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 starhtwller, and the like disposed
therein. In contrast, the introduction of a freeviltype electronic toll collection
system for carrying out nonstop toll collection wehicles driving on the main
line of an expressway has recently been resear(foe@xample, refer to Patent
Document 1).

Upon entering existing toll gates, a user must radlyndecelerate,
temporarily stop a vehicle, or the like. Howeveithna free flow type electronic
toll collection system, a user need not decelert@®mporarily stop, a vehicle,
or the like but rather allow communication betweanon-board device and
roadside equipment mounted on the vehicle simplp&ssing under a gantry at
normal driving speed. Thereby, the effect of reingvtraffic congestion, and the
like is expected, further enhancing the conveniesfcexpressways.

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, and the likéan IC card) is generally
acquired via communication between the on-boardageand roadside
equipment. Here, in a case where a period durinighvinformation for toll



collection is not acquired continues in the tollleotion system, a monitoring
person of the toll collection system, and the ldemnot immediately determine
during the period whether vehicles have actuallypessed or vehicles have
passed but some abnormality in the system has ptega@nformation for toll
collection 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 thig timthout 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]

The toll collection system 1 according to one aspddhe present
invention includes: roadside antennas 3a, 3b wssdlecommunicating with an
on-board device A1 mounted in a vehicle A; a comioation processing unit
21 for carrying out communication processing basegredetermined
communication specifications with the on-board dewia the roadside
antennas; a communication control unit 20 for adqgithe results of
communication processing from the communicationcpssing unit and
creating information for toll collection with regéto the on-board device; and a
toll collection processing unit 10 for accepting timput of the information for
toll collection from the communication control urhd carrying out toll
collection processing based on this informationtfdl collection. In addition,
in the toll collection system 1, in any of a comnuation pair of the roadside
antenna and the communication processing unit,nanmenication pair of the
communication processing unit and the communicatiomtrol unit, and a
communication pair of the communication controltuand the toll collection
processing unit, when a first component, whichng part configuring the
communication pair, accepts the input of a predeiteed confirmation signal,
the first component outputs a predetermined respsignal, and a second
component, which is the other part configuring toenmunication pair, outputs
the confirmation signal to the first component atedermines whether the first



component is operating normally based on whetherinput of the response
signal has been accepted.

As a result, each component (the first componedttae second
component) configuring the communication pair, tha confirmation signal
and the response signal, determines the soundri¢be other component
serving as a communication partner (whether thertiomponent is operating
normally). Therefore, in the event abnormalitieswrcin either component
configuring the toll collection system, the abnofitias can be immediately
detected. Consequently, abnormalities in the tollection system can be
detected.

[0007]

Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, in a casentthe second component
determines that the first component is not opeatiarmally, the second
component orders the restart of the first component

As a result, in the event abnormalities are detkatesither component
configuring the toll collection system, becausesttietected component is
immediately restarted, the abnormalities of thé ¢ollection system can be
more quickly recovered.

[0008]

Moreover, according to one aspect of the presevgrntion, in the
abovementioned toll collection system, in a casentthe second component
determines that the first component is not opeatiarmally, the second
component outputs an abnormality signal notifyihgttthe first component is
not operating normally.

As a result, in a case where abnormalities arecdedein each
component configuring the toll collection systetme tmonitoring person and the
like receiving the notification of the abnormalgiean carry out recovery
processing of the component based on his/her datatiman and thereby more
accurately recover the abnormalities in the tollextion system.

[0009]

Moreover, according to one aspect of the preserdrition, in the toll
collection system, in the event the first componaedtepts the input of the first
confirmation signal serving as the confirmationrsy the first component
outputs a first response signal serving as thearsp signal,

the second component outputs the first confirmasigmal to the first
component, and determines whether the first compbiseoperating normally
based on whether the input of the first respongaaihas been accepted, while



in the event the second component accepts the imfpaitpredetermined second
confirmation signal, the second component furtheipats a predetermined
second response signal, and the first componethduoutputs the second
confirmation signal to the second component, anéreines whether the
second component is operating normally based ortlvenghe input of the
second response signal has been accepted.

As a result, the first component and the secondpmomant configuring
the communication pair mutually execute heartbeat@ssing (output the
confirmation signal and confirm the presence oésponse signal) in order to
determine their mutual soundness. Therefore, inethent abnormalities occur
in either the first component or the second compbnthe abnormalities can be
detected and the occurrence locations of the abalities can be specified.
[0010]

Moreover, the toll collection system according teecaspect of the
present invention further includes: a system soesdrdetermination unit 12,
which determines that at least one of the roadartenna, the communication
processing unit, the communication control unitd &ne toll collection
processing unit is not operating normally in a cadere the frequency of toll
collection processing executed per unit time isdothan a predetermined
reference processing frequency.

As a result, because a determination can be masdoon the number
of the actual toll collection processing carried outhe toll collection
processing unit, regarding whether abnormalitiesuoén any one of various
devices configuring the toll collection system, atmalities of the toll
collection system can be more accurately detected.

[0011]

Moreover, the toll collection system according teecaspect of the
present invention further includes:

a reception strength acquisition unit 202 for acipgj reception strength
information indicating the reception strength Iraflio waves from the on-board
device received by the roadside antenna; and @& nadve receiving soundness
determination unit 203 for determining whether tbadside antenna is
operating normally based on whether the time widthyhich the reception
strength of radio waves indicated in the recepstrength information is lower
than the predetermined reception determinationsthoéd 1h, continues for a
predetermined determination reference time th agéo.



As a result, because abnormalities in the operatforoadside antennas
can be further detected using the reception stfenftradio waves,
abnormalities in the toll collection system canfbeher accurately detected.
[0012]

Moreover, according to one aspect of the preserdrition, in the
abovementioned toll collection system, the radiov&eeceiving soundness
determination unit changes the determination rafeeetime for each time span
based on the statistical data D indicating how maakehicle is driven.

As a result, in a case where the number of passijcles per unit time
changes in accordance with the time span, the nadie receiving soundness
determination unit can apply the determination refiee time suitable for the
number of passing vehicles for each time span atdrthine the soundness of
the roadside antennas. Therefore, abnormalitigbetoll collection system can
be further accurately detected.

[0013]

Moreover, the toll collection system according teecaspect of the
present invention further includes: a communicafoocessing soundness
determination unit 204, which determines that atsteone of the roadside
antenna or the communication processing unit isoparating normally in a
case where the reception strength of radio wavdgated in the reception
strength information is the reception determinatibreshold or higher and the
results of the communication processing have nenbsorrectly acquired from
the communication processing unit.

As a result, because abnormalities in the operatfoime roadside
antennas or the communication processing unit eafutther detected using the
combination of reception strength (RSSI) of radiawes and the results of the
communication processing of the communication pssagg unit, abnormalities
in the toll collection system can be further actaehadetected.

[0014]

Moreover, in a soundness determination method alcgrto one aspect
of the present invention for determining the sowssof a toll collection
system, the toll collection system includes: a gidd antenna which wirelessly
communicates with an on-board device mounted ielacle; a communication
processing unit for carrying out communication mesing based on
predetermined communication specifications with dimeboard device via the
roadside antenna; a communication control unitafoquiring the results of the
communication processing from the communicationcpssing unit and
creating information for toll collection with reghto the on-board device; and



a toll collection processing unit for accepting thput of the
information for toll collection from the communi¢an control unit and
carrying out toll collection processing based ois ihformation for toll
collection, the method includes: a step, wheraimny of a communication pair
of the roadside antenna and the communication ggiog unit, a
communication pair of the communication processing and the
communication control unit, and a communicationrpdithe communication
control unit and the toll collection processingtunwhen a first component,
which is one part configuring the communicationrpaccepts the input of a
predetermined confirmation signal, the first com@ohoutputs a predetermined
response signal; and a step, wherein a second auampowhich is the other
part configuring the communication pair, outpute ttonfirmation signal to the
first component and determines whether the firshgonent is operating
normally based on whether the input of the respaigeal has been accepted.

Advantageous Effect of Invention
[0015]
The abovementioned toll collection system and soesd determination
method enable the provision of a free flow typd taollection system which can
detect abnormalities.

Brief Description of Drawings

[0016]

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 Embodimkn

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

FIG. 6 is a diagram illustrating the functional mlents of a toll
collection system according to a modified examdl&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 processingiflof a radio wave
receiving soundness determination unit accordingridoodiment 2.

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

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

FIG. 12 is a diagram illustrating the functiona¢mlents 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 functiona¢elents 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 strucdwf a roadside antenna
and a confirmation apparatus according to Embodinsen

FIG. 18 is a second diagram illustrating the stuuetof the roadside
antenna and the confirmation apparatus accordirgrbodiment 5.

FIG. 19 is a diagram explaining the functions of gonfirmation
apparatus according to Embodiment 5.

FIG. 20 is a diagram explaining the processing flwfwva 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 stuuetof the roadside
antenna and the confirmation apparatus accordiregrtmdified example of
Embodiment 5.

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

Description of Embodiments
[0017]
Embodiment 1



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

[0018]
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.

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

As illustrated in FIG. 1, the toll collection systel carries out
communication processing for toll collection with an-board device Al
mounted in a vehicle A while driving on main roatsnes L1, L2) and executes
toll collection processing on users riding in thishicle A.

[0019]

As illustrated in FIG. 1, the toll collection systel includes a toll
collection processing device la, wireless commuincacontrol devices 2a, 2b,
and roadside antennas 3a, 3b.

As illustrated in FIG. 1, the toll collection pragsing device 1a is
installed in a communication tower T distant frone tmain roads (lanes L1,
L2).

The wireless communication control devices 2a, @biastalled on the
roadside of lanes L1, L2 and in the vicinity of angry G. The wireless
communication control devices 2a, 2b respectivasryg out communication
processing with the on-board device Al via the sidel antennas 3a, 3b to
acquire information for toll collection.

The roadside antennas 3a, 3b are attached to titeyga, which is
disposed across the lane width direction of thee¢abl, L2 (xY direction of
FIG. 1) and fixed over each of the lanes L1, L2.

The toll collection processing device la and theeleiss communication
control devices 2a, 2b, as well as the wirelessroamication control devices
2a, 2b and the roadside antennas 3a, 3b, are cmthei@ wires (the
below-mentioned optical cables, Ethernet (trade @jacables).

[0020]

The roadside antennas 3a, 3b are interfaces f@l@ds communication
which wirelessly communicate with the on-board @¢evAl via radio waves.

The roadside antenna 3a wirelessly communicates tug on-board
device Al present within a range of a specified oamication region Q1



prespecified on the road surface of the lane LlatTs, communication
processing is carried out on a vehicle A drivingtba lane L1, via the roadside
antenna 3a. Moreover, the roadside antenna 3begsgl communicates with
the on-board device Al present within a range efgpecified communication
region Q2 prespecified on the road surface of gmelL2. That is,
communication processing is carried out on the elehA driving on the lane
L2, via the roadside antenna 3b.

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

Note that other embodiments are not limited todbevementioned
aspect and, for example, may include an aspecticwone roadside antenna is
disposed on main roads including two lanes L1, lin2this case, this one
roadside antenna sets the specified communica#égion 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.

[0021]
Functional elements of the toll collection system

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

As illustrated in FIG. 2, the toll collection pragsing device 1a of the
toll collection system 1 includes a toll collectipnocessing unit 10.

The toll collection processing unit 10 collectsanhation for toll
collection acquired via communication processinghwhe on-board device Al
from the wireless communication control devices 2aand carries out toll
collection processing on users of an expresswagdas this information for
toll collection.

[0022]

Moreover, as illustrated in FIG. 2, each of theel@iss communication
control devices 2a, 2b includes a communicationtrmdrunit 20 along with a
DSRC processing unit 21 (communication processimig).u

The communication control unit 20 is a processartoaling the
operation of the overall wireless communicationtcondevices 2a, 2b. In
particular, the communication control unit 20 cat$rthe operation of this
DSRC processing unit 21 as a host controller oftéw-mentioned DSRC
processing unit 21. Specifically, the communicatommtrol unit 20 acquires a



10

variety of information received via communicatioropessing between the
DSRC processing unit 21 and the on-board devicelA®ddition, the
communication control unit 20 summarizes the varigtacquired information
and creates information for toll collection withgard to the on-board device Al
serving as the communication target of this DSR@cpssing unit 21.

The DSRC processing unit 21 carries out commundcaprocessing with
the on-board device Al via the roadside antenna8B&ased on predetermined
communication specifications. Here, in the presambodiment, predetermined
communication specifications are Association of Rdddustries and
Businesses (ARIB) standard specifications, whioh thie standard
communication specifications of dedicated shortgaoommunication (DSRC)
systems.

The DSRC processing unit 21 acquires the varietynfdfrmation
recorded in the internal memory of the on-boardicey1, and the like via
dedicated short-range communication (DSRC) proogssiith the on-board
device Al based on the ARIB specifications and atgpt to the
communication control unit 20.

[0023]

In the present embodiment, the roadside antenrendahe DSRC
processing unit 21 of the wireless communicationtoa device 2a, as well as
the roadside antenna 3b and the DSRC processin@ liraf the wireless
communication control device 2b, are connectedptical cables in which high
speed data communication is possible.

Moreover, in the present embodiment, the commuiooatontrol unit 20
of the wireless communication control device 2awa$l as the communication
control unit 20 of the wireless communication cohilevice 2b, is connected to
the toll collection processing unit 10 of the todllection processing device la
installed in the communication tower T (FIG. 1) &&hernet (trade name)
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 the wirglesmmunication
control device 2a, the DSRC processing unit 21 tiedcommunication control
unit 20 are bus connected on the same circuit satestSimilarly, in wireless
the communication control device 2b, the DSRC pssaeg unit 21 and the
communication control unit 20 are bus connectedh@nsame circuit substrate.
[0024]
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Note that as illustrated in FIG. 1, while the pmresembodiment has been
described as an aspect in which the wireless congation control devices 2a,
2b are installed on the roadside of the lanes [2Lahd in the vicinity of the
gantry G, other embodiments are not limited to tepect. For example, they
may include an aspect in which the wireless commatidn control devices 2a,
2b are installed in the communication tower T (FIG3. In this case, the
roadside antennas 3a, 3b and the wireless commtimriceontrol devices 2a, 2b
(DSRC processing units 21) are connected via optiables and the like wired
from the gantry G to the communication tower T
[0025]

Note that in the following description, a pair otammunication control
unit 20 and a toll collection processing unit 1Glso written as “a
communication pair P1”, a pair of a DSRC processing 21 and a
communication control unit 20 is also written asc@mmunication pair P2”,
and a pair of roadside antennas 3a, 3b and a DSB€egsing unit 21 is also
written as “a communication pair P3".

[0026]
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 théaard device Al and the
DSRC processing unit 21.

For example, the DSRC processing unit 21 (FIG.@yved in wireless
the communication control device 2a transmits alVECsignal” (frame control
message channel signal) based on the ARIB stargfadifications via the
roadside antenna 3a (or roadside antenna 3b) throadjo waves at a certain
time tf.

In a case where the on-board device A1 mountedviehécle A driving
on the lane L1 (or the lane L2) receives radio vgaoeerlapped by this FCMC
signal, in response to the received FCMC signaintilarly transmits (returns)
an “ACTC signal” (activation channel signal) basadthe ARIB standard
specifications through radio waves.

[0027]

Moreover, in the abovementioned ARIB standard dpeations, the
on-board device Al which has received the FCMC aigransmits 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
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(channels CO1 to C12 illustrated in FIG. 3) spexifin different periods
beforehand.

The timing at which the on-board device Al transnite ACTC signal
(channels CO1 to C12) is randomly selected for gaaismission 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 overlappedsmission timing of the
ACTC signal transmitted from each of these multipiteboard devices Al can
be suppressed.

For example, in the example illustrated in FIGtI8 ACTC signal from
four different the on-board devices Al is transattin the four periods of
channels C02, C05, C10, C12.

[0028]

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), andRT 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 inclodithis UW2. UW2 contained
in the ACTC signal includes information indicatitiat this signal is an “ACTC
signal”. Moreover, the LID includes identificationformation inherently
allocated in the on-board device Al serving astthasmission source.
Moreover, CRC is a data sequence in accordanceinfidhmation (arrangement
pattern) of the ACTC signal to be transmitted as@dlso information assigned
to determine the presence of data damage receiyelebreception source.
[0029]

In a case where the DSRC processing unit 21 actbptACTC signal
and specifies on-board device A1 which should ledbmmunication target, it
establishes a data link with this specified on-ldodevice Al. Subsequently, the
DSRC processing unit 21 continues further mutuahewnication with the
on-board device Al and acquires a variety of infatimn (personal contract
information, vehicle number information, vehiclgptyinformation, entrance
information, and the like), which is informationaessary for toll collection
recorded in the on-board device Al. In additiore INSRC processing unit 21
outputs, to the communication control unit 20, #vementioned variety of
information acquired as a result of dedicated shange communication
processing.
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The communication control unit 20 summarizes thevaimentioned
variety of information acquired from the DSRC presing unit 21 as
information for toll collection with regard to than-board device Al serving as
the communication target of DSRC and outputs tHermation to the toll
collection processing unit 10.

[0030]
Functional elements of the wireless communicationtmol device

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

In FIG. 4, detailed functional elements regardihg tvireless
communication control device 2a are illustratedtéNthat the functional
elements of the wireless communication control de\2b are the same as those
of the wireless communication control device 2a.

As illustrated in FIG. 4, the communication contuwlit 20 and the
DSRC processing unit 21 respectively include hesatlprocessing units 201,
211.

Moreover, the heartbeat processing unit 211 ofDB&C processing unit
21 includes a soundness determination unit 211agalath a response unit
211b. Similarly, the heartbeat processing unit 20the communication control
unit 20 includes a soundness determination unia2fibng with a response unit
201b.

[0031]

The soundness determination unit 211a of the DSRECqgssing unit 21
outputs a predetermined confirmation signal (fashfirmation signal) to the
communication control unit 20 and determines whethe communication
control unit 20 is operating normally based on wieetthe input of a
predetermined response signal (first response Bigisaociated with this first
confirmation signal has been accepted.

Here, in the present embodiment, for example, “aisded with”
indicates that the same signal identifier as theerent 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 hgelf.

Moreover, the soundness determination unit 201gn@fcommunication
control unit 20 outputs a predetermined confirmatsegnal (second
confirmation signal) to the DSRC processing unita2il determines whether
the DSRC processing unit 21 is operating normadlgdul on whether the input
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of a predetermined response signal (second resmigsal) associated with this
second confirmation signal has been accepted.

Moreover, in a case where the response unit 21theoDSRC
processing unit 21 has accepted the input of tleerse confirmation signal
from the soundness determination unit 201a, thpaese unit 211b outputs a
second response signal associated with this seconfirmation signal to the
communication control unit 20.

Moreover, in a case where the response unit 20theotommunication
control unit 20 has accepted the input of the fastbfirmation signal from the
soundness determination unit 211a, the responge20tb outputs a first
response signal associated with this first conftiorasignal to the DSRC
processing unit 21.

[0032]

In this way, in the toll collection system 1 accioiglto the present
embodiment, each component (communication contndl 20 and DSRC
processing unit 21) configuring the communicati@irg?2 mutually exchanges
confirmation signals (a first confirmation signaldaa 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 comnfiigg the
communication pair P2 is one of the communicationteol unit 20 or the
DSRC processing unit 21, while the second componrentiguring the
communication pair P2 is the other communicationtoa unit 20 or the DSRC
processing unit 21.

[0033]
Processing flow of the communication control umtahe DSRC processing
unit

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

[0034]

As illustrated in FIG. 5, the soundness determpratinit 211a of DSRC
the processing unit 21 outputs the first confirmatsignal to the
communication control unit 20 (Step S01). The resmounit 201b of the
communication control unit 20 which accepts theuinpf the first confirmation
signal immediately outputs the first response sigssociated with this first
confirmation signal to the DSRC processing unit(3fep S02). If the
soundness determination unit 211a accepts the iofptite first response signal
associated with the first confirmation signal, smundness determination unit
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211a determines that communication control unii26perating normally and
again outputs the first confirmation signal aftecanstant time has elapsed
(Step 01).

In this way, the soundness determination unit 2dfilthe DSRC
processing unit 21 and the response unit 201beftdtmmunication control
unit 20 constantly and repeatedly execute the msiog of Step S01 and Step
S02.

[0035]

In contrast, the soundness determination unit 2iflthe communication
control unit 20 outputs the second confirmatiomsilgto the DSRC processing
unit 21 (Step S11). The response unit 211b of tB&D processing unit 21
which accepts the input of the second confirmasimgnal immediately outputs
the second response signal associated with thisngeconfirmation signal to
the communication control unit 20 (Step S12). k¥ Soundness determination
unit 201a accepts the input of the second respsigg®l associated with the
second confirmation signal, the soundness deterioimainit 201a determines
that the DSRC processing unit 21 is operating ndigmend again outputs the
second confirmation signal after a constant time élapsed (Step 11).

In this way, the soundness determination unit 26fldne communication
control unit 20 and the response unit 211b of t{8RQ processing unit 21
constantly and repeatedly execute the processir8iep S11 and Step S12.
[0036]

Here, the flow of processing in which abnormalitfesse occurred in the
operation of the communication control unit 20 ateatain timing will be
described.

In this case, after the timing in which abnormailitihave occurred, the
response unit 201b of the communication controt @8idoes not output the
first response signal from the soundness deterimnatnit 211a to the first
confirmation signal (Step S02").

The soundness determination unit 211a detectstierace of the input
of the first response signal, despite the outputheffirst confirmation signal,
and counts the number of occurrences of this eMaraddition, once the
number of occurrences of the event of “the absearidbe input of the first
response signal despite the output of the firsfficoration signal” reaches a
predetermined number, the soundness determinatigr?la determines that
the communication control unit 20 is not operatimagmally.

In this case, the soundness determination unit 2ddther determines
that the restart conditions of the communicationtcol unit 20 are satisfied and
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outputs a restart instruction signal to the commation control unit 20 (Step
S03). If the communication control unit 20, whicashbeen determined to be in
an abnormal state, accepts this restart instruatignal, the communication
control unit 20 immediately executes restart preass (Step S04). Upon the
completion of restart processing, the communicationtrol unit 20 recovers
from the abnormal state and operates normally.

[0037]

Note that the flow of processing for the case irickhabnormalities have
occurred in the operation of the communication colnanit 20 has been
described above, with the same applying to the ftdywrocessing for the case
in which abnormalities have occurred in the opemif the DSRC processing
unit 21. That is, once the number of occurrencethefevent of “the absence of
the input of the second response signal despitetieut of the second
confirmation signal” reaches a predetermined numtier soundness
determination unit 201a of the communication cohtnoit 20 determines that
the DSRC processing unit 21 is not operating nolynahd executes restart
processing of the DSRC processing unit 21.

[0038]
Operational Effects

As described above, the toll collection system doading to
Embodiment 1 includes: a roadside antennas 3a,lBbhawirelessly
communicate with an on-board device A1 mounted uehicle A; a DSRC
processing unit 21 for carrying out dedicated shrartge communication
processing based on predetermined communicatiocifsgetions (ARIB
standard specifications) with the on-board devidevia roadside antennas 3a,
3b; a communication control unit 20 for acquirirgtresults of the dedicated
short-range communication processing based on BidAtandard
specifications from the DSRC processing unit 21 arehting information for
toll collection with regard to the on-board devisg; and a toll collection
processing unit 10 for accepting the input of imh@tion for toll collection from
the communication control unit 20 and carrying talt collection processing
based on this information for toll collection.

Moreover, in the toll collection system 1 accordiegEmbodiment 1, in
a case where the communication control unit 20isgras one configuring the
communication pair P2 (FIG. 2) accepts the inputhef first confirmation
signal from the DSRC processing unit 21, the comizaton control unit 20
includes a response unit 201b for outputting a ptednined response signal
associated with this first confirmation signal.
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In addition, the DSRC processing unit 21 servinghasother
configuring the communication pair P2 includes arsiness determination unit
211a for outputting the first confirmation signalthe communication control
unit 20 and determining whether the communicationtool unit 20 is operating
normally based on whether the input of a first msge signal associated with
this first confirmation signal has been accepted.

[0039]

In this way, the soundness determination unit 2¥athe confirmation
signal and the response signal, regularly determthe soundness of the
communication control unit 20 serving as a commatan partner (whether the
communication control unit 20 is operating normallyherefore, in a case
where abnormalities have occurred in this commuincacontrol unit 20, the
abnormalities can be immediately detected.

Consequently, in accordance with the toll collentgystem 1 according
to Embodiment 1, in a free flow type toll colleatieystem, abnormalities can
be quickly and accurately detected.

[0040]

Moreover, in a case where the toll collection pssieg unit 10 with
information for toll collection collected is “upgtam” with respect to the
roadside antennas 3a, 3b which wirelessly commueieath the on-board
device Al, in the toll collection system 1 accoglito the present embodiment,
a component (DSRC processing unit 21) located endibwnstream side carries
out heartbeat processing (outputs the confirmasignal and confirms the
presence of a response signal) on a component (cmoncakion control unit 20)
located on the upstream side in order to deterrthieesoundness of this
component on the upstream side.

Here, for example, the case is contemplated in i@ toll collection
processing unit 10 located on the upstream sidbe@ftommunication control
unit 20 carries out heartbeat processing on thimmanication control unit 20.
In this case, the toll collection processing urfitlecated on the upstream side
needs to output the confirmation signal to eacmaftiple (two)
communication control units 20 (communication cohtrnits 20 provided in
the wireless communication control devices 2a, |Bbated on the downstream
side. Moreover, the toll collection processing uttlocated on the upstream
side accepts the input of the response signal aoh of multiple
communication control units 20 located on the downesm side. Therefore, in
the toll collection processing unit 10, the timgahle of being assigned to
heartbeat processing to one communication contndl20 decreases,
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prolonging the time interval. Moreover, in the pgas embodiment, the physical
distance from the toll collection processing urlittb the communication
control unit 20 is long, with relatively long Etheat (trade name) cables wired
and connected.

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

In contrast, compared with the toll collection pessing unit 10,
processing which should be carried out by the D$R&@essing unit 21 is
simpler and operable at a higher speed, with atehalistance of the processing
unit 21 and the communication control unit 20. Téfere, as in the present
embodiment, when the DSRC processing unit 21 latatethe downstream
side carries out heartbeat processing on the conuatian control unit 20 and
abnormalities have occurred in this communicationtool unit 20, the
abnormalities can be more quickly detected.

[0041]

Moreover, in the present embodiment, the DSRC m@sicg unit 21
further includes a response unit 211b for outpugttime second response signal
associated with the second confirmation signal aase where the input of this
second confirmation signal from the communicatiomtcol unit 20 has been
accepted. Moreover, the communication control @Qitincludes a soundness
determination unit 201a for outputting the secondfamation signal to the
DSRC processing unit 21 and determining whethemB&C processing unit
21 is operating normally based on whether the imgfla second response signal
associated with this second confirmation signal asn accepted.

As a result, because the communication control B@iand the DSRC
processing unit 21 mutually execute heartbeat msiog and confirm their
mutual soundness, in a case where abnormalities bagurred in either the
communication control unit 20 or the DSRC procegainit 21, the
abnormalities can be detected and the occurrerzaitins of the abnormalities
can be specified.

[0042]

Moreover, in a case where the soundness deterromaitiits 211a, 201a
according to the present embodiment determinedhget components
(communication control unit 20 and DSRC processing 21) are not operating
normally, the soundness determination units 2104a24nstruct the restart of
the target components.
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As a result, in a case where abnormalities arecdedein each
component configuring toll collection system 1, hese this detected
component is immediately restarted, the abnorneditif the toll collection
system 1 can be more quickly recovered.

[0043]

In the foregoing, the toll collection system 1 aating to Embodiment 1
has been described in detail. However, specifieatspof the toll collection
system 1 according to Embodiment 1 are not limitethose described above,
with various design modifications, for example, abfe of being made without
departing from the gist thereof.

[0044]
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, the toll collection pragsing unit 10 of the toll
collection processing device la according to thesspnt modified example
includes a heartbeat processing unit 101. Moreawerheartbeat processing
unit 101 of the toll collection processing unit it@ludes a soundness
determination unit 101a along with a response waitb.

[0045]

The soundness determination unit 101a of the talllection processing
unit 10 outputs a predetermined confirmation siglailrd confirmation signal)
to the communication control unit 20 and determind®ther the
communication control unit 20 is operating normadgsed on whether the input
of a predetermined response signal (third respasitgeal) associated with the
third confirmation signal has been accepted.

Moreover, the soundness determination unit 201th@fcommunication
control unit 20 further outputs a predeterminedfaomation signal (fourth
confirmation signal) to the toll collection procéss unit 10, and determines
whether the toll collection processing unit 10 Eeoating normally based on
whether the input of a predetermined response sidoarth response signal)
associated with the fourth confirmation signal bagn accepted.

Moreover, in a case where the response unit 10%hefoll collection
processing unit 10 accepts the input of the foedhfirmation signal from the
soundness determination unit 201a, the respondel0db outputs a fourth
response signal associated with this fourth cordiion signal to the
communication control unit 20.
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Moreover, in a case where the response unit 20theotommunication
control unit 20 accepts the input of the third domfation signal from the
soundness determination unit 101a, the responge20ib outputs a third
response signal associated with this third conftiarasignal to the toll
collection processing unit 10.

[0046]

In this way, in the toll collection system 1 acciovglto the present
modified example, each component (toll collectiongessing unit 10 and
communication control unit 20) configuring the conmmcation pair P1
mutually exchanges confirmation signals (a thirdftrmnation signal and a
fourth confirmation signal) and response signalshfed response signal and a
fourth response signal) and determines their musoahdness.

Note that in this case, the first component comnfigg the
communication pair P1 is one of the toll collectiprocessing unit 10 or the
communication control unit 20, while the second poment configuring the
communication pair P1 is the other toll collectiprocessing unit 10 or the
communication control unit 20.

[0047]

As a result, because the soundness determinatibr2@ba of the
communication control unit 20 regularly determineis, the confirmation signal
and the response signal, the soundness of thedb#ction processing unit 10
serving as a communication partner, in a case wabmn@rmalities occur in this
toll collection processing unit 10, the soundnestednination unit 201a can
immediately detect these abnormalities.

Further, because the soundness determination Oda df the toll
collection processing unit 10 regularly determinés, the confirmation signal
and the response signal, the soundness of the coamation control unit 20
serving as a communication partner, in a case wabnermalities occur in this
toll collection processing unit 10, the soundnestednination unit 101a can
immediately detect these abnormalities.

Therefore, abnormalities of the toll collection ®gmm 1 can be further
guickly and accurately detected.

[0048]

Moreover, while the toll collection system 1 acciogito the
abovementioned modified example has been descabexh aspect including a
heartbeat processing unit 101 in the toll collectprocessing unit 10, other
embodiments are not limited to this aspect.
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For example, the toll collection system 1 accordiagtill another
modified example may include an aspect in whichhee@mponent (DSRC
processing unit 21 and roadside antennas 3a, 3if)jgroing the
communication pair P3 mutually exchanges confiroratignals and response
signals and determines their mutual soundness.

Specifically, the roadside antennas 3a, 3b maywihelheartbeat
processing units (a soundness determination umitaaresponse unit). In this
case, the soundness determination units of thesidadantennas 3a, 3b output
the confirmation signal to the DSRC processing @dit In addition, the
soundness determination units of the roadside aateBa, 3b determine the
soundness of the DSRC processing unit 21 basedhath&r they have input the
response signal from the DSRC processing unit 21.

Moreover, in a case where the response units ofdadside antennas 3a,
3b have accepted the input of the confirmation aigrom the DSRC
processing unit 21, the response units output éspaonse signal associated with
this confirmation signal to the DSRC processingt @1ii.

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

[0049]

Moreover, the toll collection system 1 accordinghe abovementioned
Embodiment 1 has been described such that both epergs (communication
control unit 20 and DSRC processing unit 21) comfigg the communication
pair P2 mutually carry out heartbeat processingwéher, other embodiments
are not limited to this aspect, with an aspect bépaf being used in which
heartbeat processing is carried out from one dfezithe communication
control unit 20 or the DSRC processing unit 21he bther.

Specifically, for example, the DSRC processing @iitonly includes a
soundness determination unit 211a, while the comoaiion control unit 20
only includes a response unit 201b. In this casehe communication pair P2,
only heartbeat processing from the DSRC processing21 to the
communication control unit 20 is carried out.

Other communication pairs P1, P3 may also includaspect in which
heartbeat processing is carried out from one ofcdraponents configuring each
of the communication pairs P1, P3 to the other comemt thereof.

[0050]
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Moreover, Embodiment 1 has been described as acagpwhich, in a
case where each of the soundness determinatior2ihé of the DSRC
processing unit 21 and the soundness determinati@n20la of the
communication control unit 20 determines that tperation of the target
components (communication control unit 20 and DSR@cessing unit 21) has
abnormalities, it outputs a restart instructionnsigto the components and
executes restart (Step S04 of FIG. 5). Howevereodmbodiments are not
limited to this aspect.

For example, other embodiments may include an ddpeghich, in a
case where the soundness determination units Z1a determine that the
operation of the target component has abnormaliiesonitoring person, and
the like residing in a central facility of the talbllection system 1 and the like
is notified of the abnormalities.

Specifically, in a case where the soundness detetion unit 211a of
the DSRC processing unit 21 determines that thencomication control unit 20
is not operating normally, the soundness deternonainit 211a outputs an
abnormality signal for notifying that this commuaton control unit 20 is not
operating normally. In addition, in a case wherenitaring equipment provided
in the abovementioned central facility has accepbedinput of the abnormality
signal, a monitoring person is notified that abnalities have occurred in the
operation of the communication control unit 20, &ample, via a monitor.

Thereby, a monitoring person can quickly and acmlyarecognize that
abnormalities have occurred. Therefore, in a calsera&vabnormalities are
detected in the communication control unit 20, th@nitoring person receiving
the notification can carry out recovery processifighe communication control
unit 20 based on his/her determination and therabye accurately recover the
abnormalities in the 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 thpareent 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,
the toll collection system 1 may have a communaatine for directly
transmitting the abovementioned notification to teatral facility in a case
where the component on the downstream side hast@et@bnormalities in the
component on the upstream side.

[0051]
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Embodiment 2

Subsequently, a toll collection system accordingbobodiment 2 will
be described in detail with reference to FIGS. 410
[0052]

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, the toll collection systel according to
Embodiment 2, as in Embodiment 1, includes a tollextion processing device
la, a wireless communication control device 2a, amdadside antenna 3a.
Note that the toll collection system 1 accordingtie present embodiment, as
in Embodiment 1, further includes a wireless commation control device 2b
and a roadside antenna 3b (refer to FIG. 2), wathitlustration of the
configuration thereof omitted.

[0053]

The wireless communication control device 2a iltaggd in FIG. 7
includes a communication control unit 20 along watiDSRC processing unit
21.

Moreover, as illustrated in FIG. 7, the communioatcontrol unit 20
includes an RSSI acquisition unit 202 (receptiaesgith acquisition unit)
along with a radio wave receiving soundness deteaton unit 203.

The RSSI acquisition unit 202 acquires an RSSlaigreception
strength information) indicating the reception sgth (RSSI: Received Signal
Strength Indication) of radio waves received bystioadside antenna 3a, from
the roadside antenna 3a.

The radio wave receiving soundness determinatiah208 determines
whether the roadside antenna 3a is operating ndyrbaked on whether the
time span, in which the reception strength | ofioadaves indicated by the
RSSI signal is lower than the predetermined reoeptietermination threshold
Ih (I < Ih), continues for the predetermined deteration reference time th or
longer.

[0054]

Note that in the present embodiment, while the cemication control
unit 20, the DSRC processing unit 21, the toll eotlon processing unit 10, and
the roadside antenna 3a, as in Embodiment 1 (oodifired example thereof),
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are described as including heartbeat processingg @0il, 202, and the like,
other embodiments are not limited to this aspect.

That is, other embodiments may include an aspeuthich the
communication control unit 20, the DSRC processing 21, the toll collection
processing unit 10, and the roadside antenna Jsotinclude heartbeat
processing units 201, 202, and the like.

[0055]
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, the roadside antennas3rinclude an antenna
element 30, an amplifier 31, a mixer 32, a refeeeascillation source 33, a
demodulation processing unit 34, and a receptiogngith detection unit 35.

The antenna element 30 is an element for receiradip waves sent
from the on-board device Al.

The amplifier 31 is, for example, LNA (Low Noise Auifier), for
amplifying and outputting a high frequency signatmut from the antenna
element 30 in accordance with the reception ofcadaves.

The mixer 32 mixes, with a reference frequency algthe high
frequency signal output from the antenna elemenad® amplified by the
amplifier 31, and converts them to a low frequesmnal.

The reference oscillation source 33 outputs therexfce frequency
signal which oscillates at a predetermined refeeeinequency.

The demodulation processing unit 34 carries outatfutation
processing on a signal converted to a low frequaary extracts information
overlapped by the received radio waves (for exampgW2, LID, and the like
described in FIG. 3). The demodulation processinig 84 outputs extracted
information as a DSRC signal to the DSRC processimitj 21 (FIG. 7).

The reception strength detection unit 35 is a detacsensor for
inputting the high frequency signal output from #ngenna element 30 and
amplified by the amplifier 31, in addition to deteq the reception strength 1.
The reception strength detection unit 35 outpuesRISSI signal indicating the
detected reception strength I.

[0056]
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), the radio wave receiving soundnessaéation unit 203
determines, based on the RSSI signal acquired &R®SI| acquisition unit 202,
whether the reception strength | of the predeteedireception determination
threshold Ih or higher has been detected (Step.S31)

If the reception strength | of the reception detieation threshold Ih or
higher has been detected (Step S31: YES), the nadi@ receiving soundness
determination unit 203 resets the time during meaxsent (Step S32), and
restarts measuring the time in Step S30. In contithe reception strength |
of the reception determination threshold Ih or leighas not been detected
(Step S31: NO), a determination is made regardihgtier time (measurement
time t) during measurement in Step S30 is the pedied determination
reference time th or longer (Step S33).

If the measurement time t is not the determinatiierence time th or
longer (Step S33: NO), the radio wave receivingminess determination unit
203 continues measuring the time in Step S30. htrest, if it has reached the
determination reference time th (Step S33: YES?, rdio wave receiving
soundness determination unit 203 determines thatrbalities have occurred
in the roadside antenna 3a and instructs the rdadsntenna 3a to restart
processing (Step S34).

[0057]
Operational Effects

As described above, the toll collection system doading to
Embodiment 2 includes: a RSSI acquisition unit 202acquiring the RSSI
signal indicating the reception strength | of radiaves from an on-board
device Al received by roadside antennas 3a, 3bjaaradiio wave receiving
soundness determination unit 203 for determining@thibr the roadside
antennas 3a, 3b are operating normally based onhehéhe time width
(measurement time t), in which the reception stterigf radio waves indicated
in the RSSI signal is lower than a predeterminexepeion determination
threshold Ih, continues for a predetermined deteation reference time th or
longer.

[0058]

Here, in specified communication regions Q1, Q2h#f toll collection
system 1 (FIG. 1), a vehicle A normally drives giradetermined frequency
(the number of passing vehicles per unit time)enadance with the user
number of an expressway (the amount a vehicledyiigen). That is, the
roadside antennas 3a, 3b receive radio waves fheoh-board device Al at a
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predetermined frequency in accordance with the arhawehicle A is driven on
the expressway and wirelessly communicate. Consdtyen the normal
operation of the toll collection system 1, the timglth, in the state in which
roadside antennas 3a, 3b do not receive radio wlwesthe on-board device
Al is allowed continue, is contemplated from thentner of passing vehicles
per unit time in the specified communication regi@h.

In this case, in a case where the state of notrebsgthe reception of
radio waves from the on-board device Al continussaf time clearly longer
than the abovementioned contemplated time widthoafmalities by which
“although a vehicle A actually passes through thecsfied communication
regions Q1, Q2, the roadside antennas 3a, 3b hatveanrectly received radio
waves from the on-board device A1” are dubious.

With that, in accordance with the abovementioneatpssing flow
(Steps S30 to S34), the radio wave receiving soassgmetermination unit 203
determines that the operation of the roadside arage3a, 3b has abnormalities,
in a case where the state, in which the receptimangth | of radio waves is not
the predetermined reception determination threshwlor higher, continues to
the determination reference time th set based emtimber of passing vehicles
per unit time. In addition, the radio wave recetyisoundness determination
unit 203 instructs the roadside antennas 3a, 3legtart processing.

[0059]

As a result, because abnormalities in the operaticime roadside
antennas 3a, 3b can be further detected usingetteption strength (RSSI) of
radio waves, abnormalities in the toll collectiorseem 1 can be further
accurately detected.

[0060]
Modified example of Embodiment 2

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

As illustrated in FIG. 10, the toll collection pregsing device 1a of the
toll collection system 1 according to the presewidified example includes a
recording medium 11 with preacquired statisticalad2 (mentioned below)
recorded therein.

Moreover, the radio wave receiving soundness ddtetion unit 203
according to the present modified example furthearnges the determination
reference time th for each time span based ontdtésscal data D indicating
the amount a vehicle A is driven.

[0061]
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FIG. 11 is a diagram explaining the statisticaladegcorded in a
recording medium according to a modified exampl&pfbodiment 2.

The toll collection processing unit 10 accordinghe present modified
example sequentially records and accumulates indtion on toll collection
processing (vehicle type information, license plaf®@rmation, charging
amount, year, month, day, and time, and the like)efach user of an
expressway. In addition, the toll collection prosieg unit 10 creates statistical
data D indicating the user number at each time gggame day (that is, the
amount a vehicle A is driven) based on this accatad information about toll
collection processing (particularly the year, magrdhy, and time).

Here, in accordance with the example of the statistdata D illustrated
in FIG. 11, in the toll collection system 1 accaorgito the present modified
example, the amount a vehicle A is driven incredses early morning (about
8 o'clock) to evening (about 18 o'clock), while #m@mount a vehicle A is driven
at midnight (about 0 o'clock) tends to decrease.

Based on this statistical data D, for example,rddio wave receiving
soundness determination unit 203 according to tiesgnt modified example
carries out processing so as to set the deternoimaiference time th to be
relatively short, for the time span in which the@mt a vehicle A is driven is
large, and in contrast, set the determination ezfee time th to be relatively
long, for the midnight time span in which the ambarvehicle A is driven is
small.

[0062]

As a result, in a case where the number of passijcles per unit time
changes in accordance with the time span, the nadie receiving soundness
determination unit 203 can apply the determinatieference time th suitable
for the number of passing vehicles for each timansand determine the
soundness of the roadside antennas 3a, 3b.

Note that while the abovementioned modified exant@e been
described as an aspect in which the toll collecpomcessing unit 10 creates
statistical data D based on information with regardccumulated 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, the toll collection pssieg unit 10 may create
statistical data D indicating a user number forreame span of one day.
[0063]

Note that while the radio wave receiving soundngstermination unit
203 according to a modified example of Embodimehia2 been described as
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referring to the statistical data D indicating m@ount a vehicle A is driven for
each time span of one day (early morning, evenmiginight, and the like) and
changing the determination reference time th farhetme span of one day,
other embodiments are not limited to this aspect.

For example, the radio wave receiving soundnessrdghation unit 203
according to another embodiment may refer to th¢istical data D indicating
the amount a vehicle A is driven for each time spAone month (beginning of
month, end of month, and the like) or one year {beigng of year, end of year,
each season, and the like) and change the detetionin@ference time th for
each time span of this one month or one year.

[0064]

Moreover, Embodiment 2 has been described in whidfe radio wave
receiving soundness determination unit 203 deteesiihat abnormalities have
occurred in the roadside antennas 3a, 3b, it iodrthe roadside antennas 3a,
3b to restart processing (Step S34 of FIG. 9). Hmveother embodiments are
not limited to this aspect.

For example, other embodiments may include an d@sdpeghich, if the
radio wave receiving soundness determination ud® @etermines that the
operation of the target components (roadside ame@a, 3b) has
abnormalities, the monitoring person and the ligsiding in a central facility of
the toll collection system 1 and the like is natiof the abnormalities.

[0065]
Embodiment 3

Subsequently, a toll collection system accordingbtobodiment 3 will
be described in detail with reference to FIGS. d243.
[0066]

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 Embenlisnl and 2 and
various modified examples will be denoted by thmeaeference symbols, with
descriptions thereof omitted.

As illustrated in FIG. 12, the toll collection sgst 1 according to
Embodiment 3, as in Embodiments 1 and 2, includedlaollection processing
device la, a wireless communication control deaeand a roadside antenna
3a. Note that the toll collection system 1 accogdio the present embodiment,
as in Embodiments 1 and 2, further includes a wsslcommunication control
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device 2b and a roadside antenna 3b (refer to E)Gwith the illustration of the
configuration thereof omitted.
[0067]

Moreover, the communication control unit 20 of todlllection system 1
according to Embodiment 3 further includes a comivation processing
soundness determination unit 204.

In a case where the reception strength | of racdaees indicated in the
RSSI signal is the reception determination threghblor higher and the results
of the dedicated short-range communication proogskave not been correctly
acquired from the DSRC processing unit 21, the comication processing
soundness determination unit 204 determines thkgast one of the roadside
antennas 3a, 3b or the DSRC processing unit 2bti®perating normally.

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

[0068]

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

First, the communication processing soundness detetion unit 204
determines, based on the RSSI signal acquired ®R®SI acquisition unit 202,
whether the reception strength | of the receptietedmination threshold Ih or
higher has been detected (Step S40).

While the reception strength | of the receptionedetination threshold Ih
or higher is not detected (Step S40: NO), procagsinStep S40 is repeated and
waited.

In contrast, if the reception strength | of theagption determination
threshold Ih or higher has been detected (Step $ES), the communication
processing soundness determination unit 204 acsjtire results of the
dedicated short-range communication processingezhout by the DSRC
processing unit 21 with the on-board device A1l determines whether
abnormalities occur in the results of this dedidasbort-range communication
processing (Step S41).

[0069]

If no abnormalities have occurred in the resultshef dedicated

short-range communication processing by the DSRi€gssing unit 21 (Step
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S41: NO), the communication processing soundnetsménation unit 204
returns to Step S40 and again waits for the dedaadi the reception strength |
of the reception determination threshold Ih or leigiHere, the communication
processing soundness determination unit 204, famgte, refers to the CRC
(FIG. 3) contained in the ACTC signal and the lds®the results of the
dedicated short-range communication processinghbyXSRC processing unit
21 and determines whether it is a telegraphic ngssaaccordance with the
ARIB specifications.

[0070]

In contrast, if abnormalities have occurred in thsults of the dedicated
short-range communication processing by the DSRi€gssing unit 21 (Step
S41: YES), the communication processing soundnessrghination unit 204
counts the number of occurrences of abnormalitiethé results of this
dedicated short-range communication processingo(S#2). In addition, the
communication processing soundness determinati@n204 determines
whether the abovementioned number of occurrencedpbrmalities is a
predetermined reference number (for example, 1@$)nor more (Step S43).

Here, if the number of occurrences of abnormalitgesot a
predetermined reference number or higher (Step 848, the communication
processing soundness determination unit 204 retiori®&ep S40 and again
waits for the detection of the reception strengtf the reception determination
threshold Ih or higher. In contrast, if the numbénccurrences of
abnormalities is a predetermined reference numbdigher (Step S43: YES),
the communication processing soundness determmaiit 204 determines
that abnormalities have occurred in at least onthefDSRC processing unit 21
or the roadside antenna 3a and instructs the DS®RCepsing unit 21 and the
roadside antenna 3a to restart processing (Step. S44
[0071]

Operational Effects

As described above, the toll collection system doading to
Embodiment 3 further includes a communication pssteg soundness
determination unit 204, wherein, if the receptidreagth | of radio waves
indicated in the RSSI signal is the reception deiaation threshold Ih or
higher (Step S40: YES) and the results of the deteit short-range
communication processing have not been correcttyyaed from the DSRC
processing unit 21 (Step S41: YES), the communicagirocessing soundness
determination unit 204 determines that at least @inthe roadside antennas 3a,
3b or the DSRC processing unit 21 is not operatiognally.
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[0072]

Here, if the reception strength | of radio waveseiged from the
on-board device Al is lower than the reception dateation threshold Ih,
because the reception strength | is insufficieat,dxample, demodulation
processing and the like in the demodulation proicgsanit 34 (FIG. 8) of the
roadside antennas 3a, 3b may not be correctly égdqfior example, in
received radio waves, a reference symbol, which erggnally“1”, may be
mistakenly demodulated to “0”). Therefore, it isntemplated that even if the
DSRC processing unit 21 is operating normally, tbgults of the dedicated
short-range communication processing cannot beectgr acquired.

However, the event wherein, even though the reocemirength | of
radio waves received from the on-board device AduSicient, the results of
the dedicated short-range communication processamgot be correctly
acquired from the DSRC processing unit 21 (CRC atadities has occurred)
has occurred multiple times, abnormalities havellikoccurred in at least one
of the DSRC processing unit 21 or the roadside ramae3a (demodulation
processing unit 34).

With this, in a case where the number, whereinne®ugh the
reception strength | of radio waves is the receptietermination threshold Ih
or higher, the results of the dedicated short-rac@@munication processing
have not been correctly acquired from the DSRC @ssing unit 21 is a
predetermined reference number or higher, the comeoation processing
soundness determination unit 204 determines, iom@ance with the
abovementioned processing flow (Step S40 to S4d), @t least one of the
DSRC processing unit 21 or the roadside antennia 8at operating normally.
Subsequently, the communication processing soursddetermination unit 204
instructs the DSRC processing unit 21 and the rai@dantenna 3a to restart
processing.

[0073]

As a result, because abnormalities in the operaticime roadside
antennas 3a, 3b or the DSRC processing unit 2lbednrther detected using
the combination of reception strength (RSSI) ofioadaves and the results of
the dedicated short-range communication processirtbe DSRC processing
unit 21, abnormalities in the toll collection systd can be further accurately
detected.

[0074]

Note that Embodiment 3 has been described in whfdhge

communication processing soundness determinati®n204 determines that
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abnormalities have occurred in at least one ofrttaelside antennas 3a, 3b or
the DSRC processing unit 21, it instructs the rodelantennas 3a, 3b and the
DSRC processing unit 21 to restart processing (Stp of FIG. 13). However,
other embodiments are not limited to this aspect.

For example, other embodiments may include an ddpeghich, in a
case where the communication processing soundretssnaination unit 204
determines that the operation of the target comptm@oadside antennas 3a,
3b and DSRC processing unit 21) has abnormalie@spnitoring person and
the like residing in a central facility of the talbllection system 1 and the like
is notified of the abnormalities.

[0075]

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

However, it is contemplated that in a case wheeedah-board 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 the DSRC processing unit 2therroadside antenna 3a
has abnormalities.

With this, the communication processing soundnegerdnination unit
204 according to a modified example of Embodimené&ds the LID of the
on-board device Al from the ACTC signal in which CRbnormalities have
been detected despite the reception strength Igbthi@ reception determination
threshold Ih or higher and counts the varietiesdgb& In addition, in a case
where the variety of this LID is a predetermineterence number or higher, the
communication processing soundness determinati@n20d may determine
that at least one of the DSRC processing unit 2therroadside antenna 3a is
not operating normally. That is, because it is h@ardontemplate that radio
waves of CRC abnormalities are sent from multiphebmard devices Al, the
occurrence locations of the abnormalities can heoweed down to the antenna
3a or the DSRC processing unit 21.

[0076]
Embodiment 4
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Subsequently, a toll collection system accordingbtobodiment 4 will
be described in detail with reference to FIG. 14.

[0077]
Functional elements of the toll collection system

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

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, the toll collection sgst 1 according to
Embodiment 4, as in Embodiments 1 and 3, includadlaollection processing
device la along with a wireless communication colndlevice 2a. Note that the
toll collection system 1 according to the presembediment, as in
Embodiments 1 to 3, further includes a wireless mamication control device
2b and roadside antennas 3a, 3b (refer to FIGwR, the illustration of the
configuration thereof omitted.

Moreover, the toll collection processing deviceideludes a toll
collection processing unit 10, a recording medium dnd a system soundness
determination unit 12.

[0078]

In a case where the number r of toll collectiongassing executed per
unit time is lower than the predetermined referepo®cessing number rh, the
system soundness determination unit 12 determimaisat least one of various
devices (the roadside antennas 3a, 3b, the DSR€psing unit 21, the
communication control unit 20, and the toll collect processing unit 10)
configuring toll collection system 1 is not opergginormally.

[0079]

More specifically, the system soundness determomatinit 12 refers to
the statistical data D (FIG. 11) recorded in theoreling medium 11 and
determines that at least one of various devices {oh collection processing
device 1a, the wireless communication control desi2a, 2b, and the roadside
antennas 3a, 3b) configuring the toll collectiosteyn 1 is not operating
normally, in a case where the number r of toll eotlon processing executed
per unit time is lower than the reference procegsinmber rh in accordance
with the statistical data D.

For example, in a case where the present time:8012he system
soundness determination unit 12 refers to the amdtwen in this time span of
12:00 from the statistical data D and sets therssfee processing number rh in
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accordance with the amount driven. In addition, $hstem soundness
determination unit 12 counts the number r of talllection processing executed
per unit time in the toll collection processing uh0, and determines whether
the number is lower than the abovementioned refargmocessing number rh
(whether r < rh).

Moreover, in a case where the number r of toll edtion processing
executed per unit time is lower than the referepiessing number rh (r < rh)
in accordance with the time span of the present tithe system soundness
determination unit 12 determines that at least @inearious devices (the toll
collection processing device la, the wireless comigation control devices 2a,
2b, and the roadside antennas 3a, 3b) has abnoigsadind gives instructions to
restart the processing of various devices configyithe toll collection system
1.

[0080]
Operational Effects

Here, in specified communication regions Q1, Q2h# toll collection
system 1 (FIG. 1), a vehicle A normally drives giradetermined frequency
(the number of passing vehicles per unit time)do@adance with the user
number of an expressway (the amount a vehicledyiisgen). Therefore, it is
contemplated that in a case where the overalldollection system 1 functions
normally, the toll collection processing unit 10eextes toll collection
processing at the frequency of a predeterminedeefi® processing number rh
or higher in accordance with the abovementioned memof passing vehicles.

In this case, in a case where the number r of &¢tllacollection
processing executed per unit time is lower thanrdference processing number
rh, abnormalities by which “although a vehicle Awally passes through the
specified communication regions Q1, Q2, toll collen processing has not
been correctly carried out for each vehicle A” dubious.

With this, as mentioned above, in a case wherenthmber r in which toll
collection processing has been executed per uni is lower than the
predetermined reference processing number rh, s soundness
determination unit 12 determines that at least @hearious devices
configuring the toll collection system 1 is not oaeng normally. In addition,
the system soundness determination unit 12 instrogérall various devices to
restart processing.

[0081]

For example, it is contemplated that in accordanith the aspect of

operation abnormalities which may occur in the camimation control unit 20,
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only part of each process executed by the commtinic@ontrol unit 20 has
abnormalities. In this case, it is presumed th#talgh processing (creation of
information for toll collection with regard to than-board device Al) which
should be originally carried out by the communioatcontrol unit 20 is not
normally carried out, the heartbeat processing it functions normally. In
this case, in the heartbeat processing unit 2l1th@DSRC processing unit 21,
abnormalities which have occurred in this commutiazacontrol unit 20
cannot be detected.

In accordance with the toll collection system 1@ckng to the present
embodiment, even in such a case, because a detiarircan be made, based
on the number of the actual toll collection prodegscarried out in the toll
collection processing unit 10, regarding whethem@aimalities occur in any one
of various devices configuring the toll collectisystem 1, abnormalities of the
toll collection system 1 can be more accuratelyedsdd.

[0082]

Note that in the toll collection system 1 accordinga modified example
of Embodiment 4, an aspect of the statistical dataay indicate the amount
driven not only for each time span of one day, &lsb, for example, for each
time span of one month or one year.

Moreover, in the toll collection system 1 accordieganother modified
example of Embodiment 4, the reference processurgher rh does not change
in accordance with the statistical data D, but rhaya predetermined constant
value.

[0083]

In the Embodiments 1 to 4 described above, varfmosesses are
implemented by a program for achieving the varitwsctions of the toll
collection system 10, the communication controlt@l, the DSRC processing
unit 21, and the roadside antennas 3a, 3b. Theranogs recorded on a
computer-readable recording medium and the progemmarded on the
recording medium is read and executed by a commystem. Additionally, the
steps of each process of the toll collection sysi@mthe communication
control unit 20, the DSRC processing unit 21, amel toadside antennas 3a, 3b
described above are stored in a computer-readablerding medium in the
form of a program and these various processesnapéeimented by the
computer reading out and executing this programangxes of the
computer-readable recording medium include magmditks, magneto-optical
disks, CD-ROMs, DVD-ROMs, and semiconductor mem®riehis computer
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program may be distributed to the computer on amamication circuit and the
computer receiving this distribution may execute grogram.

None of the toll collection system 10, the commuaicn control unit 20,
the DSRC processing unit 21, and the roadside aateBa, 3b are limited to
the aspect in which the various functional elementsencased in a single
device casing. The various functional elementsaafheof the toll collection
system 10, the communication control unit 20, tHeRC processing unit 21,
and the roadside antennas 3a, 3b may be distribaotadlurality of
network-connected devices.

[0084]
Embodiment 5

Subsequently, a toll collection system accordingbobodiment 5 will
be described in detail with reference to FIGS.d22.
[0085]

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, the toll collection sest 1 includes a toll
collection processing device la, wireless commuincacontrol devices 2a, 2b,
roadside antennas 3a, 3b, and confirmation appseatda, 4b. In the present
embodiment, the toll collection processing devieg the wireless
communication control devices 2a, 2b, and the raBdantennas 3a, 3b are the
same as in Embodiments 1 to 4.

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

[0086]
Functional elements of the toll collection system

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

As illustrated in FIG. 16, the toll collection pregsing device la
includes a toll collection processing unit 10. Maver, each of the wireless
communication control devices 2a, 2b includes amamication control unit 20
along with a DSRC processing unit 21 (communicaponocessing unit).

As illustrated in FIG. 16, the toll collection pregsing device 1a of the
toll collection system 1 includes a toll collectipnocessing unit 10. Moreover,
each of the wireless communication control devizgas2b includes a
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communication control unit 20 along with a DSRC qgeesing unit 21
(communication processing unit).

The confirmation apparatuses 4a, 4b are dispos&dma range in
which wireless communication with each of the raddsantennas 3a, 3b is
possible, receive confirmation signals (FCMC signdtom each of the
roadside antennas 3a, 3b, and transmit responealsi¢ACTC signals).

[0087]

The communication control unit 20 according to gresent embodiment
includes a soundness determination unit 205 amérovation apparatus. The
soundness determination unit 205 as a confirmadigmaratus determines
whether the roadside antennas 3a, 3b and the wgelemmunication control
devices 2a, 2b are operating normally based onmdbeption results of the
response signal (ACTC signal) from the confirmatapparatuses 4a, 4b via the
roadside antennas 3a, 3b.

[0088]

Note that the toll collection processing unit 1@e tommunication
control unit 20, the DSRC processing unit 21, amel toadside antennas 3a, 3b
according to Embodiment 5 are described as inclytieartbeat processing
units (heartbeat processing units 101, 201, 21d,tha like) described in
Embodiment 1 and a modified example thereof. Mos¥pthe communication
control unit 20 according to Embodiment 5 is delsed as not including the
radio wave receiving soundness determination ud® &nd the communication
processing soundness determination unit 204 desariln Embodiment 2 and a
modified example thereof, as well as Embodiment 3.

However, other embodiments may include an aspewthiich the toll
collection system 1 includes one or more of heatlpgocessing units 101, 201,
211, a radio wave receiving soundness determination203, or a
communication processing soundness determinati@n20d, wherein the
soundness determination unit for confirmation appases 205 according to
Embodiment 5 determines the soundness of the dperat the overall toll
collection system 1 in combination with these vaddunctional elements.
[0089]

Structure of the roadside antenna and the confionmapparatus

FIG. 17 is a first diagram illustrating the strudwf 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.
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Here, FIG. 17 illustrates the state in which thadside antenna 3a is
seen from the front face thereof, while FIG. 18slirates the state in which the
roadside antenna 3a is seen from the side facedher

Note that the £Y' direction in FIGS. 17 and 18he direction parallel to
the plate surface of the roadside antenna 3a forimedrectangular plate shape
and also parallel to the road surface of the lahdrefer to FIG. 15). Moreover,
the +Z' direction is the direction parallel to thiate surface of the roadside
antenna 3a and also the direction towards the ugigler of the roadside antenna
3a (direction distant from the road surface of dnee L1 (refer to FIG. 15)).
Moreover, the -X' direction in FIGS. 17 and 18he tdirection perpendicular to
the plate surface of the roadside antenna 3a awthE direction towards
specified communication region Q1 (refer to FIG) b5 the road surface of the
lane L1.

As illustrated in FIGS. 17 and 18, the roadsidesant 3a and
confirmation apparatus 4a are fixed and instaltethe gantry G via attachment
jig 1.

[0090]

The roadside antenna 3a has a main lobe (the rianghich the
radiation amount of radio waves in the target di@ctis the highest of the
radiation patterns of the antenna) (not illustraiteé1GS. 17 and 18) in
accordance with the specified communication redddn(FIG. 15) on the road
surface of the lane L1. Here, the main lobe ofribedside antenna 3a, for
example, is a predetermined range on the front €Yd&' plane) on the plate
surface (direction (-X' direction) side towards sified communication region
Q1), with the central axis line R of this plate faute serving as the center.

Moreover, the roadside antenna 3a includes a side EL having a
radiation pattern of unnecessary radio waves oatgiin a different direction
from the main lobe. For example, as illustratedri®S. 17 and 18, with the
vicinity of each edge (side) on a rectangular pkuieace of the roadside
antenna 3a serving as the base end, the side lIoloé¢ tBe roadside antenna 3a
extends on the front side thereof (-X' directiodegiand in a direction moving
away from the central axis line R on this plateface.

[0091]

The confirmation apparatus 4a is disposed at atijposcapable of
receiving the radio waves of the side lobe SL @& tbadside antenna 3a.
Specifically, the confirmation apparatus 4a is élied to the tip of a fixing rod
g2, which is on the upper side (+Z' direction sida)the plate surface of the
roadside antenna 3a and extends from the backtlseteof (+X' direction side)
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to the front side thereof (-X' direction side). Gequently, the confirmation
apparatus 4a is disposed on the upper side (+&ttlam side) and the front side
(-X" direction side) on the plate surface of thadside antenna 3a.

[0092]

Note that in FIGS. 17 and 18, the structure andtmosl relationship of
the roadside antenna 3a and the confirmation apypsra have been described,
with the structure and positional relationship lo¢ roadside antenna 3b and the
confirmation apparatus 4b being the same as these.

[0093]
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 communicatioogessing carried out
between the DSRC processing unit 21 of the wiret@samunication control
device 2a and the confirmation apparatus 4a.

As the normal processing, in order to set a vehic(en-board device
Al) located in the specified communication regioh @ the communication
target, the DSRC processing unit 21 transmits tB&E signal from a certain
time tf. Here, the FCMC signal is a predetermineduest signal transmitted by
the wireless communication control devices 2a,@2kthe on-board device Al
via the roadside antennas 3a, 3b in the dedicdtedt-sange communication
processing based on the abovementioned ARIB stdnglzacifications. The
wireless communication control devices 2a, 2b tnaihgn FCMC signal
(request signal) and request the return of the AGIgdal from the on-board
device Al.

In a case where the on-board device Al is presettie specified
communication region Q1, radio waves overlappedhiy FCMC signal are
received by this on-board device Al via the mainel@f the roadside antenna
3a. In addition, this on-board device Al returnsA&TC signal serving as a
response signal to this FCMC signal.

In contrast, radio waves overlapped by the FCMQai@re radiated to
the side lobe SL of the roadside antenna 3a. Caressty, the confirmation
apparatus 4a disposed in the positional relatignghistrated in FIGS. 17 and
18 receives the FCMC signal via the side lobe Sthefroadside antenna 3a.
[0094]

The confirmation apparatus 4a which receives th&EGignal
transmits the ACTC signal, as a response sign#tisoFCMC signal, through
radio waves, at the timing of any one of 12 chaar@01 to C12. In addition,



40

the confirmation apparatus 4a assigns, to the AGi@al to be transmitted
here, an identifier (which is the LID exclusivettte confirmation apparatus
allocated inherently in the confirmation apparadasand can identify that the
transmission source of this ACTC signal is this foonation apparatus 4a).
[0095]

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, the soundness determination unit for conétion apparatuses 205
of the wireless communication control device 2aedé&t the transmission of the
FCMC signal serving as the confirmation signal frdtme DSRC processing unit
21 (Step S50). At this time, the FCMC signal traitsea from the DSRC
processing unit 21 is transmitted to the confirmatapparatus 4a via the side
lobe SL of the roadside antenna 3a (FIGS. 17 and 18

Here, in accordance with the reception of the FC8ighal, the
confirmation apparatus 4a transmits an ACTC sidrefler to FIG. 19) with the
LID (LID exclusive to the confirmation apparatusihierent in the confirmation
apparatus 4a assigned thereto. The soundness dieation unit for
confirmation apparatuses 205 refers to the LID grssdl to the ACTC signal
received via the DSRC processing unit 21 and deteesawhether it has been
received from the confirmation apparatus 4a (Stép)S

If a response signal (ACTC signal) to the FCMC silginas been
received from the confirmation apparatus 4a (Stép: YES), the 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 the
confirmation apparatus 4a despite the transmissfahe FCMC signal from the
DSRC processing unit 21 (Step S51: NO), the soussidetermination unit for
confirmation apparatuses 205 counts the numberfiwoation apparatus
nonresponse number) of times a response from th&rowation apparatus 4a
has not been detected (Step S52). In additionstlhumdness determination unit
for confirmation apparatuses 205 determines whetieabovementioned
confirmation apparatus nonresponse number is agpeechined reference
number (for example, 10 times) or more (Step S53).

Here, if the confirmation apparatus nonresponseb®rmms not the
predetermined reference number or higher (Step 888, the soundness
determination unit for confirmation apparatuses 2&turns to Step S50 and
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again detects the transmission of the FCMC sigimatontrast, if confirmation
apparatus nonresponse number is the predetermaiecence number or higher
(Step S53: YES), the soundness determination wnitdénfirmation apparatuses
205 determines that abnormalities have occurreat ileast one of the DSRC
processing unit 21 or the roadside antenna 3a m@stduicts the DSRC
processing unit 21 and the roadside antenna 3astant processing (Step S54).
[0096]

Operational Effects

As described above, the toll collection system doading to
Embodiment 5 is provided with: roadside antennas3Bathat wirelessly
communicate with an on-board device A1 mounted uehicle A; wireless
communication control devices 2a, 2b that carry petdetermined
communication processing (narrow band communicapiamtessing) with the
on-board device Al via the roadside antennas 3aalth acquire toll collection
information with regard to the on-board device Aahd confirmation
apparatuses 4a, 4b that are disposed within a ramgéich the wireless
communication with roadside antennas 3a, 3b isiptessreceiving an FCMC
signal from the roadside antennas 3a, 3b and tratisgnan ACTC signal.
Moreover, the wireless communication control desi@a, 2b determine
whether the roadside antennas 3a, 3b and the wge&lemmunication control
devices 2a, 2b are operating normally based omdbeption results of the
ACTC signal from the confirmation apparatuses 4ayia the roadside
antennas 3a, 3b.

That is, every time the wireless communication condevices 2a, 2b
transmit the FCMC signal towards the on-board dewa, the confirmation
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 the confirmation
apparatuses 4a, 4b, a determination can be madediag whether the wireless
communication control devices 2a, 2b and the radesintennas 3a, 3b are
operating normally.

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

[0097]

Moreover, in the toll collection system 1 accordiegembodiment 5, the

confirmation apparatuses 4a, 4b are disposed wahiange in which wireless
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communication with the roadside antennas 3a, 3kih@aside lobe of the
roadside antennas 3a, 3b is possible.
[0098]

Here, as mentioned above, the main lobes of thdside antennas 3a, 3b
respectively specify specified communication regi@il, Q2 on the road
surfaces of the lanes L1, L2. In this case, itaeatemplated that, for example, if
the confirmation apparatuses 4a, 4b are permandigposed in the vicinity of
the roadside antennas 3a, 3b and also within thgeaf the main lobe, the
radiation pattern of this main lobe is influencedflected, and the like) by the
existence of the confirmation apparatuses 4a, 4th the specified
communication regions Q1, Q2 varying from the inted regions.

With that, as in the toll collection system 1 aatiog to the present
embodiment, in a case where the confirmation agpaes 4a, 4b are disposed
at positions in which wireless communication is gibte via the side lobe of the
roadside antennas 3a, 3b, wireless communicatioogssing between the
roadside antennas 3a, 3b and the confirmation appses 4a, 4b can be stably
carried out without influencing the main lobe ottloadside antennas 3a, 3b
itself.

Therefore, without impairing the range of the spieci communication
regions Q1, Q2, that is, the stability of the dedéd short-range
communication processing carried out between tlaglsae antennas 3a, 3b and
the on-board device Al, in accordance with the pé&oa results of the response
signal from the confirmation apparatuses 4a, 4teet@rmination can be made
regarding whether the wireless communication cdrdewvices 2a, 2b and the
roadside antennas 3a, 3b are operating normally.

[0099]

Moreover, the confirmation apparatuses 4a, 4b atingrto Embodiment
5 transmit the response signal as a confirmatignalifrom the roadside
antennas 3a, 3b in a case where the dedicatedsdmagé communication
processing the wireless communication control deviga, 2b have received the
request signal (FCMC signal) transmitted to theboa+rd device A1. Moreover,
the confirmation apparatuses 4a, 4b transmit aoesp signal (ACTC signal)
based on the same specifications (ARIB standardifipations) as the response
signal transmitted by the on-board device Al durieglicated short-range
communication processing, as a response signagalier

That is, the toll collection system 1 accordinghe present embodiment
also uses the FCMC signal and ACTC signal exchangé#don-board device
Al during normal dedicated short-range communigapoocessing, for
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wireless communication processing for soundnessrdghation carried out
between the confirmation apparatuses 4a, 4b. mdhse, the wireless
communication control devices 2a, 2b can transmdt @ceive the confirmation
signal and the response signal between the confiomapparatuses 4a, 4b only
via the existing DSRC processing unit 21.

Therefore, because the need to implement a nowvapoaent (hardware)
is eliminated in order to carry out wireless comngation processing between
the confirmation apparatuses 4a, 4b and the roadsiennas 3a, 3b, a
determination can be made regarding whether thdsida antennas 3a, 3b are
operating normally, while suppressing the increimsproduction costs of the
toll collection system 1.

[0100]

Moreover, the confirmation apparatuses 4a, 4b atingrto Embodiment
5 include an identifier (LID exclusive for the camhation apparatus) which can
identify that the transmission source of this AC3i@nal is the confirmation
apparatuses 4a, 4b in the ACTC signal, which iednaitted in a case where the
FCMC signal is received.

As a result, simply by referring to the LID readrn the ACTC signal
via the dedicated short-range communication prangssy the DSRC
processing unit 21, the soundness determinationfaniconfirmation
apparatuses 205 can determine whether this ACTRasigas been transmitted
from the confirmation apparatuses 4a, 4b.

[0101]
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 the
roadside antenna 3a is seen from the front fadeereof, while FIG. 22
illustrates the state in which the internal struetof the roadside antenna 3a is
seen from the side face thereof.

As illustrated in FIGS. 21 and 22, roadside anteBaancludes: a
substrate 300 for a patch antenna with the patténena 300a formed on the
plate surface; and a radome 301 for covering thelpantenna 300a (the
substrate 300 for a patch antenna).
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Moreover, the radome 301 of the roadside antennia Barther formed
so as to cover a confirmation apparatus 4a'. Hemeke the confirmation
apparatus 4a (FIGS. 17 and 18) according to Embedird, the confirmation
apparatus 4a' according to the present modifiedngie, which is disposed
inside the radome 301, does not have a radome (a@ase) of the confirmation
apparatus 4a' alone and is simply configured bylswate 400 for a
confirmation apparatus with a patch antenna 40@haaoonfirmation apparatus
processing unit 401 implemented therein. Here cthrafirmation apparatus
processing unit 401 is a communication processimg for carrying out
communication processing as the confirmation apyparda’ (reading the
received FCMC signal and transmitting the ACTC silyn
[0102]

The patch antenna 300a of the roadside antenna 8a antenna element
of the roadside antenna 3a (antenna element 3&tndited in FIG. 8) which is an
element for transmitting and receiving radio waweth the on-board device
Al.

The patch antenna 300a has a main lobe (not idtestrin FIGS. 21 and
22) in accordance with the specified communicatiegion Q1 (FIG. 15) on the
road surface of the lane L1. Here, the main lob&hefpatch antenna 300a, for
example, is a predetermined range on the front &Medirection side) of the
plate surface (Y'Z' plane) of the substrate 300afgratch antenna, with the
central axis line R' of this plate surface servasgthe center.

Moreover, the patch antenna 300a includes a side 8L having a
different radiation pattern from the main lobe. Eosample, as illustrated in
FIGS. 21 and 22, with the vicinity of each edgal&ion a rectangular plate
surface of the substrate 300 for a patch antennangeas the base end, the side
lobe SL of the patch antenna 300a extends to that side thereof (-X'
direction side) and in a direction moving away frtime central axis line R on
this plate surface.

[0103]

The patch antenna 400a of the confirmation appard#l is an antenna
element capable for transmitting and receiving saslaves with the patch
antenna 300a of the roadside antenna 3a.

The patch antenna 400a of the confirmation appard#uis disposed at a
position capable of receiving radio waves of thdediobe SL of the patch
antenna 300a. For example, the confirmation apparda’ (patch antenna 400a)
is disposed so as to be inside the radome 301eofdhdside antenna 3a and
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also be included within the range of the side I&heon the upper side of the
substrate 300 for a patch antenna (+Z' directicde)si
[0104]

Note that in FIGS. 21 and 22, the structure andtmosl relationship of
the roadside antenna 3a and the confirmation apypsa have been described,
while the structure and positional relationshiptlod roadside antenna 3b and
the confirmation apparatus 4b’(confirmation appasadisposed inside the
radome 301 of the roadside antenna 3b) are the sanieese.

[0105]

As described above, in accordance with the tolleztlion system 1
according to a modified example of Embodiment &, thadside antennas 3a, 3b
include: a patch antenna 300a for transmitting maweiving radio waves with
the on-board device Al; and a radome 301 for conetinis patch antenna 300a,
with the confirmation apparatuses 4a’', 4b' dispassitle the radome 301.

As a result, because the roadside antennas 3ay@tha confirmation
apparatuses 4a', 4b' can be integrally formedidaHeollection system 1 can be
simplified. That is, because the confirmation appases 4a', 4b' are housed in
the radome 301 and integrated with the roadsiderardés 3a, 3b, an attachment
operator can attach the roadside antennas 3a, tBbnwiregard of the existence
of the confirmation apparatuses 4a’', 4b'. Moreoaarattachment operator need
not worry about the displacement between the cordtron apparatus 3a, 3b
and the confirmation apparatuses 4a', 4b', andikke

Moreover, housings (cover cases) of the confirnraipparatuses 4a’,
4b', as well as fixing jigs (attachment jig g1,ifig rod g2, and the like) for
attaching these confirmation apparatuses 4a’, dtside the roadside antennas
3a, 3b, are unnecessary, effectively reducing petida costs.

[0106]

In the foregoing, the toll collection system 1 aating to Embodiment 5
and a modified example thereof have been desciitbelétail. However,
specific aspects of the toll collection system tading to Embodiment 5 and a
modified example thereof are not limited to thogsaibed above, with various
design modifications, for example, capable of beimade without departing
from the gist thereof.

[0107]

For example, while the toll collection system 1 @ating to Embodiment
5 has been described in which the confirmation sgp@es 4a, 4b are disposed
within a range in which wireless communication wikle roadside antennas 3a,
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3b via the side lobe of the roadside antennas Bas possible, other
embodiments are not limited to this aspect.

For example, other embodiments may include an @aspeghich the
confirmation apparatuses 4a, 4b are disposed witigrrange of the main lobe
of the roadside antennas 3a, 3b. In this case¢cdhéirmation apparatuses 4a,
4b may be disposed at a position relatively disfami the roadside antennas
3a, 3b (for example, within a range of the spediftemmunication regions Q1,
Q2 on the road surfaces of the lanes L1, L2), whschlso a position (for
example, a roadside band adjacent to the lane&2,1etc.) not inhibiting the
driving of a vehicle A. Moreover, the confirmatiapparatuses 4a, 4b may be
embedded inside the roads of the lanes L1, L2.

[0108]

Moreover, the toll collection system 1 accordingggmbodiment 5 (and
the modified example thereof) has been describedhith the confirmation
apparatuses 4a, 4b (confirmation apparatuses B3'transmit the response
signal as a confirmation signal in a case wherediéh@icated short-range
communication processing wireless communicationtrmdrdevices 2a, 2b have
received the FCMC signal transmitted to on-boardickeA1l. Moreover, the
confirmation apparatuses 4a, 4b (confirmation appeses 4a’, 4b') have been
described as transmitting a response signal (ACig@ad) based on the same
specifications as the response signal transmittethé on-board device Al
during dedicated short-range communication proc&ssas a response signal
thereof. However, other embodiments are not limiethis aspect.

For example, the confirmation apparatuses 4a, dhf{anation
apparatuses 4a', 4b") may carry out wireless conation processing between
the roadside antennas 3a, 3b exclusive for soursddetermination (the
transmission and reception of a confirmation sigeatlusive for soundness
determination, and a response signal exclusiveséandness determination)
different from narrow band communication.

[0109]

Moreover, while the toll collection system 1 accoagito Embodiment 5
(and a modified example thereof) has been desciib&dhich the 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 whichdbnfirmation
apparatuses 4a, 4b (confirmation apparatuses B3'cdnstantly transmit the
response signal using only a specific channel ¢baample, channel C12)
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exclusive to the response of the confirmation appeses 4a, 4b (confirmation
apparatuses 4a', 4b"). As a result, the soundnetesrdination unit for
confirmation apparatuses 205 may monitor only thecgfic channel (channel
C12) exclusive to the response of the confirmatipparatuses 4a, 4b
(confirmation apparatuses 4a’, 4b') and determihetiner the response signal
has been received from the confirmation apparatdaegb (confirmation
apparatuses 4a', 4b"), allowing a reduction inltiz& of soundness
determination processing.

[0110]

Moreover, processing of the DSRC processing unia@dording to
Embodiment 5 (and the modified example thereof),ewample, may be carried
out as follows.

That is, in a case where the DSRC processing unreads the ACTC
signal received following the transmission of theNFC signal, it refers to the
LID contained in this ACTC signal and determinesetter this ACTC signal
has been transmitted from the on-board device Attasirsmitted by the
confirmation apparatuses 4a, 4b (confirmation appeses 4a’, 4b’). In a case
where the ACTC signal transmitted from on-boardide\A1 has been received,
the DSRC processing unit 21 establishes a datawiitk this on-board device
Al via the subsequent narrow band communicationatiires information
for toll collection. In contrast, in a case whehe ACTC signal transmitted
from the confirmation apparatuses 4a, 4b (confiforabpparatuses 4a', 4b') has
been received, the DSRC processing unit 21 doegstablish a data link with
the confirmation apparatuses 4a, 4b (confirmatippaaatus 4a’, 4b'), but rather
ends the narrow band communication.

This prevents the DSRC processing unit 21 fromyag out
unnecessary dedicated short-range communicatiocegsing with the
confirmation apparatuses 4a, 4b (confirmation appeses 4a’, 4b').

[0111]

Note that Embodiment 5 has been described in whidhe soundness
determination unit for confirmation apparatuses #@bermines that
abnormalities have occurred in at least one ofrttaelside antennas 3a, 3b or
the DSRC processing unit 21, it instructs the rodelantennas 3a, 3b and the
DSRC processing unit 21 to restart processing (Step of FIG. 20). However,
other embodiments are not limited to this aspect.

For example, other embodiments may include an @speghich, in a
case where the determination unit 205 for a cordiion apparatus determines
that the operation of the target components (rabdlantennas 3a, 3b and DSRC
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processing unit 21) has abnormalities, a monitopegson and the like residing
in a central facility of the toll collection systeinand the like is notified of the
abnormalities.

[0112]

Embodiment 6

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

[0113]
Functional elements of the toll collection system

FIG. 23 is a diagram illustrating the functiona¢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 detsonip thereof omitted.

As illustrated in FIG. 23, the toll collection sgsh 1 according to
Embodiment 6, as in Embodiment 5, includes a tollection processing device
la, a wireless communication control device 2ayadside antenna 3a, and a
confirmation apparatus 4a. Note that the toll cdilen system 1 according to
the present embodiment, as in Embodiment 5, furitheudes wireless a
communication control device 2b, a roadside ante3imaand a confirmation
apparatus 4b (refer to FIG. 16), with the illusimatof the configuration thereof
omitted.

[0114]

The wireless communication control device 2a assillated in FIG. 25
includes a communication control unit 20 along watibSRC processing unit
21.

Moreover, as illustrated in FIG. 25, the communigatcontrol unit 20
includes a RSSI acquisition unit 202 (receptiomstth acquisition unit), a
radio wave receiving soundness determination ud®, 2and a soundness
determination unit for confirmation apparatuses.205

The RSSI acquisition unit 202 according to the pressmbodiment
acquires an RSSI signal (reception strength infaroma indicating the
reception strength (RSSI) of radio waves receivedhe roadside antennas 3a,
3b, from the roadside antennas 3a, 3b.

Moreover, the radio wave receiving soundness ddtetion unit 203
according to the present embodiment determines lvénghe roadside antennas
3a, 3b are operating normally based on whetheptbdetermined reception
strength Ic of radio waves indicated in this RSighal is lower than the
reception determination threshold Ich.
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[0115]

Here, in the toll collection system 1 accordinghe present
embodiment, for example, as in Embodiment 5, thgitpaal relationship
between the confirmation apparatuses 4a, 4b andoddside antennas 3a, 3b is
fixed using an attachment jig g1, a fixing rod d2GS. 17 and 18), and the
like. Moreover, the strength of radio waves senthy confirmation apparatuses
4a, 4b according to the present embodiment fortttmesmission of the ACTC
signal is fixed.

In this case, in a case where the roadside ante3aa3b are operating
normally, every time the DSRC processing unit Zinemits a FCMC signal, the
roadside antennas 3a, 3b must receive radio wawees the confirmation
apparatuses 4a, 4b at a fixed reception strength.

In this case, the radio wave receiving soundnessraenation unit 203
according to the present embodiment compares thgepreception
determination threshold Ich with the reception syt Ic, which is detected
every time the FCMC signal is transmitted. Furthera case where the
reception strength Ic, which is detected every tiime FCMC signal is
transmitted, is lower than the reception determaorathreshold Ich, the radio
wave receiving soundness determination unit 20htothe number. In
addition, the radio wave receiving soundness detetion unit 203 determines
that the roadside antennas 3a, 3b are not operatingally in a case where the
number at which the reception strength Ic is lowam the reception
determination threshold Ich reaches a predetermiaéstence number.

[0116]
Operational Effects

As described above, the wireless communicationrobmtevices 2a, 2b
according to Embodiment 6 include: a RSSI acquasitiinit 202 for acquiring
the RSSI signal indicating the reception strengthadlio waves received by
roadside antennas 3a, 3b; and a radio wave regesonndness determination
unit 203 for determining whether the roadside angan3a, 3b are operating
normally based on whether the reception strengthf ladio waves indicated in
this RSSI signal is lower than the reception detaation threshold Ich.

As a result, not only based on the presence ofaheption of the ACTC
signal from the confirmation apparatuses 4a, 4babsw based on the reception
strength of radio waves overlapped by the ACTC aigthe wireless
communication control devices 2a, 2b can determihether the roadside
antennas 3a, 3b are operating normally. Conseqyeh# locations of operation
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abnormalities in the toll collection system 1 canfhrther narrowed down and
specified.
[0117]

In the foregoing, while certain embodiments of gresent invention
have been described, these embodiments are méliedtrative 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 departiog the gist of the
invention. These embodiments and modificationsiactuded in the scope and
gist of the invention and are also included in sikepe of the invention
described in the claims and equivalents thereof.

Industrial Applicability
[0118]
The abovementioned toll collection system and soesd determination
method enable the provision of a free flow typd taolllection system which can
detect abnormalities.

Reference Symbols List
[0119]
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
11 Recording medium
12 System soundness determination unit
2a, 2b Wireless communication control devices
20 Communication control unit
201 Heartbeat processing unit
201a 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 processimi) u
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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 regions
G Gantry

L1, L2 Lanes

T Communication tower

D Statistical data

P1, P2, P3 Communication pairs

gl Attachment jig

g2 Fixing rod

SL Side lobe
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CLAIMS
[Claim 1]

A toll collection system, comprising:

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

a communication processing unit for carrying out communication processing
based on predetermined communication specifications with the on-board device via
the roadside antenna;

a communication control unit for acquiring the results of communication
processing from the communication processing unit and creating information for toll
collection with regard to the on-board device; and

a toll collection processing unit for accepting the input of the information for
toll collection from the communication control unit and carrying out toll collection
processing based on this information for toll collection,

wherein, in any of a communication pair of the roadside antenna and the
communication processing unit, a communication pair of the communication
processing unit and the communication control unit, and a communication pair of the
communication control unit and the toll collection processing unit,

when a first component, which is one part configuring the
communication pair, accepts the input of a predetermined confirmation signal, the first
component outputs a predetermined response signal, and

a second component, which is the other part configuring the
communication pair, outputs the confirmation signal to the first component and
determines whether the first component is operating normally based on whether the
input of the response signal has been accepted,

the toll collection system further comprising:

a radio wave receiving soundness determination unit for determining whether
the roadside antenna is operating normally based on whether the time width, in which
radio waves are not received from the on-board device, continues for a predetermined
determination reference time or longer,

wherein the radio wave receiving soundness determination unit is configured to
apply the determination reference time suitable for a number of passing vehicles for
each time span and determine a soundness of the roadside antennas, when the number
of passing vehicles per unit time changes in accordance with a time span.

[Claim 2]

The toll collection system according to claim 1, further comprising: a
communication processing soundness determination unit, which determines that at
least one of the roadside antenna or the communication processing unit is not
operating normally in a case where the radio waves are received from the on-board
device and the results of the communication processing have not been correctly
acquired from the communication processing unit.

[Claim 3]
The toll collection system according to claim 1 or 2, wherein, in the event the
second component determines that the first component is not operating normally,
the second component orders the restart of the first component.
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[Claim 4]

The toll collection system according to any one of claims 1 to 3, wherein, in the
event the second component determines that the first component is not operating
normally,

the second component outputs an abnormality signal notifying that the first
component is not operating normally.

[Claim 5]

The toll collection system according to any one of claims 1 to 4, wherein,

in the event the first component accepts the input of the first confirmation
signal serving as the confirmation signal, the first component outputs a first response
signal serving as the response signal,

the second component outputs the first confirmation signal to the first
component, and determines whether the first component is operating normally based
on whether the input of the first response signal has been accepted,

while in the event the second component accepts the input of a predetermined
second confirmation signal, the second component further outputs a predetermined
second response signal, and

the first component further outputs the second confirmation signal to the
second component, and determines whether the second component is operating
normally based on whether the input of the second response signal has been accepted.

[Claim 6]

The toll collection system according to any one of claims 1 to 5, further
comprising: a system soundness determination unit, which determines that at least one
of the roadside antenna, the communication processing unit, the communication
control unit, and the toll collection processing unit is not operating normally in a case
where the frequency of toll collection processing executed per unit time is lower than
a predetermined reference processing frequency.

[Claim 7]

A soundness determination method for determining the soundness of a toll
collection system, the toll collection system including:

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

a communication processing unit for carrying out communication processing
based on predetermined communication specifications with the on-board device via
the roadside antenna;

a communication control unit for acquiring the results of communication
processing from the communication processing unit and creating information for toll
collection with regard to the on-board device; and

a toll collection processing unit for accepting the input of the information for
toll collection from the communication control unit and carrying out toll collection
processing based on this information for toll collection, the method comprising

in any of a communication pair of the roadside antenna and the communication
processing unit, a communication pair of the communication processing unit and the
communication control unit, and a communication pair of the communication control
unit and the toll collection processing unit
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a step, wherein, when a first component, which is one part configuring the
communication pair, accepts the input of a predetermined confirmation signal, the first
component outputs a predetermined response signal; and

a step, wherein a second component, which is the other part configuring the
communication pair, outputs the confirmation signal to the first component and
determines whether the first component is operating normally based on whether the
input of the response signal has been accepted,

the soundness determination method further including:

a step of determining whether the roadside antenna is operating normally based
on whether the time width, in which radio waves are not received from the on-board
device, continues for a predetermined determination reference time or longer,

wherein the step of determining whether the roadside antenna is operating
normally includes a step of applying the determination reference time suitable for a
number of passing vehicles for each time span and determining a soundness of the
roadside antennas, when the number of passing vehicles per unit time changes in
accordance with a time span.

[Claim 8]

A toll collection system, comprising:

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

a communication processing unit for carrying out communication processing
based on predetermined communication specifications with the on-board device via
the roadside antenna;

a communication control unit for acquiring the results of communication
processing from the communication processing unit and creating information for toll
collection with regard to the on-board device; and

a toll collection processing unit for accepting the input of the information for
toll collection from the communication control unit and carrying out toll collection
processing based on this information for toll collection,

wherein, in any of a communication pair of the roadside antenna and the
communication processing unit, a communication pair of the communication
processing unit and the communication control unit, and a communication pair of the
communication control unit and the toll collection processing unit,

when a first component, which is one part configuring the
communication pair, accepts the input of a predetermined confirmation signal, the first
component outputs a predetermined response signal, and

a second component, which is the other part configuring the
communication pair, outputs the confirmation signal to the first component and
determines whether the first component is operating normally based on whether the
input of the response signal has been accepted,

the toll collection system further comprising: a system soundness determination
unit, which determines that at least one of the roadside antenna, the communication
processing unit, the communication control unit, and the toll collection processing
unit is not operating normally in a case where the frequency of toll collection
processing executed per unit time is lower than a predetermined reference processing
frequency.



