: duplicate area of the comunication areas 19 and 20, for
exanple, it is so arranged that the responder 34 (35) does not
concurrently receive pilot interrogatory signals fromthe two antenna
units 16 and 17. In FIGS. 7 and 8 illustrating the electrical
construction of the control circuit paft?kﬁ the vehicle__nounted responder
34 (35), acavdt w3ite rsigpais Bl centain | thg tivdlentrliegtioncSsifed of
a mcroconmputer, a ROM. a RAM etc. and _ has been_stored with a

conmuni cat Fede, ptbgr Mldodaddyi thec pRMitLOR CORASCHRrrolthe GRTY Fodiec! e
nount ed responder 34 _are, disposed a comunjcatiop circuit 53, an IC card
i nterface ¥2-anthg ideptifigationsqdq ofi theyehtcle me HESRONG® st at e.
The conmunication circuit, 53, which is designed_to,  process the,

transmittiAgaikler ORATAtIPHIt MYy Hatanyetfe LhoVBSIESEPPHES &1ERRS 36
theent i r cRSPs FERM (6 VAR LG BOPRTSN BRPBOTRe A0 FEe0 AP TGN ththat
'S, when gg%ggca‘arilgl)g i188 n%.ts pggf oarrnfglﬁgerg)sa:ocoggggg%s a specified
troubleshooting routiﬂe.
Upon receiving the card write signals WD1l, the
vehicle mounted responder 35 reads the contents thereof and

performs a specified write processing. Then, the vehicle

mounted responder 35 sends write end signals END1 containing

- -
o

the ganEr& code No. and the identification code of th;
vehicle mounted responder 35 to the antenna unit 18 in the
same way as described above. Upon rec¢eiving the write end
signals END1, the antenna unit 18 sends end acknowledge
signals ACK1l to the vehicle mounted responder 35 to inform of
the receipt of the write end signals END1l. Upon receiving
the end acknowledge signals ACKl, the vehicle mounted
responder 35 determines that the communication has been
completed and shifts to the sleep state when the starting
circuit 53a stops.

Here, the vehicle mounted responders 34 and 35 are
so arranged that even if the vehicle mounted responders 34
and 35 receive the pilot interrogatory signals PLT again
within the communication area 19, 20 or 21, if the
communication processing has already been completed, the

vehicle mounted responders 34 and 35 determine the completion



including the control circuit 52 are in the inactive state, i.e., "sleep

state," but activated by this starting circuit
- 18 - 53a into the conmunicable state, i.e., "wake-up state.”
As illustrated in FIG 8, the conmunicatign circuit 53 is so connected

that receiving signals can be given from“tRe receiving antenna 38 to a
wave det ect®f GIMENAigation, pHaqesHIng grRferping ater the seamupdcadien
detector 63 can_ wave detect receiving signals and output the same to the

control cirEBFRlEs. skoged; thegedn | B9 becki ERaj Pidgti dnteyregaseryct ed
that, upon the ricei t of transmtting data signals fromthe control
circuit 52,SigRg4EnEPTodfiense ghe MRRFIPR PYre2RYaREheLt VRhigdea

signals and send the sane to,the transn%t%%&g signal nodul ation circuit
64. The trBRAYAFedi RESEPRASF HDRFAEFOHe 1R L LereNnq/m s Thdst 8dSoas to

nodul ate the carrier wave sigpal s .received by the receiving apntenna 38 by
usi ng nodul BEEBRNES gnaP¥ géHgE&Féaegy communication within’ the same

communication area 21 or the communication area 19, 20 or 21
of the same gantry 15.

In actual processing for toll collection, it is so
arranged that after passing through the communication area
18, the vehicle mounted fesponder 35 (34) writes the data
corresponding to the toll balance less the toll data just
communiéjﬁed and transmitted based on various write dat;:
specified by the above-described write signals WDl into the
IC card 66 through the IC card interface 54.

Next, the antenna unit 18 sends the vehicle mounted
responder information transmission requesting signals RC1 to
the vehicle mounted responder 34, which is determined as the
secoﬁd in the communication order, in the same way as
described above, and starts the communication with the
vehicle mounted responder 34. When the antenna unit 18
sequentially sends card write signals WD2 and end acknowledge
signals ACK2 and performs communication with the vehicle
mounted responder 34 to complete communication processing,
the vehicle mounted responder 34 also shifts to the sleep
state. As a result, even if both the two vehicle mounted
responders 34 and 35 almost concurrently enter the

communication area 21 of the antenna unit 18, communication



t he data .sif)gnal nodul ation circuit 65 and output the sanme as transmtting
wave signals through the transmtting antenna 39. In the above
case, the control circuit 52 is so arranged as to set the transm ssion
timng of the data to be sent by selegfjing a tine slot at random from
anong a plurality_of preset tinme slots”and using the selected tine slot
as.descri 588 Pé?’é’%.ly ?EaReFQr‘!“Fdibﬁ%% theyaatenaa uakEnl8rand hath tting

signals froma plurality of yehicle _nounted responders 35 (45) ,conpete
with each® Fhé’ré?‘lcdﬁf ‘b‘h‘f‘?‘%t ?%ﬁP‘i’ﬂd?Fﬁe5§l GPdc 39 pr HRRR t AE dSnER rent

transm ssion of trapnsmtti Si gha and_copse nt | event , the
occurrenc@rEPnﬂﬁFeiggFeﬁéeEgng s Lﬁe vehlcfesq¥§ angvig on which {die

The |1 C card intgrfacg454 LS gesi ned for., use mﬁ%h ihe installation of an
| C card 65°SRAPERTSa pand 3 & poupted respectively keep running at

normal speeds, communication processing can sufficiently be
completed before +the wvehicles 32 and 33 exit the
communication area 21.

In the above case, the two vehicle mounted
responders 34 and 35 sequentially perform communication
processing against the one antenna unit 18. As the vehicle

mounted responder 35 passes through the duplicated area

Fe

duplicated with the adjoining communication area 20, however;:
depending on the timing of siénal receiving, the vehicle
mounted responder 35 can receive pilot interrogatory signals
from the antenna unit 17 and communicate with the antenna
unit 17. FIGS. 20A through 20E illustrate the contents of
such communication processing, and this will be described
below. |

In this case, the vehicle mounted responders 34 and
35 concurrently receive the pilot interrogatory signals PLT
from the antenna unit 18 and send the pilot response signals
RSP with different time slots. As the vehicle mounted
responder 34 makes such transmission with an earlier timing,
however, the vehicle mounted responder 34 becomes the first
and the vehicle mounted responder 35 becomes the second in
the communication order with the antenna unit 18. Therefore,

when the vehicle mounted responders 34 and 35 send the



for each uyser (person) or vehicle, and can be installed into the IC card
interface 54. The I C card 66 has stored various data including the

regi stered identification code, built in with a wite enable storing
means, and is so construct ed as to exc nge vari ous data incI udi ng toll
col l ection data tthu the L C car r'Tace 54.

descri pti FPIRIPSDe S&H Rt F@%gtlf‘r‘; P% kefpeshivelss tthe cHﬁhﬁﬁﬂ-Satlon
areas 19, 20 and,?21 referrl ng %o FI 1. n the vehicle unte
responder RN %%seg BRPBEGR 1} tgﬁ’ aref ey eso 21Pléﬂtexact

t th th hi cl d dey 34 t d. As
Che i ni mAFTRTAIEHERY | SLHBTEnBER ﬁrw@ﬁifx’%ﬂaﬁ 838 GWOLE N7t or v

direction of the ex SS set for rtaln I h or. nore to
orevent the vehi ol ec4e Wé?iayt“ﬂgn?ﬁsnrﬁﬁeoez;ﬁﬁﬁn Sarith 3958 18he 50 and
21 during First ui renents t he

length di rféchg‘ﬁ com%l%ﬁa ﬁg’%@gﬁ-‘rwn?Eat B8 artie 19°‘g' it EB?

usi ng_ . t ?%r];@elllrgogg‘goggusa{gnﬁs after sending the res&aonse s:L)gnals ﬁs?l

and RSP2 respectively. Without such interrogatory signals,
however, the vehicle mounted responders 34 and 35 are so .
arranged as to repetitively send the response signals RSP in
response to the pilot interrogatory signals PLT. In this

case, as the vehicle mounted responder 35 is determined to be

. -

the seco—f'iﬁ" in the communication order at the antenna unit 18,
interrogatory signals to be sent from the antenna unit 18 to
the vehicle mounted responder 35 have not yet been sent, but
interrogatory signals to be sent from the antenna unit 17 to
the vehicle mounted responder 35 are sent thereto.-

As a result, the vehicle mounted responder 34
perform communication processing with the antenna unit 18,
while the vetn'.cle mounted responder 35 performs communication
processing with the antenna unit 17. Hence, the vehicle
mounted responders 34 and 35 individually and concurrently
perform individual communication processings. Therefore, in
‘this case, in comparison with the previously described case
illustrated in FIGS. 19A through 19E, the entire
communication time is shorter, allowing more efficier_lt_
communication processing. That is, while the vehicles 32 and

33 passing through the communication areas 20 and 21,



where, Cissdata information content (byte), S is conmunication speed
(byte/sec)’, t is information processing speed within the system (sec), V
is vehicle speed (mMsec), and n is the nunber of retransm ssion specified
as the nunmber of conmunication necessary for one toll collection data

- 20 - exchange. Wien cal culatlion is nmade for a case with a
vehicle speathwlickiOion lpreres singsmatamnexact kntbefpdifimmead, a dat a
processi ng speed of 10ns, and a comruni cation speed of 100K bytes, and the
nunber of comuni cat idsmeafdihdytasithe tpresaoyénvgniioon asi tdescfbued t hat
the |l ength dinension La necessarg'for t he communi cation area 19, 20 and 21
shoul d be a&bove,ortherfpklowing effectgocan rbagebtabnadhicl e speed to be
conpatible to higher speed, the | ength dinmension La of the communi cation

Firstly, as the communication areas are set by
connecting the patches 30a through 30h of the antenna
elements 22a through 24b with the transmission lines 31la, 31b
and 3lc haﬁing different impedances and thereby minimizing
the side lobe, the unevenness of the communication areas 19,
20 and 21 due to the difference in height position can be

minimized and thereby constant communication conditions can

be secured.-

Secondly, as it is so constructed that duplicatea;
communication area is provided between the adjoining
communication areas 19, 20 and 21 and pilot interrogatory
signals are alternatingly transmitted, even if a vehicle runs
astriding traffic lane, communication processing for such
vehicle can be performed in any of the communication area.

Thirdly, as the length dimension La of the
communication areas 19, 20 and 21 is set wusing the
conditional equation (1), as long as a vehicle is in the
running condition, the state in which communication is
performed with the responder mounted on any other vehicle can
be minimized.

Fourthly, as the transmission timing of the
response signals of the vehicle mounted responder 34 (35) is
set with a time slot selected at random from among a

plurality of time slots, even if a plurality of wvehicle



areas 19, 2Q and 21 nust be increased according to the above equation. If
the | &ngth’ di nension La becones too long, it is likely that a plurality of
vehi cl e nounted responders 34 (35) concurrently enter the conmunication
areas 19, 20 and 21, and therefore a proglemis that interference may
occur at a high probability. Therefore, *¥he val ue of the |ength di nension
La shoul d meefitedbrespenderst gonedrreatigr rekaivieheiletgtinteirrogatory
smal | est vehicle anmong of all the vehicles. In view of the
above, in osilgnals,codpat iisl eppesibilgh- tpeedoweln cithe iprobabiddftgr abife
that the communi cation speed S should be set to a | arger val ue instead of
setting theohengréntilyesendingatbe phdotomesponse sigaadssabd, theraby 21
to a larger val ue. Therefore, the principle for increasing the
comuni cat i pnevertdifterifierieackri ef ed now. Communi cat i on bet ween
the vehicle nmounted responder 35 and the aboveground unit (gantry) 15 is
performed by nodul at Fhfthh¥, uasodn adrtay aantennaa\vas mécerostdipr typehe

using the eight pieces of patches 30a through 30h as the

antenna elements 22a through 24b respectively, it is possible

to set communication areas of specified shapes with a certain

degree of freedom.

Sixthly, as the communication areas 19, 20 and 21

are also set beneath the antenna units 16, 17 and 18

respectiGgly, the occurrence of any dead zone of
communicatioﬁ against the responders mounted on small
vehicles or motorcycles running immediately behind large
vehicles can be minimized and thereby communication
processing can exactly been performed.

That is, as illustrated in FIG. 21, as a large
vehicle 78 is tall, the large vehicle 78 shuts off the
communication area 20 of the antenna unit 17 immediately
behind there, forming a dead zone DZl. As a result, when a
motorcycle 79 is positioned on the side of the communicable
area 20b, the motorcycle 79 is in the dead zone DZ1, and
communication with the motor cycle 79 is impossible.

However, in this embodiment, as the communication
area 20 by means of the antenna wunit 17 has set the
communicable area 20a therebeneath, as illustrated in FIG.

22, as the large vehicle 78 passes through the antenna unit



- 21 - aboveground unit 15 and transmitting the response signals to the
si de of" the aboveground unit 15 while reflecting on the side of the

vehi cl e nounted responder 34. Here, the comunication speed Sis
determ ned according to the occupied bandydth of the nodul ated waves
(nodul ated signals) of all the transmttifng signals. The occupied

bandwi dt h of 1t7he thed elgad zgendZ biliecomzs fsmal ldwe kpoeta adedd tdwne D22.
transmtting signals can be calculated by obtaining the size of the

spect rum wi dttendeat the copmpandeabde tdreanfore thendioppoele 7§ @anllbe
typically illustrates nodul ated signals and the spectra. The electric
power per centsaymuad ( nand] im3, this. stateshecommenipatiom prockesimndulcdred
signals are taken for n pieces can be expressed by the foll owi ng equation:

[err] exactly be perfabmed apdittbe, telldn ediklentidmt datai graal bei se
time is [err], the nodulated signal tilt rate can be
exchanged.

Seventhly, as it is so constructed that the IC card
66 is installed into the vehicle mounted responder 34 (35)
for use, toll collection can be operated according to users.
It should be apparent to those skilled in the art
that the present invention should not be limited to the above

embodiment but may be modified or expanded as described

1 .
~—— -

below.

In addition to toll collecting operations for
expressways, the present invention may be applied to charge
collecting operations for.pay garages. In this case, it may
be so composed that vehicles concurrently enters from a
plurality of traffic lanes, and there is no need for the
drivers to stop at the entrance/exit for charge settlement.
As a result, the efficient entrance and exit of vehicles can
be achieved, and labor for charge collection can be reduced.

Furthermore, in addition to toll and charge
collecting operations, the present invention may be applied
to the exchange of various data for, such as the
investigation of vehicle traffic condition. For example, the
present invention may be applied to the investigation of
traffic volume and the preparation of road information, to

the urban traffic planning, or to the like.



expressed as 2[err]/S, and the value obtained by nmultiplying the nodulated
signal tilt rate by [err] is [err] (= 2[err]/S). Therefore, when the
nodul ated signal tilt rate is 0.3, for exanple, the value of [err] is
0.03[err], and K9 = 98. 9% can be obtai Qe% and then Kl1= 99.3%is obtained
fromthe equation (2) Fromthese results, the occupi ed bandw dth can be

formed by taki ng t he Th&diumber, of Fraffiq danes s tpet coemdimibedon

frequency ba .S su ed to be 2.5VHz, for exanple, the nmaxi num

- 22 - comﬂ?n rati%h “E’F%égtbe c%rPIbe‘lﬁ “E‘H-'%'Mkbps As conmuni cation speed
rai si ng met hods, the are. nethods b ettlng communi cati on frequency
band to a | arger vaI e yehicle 'E‘Wén d'l*?sﬂ b@i FP ferstxectedar ger

rate, etc. eci.fi aIJ etti the r|S|ng tipe [err] of nodul ated
signals fr&f q’ﬁ’ Bt £ e’r%r@?ﬁ ?r}}%tq}sﬁ LI ¢ @Sy the Ieicaxdg

larger value, the coqﬂynlcglc e m Egge reé%onder should not be limited

to such construction as to wake up upon receiving pilot
interrogatory signals, but may be so constructed as to always
in operation.

The antenna element may use any other means than
patches.

The antenna element may be so constructed that the

o~

patches and the transmission lines are formed by thin filﬁz
process by using a ceramic plate instead of the printed
circuit board.

While the present invention has been shown and
described with reference to the foregoing preferred
embodiments, it will be apparent to those skilled in the art
that changes in form and detail may be made therein without
departing from the scope df the invention as defined in the

appended claims.



I ncreased; * Here, according to this enbodi nent, the frequency of
the carrier wav ' ] o the area of 2.45GH and the available
frequency band ﬂm“mmnnlﬂam'"ﬁhl s avail able frequency band is divided
into 12 channel s,* afd 2. 1"M% i*s allot{ed to each channel as the

comuni cation frequency band. By nodul@ating this by using a nodul ated
signal with a nodul ated signal til €Ch&MS of 0.03, a communication speed of
100kbps uld be obptained, Accordingly, 12 pieces of antenna

el ement s ¥t 15, 2_4P#H each communication frequency was set to
2451(nx2.17) MHz. re, Is an integral number fromapong 1 through 6.
Two pi eces of antem'a elgrren?gm%’{’hcg 1ONf | o SYEAEMes AT i n YBREChA§ are
installed in the respective antenna units 16, 17 and 18. To be nore

speci fi c CWRFEEM® frequencies f1 through f6 are allocated to the
respective antenna el enents 22a fhrough 24b, of the respective antenna
units 16, 17 and 18R a %&Pf‘éca‘f%ﬂttI‘#%é"’éﬁdenﬁﬁtﬁ-gﬁﬁﬂtsaZﬁaadt hE®¥igh 24b

to the gantry. 15. The antenng.charaote i stics %L t he, %Fhicle npunt ed
r esponderiS AN P SOWPPRIFALLPRSpEER] Py operating with a ‘specified

oscillation frequency;

an antenna element provided within the antenna
unit, comprising a plurality of patches and a power supply
route connecting the plurality of patches and so set that end

part impedance has a higher value than central part

—— . -
-

impedancé7=for sending an interrogatory signal to a vehicle;
and

a communication controlling means provided within
the antenna unit for controlling transmission and receipt of

signals at the antenna unit.

2. A communication system for vehicles according
to claim 1, wherein the number and layout of the patches are

determined according to a range of the communication area.

3. A communication system for vehicles according
to claim 1, wherein the antenna unit comprises a first
antenna element setting a communicable area beneath a part
where the antenna unit is disposed, and a second antenna
element setting a communicable area on a side farther than

the communicable area of the first antenna element.



- 23, cafrier %ﬂmmnw ies f1 through f6 within the occupied
bandw dth are as "ﬁma@’m‘ G 9. In order in this construction to
be conpatible to a chset M& nmaxi mum vehicle speed is 120km h, the

i nformation content is 150bytes, the dgta processing tinme is 12ms, and the

SetFo S ot TATOEoLOR, L apetBRcBh ypteh ot SO TR £°
i of oot 11 §ocorgedlly I “SnBERERC ke CHhbeRiR. Pontltt “HoheRt Bar 2o,
ond {1, PRLEREE B0 RIS AR S3 b oI BVl g il
et ngs. CEan Sl Y o on he expressuay 11 passes
5. A communication system for vehicles according
to claim 1, further comprising a vehicle mounted responder
mounted on the vehicle for transmitting a response signal by
modulating and reflecting unmodulated carrier waves received
following the receipt of the intérrogatéry signal.

:&%. A communication system for vehicles according .
to claim 1, wherein the antenna unit is provided for
plurality over the road, and transmission frequency and
transmission timing thereof differ from each other between

adjoining antenna units.

7. A communication system for vehicles according
to claim 5, wherein:

the communication controlling means is so
constructed that the plurality of antenna units repetitively
output pilot interrogatory signals with a specified time
interval, and that the antenna unit received a pilot response
signal from a certain vehicle mounted responder of all the
plurality of antenna wunits subsequently transmits the
interrogatory signal to communicate with the certain vehicle

mounted responder; and



—

e
t hrough -t he, eommuni ﬂﬂ’ 0 or 21, either the antenna unit 16,
17 or 18 can exactly mmmﬂf M h the responder 34 nounted on the
vehi cl e 32. * Thisttime,s node of operation. of the present

invention will be described. In the norpey; case, as it is assuned that
each vehicle separatqbﬁ%ru s,in either traffic .lane 12, ,13 or 14 ,i& S
possi bl e that comuni i O lﬁi%mﬂ%%ﬂﬁ | EePROPICHECOTPF hS R ear BERARLEr 34
nmount ed on vehiqée gassin% throug? t he connun'catiog area ‘19, 20 or 21

and the tolTORAHES,ERTPONBE COMTERLLHNG (BRRBACKOTAREPREFANG; hBesBiEONay as
the conventlonslnfE'09%Ra1 to countdf LS YUY [ B3ssades, referiing o
i nterference has convegti nal | y. bee nticiggteg how t he conmunicati on
can exact | PRRNFBEFPEBF TR RGOt L ERANIR LBt P8R KPP SIEIRBRdIn As

'||UStraIEKLé§b£ﬂ§% ég’tﬁgmﬁnterrogatory signal subsequently received.

8. A communication system for vehicles according
to claim 1, wherein the antenna element is composed of a

microstrip antenna.

9. A communication system for vehicles according
to claim?%i wherein the vehicle mounted-response controllin&=
means transmits the response signal with a timing of a time
slot selected at random from among a plurality of time slots

when the vehicle mounted responder receives the pilot

interrogatory signal.

10. A communication system for vehicles according
to claim 1, wherein the antenna unit is disposed on a toll
road and the communication system is so constructed as to
exchange toll collection data necessary for traffic

therethrough.

11. A communication system for vehicles accordihg
to claim 1, wherein the communication area has a length
dimension approximately as much as or less than a length

dimension of a vehicle.



units.of the vehicles 32 and 33 are alnost concurrently entering the sane
communi cation area 21 of the antenna unit 18, and hence the antenna unit
18 is now capable of conmunicating with the responders 34 and 35 nounted
on the respective vehicles 32 and 33. In this case, it is assuned that
the vehicle 33 passes through the uplicated comunigcation area
duplicated with the comuni cation ar eal’ of the antenna ynit 17.

In the above situation, as a node of communication, a casgyas illustrated
in one of FIGS. 19A through 19E and FIGS. 20A through 20E occurs.
Specifically, in FIGS. 19A through 19C, the antenna unitg [6 and 18 are
repetitively outputting pilot interrogatory signals at a me interval of
At froma ti tO—to ettt 7 et e Ot 7 er, agai nst

t he adj oinigpg antenna units 16 and 18 in the sane tinmespan,|is

repetitivel |\ et Re—B -6 perragatery GRa-s—-R—t-Re~Sane way but at
atime interyal\ of At with a tine-lag of At/2. as
illustrate i GS. 19D and 19E, when the vehicle nmounfed responders 34

and 35 recei ve\ pil ot
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FIG. 1




interrogatory signals PLT fromthe antenna unit 18 (tine t0)y—-the ___
respective vehicle nounted responders 34 and 35 are sw tchj‘_Eri..ﬁ@gﬂ.gj&E Lia.
3 £

sleep state to t.-msg)@g@fasug state by the starting circuit a ps_g@_r\wd

)
DL

conmmuni cation pr cen Replaced
operation, recogni @,m#”ma he pl ace, i ndicating code and gantry code
No. contained in i rogator¥/18ignals PLT, and then, as

descri bed above, generate the respective response signals RSPl and RSP2
respectively and transmt the sanme. In this case, it is so arranged in
transmtting the response signals RSP, the unnodul ated carrier waves
received fromthe antenna unit 18 are nodul ated by the response signals
into transmtting waves and refleﬁEEP dézcribed above. The
response signals RSP1 and RSP2 co he“respective identification codes
registered in the respective
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| C cards 66 tnstalled into the respective IC card interface 54
transm ssion tinngs of the response signals RSP1 and RSP2 ar JbiSEHARDeAS BER
to be set to the respective tinme ~slots selected at random resgecti VESRPLACED
from anong a pl urkds Sheey HasBesidpla@dy ti me sl ots. Therefore, even T The—==r===
response si gnal S meﬂmuﬂmm rently Sﬁ Ry froma plurality of vehicle

nount ed responder e pro y that those transm ssion

timngs are duplica Wered he§opport unities of the

occurrence of inpossible conmmunication ue foTnterference can be

| essened. In FIGS. 19A through 19E, as the transm ssion signals
fromthe vehicle nounted responderr?g enters the time slot of earlier

transm ssion timng than the trans sion timng of the transm ssion

signals fromthe vehicle nounted reSponder 34, the antenna unit 18
—TeSwense signals RSP1 and RSP2 in

determnes the receiving order fo
such a way /é

FIG. 4

22a(22b,23a,23b,24a,24b).




- 26 - that <¢he vehicle nounted responder 35 is the first and the vehicle
mount ed responder 34 is the second. The antenna unit 18 sends vehicle
nount ed responder information transm ssion requesting signals RCL as
interrogatory signals to the vehicle nounted responder 35 (tine tl1l). The
vehi cl e nounted responder information transm ssion requesting signals RCl
contain the position indicating code, thé¥/d8ntry code No. and the
identification code registered in the IC card 66 of the subject vehicle
nmount ed responder 35. When the vehicle nounted responders 34 and 35
receive the vehicle nmounted responder information transm ssion requesting
signals RCL, the vehicle nounted re r 3g» perforns receiving
operation, but the vehicle nounted rm determ nes that the
vehi cl e mount ed responder information transm ssion requesting signhals RCl
are not intended thereto due to discrepancy in the identification code and

does not perform conmunication processing. Upon receiving the
vehi cl e nount ed responder infornatioacﬁiansnission requeébing signal s RC1,
t he vehicle / 1///

I 7

|36

)

38 41 40b 39



nmount ed responder 35 reads the IC card identification code, the balance
anmount’ data and other data fromthe IC card 66 according thereto,
generates card read signals RDl, and transnmits the sane to the antenna
unit 18 in the sane way as described above. Then, upon receiving the card
read signals RD1, the antenna unit 18 s?nds a specified data for tol

col l ection data processing as card wite k?gnals WDl to the vehicle
nount ed responder 35 (tine t2). In thjs case, the

- 27 - card wite signals WD1 contaiyy the toll collection order code, the
toll data, the position code No., th¢ gantry code No., the identification

code of the vehicle nountedjréspondéf — 35~ the operationttine data, etc. If
the response signals RSP fromthe trql e OUTTTEY respohder 35 are

VETTI
abnormal, the antenna unit] 18 is|s arrangedZ]o gerforn} a specified
t roubl eshooti ng routi ne. ! B recgifilng|the cafjd wite signals
WD1, the N LLEB o :
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vehi cl e. nount ed responder 35 reads the contents thereof and performs a
speci fi ed wite pr ocessi ng.
write end signals ENDL cont ai ni ng

identification code of the
unit 18 in the
si gnal s END1,

Then,

sanme way as descri bed agZﬁF'
the antenna unit 18 sends d

t he vehicle

the gantry code No. and the

acknow edge

nmount ed responder 35 sends

vehi cl e nounted responder 35 to the antenna
Upon receiving the wite end
signals ACK1l to

t he vehicl e nounted responder 35 to inx‘(m e receipt of the wite end
signals ENDL. Upon receivVing £d

nount ed

Her e,

21, if the

t he end

signal s ACK1,

responder 35 determ nes that the conmunication has been
and shifts to the sleep state when the starting
t he vehicle nounted responders 34 and 35 are

t he vehicle

conpl et ed
circuit 53a stops.
so arranged that even

i f the vehicle nounted responders 34 and5 recei the pil ot 5%
interrogatory signals PLT again within thé communPfation area 19,320 or
. conmuni cati on processing {h &ﬁggg been conpleted.  fhe
vehi cl e nount ed responders 34 and[35] & fe~Tonpl efi on
CIRCUIT
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- 28 -‘of cbmunication processing referring to the communication results
stored therein and neglect the pilot interrogatory signals PLT. Hence the
comuni cati on by any other vehicle nounted responder is protected from
interference. This also prevents any duplicated conmunication within the
same conmmuni cation area 21 or the connun@patlon area 19, 20 or 21 of the
sane gantry 15. In actual proc §§|ng for toll collection, it is
so arranged that after passing through the communication area 18, the
vehi cl e nounted responder 35 (34) wites the data corresponding to the
toll balance less the toll data just d and transmtted based on
various wite data specified by the esc bed wite signhals WD1 into
the 1C card 66 through the IC card interface 54. Next, the
antenna unit 18 sends the vehicle nounted responder information

transm ssion reqyggsting signals RCL to
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t he ,vehi gl=e nmounted responder 34, which is determned as the second in the
comuni cation order, in the sane way as described above, and starts the
comuni cation with the vehicle nounted responder 34. When t he -ant enna
unit 18 sequentially sends card wite signals W2 and end acknow edge
signals ACK2 and perforns communicatig ith the vehicle nounted responder
34 to conplete conmuni cati on processiﬁg} the vehicle nounted responder 34
al so shifts to the sleep state. As a result, even if both the two vehicle
nounted responders 34 and 35 al nost concurrently enter the conmmunication
area 21 of the antenna unit 18, conmunication

- 29 - can exactly be perforned between the antenna unit 18 and both the
vehi cl e nount ed responders 34 and SS.I?Ts;i, tL!)s so arranged that as

| ong as the vehicles 32 and 33 on whi€h *r onders 34 and 35 are
nount ed respectively keep running at
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normal speeds, communi cation processing can sufficiently be conpleted
before the'vehicles 32 and 33 exit the comunication area 21.

In the above case, the two vehicle nounted responders 34 and 35
sequentially perform conmuni cati on processing against the one antenna unit
18. As the vehicle nounted responder 35 passes through the duplicated area
duplicated wth the adjoining connunica??ﬁ% area 20, however, depending
on the timng of signal receiving, t ic;? nount ed responder 35 can
receive pilot interrogatory signals]Pﬁ[(E?}h g%tenna unit 17 and

communi cate wth the antenna wunit 17. FIGS. 20A through 20E illustrate the
contents of such conmmuni cation processing, and this will be described

bel ow. In this case, the vehicle nounted gesponders 34 and 35
concurrently receive the pilot interrogatory sig PLT fromthe antenna
unit 18 and send the pilot response signals RSP wijth different time slots.
As the vehicle nounted responder 34gmakes such trlansm ssion with an

earlier timng, however, the VehiC|e\Hfffiff_:jf; nder 34 becones the
first
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and the vehi,ced e nounted responder 35 becones the second in the
comuni cation order with the antenna unit 18. Therefore, when the vehicle
nmount ed responders 34 and 35 send the "-
30 - response signals RSPl and RSP2 respectively, the vehicle nounted
responder 35 subsequently receives the pilot interrogatory signals PLT
fromthe antenna unit 17. The ¥@Hi%I e nount ed responders 34 and
35 fix the conmunication object at the time of receiving the
interrogatory signals after sending the response signals RSP1 and RSP2
respectively. Wthout such interrogatory signals, BSB ver, the vehicle
nmount ed responders 34 and 35 are so arranged as t pet i 'Wely send the
response signals RSP in response to the pil ot inUérrogat3}¥asignaJs PLT.
In this case, as the vehicle nounted responder 35 is deternmined to be the
second in the conmuni cation order{at [the apkenna(ubLL\if,
/
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e

interrogatory signals to be sent fromthe antenna unit 18 to the vehicle
nount ed responder 35 have not yet been sent, but interrogatory signals to
be sent fromthe antenna unit 17 to the vehicle nounted responder 35 are
sent thereto. As a result, the vehicle nmounted responder 34
perform comruni cati on processing with thﬁﬁz enna unit 18, while the
vehi cl e nounted responder 35 perforns co cation processing with the
antenna unit 17. Hence, the vehicle nounted responders 34 and 35

i ndi vidual ly and gfﬂlgz}ent y, er f or piindi vi dual conmuni cati on

processi ngs. Ther el 11 j(&caser‘ﬂn rrpirhér]_ﬁ Wi tET rew q
described case illustrated in FIGS A h 19, EEEB j;éfit%

comuni cation tinme is shorter, allowing nore efficient conmunication
processing. That is, while the vehicles 32 and 33 passing through the

conmmuni cation areas 20 anﬂxiﬁ, - 31 -
conmuni cati on processi ngs exactly be perﬁﬁﬁyed.
PC3
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Accordi‘ng td the present invention as described above, the follow ng

ef fects can be obt ai ned. Firstly, as the conmunication areas are
set by connecting the patches 30a through 30h of the antenna elenments 22a
t hrough 24b with the transmi ssion lines 31la, 31b and 31c having different

i npedances and thereby mnimzing the S|9?H;obe, t he unevenness of the
communi cation areas 19, 20 and 21 due t e difference in height position
can be mnimzed and thereby constant communi cation conditions can

zgﬁﬁLﬁ?cation are%[ﬁi ZL tmeZE?I‘E?QZELE;ng e |cated

19, 20 and 21 and pil ot |nterrogatory signals are alternatln
transmtted, even if a v?pcgle runs astriding traffic |ane, connunlcatlon

processing for such veh can be perforf@2 n any of the co ¢ iscation
ESt

ar ea. Thirdly, | engt h di sion La of the <co ﬁ%atlon
areas 19, 20 and 21 is s ng the condf{tigfdl equation (1),
a vehicle is in the P
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runping «condition, the state in which communication is perforned wth the
responder nounted on any other vehicle can be m nim zed.

Fourthly, as the transmission timng of the response signals of the
vehi cl e mounted responder 34 (35) is set with a tinme slot selected at
random fromanong a plurality of timyfycns, even if a plurality of
vehicl e - 32 - nounted responders
concurrently receive pilot interrogatory signals, it is possible to | ower
the probability of concurrently sending the pilot response signals and

t hereby prevent interference. Fifthly, as an array antenna of
mcrostrip type wusing the eight pieces of patches 30a through 30h as the
antenna el ements 22a through 24b respectively, it is possible to set
comuni cation areas of specified shapes with a certain degree of freedom

FIG. 16




Si xthly, as-the comunication areas 19, 20 and 21 are also set beneath the
antenna units 16, 17 and 18 respectively, the occurrence of any dead
zone of conmunication agai nst the responders nounted on small vehicles
or notorcycles running i medi ately behind | arge vehicles can be m nim zed
and t hereby conmuni cati on processing ca? exactly been perforned.

That is, as illustrated in FIG 21, as %?ﬂ%rge vehicle 78 is tall, the

| arge vehicle 78 shuts off the comrunication area 20 of the antenna unit
17 imedi ately behind there, form ng a dead zone DZ1. As a result, when a
notorcycle 79 is positioned on the side of the comruni cable area 20b, the
notorcycle 79 is in the dead zone DZ1, and comrunication with the notor

cycle 79 is inpossible. However, in this enbodi nent, as the
comuni cation area 20 by neans of the antenna unit 17 has set the
comuni cabl e area 20a therebeneath, as illustrated in FIG 22, as the

| arge vehicle 78 passes through the antenia—srit
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- 33,~ 17,°the dead zone DZ1 becones snualler |ike a dead zone DZ2. Hence
t he communi cabl e area for the notorcycle 79 can be secured, and in this
state, comuni cation processing can exactly be perfornmed and the tol

coll ection data can be exchanged. Seventhly, as it is so
constructed that the 1C card 66 is ingd Ied into the vehicle nounted
responder 34 (35) for use, toll coIIec n can be operated according to
users. It should be ap to ose skilled in the art that
t he present invention should nOtiggiEEHI o the above enbodi ment but
may be nodified or expanded as d Pl e oWw. In addition to

toll collecting operations for expressways, the present invention may be
applied to charge collecting operations for pay garages. In this case, it
may be so conposed that veglcles concurrentlg enters froma -plurality of

f\a nedé fczl'lbhe

traffic | anes, and there is

14

19a  19b 1



drivers ta>top at the entrance/exit for charge settlenent.
the efficient entrance and exit of vehicles can
charge coll ection can be reduced.

toll and
appl i ed

vehicle traffic condition.
applied to the investigation of

i nf or mat
- 34-

may be 2
construc

The vehicle rmunt ed resporg%

char ge

col | ecti ng operations,

to the exchange of various dai
For exanpl e,

ion, to

El

FIG. 19B

FIG. 19C

FIG. 19D

FIG. 19E

Furt her nore,

be achi eved,

t he present
such as the

for,

AL

pr esent

As

a result,
and | abor for

in addition to

i nvention may be
I nvestigation of

I nvention may be

traffic volunme and the preparation of road
the urban traffic planning, or to the |ike.
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to sugh copstruction as to wake up upon receiving pilot interrogatory
signals, but nmay be so constructed as to always in operation.

The antenna el enent may use any ot her means than patches. The
antenna el ement nmay be so constructed that the patches and the
transmssion lines are formed by thin fgéag process by using a ceramc
plate instead of the printed circuit b Wil e the present
invention has been shown ande described with reference to the foregoing

preferred i me it vl | gbe apanblMOIBULA'ﬁEBéJARRIIEReWAVEthe art
t hat chang ' or det |I nay pe ﬂa t herein:w t hgut departlng fir om
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What is, claired is: 1. A comunication system for.

vehi cl €s conpri sing: an antenna unit disposed astriding a road
for setting a communication area by operating with a specified '
oscillation frequency; an antenna el enent provided within the

antenna wunit, conprising a plurality of patches and a power supply route
connecting the plurality of patches and Yet that end part inpedance has
a higher value than central part inpedance, for sending an interrogatory
signal to a vehicle; and a conmuni cation controlling means
provided within the antenna unit fFI@roQ!g transmi ssion and recei pt
of signals at the antenna unit. . -~ A communi cation system
for vehicles according to claiml1, wherein the nunber and | ayout of the
patches are determ ned according to a range of the communication area.

Z)Ob 15

| 7 78
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3. A commnuniication systemfor vehicles according to claim1l, wherein the
antenna’ uni't conprises a first antenna elenment setting a communi cabl e area
beneath a part where the antenna unit i's disposed, and a second antenna

el enent setting a communi cable area on a side farther than the

communi cabl e area of the first antenna ek nt.
- 36 - 4. A conmuni cation sys for vehicles according to
claim1l1, wherein the antenna el enents conprises a direction adjusting
means for adjusting a setting direction of the communication area.

5. A comuni cation systemfor vehicles according to claim1, further
conprising a vehicle nounted responder nounted on the vehicle for
transmtting a response signal by nodulating and reflecting unnodul at ed

carrier waves received FIG. 23
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followi ng the ﬁﬁg ﬁ t of the |nterrogatory si gnal .
conmuni cati on sy ‘B " s according to clain11, wher

ITfHISlS;@J ET HAS REEN
antenna unit |s plurality over the road, and trjansm sEmRcep
frequency and m ng thereof differ from each o
adj oi ni ng antenna units. 7. A comunication systemfor

vehi cl es according to claimb5, wherein: the comunication

controlling means is - so const T IRR THE OfIS of antenna units

repetitively output pilot interrogatory signals with a specified tine
interval, and that the antenf® Nﬂﬁﬁ& NeGYéfﬁMl§Pﬂ%¥§§%§%355|gnal from

a certain vehicle nounted responder of all the plurality of antenna units
subsequently transmts the interrogatory signal to comrunicate with the
certain vehicle nounted responder; and

A communication system for vehicles, which obtains

exact communication processing with responders mounted on
vehicles running on a road having a plurality of traffic
lanes, is disclosed. BAn expressway has three traffic lanes.
A gantry is disposed in a specified position on the
expressway. On the gantry are disposed antenna units to

counter the traffic lanes respectively. The antenna units

s"”

antenna elements respectively. The antenna element is
composed of a microstrip array antenna disposed with eight
pieces of patcﬁés laid out in two rows with four pieces in
each row. The antenna units controls communication
processing to communicate with vehicles adjoining each o'ther.
When response signals are sent from a vehicle mounted
responder, the vehicle mounted fesponder is fixed. and
communication processing for toll collection is performed.
As a result, communication processing with responders mounted
on vehicles respectively which are running in the respective

traffic lanes can exactly be performed.



- 37- the vehicl e nounted responder conprises a ve'iﬁéﬁtAégM@ﬁﬁgHéET
response controlling neans for outputting the pilot responsg¢ signal to
counter the pilot interrogatory signal wupon receipt thereof qmgeggéhénﬂpa 1995

the response signal in response to the interrogatory signal heaghont Ly

recei ved. 8. A conmmuni cation system for vehicles accdrding

to claiml1, wherein the antenna elenent is conposed of a mcrostrip

ant enna. 9. A comunication SySt&QlI" iégpi les agcprgliing to
claim7, wherein the vehicle nounted response cO %% |n§%eﬁ§an§f€?a&snits

the response signal with a.tirﬁigg iagg‘dﬂﬂigﬁ“gigdﬁﬂs%%&ﬁd at random from
anong a plurality of tinme slot r esponder

receives the pilot interrogatory signal

COMMUNICATION SYSTEM FOR VEHICLES

5 A communicatioﬁ system for vehicles, which obtains
exact communication processing with responders mounted on
vehicles running on a road having a plurality of traffic
lanes, is disclosed. Over an expressway (ll1) is disposed a
gantry (15) having antenna units (16-18) for respective

10 traffic lanes - (12-14). Each antenna unit provides
communication area (19-21) by an antenha element installed
therein to control communication processing for toll
collection with a responder (34,35) on a vehicle (32,33)
running in the traffic lane. Herein, the antenna element

15 comprises a microstrip array antenna composed of plural
patches, and the impedance of a power supply route connecting
each patch is adjusted to reduce the size of the side lobe of
the communication area. Therefore, any repeaﬁed toll

collection and wasteful communication can be prevented.

Figure 1



10. A <onmuni cat i on system for vehicles according to Clain],’RE@EAGéﬁEh?%HEET
antenna unit is disposed on a toll road and the communicatign systemis s
exchange toll <collection data necessar %Qfgnluﬁuq ___________

constructed as to
traffic therethrough. 11. A communi cation syst

according to claim1, wherein the comunication area has a | ength
di mensi on approximately as nuch as or less than a length dinension of a

vehi cl e.
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