TOLL COLLECTION SYSTEM AND SOUNDNESS DETERMINATION
METHOD

Technical Field
[0001]
The present invention relates to a toll collecteystem and a soundness
determination method.

Background Art
[0002]

Generally, an electronic toll collection system (ETElectronic Toll
Collection System (trade name), also referred tarasautomatic toll collection
system”) is installed in toll gates with a starntwller, etc. disposed therein. In
contrast, the introduction of a free flow type dleaic toll collection system
for carrying out nonstop toll collection on vehisldriving on the main line of
an expressway has recently been researched (fonmrarefer to Patent
Document 1).

Upon entering existing toll gates, a user must radlyndecelerate,
temporarily stop, etc. a vehicle. However, withreef flow type electronic toll
collection system, a user need not decelerate, deanpy stop, etc. a vehicle,
but rather allow communication between an on-babadice and roadside
equipment mounted on the vehicle simply by passinder a gantry at normal
driving speed. Thereby, the effect of relievingffiacongestion, etc. is
expected, further enhancing the convenience ofesqways.

Citation List
Patent Document
[0003]
Patent Document 1: JP 2005-085046 A

Summary of Invention
Problem to be Solved by the Invention
[0004]

In the abovementioned toll collection system, imiation for toll
collection necessary for collecting tolls from eacder (personal contract
information, vehicle type information, etc. of a@ tard) is generally acquired
via communication between the on-board device aadiside equipment. Here,
in a case where a period during which informationtbll collection is not



acquired continues in the toll collection systermanitoring person of the toll
collection system, etc. cannot immediately deteerdaring the period whether
vehicles have actually not passed or vehicles lp@ssed but some abnormality
in the system has prevented information for tollection from being acquired.

It is contemplated that in the case of a free ftgpe toll collection
system, in a case where the discovery and recoveapnormalities is delayed,
a large number of vehicles may pass during thigtimthout being subjected to
regular toll collection processing, thereby causangreat operational
disadvantage.
[0005]

In view of the abovementioned problems, the presevgntion provides
a free flow type toll collection system which caetect abnormalities, along
with a soundness determination method.

Solution to Problem
[0006]

Toll collection system 1 according to one aspecthef present invention
includes: roadside antennas 3a, 3b that wirelesstygmunicate with on-board
device A1 mounted in vehicle A; wireless communicatcontrol devices 2a, 2b
that carry out predetermined communication processvith the on-board
device via the roadside antennas and acquire tdlection information
regarding the on-board device; and confirmationaappuses 4a, 4b that are
disposed within a range in which wireless communarawith the roadside
antennas is possible, receiving a confirmation aigrom the roadside antennas
and transmitting a response signal, wherein thelss communication control
devices determine, based on the reception restilfseoresponse signal from
the confirmation apparatus via the roadside antenwaether the roadside
antennas and the wireless communication controicgeare operating normally.

As a result, when the wireless communication cdrdeyice transmits a
confirmation signal, the confirmation apparatusmpanently disposed within
the communicable range thereof receives the comaflion signal and returns a
response signal in accordance with the confirmasigmal. Consequently, in
accordance with the presence of the receptionreponse signal from the
confirmation apparatus, a determination can be mragarding whether the
wireless communication control device and the redelsintenna are operating
normally.

[0007]



Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, the confitima apparatus is disposed
within a range in which wireless communication witie roadside antenna via a
side lobe (SL) of the roadside antenna is possible.

As a result, without influencing the main lobe betroadside antenna
itself, wireless communication processing betwdenrbadside antenna and the
confirmation apparatus can be stably carried ober&fore, without impairing
the stability of communication processing betweles toadside antenna and the
on-board device, a determination can be made réggmdhether the wireless
communication control device and the roadside ameare operating normally.
[0008]

Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, the roadsideenna includes: antenna
element 300a for transmitting and receiving radewves with the on-board
device; and radome 301 covering the antenna elemérdrein the confirmation
apparatus is disposed inside the radome.

As a result, the roadside antenna and the confionatpparatus can be
integrally formed, allowing the toll collection gg$n to be simplified.

[0009]

Moreover, according to one aspect of the presevgrntion, in the
abovementioned toll collection system, the confitima apparatus transmits a
response signal as the confirmation signal in & a@sre, during the
communication processing, the wireless communicationtrol device receives
a predetermined request signal which is transmittethe on-board device via
the roadside antenna.

As a result, because the response signal fromahéremation apparatus
is received using a request signal exchanged wighoh-board device, the need
for implementing a novel component in order to garut wireless
communication processing between the confirmatippaaatus and the roadside
antenna is eliminated, allowing a determinatioléomade regarding whether
the roadside antenna is operating normally whilepsassing increased
production costs in the toll collection system.

[0010]

Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, the confitima apparatus includes an
identifier which can identify the fact that the isamission source of the
response signal is the confirmation apparatus enrdsponse signal, which is
transmitted in a case where the request signadadsived.



As a result, the wireless communication controlidewxcan determine,
only by referring to an identifier read from thespmnse signal, whether the
response signal has been transmitted from the oafion apparatus.

[0011]

Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, the wirelessmamunication control
device includes: reception strength acquisitiont @02 for acquiring reception
strength information indicating the reception stgnof radio waves received
by the roadside antenna; and radio wave receivingpgness determination unit
203 for determining whether the roadside antenmgpisrating normally based
on whether the reception strength of radio wavekciated in the reception
strength information is lower than a predetermineception determination
threshold.

As a result, the wireless communication controlidewxcan determine
whether the roadside antenna is operating nornredtyonly based on the
presence of the reception of the response sigoal the confirmation apparatus
but also based on the reception strength of radives (as the reception results
thereof) overlapped by the response signal. Coreattyy the locations of
operation abnormalities in the toll collection systcan be further narrowed
down and specified.

[0012]

In a soundness determination method according &aspect of the
present invention for determining the soundnesa tdll collection system, the
toll collection system includes: a roadside antetited wirelessly
communicates with an on-board device mounted iefacle; and a wireless
communication control device that carries out ptedained communication
processing with the on-board device via the roagsidtenna, acquiring toll
collection information regarding the on-board deyievherein the method
includes the steps of: disposing, within a rang&imch wireless
communication with the roadside antenna is possiéleonfirmation apparatus
that receives a confirmation signal from the roddsantenna and transmits a
response signal; and determining, based on theptieeeresults of the response
signal from the confirmation apparatus via the idd antenna, whether the
roadside antenna and the wireless communicatiotralodevice are operating
normally.

Advantageous Effect of Invention
[0013]



The abovementioned toll collection system and sosd determination
method enable the provision of a free flow typd twlllection system which can
detect abnormalities.

Brief Description of Drawings

[0014]

FIG. 1 is a diagram illustrating the overall confrgtion of a toll
collection system according to Embodiment 1.

FIG. 2 is a diagram illustrating the functional mlents of the toll
collection system according to Embodiment 1.

FIG. 3 is a drawing explaining the functions of 8®C processing unit
according to Embodiment 1.

FIG. 4 is a diagram illustrating the functional mlents of a wireless
communication control device according to Embodimen

FIG. 5 is a diagram illustrating the processingalof a communication
control unit and the DSRC processing unit accordm&mbodiment 1.

FIG. 6 is a diagram illustrating the functional mients of a toll
collection system according to a modified examgl&mbodiment 1.

FIG. 7 is a diagram illustrating the functional mients of a toll
collection system according to Embodiment 2.

FIG. 8 is a diagram illustrating the functional mlents of a roadside
antenna according to Embodiment 2.

FIG. 9 is a diagram illustrating the processingaflof a radio wave
receiving soundness determination unit accordingridoodiment 2.

FIG. 10 is a diagram illustrating the functionaémlents of a toll
collection system according to a modified examgl&mbodiment 2.

FIG. 11 is a diagram explaining the statisticaladedcorded in a
recording medium according to a modified exampl&pfbodiment 2.

FIG. 12 is a diagram illustrating the functionaémlents of a toll
collection system according to Embodiment 3.

FIG. 13 is a diagram illustrating the processingalof a communication
processing soundness determination unit accordirignbodiment 3.

FIG. 14 is a diagram illustrating the functionaémlents of a toll
collection system according to Embodiment 4.

FIG. 15 is a diagram illustrating the overall canfration of a toll
collection system according to Embodiment 5.

FIG. 16 is a diagram illustrating the functiona¢elents of the toll
collection system according to Embodiment 5.



FIG. 17 is a first diagram illustrating the strudwf a roadside antenna
and a confirmation apparatus according to Embodinden

FIG. 18 is a second diagram illustrating the stuoetof the roadside
antenna and the confirmation apparatus accordirgmbodiment 5.

FIG. 19 is a diagram explaining the functions o tonfirmation
apparatus according to Embodiment 5.

FIG. 20 is a diagram explaining the processing flwiwva soundness
determination unit for confirmation apparatusesaading to Embodiment 5.

FIG. 21 is a first diagram illustrating the strudwf a roadside antenna
and a confirmation apparatus according to a modiéeample of Embodiment
5.

FIG. 22 is a second diagram illustrating the stuoetof the roadside
antenna and the confirmation apparatus accordirayrtmdified example of
Embodiment 5.

FIG. 23 is a diagram illustrating the functiona¢elents of a toll
collection system according to Embodiment 6.

Description of Embodiments
[0015]
Embodiment 1

Hereinafter, a toll collection system accordinggambodiment 1 will be
described in detail with reference to FIGS. 1 to 6.

[0016]
Overall configuration of the toll collection system

FIG. 1 is a diagram illustrating the overall confrgtion of a toll
collection system according to Embodiment 1.

Toll collection system 1 according to the presembediment is a free
flow type electronic toll collection system instadl on the main line of an
expressway (hereinafter, also described as a “m@ad”) including two lanes
L1, L2.

As illustrated in FIG. 1, toll collection systemcarries out
communication processing for toll collection with-board device A1 mounted
in vehicle A while driving on main roads (lanes LLR2) and executes toll
collection processing on users boarding this vehicl
[0017]

As illustrated in FIG. 1, toll collection systemiricludes toll collection
processing device 1la, wireless communication comtevices 2a, 2b, and
roadside antennas 3a, 3b.



As illustrated in FIG. 1, toll collection procesgidevice 1a is installed
in communication tower T distant from main roadsn@s L1, L2).

Wireless communication control devices 2a, 2b astalled on the
roadside of lanes L1, L2 and in the vicinity of ¢ggnG. Wireless
communication control devices 2a, 2b respectivasryg out communication
processing with on-board device Al via roadsideeanas 3a, 3b to acquire
information for toll collection.

Roadside antennas 3a, 3b are attached to gantwhigh is disposed
across the lane width direction of lanes L1, L2 (divection of FIG. 1) and
fixed over each of lanes L1, L2.

Toll collection processing device la and wirelessmmmunication control
devices 2a, 2b, as well as wireless communicatantrol devices 2a, 2b and
roadside antennas 3a, 3b, are connected via winesbglow-mentioned optical
cables, Ethernet (registered trademark) cables).

[0018]

Roadside antennas 3a, 3b are interfaces for wgedlemmmunication
which wirelessly communicate with on-board devick a radio waves.

Roadside antenna 3a wirelessly communicates withaard device Al
present within a range of specified communicatiegion Q1 prespecified on
the road surface of lane L1. That is, communicapoacessing is carried out on
vehicle A driving on lane L1 via roadside antenraa Bloreover, roadside
antenna 3b wirelessly communicates with on-boanda#eAl present within a
range of specified communication region Q2 presfpetion the road surface of
lane L2. That is, communication processing is @rdut on vehicle A driving
on lane L2, via roadside antenna 3b.

In this way, the present embodiment is an aspeuthith
communication processing for toll collection is Gad out on each vehicle A
driving on two lanes L1, L2 via each of two roadsi@ntennas 3a, 3b.

Note that other embodiments are not limited todbevementioned
aspect and, for example, may include an aspecticiwone roadside antenna is
disposed on main roads including two lanes L1, In2this case, this one
roadside antenna sets the specified communicatgion including the road
surfaces of both lanes L1, L2.

Moreover, other embodiments may include an aspeuthich one or two
or more roadside antennas is/are disposed on mauhsrincluding three or
more lanes.

[0019]
Functional elements of the toll collection system



FIG. 2 is a diagram illustrating the functional mlents of the toll
collection system according to Embodiment 1.

As illustrated in FIG. 2, toll collection procesginlevice 1a of toll
collection system 1 includes toll collection prosieg unit 10.

Toll collection processing unit 10 collects infortizan for toll collection
acquired via communication processing with on-bodestice A1 from wireless
communication control devices 2a, 2b and carrigstollicollection processing
on users of an expressway based on this informdtpioll collection.

[0020]

Moreover, as illustrated in FIG. 2, each of wirde®mmunication
control devices 2a, 2b includes communication caninit 20 along with
DSRC processing unit 21 (communication processimig).u

Communication control unit 20 is a processor coltitrg the operation
of overall wireless communication control devices 2b. In particular,
communication control unit 20 controls the operatad this DSRC processing
unit 21 as a host controller of the below-mentio®RC processing unit 21.
Specifically, communication control unit 20 acqusra variety of information
received via communication processing between DPRIEessing unit 21 and
on-board device Al. In addition, communication gohunit 20 summarizes the
variety of acquired information and creates infotima for toll collection with
regard to on-board device Al serving as the compation target of this DSRC
processing unit 21.

DSRC processing unit 21 carries out communicatimtessing with
on-board device Al via roadside antennas 3a, 3bdas predetermined
communication specifications. Here, in the presambodiment, predetermined
communication specifications are ARIB (AssociatmnRadio Industries and
Businesses) standard specifications, which aresthedard communication
specifications of dedicated short-range communéca{DSRC) systems.

DSRC processing unit 21 acquires the variety obiinfation recorded in
the internal memory of on-board device Al, etc. dedicated short-range
communication (DSRC) processing with on-board devd based on the ARIB
specifications and outputs it to communication cohtinit 20.

[0021]

In the present embodiment, roadside antenna 3d&RIC processing
unit 21 of wireless communication control device 2a well as roadside
antenna 3b and DSRC processing unit 21 of wiret@ssmunication control
device 2b, are connected to optical cables in whigin speed data
communication is possible.



Moreover, in the present embodiment, communicationtrol unit 20 of
wireless communication control device 2a, as welcammunication control
unit 20 of wireless communication control device Bbconnected to toll
collection processing unit 10 of toll collectiongeessing device la installed in
communication tower T (FIG. 1) via Ethernet (trateme) cables.

However, other embodiments are not limited to thevementioned
aspect and may include an aspect of connectiomamamunication cables other
than optical cables and Ethernet (trade name) sable

Note that in the present embodiment, in wirelessmanication control
device 2a, DSRC processing unit 21 and communinatamtrol unit 20 are bus
connected on the same circuit substrate. Similamlyyireless communication
control device 2b, DSRC processing unit 21 and camigcation control unit 20
are bus connected on the same circuit substrate.

[0022]

Note that as illustrated in FIG. 1, while the pmresembodiment has been
described as an aspect in which wireless commuisicaiontrol devices 2a, 2b
are installed on the roadside of lanes L1, L2 anthe vicinity of gantry G,
other embodiments are not limited to this aspeot.dxample, they may include
an aspect in which wireless communication contelides 2a, 2b are installed
in communication tower T (FIG. 1). In this caseadside antennas 3a, 3b and
wireless communication control devices 2a, 2b (D§Racessing units 21) are
connected via optical cables wired from gantry Géonmunication tower T,
etc.

[0023]

Note that in the following description, a pair aimmunication control
unit 20 and toll collection processing unit 10 Isawritten as “communication
pair P1”, a pair of DSRC processing unit 21 and gamication control unit 20
is also written as “communication pair P2”, andarmwf roadside antennas 3a,
3b and DSRC processing unit 21 is also written@sfmunication pair P3”.
[0024]

Functions of the DSRC processing unit

FIG. 3 is a drawing explaining the functions of 8®C processing unit
according to Embodiment 1.

FIG. 3 illustrates an aspect of part of the dedidaghort-range
communication processing carried out between omtbdavice A1 and DSRC
processing unit 21.

For example, DSRC processing unit 21 (FIG. 2) pdediin wireless
communication control device 2a transmits a “FCM@nsal” (frame control
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message channel signal) based on the ARIB stargfsdifications via roadside
antenna 3a (or roadside antenna 3b) through radiew at certain time of day
tf.

In a case where on-board device A1 mounted in \elAdn driving on
lane L1 (or lane L2) receives radio waves overlappg this FCMC signal, in
response to the received FCMC signal, it similarnsmits (returns) an
“ACTC signal” (activation channel signal) basedtbe ARIB standard
specifications through radio waves.

[0025]

Moreover, in the abovementioned ARIB standard sjpeations,
on-board device A1 which has received the FCMC aligransmits the ACTC
signal through radio waves at the timing of recegvthe FCMC signal as the
reference timing, along with the timing corresparglio any one of 12 channels
(channels C0O1 to C12 illustrated in FIG. 3) spedfin different periods
beforehand.

The timing at which on-board device Al transmite ACTC signal
(channels C01 to C12) is randomly selected for damihsmission thereof.
Thereby, for example, in the same specified comatindn region Q1, in a case
where multiple vehicles A (on-board devices Al) éamultaneously received
the FCMC signal, interference of the overlappeasmission timing of the
ACTC signal transmitted from each of these multipieboard devices Al can
be suppressed.

For example, in the example illustrated in FIGit8& ACTC signal from
four different on-board devices Al is transmittade four periods of channels
C02, CO05, C10, C12.

[0026]

Moreover, as illustrated in FIG. 3, in the ARIB stiard specifications,
the ACTC signal is configured such that a varietyndormation such as PR
(preamble), UW2 (unique word), LID (link ID), andRCT is regularly arranged.

Here, PR is information assigned to the head ofAG&C signal and is
also a data sequence disposed to be synchronizédedeption processing on
the reception side (DSRC processing unit 21). MeeepUW?2 is a data
sequence for identifying the kind of signal inclagithis UW2. UW2 contained
in the ACTC signal includes information indicatittwat this signal is an “ACTC
signal”. Moreover, the LID includes identificationformation inherently
allocated in on-board device Al serving as thednaission source. Moreover,
CRC is a data sequence in accordance with infoangi@rrangement pattern)
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of the ACTC signal to be transmitted and is alsmimation assigned to
determine the presence of data damage receiveldedseteption source.
[0027]

In a case where DSRC processing unit 21 acceptA@TeC signal and
specifies on-board device A1 which should be thenmwnication target, it
establishes a data link with this specified on-lodevice A1. Subsequently,
DSRC processing unit 21 continues further mutuahemnication with
on-board device Al and acquires a variety of infatimn (personal contract
information, vehicle number information, vehiclgptyinformation, entrance
information, etc.), which is information necessé#oy toll collection recorded in
on-board device Al. In addition, DSRC processing @ outputs, to
communication control unit 20, the abovementionadety of information
acquired as a result of dedicated short-range camization processing.

Communication control unit 20 summarizes the aboxetioned variety
of information acquired from DSRC processing uriités information for toll
collection with regard to on-board device Al segvas the communication
target of DSRC and outputs the information to talllection processing unit
10.

[0028]
Functional elements of the wireless communicationtol device

FIG. 4 is a diagram illustrating the functional mlents of a wireless
communication control device according to Embodimen

In FIG. 4, detailed functional elements regardinigetess
communication control device 2a are illustratedtéNthat the functional
elements of wireless communication control devibea?e the same as those of
wireless communication control device 2a.

As illustrated in FIG. 4, communication control U0 and DSRC
processing unit 21 respectively include heartbeat@ssing units 201, 211.

Moreover, heartbeat processing unit 211 of DSRQ@e@ssing unit 21
includes soundness determination unit 211a alorig résponse unit 211b.
Similarly, heartbeat processing unit 201 of comneation control unit 20
includes soundness determination unit 201a alorib résponse unit 201b.
[0029]

Soundness determination unit 211a of DSRC procegsasinit 21 outputs a
predetermined confirmation signal (first confirm@tisignal) to communication
control unit 20 and determines whether communicatontrol unit 20 is
operating normally based on whether the input pfedetermined response
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signal (first response signal) associated with thist confirmation signal has
been accepted.

Here, in the present embodiment, for example, “aisded with”
indicates that the same signal identifier as thement signal identifier assigned
to the first confirmation signal is assigned in first response signal. As a
result, the transmission side (soundness deterimatit 211a) of the first
confirmation signal can identify whether the re@awesponse signal is a return
signal to the first confirmation signal output kigalf.

Moreover, soundness determination unit 201a of camoation control
unit 20 outputs a predetermined confirmation sigisaicond confirmation
signal) to DSRC processing unit 21 and determinksther DSRC processing
unit 21 is operating normally based on whetherittpat of a predetermined
response signal (second response signal) assoaciatiedhis second
confirmation signal has been accepted.

Moreover, in a case where response unit 211b of ©ORcessing unit
21 has accepted the input of the second confirmagignal from soundness
determination unit 201a, response unit 211b outpusecond response signal
associated with this second confirmation signat@enmunication control unit
20.

Moreover, in a case where response unit 201b ofngemcation control
unit 20 has accepted the input of the first conéition signal from soundness
determination unit 211a, response unit 201b outpuisst response signal
associated with this first confirmation signal t&RC processing unit 21.
[0030]

In this way, in toll collection system 1 accorditmthe present
embodiment, each component (communication contn@ 20 and DSRC
processing unit 21) configuring communication g2 mutually exchanges
confirmation signals (a first confirmation signaicha second confirmation
signal) and response signals (a first responseasigmd a second response
signal) and determines their mutual soundness.

Note that in this case, the first component configgt communication
pair P2 is one of communication control unit 20D8RC processing unit 21,
while the second component configuring communicapair P2 is the other
communication control unit 20 or DSRC processing @A.

[0031]
Processing flow of the communication control umtahe DSRC processing
unit
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FIG. 5 is a diagram illustrating the processingaflof a communication
control unit and the DSRC processing unit accordm@mbodiment 1.

[0032]

As illustrated in FIG. 5, soundness determinatioit @11a of DSRC
processing unit 21 outputs the first confirmatiognsl to communication
control unit 20 (Step S01). Response unit 201bashimunication control unit
20 which accepts the input of the first confirmatigignal immediately outputs
the first response signal associated with thig ianfirmation signal to DSRC
processing unit 21 (Step S02). If soundness detatitn unit 211a accepts the
input of the first response signal associated whihfirst confirmation signal,
soundness determination unit 211a determines t@nhwunication control unit
20 is operating normally and again outputs thet fianfirmation signal after a
constant time has elapsed (Step 01).

In this way, soundness determination unit 211a 8RO processing unit
21, as well as response unit 201b of communicatmmirol unit 20, constantly
and repeatedly execute the processing of StepsaB01502.

[0033]

In contrast, soundness determination unit 201aoafraunication control
unit 20 outputs the second confirmation signal ®R processing unit 21
(Step S11). Response unit 211b of DSRC processiitg2d which accepts the
input of the second confirmation signal immediatelitputs the second
response signal associated with this second coation signal to
communication control unit 20 (Step S12). If souesis determination unit 201a
accepts the input of the second response signacedsed with the second
confirmation signal, soundness determination ufit® determines that DSRC
processing unit 21 is operating normally and agaitputs the second
confirmation signal after a constant time has etapStep 11).

In this way, soundness determination unit 201aarhimunication
control unit 20, as well as response unit 211b 8RT processing unit 21,
constantly and repeatedly execute the processir8eys S11 and S12.

[0034]

Here, the flow of processing in which abnormalitiess/e occurred in the
operation of communication control unit 20 at ataar timing will be
described.

In this case, after the timing in which abnormalstihave occurred,
response unit 201b of communication control unitd®@s not output the first
response signal from soundness determination urdia 20 the first
confirmation signal (Step S02").
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Soundness determination unit 211a detects the absafnthe input of the
first response signal, despite the output of thst ftonfirmation signal, and
counts the number of occurrences of this evenaddition, once the number of
occurrences of the event of “the absence of thetimp the first response signal
despite the output of the first confirmation signadaches a predetermined
number, soundness determination unit 211a detesrtimet communication
control unit 20 is not operating normally.

In this case, soundness determination unit 211thénrdetermines that
the restart conditions of communication controltl20 are satisfied and outputs
a restart instruction signal to communication cohtmit 20 (Step S03). If
communication control unit 20, which has been daiaed to be in an abnormal
state, accepts this restart instruction signal, mamication control unit 20
immediately executes restart processing (Step S0dyn the completion of
restart processing, communication control unit 26overs from the abnormal
state and operates normally.

[0035]

Note that the flow of processing for the case inokhlabnormalities have
occurred in the operation of communication controit 20 has been described
above, with the same applying to the flow of pragirg for the case in which
abnormalities have occurred in the operation of B§Rocessing unit 21. That
is, once the number of occurrences of the everithef absence of the input of
the second response signal despite the outputeo$e¢lcond confirmation signal”
reaches a predetermined number, soundness deteiomnait 201a of
communication control unit 20 determines that DSRGcessing unit 21 is not
operating normally and executes restart processfrigSRC processing unit 21.
[0036]

Operational Effects

As described above, toll collection system 1 acoaydo Embodiment 1
includes: roadside antennas 3a, 3b which wirelesstymunicate with on-board
device A1 mounted in vehicle A; DSRC processingt @di for carrying out
dedicated short-range communication processingdaseredetermined
communication specifications (ARIB standard speeifions) with on-board
device Al via roadside antennas 3a, 3b; commurdoatontrol unit 20 for
acquiring the results of the dedicated short-rac@@munication processing
based on the ARIB standard specifications from D3§R@:essing unit 21 and
creating information for toll collection with reghto on-board device Al; and
toll collection processing unit 10 for accepting timput of information for toll
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collection from communication control unit 20 anarying out toll collection
processing based on this information for toll cotlen.

Moreover, in toll collection system 1 accordingBmbodiment 1, in a
case where communication control unit 20 servingms configuring
communication pair P2 (FIG. 2) accepts the inputhaf first confirmation
signal from DSRC processing unit 21, communicationtrol unit 20 includes
response unit 201b for outputting a predetermireponse signal associated
with this first confirmation signal.

In addition, DSRC processing unit 21 serving asdtieer configuring
communication pair P2 includes soundness deternoinatnit 211a for
outputting the first confirmation signal to commaation control unit 20 and
determining whether communication control unit 8®perating normally
based on whether the input of a first responseadigasociated with this first
confirmation signal has been accepted.

[0037]

In this way, soundness determination unit 211a,the@aconfirmation
signal and the response signal, regularly determthe soundness of
communication control unit 20 serving as a commatian partner (whether
communication control unit 20 is operating normallyherefore, in a case
where abnormalities have occurred in this commuioacontrol unit 20, the
abnormalities can be immediately detected.

Consequently, in accordance with toll collectiorstgyn 1 according to
Embodiment 1, in a free flow type toll collectiopstéem, abnormalities can be
guickly and accurately detected.

[0038]

Moreover, in a case where toll collection procegsimit 10 with
information for toll collection collected is “up&am” with respect to roadside
antennas 3a, 3b which wirelessly communicate witfboard device Al, in toll
collection system 1 according to the present enrnedi, a component (DSRC
processing unit 21) located on the downstream satees out heartbeat
processing (outputs the confirmation signal andficors the presence of a
response signal) on a component (communicationrobohit 20) located on
the upstream side in order to determine the sousslonéthis component on the
upstream side.

Here, for example, the case is contemplated in Wwhadl collection
processing unit 10 located on the upstream sidsoafmunication control unit
20 carries out heartbeat processing on this comaatioin control unit 20. In
this case, toll collection processing unit 10 lexhbn the upstream side needs
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to output the confirmation signal to each of mukigtwo) communication
control units 20 (communication control units 2@yided in wireless
communication control devices 2a, 2b) located andbwnstream side.
Moreover, toll collection processing unit 10 locditen the upstream side
accepts the input of the response signal from edchultiple communication
control units 20 located on the downstream sidear&fore, in toll collection
processing unit 10, the time capable of being asdgo heartbeat processing to
one communication control unit 20 decreases, pmilog the time interval.
Moreover, in the present embodiment, the physicstatice from toll collection
processing unit 10 to communication control uniti@ong, with relatively
long Ethernet (trade name) cables wired and commuect

Due to the above factors, in a case where tollextibn processing unit
10 carries out heartbeat processing on communicatomtrol unit 20,
abnormalities occurring in this communication cahwnit 20 may be unable to
be quickly detected.

In contrast, compared with toll collection processunit 10, processing
which should be carried out by DSRC processing Rfits simpler and
operable at a higher speed, with a shorter distafiggocessing unit 21 and
communication control unit 20. Therefore, as in gresent embodiment, when
DSRC processing unit 21 located on the downstreidm carries out heartbeat
processing on communication control unit 20 andoabralities have occurred
in this communication control unit 20, the abnoritias can be more quickly
detected.

[0039]

Moreover, in the present embodiment, DSRC procesairit 21 further
includes response unit 211b for outputting the sda@sponse signal associated
with the second confirmation signal if the inputtbfs second confirmation
signal from communication control unit 20 has beenepted. Moreover,
communication control unit 20 includes soundnedgmeination unit 201a for
outputting the second confirmation signal to DSRGgessing unit 21 and
determining whether DSRC processing unit 21 is apeg normally based on
whether the input of a second response signal &steacwith this second
confirmation signal has been accepted.

As a result, because communication control unin8@ DSRC
processing unit 21 mutually execute heartbeat psiog and confirm their
mutual soundness, in a case where abnormalities bagurred in either
communication control unit 20 or DSRC processing @d, the abnormalities
can be detected and the occurrence locations odbbhermalities can specified.
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[0040]

Moreover, in a case where soundness determinatiits @11a, 201a
according to the present embodiment determineahget components
(communication control unit 20 and DSRC processing 21) are not operating
normally, soundness determination units 211a, d084auct the restart of the
target components.

As a result, in a case where abnormalities arecdedein each
component configuring toll collection system 1, hese this detected
component is immediately restarted, the abnorneditf toll collection system
1 can be more quickly recovered.

[0041]

In the foregoing, toll collection system 1 accomglito Embodiment 1 has
been described in detail. However, specific aspettsll collection system 1
according to Embodiment 1 are not limited to thdescribed above, with
various design modifications, for example, capaifléeing made without
departing from the gist thereof.

[0042]
Modified example of Embodiment 1

FIG. 6 is a diagram illustrating the functional mients of a toll
collection system according to a modified examdl&mbodiment 1.

As illustrated in FIG. 6, toll collection procesgimnit 10 of toll
collection processing device la according to thespnt modified example
includes heartbeat processing unit 101. Moreovearteat processing unit 101
of toll collection processing unit 10 includes sdaess determination unit 101a
along with response unit 101b.

[0043]

Soundness determination unit 101a of toll collecfwocessing unit 10
outputs a predetermined confirmation signal (trdoshfirmation signal) to
communication control unit 20 and determines whetteenmunication control
unit 20 is operating normally based on whetheritipait of a predetermined
response signal (third response signal) assochitdthe third confirmation
signal has been accepted.

Moreover, soundness determination unit 201a of camoation control
unit 20 further outputs a predetermined confirmatsdgnal (fourth
confirmation signal) to toll collection processingit 10, and determines
whether toll collection processing unit 10 is ogéerg normally based on
whether the input of a predetermined response idoarth response signal)
associated with the fourth confirmation signal bagn accepted.
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Moreover, in a case where response unit 101b éfctdlection
processing unit 10 accepts the input of the foedhfirmation signal from
soundness determination unit 201a, response udib b@itputs a fourth
response signal associated with this fourth cordiion signal to
communication control unit 20.

Moreover, in a case where response unit 201b ofngomcation control
unit 20 accepts the input of the third confirmatgignal from soundness
determination unit 101a, response unit 201b outputsird response signal
associated with this third confirmation signal @dl icollection processing unit
10.

[0044]

In this way, in toll collection system 1 accorditmthe present modified
example, each component (toll collection processing 10 and
communication control unit 20) configuring commuaiion pair P1 mutually
exchanges confirmation signals (a third confirmatsaggnal and a fourth
confirmation signal) and response signals (a thésponse signal and a fourth
response signal) and determines their mutual soessin

Note that in this case, the first component configy communication
pair P1 is one of toll collection processing unt dr communication control
unit 20, while the second component configuring owmication pair P1 is the
other toll collection processing unit 10 or commeation control unit 20.
[0045]

As a result, because soundness determination 0@ »f
communication control unit 20 regularly determineis, the confirmation signal
and the response signal, the soundness of toléctin processing unit 10
serving as a communication partner, in a case wabnermalities occur in this
toll collection processing unit 10, soundness dateation unit 201a can
immediately detect these abnormalities.

Further, because soundness determination unit 201@ll collection
processing unit 10 regularly determines, via thefocmation signal and the
response signal, the soundness of communicatiotraomit 20 serving as a
communication partner, in the case where abnoriealibccur in this toll
collection processing unit 10, soundness deterrionainit 101a can
immediately detect these abnormalities.

Therefore, abnormalities of toll collection systdncan be further
qguickly and accurately detected.

[0046]
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Moreover, while toll collection system 1 accordittgthe
abovementioned modified example has been descabeah aspect including
heartbeat processing unit 101 in toll collectiongessing unit 10, other
embodiments are not limited to this aspect.

For example, toll collection system 1 accordingstitl another modified
example may include an aspect in which each commofi@SRC processing
unit 21 and roadside antennas 3a, 3b) configuromgraunication pair P3
mutually exchanges confirmation signals and respaignals and determines
their mutual soundness.

Specifically, roadside antennas 3a, 3b may incluel@rtbeat processing
units (a soundness determination unit and a respang). In this case, the
soundness determination units of roadside anteBaa8b output the
confirmation signal to DSRC processing unit 21atdition, the soundness
determination units of roadside antennas 3a, 3brdehe the soundness of
DSRC processing unit 21 based on whether they irgue the response signal
from DSRC processing unit 21.

Moreover, in a case where the response units afsida antennas 3a, 3b
have accepted the input of the confirmation signaim DSRC processing unit
21, the response units output the response sigsalcaated with this
confirmation signal to DSRC processing unit 21.

Note that in this case, the first component comfiigg communication
pair P3 is one of either DSRC processing unit 2toadside antennas 3a, 3b,
while the second component is the other DSRC pingsunit 21 or roadside
antennas 3a, 3b.

[0047]

Moreover, toll collection system 1 according to ed@ovementioned
Embodiment 1 has been described such that both gpergs (communication
control unit 20 and DSRC processing unit 21) comfigg communication pair
P2 mutually carry out heartbeat processing. Howeotdrer embodiments are
not limited to this aspect, with an aspect capatlbeing used in which
heartbeat processing is carried out from one dfegicommunication control
unit 20 or DSRC processing unit 21 to the other.

Specifically, for example, DSRC processing unitdiy includes
soundness determination unit 211a, while commuiaoatontrol unit 20 only
includes response unit 201b. In this case, in compation pair P2, only
heartbeat processing from DSRC processing unib2Zdotnmunication control
unit 20 is carried out.
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Other communication pairs P1, P3 may also includaspect in which
heartbeat processing is carried out from one ofctmaponents configuring each
of communication pairs P1, P3 to the other componieareof.

[0048]

Moreover, Embodiment 1 has been described as acagpwhich, if
each of soundness determination unit 211a of DSREgssing unit 21 and
soundness determination unit 201a of communicatmmtrol unit 20
determines that the operation of the target comptsmécommunication control
unit 20 and DSRC processing unit 21) has abnormealiit outputs a restart
instruction signal to the components and executstart (Step S04 of FIG. 5).
However, other embodiments are not limited to dspect.

For example, other embodiments may include an ddpeghich, in a
case where soundness determination units 201a, @dteamine that the
operation of the target component has abnormaliaesonitoring person, etc.
residing in a central facility of toll collectiorystem 1, etc. is notified of the
abnormalities.

Specifically, in a case where soundness determanainit 211a of DSRC
processing unit 21 determines that communicatiamtrad unit 20 is not
operating normally, soundness determination unita2dutputs an abnormality
signal for notifying that this communication contimit 20 is not operating
normally. In addition, in a case where monitorirgugoment provided in the
abovementioned central facility has accepted tipaiirof the abnormality
signal, a monitoring person is notified that abnalites have occurred in the
operation of communication control unit 20, for exae, via a monitor.

Thereby, a monitoring person can quickly and acmlyaecognize that
abnormalities have occurred. Therefore, in a caseraabnormalities are
detected in communication control unit 20, the ntorng person receiving the
notification can carry out recovery processing ofrenunication control unit 20
based on his/her determination and thereby morarately recover the
abnormalities in toll collection system 1.

Note that in the abovementioned aspect, it is coptated that even in a
case where the component on the downstream sideet@ct abnormalities in
the components on the upstream side, because thparent located on the
upstream side, which is located between the commoole the downstream side
and a central facility (in which a monitoring penswaits), has abnormalities, a
central facility further upstream cannot be notifief abnormalities. Therefore,
toll collection system 1 may have a communicatioe ffor directly transmitting
the abovementioned notification to the central liacif the component on the
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downstream side has detected abnormalities in ¢ingponent on the upstream
side.

[0049]

Embodiment 2

Subsequently, a toll collection system accordingbtobodiment 2 will
be described in detail with reference to FIGS. 110
[0050]

Functional elements of the toll collection system

FIG. 7 is a diagram illustrating the functional mlents of the toll
collection system according to Embodiment 2.

In FIG. 7, the same components as those in Embatihevill be
denoted by the same reference symbols, with detsenip thereof omitted.

As illustrated in FIG. 7, toll collection systematcording to
Embodiment 2, as in Embodiment 1, includes tolledtion processing device
la, wireless communication control device 2a, amablside antenna 3a. Note
that toll collection system 1 according to the pretsembodiment, as in
Embodiment 1, further includes wireless communimattontrol device 2b and
roadside antenna 3b (refer to FIG. 2), with thesttation of the configuration
thereof omitted.

[0051]

Wireless communication control device 2a illustchie FIG. 7 includes
communication control unit 20 along with DSRC prssi@g unit 21.

Moreover, as illustrated in FIG. 7, communicatiantrol unit 20
includes RSSI acquisition unit 202 (reception stnacquisition unit) along
with radio wave receiving soundness determinatioit 203.

RSSI acquisition unit 202 acquires an RSSI signatéption strength
information) indicating the reception strength (RSSeceived Signal Strength
Indication) of radio waves received by this roadgsahtenna 3a, from roadside
antenna 3a.

Radio wave receiving soundness determination ud3t @etermines
whether roadside antenna 3a is operating normael on whether the time
span, in which reception strength | of radio waiwredicated by the RSSI signal
is lower than predetermined reception determinatfoeshold Ih (I<Ih),
continues for predetermined determination referetimoe th or longer.

[0052]

Note that in the present embodiment, while commation control unit
20, DSRC processing unit 21, toll collection pragiag unit 10, and roadside
antenna 3a, as in Embodiment 1 (or a modified exartipereof), are described
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as including heartbeat processing units 201, 262, ether embodiments are
not limited to this aspect.

That is, other embodiments may include an aspeuthich
communication control unit 20, DSRC processing @i toll collection
processing unit 10, and roadside antenna 3a dinchtde heartbeat processing
units 201, 202, etc.

[0053]
Functional elements of the roadside antenna

FIG. 8 is a diagram illustrating the functional mlents of a roadside
antenna according to Embodiment 2.

As illustrated in FIG. 8, roadside antennas 3aindude antenna
element 30, amplifier 31, mixer 32, reference datibn source 33,
demodulation processing unit 34, and receptionngjite detection unit 35.

Antenna element 30 is an element for receivingoadaves sent from
on-board device Al.

Amplifier 31 is, for example, Low Noise Amplifiet.NA), for
amplifying and outputting a high frequency signatmut from antenna element
30 in accordance with the reception of radio waves.

Mixer 32 mixes, with a reference frequency sigrihé high frequency
signal output from antenna element 30 and ampliigamplifier 31, and
converts them to a low frequency signal.

Reference oscillation source 33 outputs the refeednequency signal
which oscillates at a predetermined reference feagy.

Demodulation processing unit 34 carries out dematioih processing on
a signal converted to a low frequency and extradtsrmation overlapped by
the received radio waves (for example, UW2, LID;. etescribed in FIG. 3).
Demodulation processing unit 34 outputs extractéddrimation as a DSRC
signal to DSRC processing unit 21 (FIG. 7).

Reception strength detection unit 35 is a detecsiemsor for inputting
the high frequency signal output from antenna elen3® and amplified by
amplifier 31, in addition to detecting receptiomestgth I. Reception strength
detection unit 35 outputs the RSSI signal indicatitetected reception strength
l.

[0054]
Processing flow of the radio wave receiving soursgn@etermination unit

FIG. 9 is a diagram illustrating the processingaflof a radio wave
receiving soundness determination unit accordingndodiment 2.
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First, while measuring the time after a certaindiof day has elapsed
(Step S30), radio wave receiving soundness detetioin unit 203 determines,
based on the RSSI signal acquired by RSSI acqoisiinit 202, whether
reception strength | of predetermined receptioredatnation threshold Ih or
higher has been detected (Step S31).

If reception strength | of reception determinatibineshold Ih or higher
has been detected (Step S31: YES), radio waveviecesoundness
determination unit 203 resets the time during meaxsent (Step S32), and
restarts measuring the time in Step S30. In contieeception strength | of
reception determination threshold Ih or higher hasbeen detected (Step S31:
NO), a determination is made regarding whether timeasurement time t)
during measurement in Step S30 is prespecifiedragtation reference time th
or longer (Step S33).

If measurement time t is not determination refeeetime th or longer
(Step S33: NO), radio wave receiving soundnessragebation unit 203
continues measuring the time in Step S30. In centi&it has reached
determination reference time th (Step S33: YESJjaavave receiving
soundness determination unit 203 determines thatrbalities have occurred
in roadside antenna 3a and instructs roadside aat8a to restart processing
(Step S34).

[0055]
Operational Effects

As described above, toll collection system 1 acouydo Embodiment 2
includes: RSSI acquisition unit 202 for acquiritg tRSSI signal indicating
reception strength | of radio waves from on-boaedide Al received by
roadside antennas 3a, 3b; and radio wave recesongdness determination
unit 203 for determining whether roadside anten®&s3b are operating
normally based on whether the time width (measurgrniene t), in which
reception strength | of radio waves indicated ia BSSI signal is lower than
predetermined reception determination thresholccéntinues for
predetermined determination reference time th agéo.

[0056]

Here, in specified communication regions Q1, Q2allf collection
system 1 (FIG. 1), vehicle A normally drives atr@getermined frequency (the
number of passing vehicles per unit time) in acaoxe with the user number of
an expressway (the driving quantity of vehicle Ahat is, roadside antennas
3a, 3b receive radio waves from on-board deviceaA& predetermined
frequency in accordance with the driving quantifwehicle A on the
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expressway and wirelessly communicate. Consequentiype normal operation
of toll collection system 1, the time width, in tetate in which roadside
antennas 3a, 3b do not receive radio waves frorbaard device Al is allowed
to continue, is contemplated from the number ofspas vehicles per unit time
in specified communication region Q1.

In this case, in a case where the state of notrebsgthe reception of
radio waves from on-board device Al continues fadirree clearly longer than
the abovementioned contemplated time width, abnbtima by which
“although vehicle A actually passes through speciftommunication regions
Q1, Q2, roadside antennas 3a, 3b have not correetlgived radio waves from
on-board device A1” are dubious.

With that, in accordance with the abovementioneatpssing flow
(Steps S30 to S34), radio wave receiving sounddessrmination unit 203
determines that the operation of roadside anteBaa8b has abnormalities, in a
case where the state, in which reception strengthradio waves is not
predetermined reception determination thresholdrlhigher, continues to
determination reference time th set based on tmebeu of passing vehicles per
unit time. In addition, radio wave receiving sourdns determination unit 203
instructs roadside antennas 3a, 3b to restart gsoceg.

[0057]

As a result, because abnormalities in the operagiomadside antennas
3a, 3b can be further detected using the receticangth (RSSI) of radio
waves, abnormalities in toll collection system h dee further accurately
detected.

[0058]
Modified example of Embodiment 2

FIG. 10 is a diagram illustrating the functionaé¢mlents of a toll
collection system according to a modified examgl&mbodiment 2.

As illustrated in FIG. 10, toll collection procesgidevice la of toll
collection system 1 according to the present medigxample includes
recording medium 11 with preacquired statisticalad2 (mentioned below)
recorded therein.

Moreover, radio wave receiving soundness deternonainit 203
according to the present modified example furthernmges determination
reference time th for each time span based onssitzdi data D indicating the
driving quantity of vehicle A.

[0059]
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FIG. 11 is a diagram explaining the statisticaladegcorded in a
recording medium according to a modified exampl&pfbodiment 2.

Toll collection processing unit 10 according to fresent modified
example sequentially records and accumulates indtion on toll collection
processing (vehicle type information, license plaf®@rmation, charging
amount, year, month, day, and time of day, eta)efmch user of an expressway.
In addition, toll collection processing unit 10 ates statistical data D
indicating the user number at each time span ofdme(that is, the driving
guantity of vehicle A) based on this accumulatefdimation about toll
collection processing (particularly the year, maordhy, and time of day).

Here, in accordance with the example of statistdzth D illustrated in
FIG. 11, in toll collection system 1 according tetpresent modified example,
the driving quantity of vehicle A increases fronrlganorning (about 8 o'clock)
to evening (about 18 o'clock), while the drivingamutity of vehicle A at
midnight (about 0 o'clock) tends to decrease.

Based on this statistical data D, for example, sadave receiving
soundness determination unit 203 according to tiesgnt modified example
carries out processing so as to set determinatfarence time th to be
relatively short, for the time span in which thewilng quantity of vehicle A is
large, and in contrast, set determination referdiroe th to be relatively long,
for the midnight time span in which the driving ouidy of vehicle A is small.
[0060]

As a result, in a case where the number of pasahigcles per unit time
changes in accordance with the time span, radicewageiving soundness
determination unit 203 can apply determination refee time th suitable for
the number of passing vehicles for each time spahdetermine the soundness
of roadside antennas 3a, 3b.

Note that while the abovementioned modified exant@e been
described as an aspect in which toll collectioncgssing unit 10 creates
statistical data D based on information with regeréccumulated toll
collection processing, still other modified exangbre not limited to this
aspect. For example, simply by measuring recepgtoength (RSSI) of radio
waves for each time span, toll collection procegsainit 10 may create
statistical data D indicating a user number forreime span of one day.
[0061]

Note that while radio wave receiving soundness mheitgation unit 203
according to a modified example of Embodiment 2 basn described as
referring to statistical data D indicating the dnig quantity of vehicle A for
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each time span of one day (early morning, evenimghnight, etc.) and
changing determination reference time th for eaatetspan of one day, other
embodiments are not limited to this aspect.

For example, radio wave receiving soundness detetitn unit 203
according to another embodiment may refer to diatisdata D indicating the
driving quantity of vehicle A for each time spanarfe month (beginning of
month, end of month, etc.) or one year (beginnifigear, end of year, each
season, etc.) and change determination referenwetti for each time span of
this one month or one year.

[0062]

Moreover, Embodiment 2 has been described in whialadio wave
receiving soundness determination unit 203 deteesihat abnormalities have
occurred in roadside antennas 3a, 3b, it instruzdsiside antennas 3a, 3b to
restart processing (Step S34 of FIG. 9). Howevdrenembodiments are not
limited to this aspect.

For example, other embodiments may include an d@dpeghich, in a
case where radio wave receiving soundness detetimmanit 203 determines
that the operation of the target components (rabantennas 3a, 3b) has
abnormalities, the monitoring person, etc. residm@ central facility of toll
collection system 1, etc. is notified of the abnatities.

[0063]
Embodiment 3

Subsequently, a toll collection system accordingtobodiment 3 will
be described in detail with reference to FIGS. d243.
[0064]

Functional elements of the toll collection system

FIG. 12 is a diagram illustrating the functionaé¢mlents of a toll
collection system according to Embodiment 3.

In FIG. 12, the same components as those in Embaxlisnl and 2 and
various modified examples will be denoted by thmeaeference symbols, with
descriptions thereof omitted.

As illustrated in FIG. 12, toll collection systematcording to
Embodiment 3, as in Embodiments 1 and 2, includdscbllection processing
device 1a, wireless communication control deviced&a roadside antenna 3a.
Note that toll collection system 1 according to iresent embodiment, as in
Embodiments 1 and 2, further includes wireless camication control device
2b and roadside antenna 3b (refer to FIG. 2), whthillustration of the
configuration thereof omitted.
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[0065]

Moreover, communication control unit 20 of toll tadtion system 1
according to Embodiment 3 further includes commatian processing
soundness determination unit 204.

In a case where reception strength | of radio wamdgated in the RSSI
signal is reception determination threshold Ih mhler and the results of the
dedicated short-range communication processing hatdeen correctly
acquired from DSRC processing unit 21, communigapoocessing soundness
determination unit 204 determines that at least @nmadside antennas 3a, 3b
or DSRC processing unit 21 is not operating norgnall

Here, the phrase “the results of the dedicatedtstammge communication
processing have not been correctly acquired”, f@neple, means that during
the dedicated short-range communication, part efitfiormation not made into
reference symbols in radio waves transmitted framdn-board device cannot
be correctly decoded, with abnormalities such a@Rrrors on the receiver
side of radio waves detected.

[0066]

FIG. 13 is a diagram illustrating the processingalof a communication
processing soundness determination unit accordirignbodiment 3.

First, communication processing soundness determimainit 204
determines, based on the RSSI signal acquired B R&quisition unit 202,
whether reception strength | of reception determmarathreshold Ih or higher
has been detected (Step S40).

While reception strength | of reception determinatthreshold Ih or
higher is not detected (Step S40: NO), processingtep S40 is repeated and
waited.

In contrast, if reception strength | of recepticgt@rmination threshold
Ih or higher has been detected (Step S40: YES) nmamication processing
soundness determination unit 204 acquires the tesfilthe dedicated
short-range communication processing carried oubBfRC processing unit 21
with on-board device Al and determines whether amadities occur in the
results of this dedicated short-range communicapiatessing (Step S41).
[0067]

If no abnormalities have occurred in the resultsh&f dedicated
short-range communication processing by DSRC prgiogsunit 21 (Step S41:
NO), communication processing soundness deternunatnit 204 returns to
Step S40 and again waits for the detection of reoagstrength | of reception
determination threshold Ih or higher. Here, comneatibn processing
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soundness determination unit 204, for example,rsefe CRC (FIG. 3)
contained in the ACTC signal, etc. as the resultthe dedicated short-range
communication processing by DSRC processing uniarkd determines whether
it is a telegraphic message in accordance withAlREB specifications.

[0068]

In contrast, if abnormalities have occurred in thsults of the dedicated
short-range communication processing by DSRC praiogsunit 21 (Step S41:
YES), communication processing soundness determimatit 204 counts the
number of occurrences of abnormalities in the rssof this dedicated
short-range communication processing (Step S42aditition, communication
processing soundness determination unit 204 detesnivhether the
abovementioned number of occurrences of abnorrealis a predetermined
reference number (for example, 10 times) or mote{$43).

Here, if the number of occurrences of abnormalitgesot a
predetermined reference number or higher (Step 848, communication
processing soundness determination unit 204 retiri®&ep S40 and again
waits for the detection of reception strength re¢eption determination
threshold Ih or higher. In contrast, if the numlbé&nccurrences of
abnormalities is a predetermined reference numbdigher (Step S43: YES),
communication processing soundness determination204 determines that
abnormalities have occurred in at least one of D®R&Eessing unit 21 or
roadside antenna 3a and instructs DSRC processiit@l and roadside
antenna 3a to restart processing (Step S44).

[0069]
Operational Effects

As described above, toll collection system 1 acoaydo Embodiment 3
further includes communication processing soundmessrmination unit 204,
wherein, if reception strength | of radio wavesigaded in the RSSI signal is
reception determination threshold Ih or higher (S810: YES) and the results
of the dedicated short-range communication procgskave not been correctly
acquired from DSRC processing unit 21 (Step S41S)Eommunication
processing soundness determination unit 204 deteysnihat at least one of
roadside antennas 3a, 3b or DSRC processing ung 8t operating normally.
[0070]

Here, in a case where reception strength | of raciwes received from
on-board device Al is lower than reception deteation threshold Ih, because
reception strength I is insufficient, for examptiemodulation processing, etc.
in demodulation processing unit 34 (FIG. 8) of rei@@ antennas 3a, 3b may
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not be correctly executed (for example, in receivadio waves, a reference
symbol, which was originally“1”, may be mistakerdgmodulated to “0”).
Therefore, it is contemplated that even in a caberet DSRC processing unit
21 is operating normally, the results of the detidashort-range
communication processing cannot be correctly aeglir

However, the event (wherein, even through recepsimangth I of radio
waves received from on-board device Al is suffitiehe results of the
dedicated short-range communication processing @alpe correctly acquired
from DSRC processing unit 21 (CRC abnormalities dbesurred)) has occurred
multiple times, abnormalities have likely occurredat least one of DSRC
processing unit 21 or roadside antenna 3a (demd&idulgrocessing unit 34).

With this, if the number (wherein, even though nateen strength | of
radio waves is reception determination thresholdrtigher, the results of the
dedicated short-range communication processing hnavédeen correctly
acquired from DSRC processing unit 21) is a precheiieed reference number
or higher, communication processing soundness ghet@tion unit 204
determines, in accordance with the abovementiomedgssing flow (Step S40
to S44), that at least one of DSRC processing 2hior roadside antenna 3a is
not operating normally. Subsequently, communicapoocessing soundness
determination unit 204 instructs DSRC processing 2h and roadside antenna
3a to restart processing.

[0071]

As a result, because abnormalities in the operagfomadside antennas
3a, 3b or DSRC processing unit 21 can be furthéeated using the
combination of reception strength (RSSI) of radiawes and the results of the
dedicated short-range communication processing®RO processing unit 21,
abnormalities in toll collection system 1 can betlier accurately detected.
[0072]

Note that Embodiment 3 has been described in whiddgmmunication
processing soundness determination unit 204 detesnihat abnormalities
have occurred in at least one of roadside anteBaa8b or DSRC processing
unit 21, it instructs roadside antennas 3a, 3bRS&KC processing unit 21 to
restart processing (Step S44 of FIG. 13). Howegtdrer embodiments are not
limited to this aspect.

For example, other embodiments may include an d@speghich, in a
case where communication processing soundnessndi@ggion unit 204
determines that the operation of the target comptmé@oadside antennas 3a,
3b and DSRC processing unit 21) has abnormaliti@spnitoring person, etc.
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residing in a central facility of toll collectiorystem 1, etc. is notified of the
abnormalities.
[0073]

Moreover, Embodiment 3 describes that, assumingabaormalities
have not occurred in on-board device Al itself$§ending radio waves, in a
case where the results of the dedicated short-rangaenunication processing
have not been correctly acquired from DSRC procagsanit 21 (CRC
abnormalities of reference number or higher havenbdetected), a
determination is made that any one of DSRC proogssnit 21 or roadside
antenna 3a is not operating normally.

However, it is contemplated that in a case wherdoard device Al
itself serving as the sender of radio waves ha®abalities, radio waves
originally having CRC abnormalities have been sémthis case, despite
abnormalities on the on-board device Al side, &eination may actually be
mistakenly made that DSRC processing unit 21 odsade antenna 3a has
abnormalities.

With this, communication processing soundness datetion unit 204
according to a modified example of Embodiment Jdeethe LID of on-board
device Al from the ACTC signal in which CRC abnotfiti@as have been
detected despite reception strength | being reoapdetermination threshold Ih
or higher and counts the varieties thereof. In &iddj in a case where the
variety of this LID is a predetermined referencemer or higher,
communication processing soundness determinati@n20d may determine
that at least one of DSRC processing unit 21 odsade antenna 3a is not
operating normally. That is, because it is harddatemplate that radio waves
of CRC abnormalities are sent from multiple on-libdevices A1, the
occurrence locations of the abnormalities can breomzed down to antenna 3a
or DSRC processing unit 21.

[0074]
Embodiment 4

Subsequently, a toll collection system accordingbtobodiment 4 will
be described in detail with reference to FIG. 14.

[0075]
Functional elements of the toll collection system

FIG. 14 is a diagram illustrating the functiona¢elents of a toll
collection system according to Embodiment 4.
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In FIG. 14, the same components as those in Embentisnl to 3 and
various modified examples will be denoted by thmeaeference symbols, with
descriptions thereof omitted.

As illustrated in FIG. 14, toll collection systematcording to
Embodiment 4, as in Embodiments 1 and 3, includdscbllection processing
device la along with wireless communication contteVice 2a. Note that toll
collection system 1 according to the present enrnedi, as in Embodiments 1
to 3, further includes wireless communication cohttevice 2b and roadside
antennas 3a, 3b (refer to FIG. 2), with the illastyn of the configuration
thereof omitted.

Moreover, toll collection processing device la ud#s toll collection
processing unit 10, recording medium 11, and systseandness determination
unit 12.

[0076]

In a case where number r of toll collection procegsexecuted per unit
time is lower than predetermined reference proecgsaumber rh, system
soundness determination unit 12 determines thhdast one of various devices
(roadside antennas 3a, 3b, DSRC processing unitc@hmunication control
unit 20, and toll collection processing unit 10néiguring toll collection
system 1 is not operating normally.

[0077]

More specifically, system soundness determinatioin 12 refers to
statistical data D (FIG. 11) recorded in recordmgdium 11 and determines
that at least one of various devices (toll collentprocessing device 1a,
wireless communication control devices 2a, 2b, epatlside antennas 3a, 3b)
configuring toll collection system 1a is not opéngtnormally, in a case where
number r of toll collection processing executed peit time is lower than
reference processing number rh in accordance wittissical data D.

For example, in a case where the present time pfisla2:00, system
soundness determination unit 12 refers to the dgwjuantity in this time span
of 12:00 from statistical data D and sets referemaxessing number rh in
accordance with the driving quantity. In additi@ystem soundness
determination unit 12 counts number r of toll cotien processing executed per
unit time in toll collection processing unit 10,cadetermines whether the
number is lower than the abovementioned referemoegssing number rh
(whether r < rh).

Moreover, in a case where number r of toll collentprocessing
executed per unit time is lower than reference pssing number rh (r < rh) in
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accordance with the time span of the present tifdag, system soundness
determination unit 12 determines that at least @inearious devices (toll
collection processing device la, wireless commuiocacontrol devices 2a, 2b,
and roadside antennas 3a, 3b) has abnormalitiegiaed instructions to restart
the processing of various devices configuring tallection system 1.

[0078]

Operational Effects

Here, in specified communication regions Q1, Q2allf collection
system 1 (FIG. 1), vehicle A normally drives atr@getermined frequency (the
number of passing vehicles per unit time) in acamak with the user number of
an expressway (the driving quantity of vehicle Aherefore, it is contemplated
that in a case where overall toll collection systefunctions normally, toll
collection processing unit 10 executes toll coliestprocessing at the
frequency of predetermined reference processingbaumh or higher in
accordance with the abovementioned number of pgsshicles.

In this case, in a case where the number r of &dc¢tllacollection
processing executed per unit time is lower thaemsice processing number rh,
abnormalities by which “although vehicle A actuafigsses through specified
communication regions Q1, Q2, toll collection preseg has not been
correctly carried out for each vehicle A” are dulso

With this, as mentioned above, in a case wherentlhmber r in which toll
collection processing has been executed per uni is lower than
predetermined reference processing number rh, systeindness determination
unit 12 determines that at least one of variousaks/configuring toll
collection system 1 is not operating normally. biddion, system soundness
determination unit 12 instructs overall various ides to restart processing.
[0079]

For example, it is contemplated that in accordanith the aspect of
operation abnormalities which may occur in commati@en control unit 20,
only part of each process executed by communicat@rtrol unit 20 has
abnormalities. In this case, it is presumed th#talgh processing (creation of
information for toll collection with regard to omelard device A1) which should
be originally carried out by communication contuiit 20 is not normally
carried out, heartbeat processing unit 201 funatioarmally. In this case, in
heartbeat processing unit 211 of DSRC processing2in abnormalities which
have occurred in this communication control unitczhnot be detected.

In accordance with toll collection system 1 accaglto the present
embodiment, even in such a case, because a detrarircan be made, based
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on the number of the actual toll collection prodegscarried out in toll
collection processing unit 10, regarding whethem@aimalities occur in any one
of various devices configuring toll collection sgst 1, abnormalities of toll
collection system 1 can be more accurately detected

[0080]

Note that in toll collection system 1 accordingatanodified example of
Embodiment 4, an aspect of statistical data D nmalyciate the driving quantity
not only for each time span of one day, but also,example, for each time span
of one month or one year.

Moreover, in toll collection system 1 accordingaoother modified
example of Embodiment 4, reference processing numtbdoes not change in
accordance with statistical data D, but may beedptermined constant value.
[0081]

In the embodiments 1 to 4 described above, varpyosesses are
implemented by a program for achieving the varitwsctions of toll collection
system 10, communication control unit 20, DSRC pssing unit 21, and
roadside antennas 3a, 3b. The program is recordeslammputer-readable
recording medium and the program recorded on thertBng medium is read
and executed by a computer system. Additionallg, steps of each process of
toll collection system 10, communication controitu®0, DSRC processing unit
21, and roadside antennas 3a, 3b described abevetaed in a
computer-readable recording medium in the form pf@gram and these
various processes are implemented by the compasating out and executing
this program. Examples of the computer-readablending medium include
magnetic disks, magneto-optical disks, CD-ROMs, DRDMs, and
semiconductor memories. This computer program neagibtributed to the
computer on a communication circuit and the compteeeiving this
distribution may execute the program.

None of toll collection system 10, communicatiomtiol unit 20, DSRC
processing unit 21, and roadside antennas 3a,&hmited to the aspect in
which the various functional elements are encagedl single device casing.
The various functional elements of each of tollleclion system 10,
communication control unit 20, DSRC processing @iif and roadside
antennas 3a, 3b may be distributed in a pluralitpetwork-connected devices.
[0082]

Embodiment 5

Subsequently, a toll collection system accordingtobodiment 5 will

be described in detail with reference to FIGS.d22.



34

[0083]
Overall configuration of the toll collection system

FIG. 15 is a diagram illustrating the overall canfration of a toll
collection system according to Embodiment 5.

As illustrated in FIG. 15, toll collection systemiricludes toll collection
processing device 1a, wireless communication comtewices 2a, 2b, roadside
antennas 3a, 3b, and confirmation apparatusesbldn4he present
embodiment, toll collection processing device lageless communication
control devices 2a, 2b, and roadside antennasiBare8the same as in
Embodiments 1 to 4.

Moreover, in the present embodiment, as illustrateHIG. 15,
confirmation apparatuses 4a, 4b are respectiveéfched to roadside antennas
3a, 3b.

[0084]
Functional elements of the toll collection system

FIG. 16 is a diagram illustrating the functiona¢elents of the toll
collection system according to Embodiment 5.

As illustrated in FIG. 16, toll collection procesgidevice la includes
toll collection processing unit 10. Moreover, eadhwireless communication
control devices 2a, 2b includes communication carinit 20 along with
DSRC processing unit 21 (communication processimig).u

As illustrated in FIG. 16, toll collection procesgidevice 1la of toll
collection system 1 includes toll collection proseg unit 10. Moreover, each
of wireless communication control devices 2a, 2dudes communication
control unit 20 along with DSRC processing unit(2dmmunication processing
unit).

Confirmation apparatuses 4a, 4b are disposed walhiange in which
wireless communication with each of roadside an&ésn®a, 3b is possible,
receive confirmation signals (FCMC signals) frontleaf roadside antennas
3a, 3b, and transmit response signals (ACTC signals
[0085]

Communication control unit 20 according to the pretsembodiment
includes soundness determination unit 205 as airpafion apparatus.
Soundness determination unit 205 as a confirmadijgparatus determines
whether roadside antennas 3a, 3b and wireless cancaion control devices
2a, 2b are operating normally based on the recepBsults of the response
signal (ACTC signal) from confirmation apparatugles 4b via roadside
antennas 3a, 3b.
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[0086]

Note that toll collection processing unit 10, commuation control unit
20, DSRC processing unit 21, and roadside anteBaa8b according to
Embodiment 5 are described as including heartbeatgssing units (heartbeat
processing units 101, 201, 211, etc.) describeinMbodiment 1 and a modified
example thereof. Moreover, communication contrak @@ according to
Embodiment 5 is described as not including radioeveeceiving soundness
determination unit 203 and communication processiogndness determination
unit 204 described in Embodiment 2 and a modifiedneple thereof, as well as
Embodiment 3.

However, other embodiments may include an aspewthiich toll
collection system 1 includes one or more of heatlpgocessing units 101, 201,
211, radio wave receiving soundness determinatidh203, or communication
processing soundness determination unit 204, wheseundness determination
unit for confirmation apparatuses 205 accordingbtobodiment 5 determines
the soundness of the operation of overall toll @ofion system 1 in combination
with these various functional elements.

[0087]
Structure of the roadside antenna and the confionapparatus

FIG. 17 is a first diagram illustrating the strucdwf a roadside antenna
and a confirmation apparatus according to Embodinsen

Moreover, FIG. 18 is a second diagram illustratihg structure of the
roadside antenna and the confirmation apparatusrdicty to Embodiment 5.

Here, FIG. 17 illustrates the state in which roddsantenna 3a is seen
from the front face thereof, while FIG. 18 illustea the state in which roadside
antenna 3a is seen from the side face thereof.

Note that the £Y' direction in FIGS. 17 and 18he direction parallel to
the plate surface of roadside antenna 3a formedrigctangular plate shape and
also parallel to the road surface of lane L1 (rééeFIG. 15). Moreover, the +Z'
direction is the direction parallel to the platefage of roadside antenna 3a and
also the direction towards the upper side of rodglsintenna 3a (direction
distant from the road surface of lane L1 (refeFtG. 15)). Moreover, the -X'
direction in FIGS. 17 and 18 is the direction pewpieular to the plate surface
of roadside antenna 3a and also the direction tdsvapecified communication
region Q1 (refer to FIG. 15) on the road surfacéaoie L1.

As illustrated in FIGS. 17 and 18, roadside anteBaand confirmation
apparatus 4a are fixed and installed to gantry &attachment jig gl.

[0088]
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Roadside antenna 3a has a main lobe (the rangdichvthe radiation
amount of radio waves in the target direction is biighest of the radiation
patterns of the antenna) (not illustrated in FIG%.and 18) in accordance with
specified communication region Q1 (FIG. 15) on tbad surface of lane L1.
Here, the main lobe of roadside antenna 3a, fomge, is a predetermined
range on the front side (Y'Z' plane) on the plaigace (direction (-X'
direction) side towards specified communicationioegQ1), with central axis
line R of this plate surface serving as the center.

Moreover, roadside antenna 3a includes side lobb&iing a radiation
pattern of unnecessary radio waves occurring ifnffarént direction from the
main lobe. For example, as illustrated in FIGS.ahd 18, with the vicinity of
each edge (side) on a rectangular plate surfaceaafside antenna 3a serving as
the base end, the side lobe SL of roadside ant8arextends on the front side
thereof (-X' direction side) and in a direction ntay away from the central axis
line R on this plate surface.

[0089]

Confirmation apparatus 4a is disposed at a positegmble of receiving
radio waves of side lobe SL of roadside antennaSpa&cifically, confirmation
apparatus 4a is attached to the tip of fixing r@dwhich is on the upper side
(+Z' direction side) on the plate surface of rodésantenna 3a and extends
from the back side thereof (+X' direction side)he front side thereof (-X'
direction side). Consequently, confirmation appasada is disposed on the
upper side (+Z' direction side) and the front sfe€ direction side) on the plate
surface of roadside antenna 3a.

[0090]

Note that in FIGS. 17 and 18, the structure andtmosl relationship of
roadside antenna 3a and confirmation apparatusada heen described, with
the structure and positional relationship of roddsantenna 3b and
confirmation apparatus 4b being the same as these.

[0091]
Functions of confirmation apparatus

FIG. 19 is a diagram explaining the functions o tonfirmation
apparatus according to Embodiment 5.

FIG. 19 illustrates the contents of communicatioagessing carried out
between DSRC processing unit 21 of wireless comgation control device 2a
and confirmation apparatus 4a.

As the normal processing, in order to set vehicl@A-board device Al)
located in specified communication region Q1 to tbenmunication target,
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DSRC processing unit 21 transmits the FCMC signainf certain time of day
tf. Here, the FCMC signal is a predetermined regsamal transmitted by
wireless communication control devices 2a, 2b teboard device Al via
roadside antennas 3a, 3b in the dedicated shogeranmmunication
processing based on the abovementioned ARIB stanglacifications.
Wireless communication control devices 2a, 2b tnaihgn FCMC signal
(request signal) and request the return of the AGiigDal from on-board device
Al.

In a case where on-board device Al is present atiigd
communication region Q1, radio waves overlappedhisy FCMC signal are
received by this on-board device Al via the maimel@f roadside antenna 3a.
In addition, this on-board device Al returns an AC3ignal serving as a
response signal to this FCMC signal.

In contrast, radio waves overlapped by the FCMQaigre radiated to
side lobe SL of roadside antenna 3a. Consequectdhfirmation apparatus 4a
disposed in the positional relationship illustrated1GS. 17 and 18 receives
the FCMC signal via side lobe SL of roadside antefa.

[0092]

Confirmation apparatus 4a which receives the FCM@a transmits the
ACTC signal, as a response signal to this FCMC aligtinrough radio waves, at
the timing of any one of 12 channels CO1 to C12adidition, confirmation
apparatus 4a assigns an identifier (which is the ékclusive to the
confirmation apparatus allocated inherently in ¢onétion apparatus 4a and
can identify that the transmission source of th@&TAC signal is this
confirmation apparatus 4a) to the ACTC signal taramsmitted here.

[0093]
Processing flow of the soundness determination fomitonfirmation
apparatuses

FIG. 5 is a diagram explaining the processing flowa soundness
determination unit for confirmation apparatusesaading to Embodiment 5.

First, soundness determination unit for confirmatapparatuses 205 of
wireless communication control device 2a detecéstthnsmission of the
FCMC signal serving as the confirmation signal fred8RC processing unit 21
(Step S50). At this time, the FCMC signal transedtfrom DSRC processing
unit 21 is transmitted to confirmation apparatusvéaside lobe SL of roadside
antenna 3a (FIGS. 17 and 18).

Here, in accordance with the reception of the FC8ighal, confirmation
apparatus 4a transmits an ACTC signal (refer to. A9 with the LID (LID
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exclusive to the confirmation apparatus) inherentonfirmation apparatus 4a
assigned thereto. Soundness determination unicdafirmation apparatuses
205 refers to the LID assigned to the ACTC sigreadeived via DSRC
processing unit 21 and determines whether it han beceived from
confirmation apparatus 4a (Step S51).

If a response signal (ACTC signal) to the FCMC silgimas been
received from confirmation apparatus 4a (Step ¥HS), soundness
determination unit for confirmation apparatuses 28tirns to Step S50 and
again detects the transmission of the FCMC signal.

In contrast, if the ACTC signal has not been reedifrom confirmation
apparatus 4a despite the transmission of the FCigRasfrom DSRC
processing unit 21 (Step S51: NO), soundness d@ation unit for
confirmation apparatuses 205 counts the numberfiwoation apparatus
nonresponse number) of times a response from goafion apparatus 4a has
not been detected (Step S52). In addition, soursldetermination unit for
confirmation apparatuses 205 determines whetheabmwementioned
confirmation apparatus nonresponse number is aepeechined reference
number (for example, 10 times) or more (Step S53).

Here, if the confirmation apparatus nonresponseb®rms not a
predetermined reference number or higher (Step 883, soundness
determination unit for confirmation apparatuses 2&turns to Step S50 and
again detects the transmission of the FCMC sigimatontrast, if confirmation
apparatus nonresponse number is a predeterminecerefe number or higher
(Step S53: YES), soundness determination unit émficmation apparatuses
205 determines that abnormalities have occurredt ieast one of DSRC
processing unit 21 or roadside antenna 3a anducisttDSRC processing unit
21 and roadside antenna 3a to restart processieg (554).

[0094]
Operational Effects

As described above, toll collection system 1 acouydo Embodiment 5
is provided with: roadside antennas 3a, 3b thaelssly communicate with
on-board device A1 mounted in vehicle A; wirelessnenunication control
devices 2a, 2b that carry out predetermined compaiitn processing (narrow
band communication processing) with on-board dexitevia roadside
antennas 3a, 3b, and acquire toll collection infation with regard to on-board
device Al; and confirmation apparatuses 4a, 4b @éhatdisposed within a range
in which wireless communication with roadside am@® 3a, 3b is possible,
receiving an FCMC signal from the roadside anter8es3b and transmitting
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an ACTC signal. Moreover, wireless communicatiomtcol devices 2a, 2b
determine whether roadside antennas 3a, 3b andesg&ommunication
control devices 2a, 2b are operating normally bamethe reception results of
the ACTC signal from confirmation apparatuses 4ayi roadside antennas
3a, 3b.

That is, every time wireless communication contteVices 2a, 2b
transmit the FCMC signal towards on-board device édnfirmation
apparatuses 4a, 4b permanently disposed withimaramicable range thereof
receive this FCMC signal and transmit (return) tbsponse signal (ACTC
signal) in accordance with the FCMC signal. Therghyaccordance with the
presence of the reception of the response sigoai ftonfirmation apparatuses
4a, 4b, a determination can be made regarding vehetireless communication
control devices 2a, 2b and roadside antennas 3arebperating normally.

Consequently, in accordance with toll collectiorstgyn 1 according to
Embodiment 5, in a free flow type toll collectiopstéem, abnormalities can be
quickly and accurately detected.

[0095]

Moreover, in toll collection system 1 accordingBmbodiment 5,
confirmation apparatuses 4a, 4b are disposed wahiange in which wireless
communication with roadside antennas 3a, 3b via fothe of roadside antennas
3a, 3b is possible.

[0096]

Here, as mentioned above, the main lobes of roadsidennas 3a, 3b
respectively specify specified communication regi@il, Q2 on the road
surfaces of lanes L1, L2. In this case, it is caméated that, for example, in a
case where confirmation apparatuses 4a, 4b aregreymily disposed in the
vicinity of roadside antennas 3a, 3b and also witihie range of the main lobe,
the radiation pattern of this main lobe is influeddqreflected, etc.) by the
existence of confirmation apparatuses 4a, 4b, sjécified communication
regions Q1, Q2 varying from the intended regions.

With that, as in toll collection system 1 accorditogthe present
embodiment, in a case where confirmation apparatdse 4b are disposed at
positions in which wireless communication is po$sibia the side lobe of
roadside antennas 3a, 3b, wireless communicatioogssing between roadside
antennas 3a, 3b and confirmation apparatuses 4eadibe stably carried out
without influencing the main lobe of roadside antas 3a, 3b itself.

Therefore, without impairing the range of specife@mmunication
regions Q1, Q2, that is, the stability of the dedéd short-range
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communication processing carried out between radantennas 3a, 3b and
on-board device Al, in accordance with the receptesults of the response
signal from confirmation apparatuses 4a, 4b, ardsteation can be made
regarding whether wireless communication controlides 2a, 2b and roadside
antennas 3a, 3b are operating normally.

[0097]

Moreover, confirmation apparatuses 4a, 4b accortiingmbodiment 5
transmit the response signal as a confirmationaif¢pom roadside antennas 3a,
3b in a case where the dedicated short-range conuation processing
wireless communication control devices 2a, 2b haezived the request signal
(FCMC signal) transmitted to on-board device Al.rklmver, confirmation
apparatuses 4a, 4b transmit a response signal (A€igital) based on the same
specifications (ARIB standard specifications) as thsponse signal transmitted
by on-board device Al during dedicated short-raog@munication processing,
as a response signal thereof.

That is, toll collection system 1 according to gresent embodiment
also uses the FCMC signal and ACTC signal exchangédon-board device
A1l during normal dedicated short-range communigapoocessing, for
wireless communication processing for soundnessrdehation carried out
between confirmation apparatuses 4a, 4b. In thse cevireless communication
control devices 2a, 2b can transmit and receivectrdirmation signal and the
response signal between confirmation apparatusgd4btanly via existing
DSRC processing unit 21.

Therefore, because the need to implement a nowvapoaent (hardware)
is eliminated in order to carry out wireless comnzation processing between
confirmation apparatuses 4a, 4b and roadside aate8a, 3b, a determination
can be made regarding whether roadside antenn&@b3ae operating normally,
while suppressing the increase in production cot®ll collection system 1.
[0098]

Moreover, confirmation apparatuses 4a, 4b accorthngmbodiment 5
include an identifier (LID exclusive for the confiation apparatus) which can
identify that the transmission source of this AC3ignal is confirmation
apparatuses 4a, 4b in the ACTC signal, which isgnaitted if the FCMC signal
is received.

As a result, simply by referring to the LID readiim the ACTC signal
via the dedicated short-range communication prdogssy DSRC processing
unit 21, soundness determination unit for confinmatapparatuses 205 can
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determine whether this ACTC signal has been tratteohifrom confirmation
apparatuses 4a, 4b.

[0099]

Modified example of Embodiment 5

FIG. 21 is a first diagram illustrating the strudwf a roadside antenna
and a confirmation apparatus according to a modiéeample of Embodiment
5.

Moreover, FIG. 22 is a second diagram illustratihg structure of the
roadside antenna and the confirmation apparatusrdio to a modified
example of Embodiment 5.

Here, FIG. 21 illustrates the state in which theeinal structure of
roadside antenna 3a is seen from the front fadéereof, while FIG. 22
illustrates the state in which the internal struetof roadside antenna 3a is seen
from the side face thereof.

As illustrated in FIGS. 21 and 22, roadside anteBaancludes:
substrate 300 for a patch antenna with patch art&d®a formed on the plate
surface; and radome 301 for covering patch ant&@fa (substrate 300 for a
patch antenna).

Moreover, radome 301 of roadside antenna 3a ihiéurtormed so as to
cover confirmation apparatus 4a'. Here, unlike comdtion apparatus 4a
(FIGS. 17 and 18) according to Embodiment 5, conéition apparatus 4a'
according to the present modified example, whictHisposed inside radome
301, does not have a radome (cover case) of coafion apparatus 4a' alone
and is simply configured by substrate 400 for afoaration apparatus with
patch antenna 400a and confirmation apparatus psaeg unit 401
implemented therein. Here, confirmation apparatugessing unit 401 is a
communication processing unit for carrying out commcation processing as
confirmation apparatus 4a' (reading the receivetMEGignal and transmitting
the ACTC signal).

[0100]

Patch antenna 300a of roadside antenna 3a is anranelement of
roadside antenna 3a (antenna element 30 illustiat&dG. 8) which is an
element for transmitting and receiving radio waweth on-board device Al.

Patch antenna 300a has a main lobe (not illustrat¢dGS. 21 and 22)
in accordance with specified communication regiah (®IG. 15) on the road
surface of lane L1. Here, the main lobe of patcteana 300a, for example, is a
predetermined range on the front side (-X' directsade) of the plate surface
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(Y'Z' plane) of substrate 300 for a patch antemwigh central axis line R' of this
plate surface serving as the center.

Moreover, patch antenna 300a includes side lobéa&ling a different
radiation pattern from the main lobe. For example jllustrated in FIGS. 21
and 22, with the vicinity of each edge (side) oreatangular plate surface of
substrate 300 for a patch antenna serving as the éad, side lobe SL of patch
antenna 300a extends to the front side thereofdid€ction side) and in a
direction moving away from the central axis lineoR this plate surface.

[0101]

Patch antenna 400a of confirmation apparatus 4a iantenna element
capable for transmitting and receiving radio wawath patch antenna 300a of
roadside antenna 3a.

Patch antenna 400a of confirmation apparatus 4disigosed at a
position capable of receiving radio waves of sidled SL of patch antenna
300a. For example, confirmation apparatus 4a' {(patdenna 400a) is disposed
so as to be inside radome 301 of roadside antearan8 also be included
within the range of side lobe SL on the upper siisubstrate 300 for a patch
antenna (+Z' direction side).

[0102]

Note that in FIGS. 21 and 22, the structure andtjwosl relationship of
roadside antenna 3a and confirmation apparatusadea been described, while
the structure and positional relationship of roddsantenna 3b and
confirmation apparatus 4b’(confirmation apparatispdsed inside radome 301
of roadside antenna 3b) are the same as these.

[0103]

As described above, in accordance with toll col@ttsystem 1
according to a modified example of Embodiment Bdside antennas 3a, 3b
include: patch antenna 300a for transmitting arckingng radio waves with
on-board device Al; and radome 301 for covering ffatch antenna 300a, with
confirmation apparatuses 4a’', 4b' disposed insademe 301.

As a result, because roadside antennas 3a, 3baridration
apparatuses 4a', 4b' can be integrally formed,collection system 1 can be
simplified. That is, because confirmation apparatuga’, 4b' are housed in
radome 301 and integrated with roadside antenna8t8aan attachment
operator can attach roadside antennas 3a, 3b witlegard of the existence of
confirmation apparatuses 4a’', 4b'. Moreover, aacathent operator need not
worry about the displacement between confirmatippaaatus 3a, 3b and
confirmation apparatuses 4a’, 4b', etc.
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Moreover, housings (cover cases) of confirmatiopaaptuses 4a’', 4b', as
well as fixing jigs (attachment jig g1, fixing ra®, etc.) for attaching these
confirmation apparatuses 4a', 4b' outside roadaidennas 3a, 3b, are
unnecessary, effectively reducing production costs.

[0104]

In the foregoing, toll collection system 1 accomlito Embodiment 5 and
a modified example thereof have been describedetaid However, specific
aspects of toll collection system 1 according tobBiment 5 and a modified
example thereof are not limited to those descridledve, with various design
modifications, for example, capable of being mad&heaut departing from the
gist thereof.

[0105]

For example, while toll collection system 1 accoglio Embodiment 5
has been described in which confirmation apparatdse 4b are disposed
within a range in which wireless communication witadside antennas 3a, 3b
via the side lobe of roadside antennas 3a, 3b $sipte, other embodiments are
not limited to this aspect.

For example, other embodiments may include an ddpeghich
confirmation apparatuses 4a, 4b are disposed witierrange of the main lobe
of roadside antennas 3a, 3b. In this case, confionapparatuses 4a, 4b may
be disposed at a position relatively distant fravadside antennas 3a, 3b (for
example, within a range of specified communicatiegions Q1, Q2 on the road
surfaces of lanes L1, L2), which is also a positjtor example, a roadside band
adjacent to lanes L1, L2, etc.) not inhibiting théving of vehicle A. Moreover,
confirmation apparatuses 4a, 4b may be embeddeédeinkse roads of lanes L1,
L2.

[0106]

Moreover, toll collection system 1 according to Eodbment 5 (and the
modified example thereof) has been described irctvitionfirmation
apparatuses 4a, 4b (confirmation apparatuses B3'transmit the response
signal as a confirmation signal if the dedicatedrsttange communication
processing wireless communication control deviceasZb have received the
FCMC signal transmitted to on-board device Al. Morer, confirmation
apparatuses 4a, 4b (confirmation apparatuses Ba'hdve been described as
transmitting a response signal (ACTC signal) basedhe same specifications
as the response signal transmitted by on-boardcdedi during dedicated
short-range communication processing, as a respsigs@l thereof. However,
other embodiments are not limited to this aspect.
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For example, confirmation apparatuses 4a, 4b (cordiion apparatuses
4a', 4b") may carry out wireless communication pssing between roadside
antennas 3a, 3b exclusive for soundness deterrométine transmission and
reception of a confirmation signal exclusive fouadness determination, and a
response signal exclusive for soundness deternoimptifferent from narrow
band communication.

[0107]

Moreover, while toll collection system 1 accordittgEmbodiment 5
(and a modified example thereof) has been desciib@dchich confirmation
apparatuses 4a, 4b (confirmation apparatuses Ba'sdlect any one period of
channels C01 to C12 and transmit the ACTC signddeloembodiments are not
limited to this aspect.

For example, this may include an aspect in whichficmation
apparatuses 4a, 4b (confirmation apparatuses B3'cdnstantly transmit the
response signal using only the specific channel ¢bample, channel C12)
exclusive to the response of confirmation appameduta, 4b (confirmation
apparatuses 4a’, 4b"). As a result, soundnessndigiztion unit for confirmation
apparatuses 205 may monitor only the specific ceafchannel C12) exclusive
to the response of confirmation apparatuses 4dcdbfirmation apparatuses
4a', 4b') and determine whether the response siggmbeen received from
confirmation apparatuses 4a, 4b (confirmation appeses 4a’, 4b'), allowing a
reduction in the load of soundness determinati@mcessing.

[0108]

Moreover, processing of DSRC processing unit 2loatiog to
Embodiment 5 (and the modified example thereof),ewample, may be carried
out as follows.

That is, in a case where DSRC processing unit 2tisehe ACTC signal
received following the transmission of the FCMCrsg it refers to the LID
contained in this ACTC signal and determines whethies ACTC signal has
been transmitted from on-board device Al or tramsdiby confirmation
apparatuses 4a, 4b (confirmation apparatuses Ba.,14 a case where the
ACTC signal transmitted from on-board device Al bagn received, DSRC
processing unit 21 establishes a data link witls im-board device Al via the
subsequent narrow band communication and acquifesmation for toll
collection. In contrast, if the ACTC signal trangtad from confirmation
apparatuses 4a, 4b (confirmation apparatuses Ba'hds been received, DSRC
processing unit 21 does not establish a data litthk wonfirmation apparatuses
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4a, 4b (confirmation apparatus 4a’, 4b'), but ratreds the narrow band
communication.

This prevents DSRC processing unit 21 from carryonty unnecessary
dedicated short-range communication processing wothfirmation apparatuses
4a, 4b (confirmation apparatuses 4a’', 4b').

[0109]

Note that Embodiment 5 has been described in whicdgundness
determination unit for confirmation apparatuses #@bermines that
abnormalities have occurred in at least one of sadglantennas 3a, 3b or DSRC
processing unit 21, it instructs roadside anterB@s3b and DSRC processing
unit 21 to restart processing (Step S54 of FIG. H¥wever, other
embodiments are not limited to this aspect.

For example, other embodiments may include an @dpeghich, in a
case where determination unit 205 for a confirma@pparatus determines that
the operation of the target components (roadsideraras 3a, 3b and DSRC
processing unit 21) has abnormalities, a monitopegson, etc. residing in a
central facility of toll collection system 1, etis. notified of the abnormalities.
[0110]

Embodiment 6

Subsequently, a toll collection system accordingtobodiment 6 will
be described in detail with reference to FIG. 23.

[0111]
Functional elements of the toll collection system

FIG. 23 is a diagram illustrating the functionaé¢mlents of a toll
collection system according to Embodiment 6.

In FIG. 23, the same components as those in Embexlirfh will be
denoted by the same reference symbols, with detsenip thereof omitted.

As illustrated in FIG. 23, toll collection systematcording to
Embodiment 6, as in Embodiment 5, includes tollection processing device
la, wireless communication control device 2a, rad@lantenna 3a, and
confirmation apparatus 4a. Note that toll collentgystem 1 according to the
present embodiment, as in Embodiment 5, furtheluiohes wireless
communication control device 2b, roadside antenmaa®d confirmation
apparatus 4b (refer to FIG. 16), with the illusimvatof the configuration thereof
omitted.

[0112]

Wireless communication control device 2a as illatd in FIG. 25

includes communication control unit 20 along witBRC processing unit 21.
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Moreover, as illustrated in FIG. 25, communicatmontrol unit 20
includes RSSI acquisition unit 202 (reception sghnacquisition unit), radio
wave receiving soundness determination unit 208, soundness determination
unit for confirmation apparatuses 205.

RSSI acquisition unit 202 according to the presambodiment acquires
an RSSI signal (reception strength information)i¢ating the reception
strength (RSSI) of radio waves received by roadsigieennas 3a, 3b, from
roadside antennas 3a, 3b.

Moreover, radio wave receiving soundness deternonainit 203
according to the present embodiment determines lwvetegbadside antennas 3a,
3b are operating normally based on whether predetexd reception strength Ic
of radio waves indicated in this RSSI signal is éswhan reception
determination threshold Ich.

[0113]

Here, in toll collection system 1 according to gresent embodiment,
for example, as in Embodiment 5, the positionaatieinship between
confirmation apparatuses 4a, 4b and roadside aat8a, 3b is fixed using
attachment jig g1, fixing rod g2 (FIGS. 17 and 1&;. Moreover, the strength
of radio waves sent by confirmation apparatusesidaaccording to the present
embodiment for the transmission of the ACTC sigsdixed.

In this case, in a case where roadside antenna3b3are operating
normally, every time DSRC processing unit 21 transrthe FCMC signal,
roadside antennas 3a, 3b must receive radio waees ¢onfirmation
apparatuses 4a, 4b at a fixed reception strength.

In this case, radio wave receiving soundness detetion unit 203
according to the present embodiment compares preseption determination
threshold Ich with reception strength Ic, whictdetected every time the FCMC
signal is transmitted. Further, in a case wherepé&on strength Ic, which is
detected every time the FCMC signal is transmitiedower than reception
determination threshold Ich, radio wave receiviogrsdness determination unit
203 counts the number. In addition, radio wave ingng soundness
determination unit 203 determines that roadsidem@mas 3a, 3b are not
operating normally if the number at which recept&irength Ic is lower than
reception determination threshold Ich reaches determined reference
number.

[0114]
Operational Effects
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As described above, wireless communication cordedices 2a, 2b
according to Embodiment 6 include: RSSI acquisitimit 202 for acquiring the
RSSI signal indicating the reception strength afioavaves received by
roadside antennas 3a, 3b; and radio wave recesdngdness determination
unit 203 for determining whether roadside anten®&s3b are operating
normally based on whether reception strength Icadio waves indicated in this
RSSI signal is lower than reception determinatioreshold Ich.

As a result, not only based on the presence ofabheption of the ACTC
signal from confirmation apparatuses 4a, 4b bud dlased on the reception
strength of radio waves overlapped by the ACTC aigwireless
communication control devices 2a, 2b can determihether roadside antennas
3a, 3b are operating normally. Consequently, tleations of operation
abnormalities in toll collection system 1 can betlier narrowed down and
specified.

[0115]

In the foregoing, while certain embodiments of gresent invention
have been described, these embodiments are méliedyrative and not
intended to limit the scope of the invention. Thesebodiments may be
implemented in various other forms, with variousissions, substitutions, and
alterations capable of being made without departing the gist of the
invention. These embodiments and modificationsiactuded in the scope and
gist of the invention and are also included in slcepe of the invention
described in the claims and equivalents thereof.

Industrial Applicability
[0116]
The abovementioned toll collection system and soesd determination
method enable the provision of a free flow typd twlllection system which can
detect abnormalities.

Reference Symbols List
[0117]
1 Toll collection system
la Toll collection processing device
10 Toll collection processing unit
101 Heartbeat processing unit
101a Soundness determination unit
101b Response unit
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11 Recording medium

12 System soundness determination unit

2a, 2b Wireless communication control devices

20 Communication control unit

201 Heartbeat processing unit

20l1a Soundness determination unit

201b Response unit

202 RSSI acquisition unit (reception strength asigign unit)
203 Radio wave receiving soundness determination un
204 Communication processing soundness determimatndt
205 Soundness determination unit for confirmatipparatuses
21 DSRC processing unit (communication processimit) u
211 Heartbeat processing unit

211a Soundness determination unit

211b Response unit

3a, 3b Roadside antennas

30 Antenna element

31 Amplifier

32 Mixer

33 Reference oscillation source

34 Demodulation processing unit

35 Reception strength detection unit

300 Substrate for a patch antenna

300a Patch antenna

301 Radome

4a, 4b Confirmation apparatuses

4a', 4b' Confirmation apparatuses

400 Substrate for a confirmation apparatus

400a Patch antenna

401 Confirmation apparatus processing unit

A Vehicle

Al On-board device

Q1, Q2 Specified communication region

G Gantry

L1, L2 Lane

T Communication tower

D Statistical data

P1, P2, P3 Communication pairs



gl Attachment jig
g2 Fixing rod
SL Side lobe

49
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CLAIMS
1. A toll collection system, comprising:

a roadside antenna that wirelessly communicates with an on-board device mounted on
a vehicle;

a wireless communication control device that is configured to carry out predetermined
communication processing with the on-board device via the roadside antenna, and acquire
toll collection information regarding the on-board device; and

a confirmation apparatus that is disposed within a range in which wireless
communication with the roadside antenna is possible, is configured to receive a confirmation
signal from the roadside antenna, and transmit a response signal,

wherein the wireless communication control device is configured to determine, based
on a reception result of the response signal from the confirmation apparatus via the roadside
antenna, whether the roadside antenna and the wireless communication control device are
operating normally, and

wherein the confirmation apparatus is disposed within a range in which wireless
communication with the roadside antenna via a side lobe of the roadside antenna is possible.

2. The toll collection system according to Claim 1,

wherein the roadside antenna includes an antenna element for transmitting and
receiving radio waves with the on-board device, and a radome covering the antenna element,
and

wherein the confirmation apparatus is disposed inside the radome.

3. The toll collection system according to Claim 1 or 2,

wherein the confirmation apparatus transmits the response signal as the confirmation
signal in a case where, during the communication processing, the wireless communication
control device is configured to receive a predetermined request signal which is transmitted to
the on-board device via the roadside antenna.

4. The toll collection system according to Claim 3,

wherein the confirmation apparatus includes an identifier which is configured to
identify a fact that a transmission source of the response signal is the confirmation apparatus
in the response signal, which is transmitted in a case where the request signal is received.
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5. The toll collection system according to Claim 1 or 2,
wherein the wireless communication control device includes:

a reception strength acquisition unit that is configured to acquire reception strength
information indicating a reception strength of radio waves received by the roadside antenna,
and

a radio wave receiving soundness determination unit that is configured to determine
whether the roadside antenna is operating normally based on whether the reception strength
of the radio waves indicated in the reception strength information is lower than a
predetermined reception determination threshold.

6. A soundness determination method for determining soundness of a toll collection
system, the toll collection system including: a roadside antenna that wirelessly communicates
with an on-board device mounted on a vehicle; a wireless communication control device that
is configured to carry out predetermined communication processing with the on-board device
via the roadside antenna, and acquire toll collection information regarding the on-board
device; and a confirmation apparatus that is configured to receive a confirmation signal from
the roadside antenna and transmit a response signal, the method comprising:

a step of receiving the confirmation signal from the roadside antenna and transmitting
the response signal via a side lobe of the roadside antenna; and

a step of determining, based on a reception result of the response signal from the
confirmation apparatus via the roadside antenna, whether the roadside antenna and the
wireless communication control device are operating normally.



