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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 tara%automatic toll collection
system") is installed in toll gates with a starhtoller, and the like disposed in
an island (lane separator). In contrast, the iniotidn of a free flow type
electronic toll collection system for carrying autnstop toll collection on
vehicles driving on the main line of an expresswayg recently been researched
(for example, refer to Patent Document 1).

Upon entering existing toll gates, a user must radlyndecelerate,
temporarily stop, a vehicle, or the like. Howewerth a free flow type
electronic toll collection system, a user need awtelerate, temporarily stop, a
vehicle, or the like but rather allow communicatio&tween an onboard unit
mounted on the vehicle and roadside equipment siroplpassing under a
gantry at normal driving speed. Thereby, the efi@catelieving traffic
congestion, and the like is expected, further eshrapthe convenience of
expressways.

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 above-mentioned toll collection system, nmfiation for toll
collection necessary for collecting tolls from eacer (personal contract
information, vehicle type information, and the likéan IC card) is generally
acquired via communication between the onboard amit roadside equipment.
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Here, in a case where a period during which infararafor toll collection is
not acquired continues in the toll collection systea monitoring person of the
toll collection system, and the like cannot immedip determine during the
period whether vehicles have actually not passeekbicles have passed but
some abnormality in the system has prevented inddion 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 above-mentioned problems, the presarention provides
a free flow type toll collection system which caatelct abnormalities of the
system, along with a soundness determination method

Solution to Problem
[0006]

A toll collection system (1) according to an aspetthe invention
includes: a roadside antenna (3a, 3b) operablamy out wireless
communications with an onboard unit (A1) mountedaovehicle (A); a
wireless communication control device (2a, 2b) @& to carry out
communication processing based on predeterminedraorication
specifications with the onboard unit via the roa@santenna; a toll collection
processing unit (10) operable to acquire a resuthe communication
processing from the wireless communication conti@lice and to carry out toll
collection processing for the onboard unit basedhanresult of the
communication processing; a vehicle detector (fa,58) operable to detect a
vehicle entering a communication range of the radgantenna; and a
soundness determination unit (120a) operable terdehe, based on a
detection result of the vehicle by the vehicle déte and a result of the toll
collection processing by the toll collection prosig unit, whether an
abnormality has occurred in at least any one ofrtaiside antenna, the
wireless communication control device, and the tolllection processing unit.
[0007]

As such, the vehicle detector detects the vehinteréeng the
communication range of the roadside antenna. Theatiection processing
unit, on the other hand, carries out the toll colilen processing for those of the
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vehicles entering the communication range of thedside antenna that are
equipped with the onboard units. Thus, the sounsidesermination unit
determines, based on the result of detecting tteclez and the result of the toll
collection processing, whether abnormality has oaiin any one of the
roadside antenna, the wireless communication cbdewvice, and the toll
collection processing unit.

[0008]

According to an aspect of the invention, in thd tallection system of
the above-described aspect, the vehicle detecthudies a vehicle type
determination unit (52) operable to determine aiclehtype of the detected
vehicle, and the soundness determination unit evaiple to determine, based
on the result of detecting the vehicle acquiredvbficle type and the result of
the toll collection processing acquired by vehigipe, whether the abnormality
has occurred.

[0009]

As such, the soundness determination unit acquimgsehicle type
determined by the vehicle type determination ubdth the result of detecting
the vehicle and the result of the toll collectiomogessing. Hence, in a case
where the equipment ratio (ownership rate) of thbaard unit varies from one
vehicle type to another, the soundness determinatiot determines, based on
the ownership rate of a particular onboard unitethier the result of the toll
collection processing is reasonable for the restitietecting the vehicle.
Accordingly, the soundness determination unit daiaes more accurately
whether an abnormality has occurred.

[0010]

According to an aspect of the invention, the talllection system of the
above-described aspect further includes a restatt(i20b) operable to make
at least any one of the roadside antenna, the @gsetommunication control
device, and the toll collection processing unitrgasut restart processing in a
case where the soundness determination unit detesithat the abnormality
has occurred.

[0011]

As such, in the case where the soundness deteriminanit determines
that an abnormality has occurred, the restart anibmatically restarts at least
any one of the roadside antenna, the wireless camuoation control device,
and the toll collection processing unit. Hence, mamng person of the tollgate
or the like need not determine whether an abnotmaks occurred, but each
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constituent apparatus of the toll collection sysiemecovered automatically
from the abnormal state and thus is operated ndymal
[0012]

According to an aspect of the invention, the talllection system of the
above-described aspect further includes an extraainit (120c) operable to
extract, during the restart processing, licenseepiliaformation of the vehicle
detected by the vehicle detector, and the vehiekeator includes a license
plate reader (51) operable to read the licenseepldbrmation of the vehicle.
[0013]

During the restart processing, the toll collectpmocessing unit cannot
carry out toll collection processing for the onbdamit mounted on the vehicle
on the lane where the apparatus that is carryirighfmurestart processing exists.
With the above-described configuration, howevee, éixtraction unit extracts
the license plate information of the vehicle deg¢gicby the vehicle detector
while the restart processing is being carried dtus, based on the license
plate information extracted by the extraction unmltile the restart processing is
being carried out, the monitoring person or the Id€ the tollgate identifies the
vehicle for which no toll collection processingdarried out and thereby
demands the payment of the toll from the drivetha like of the vehicle.
[0014]

According to an aspect of the invention, in thd tallection system of
the above-described aspect, the soundness detdromnait is operable to
calculate, based on the result of detecting thecleland the result of the toll
collection processing, an equipment ratio reprasgrne ratio of vehicles each
of which is equipped with the onboard unit, andét, based on the equipment
ratio, a threshold value for determining whetheradmormality has occurred.
[0015]

As such, the soundness determination unit calcaldte equipment ratio
of the onboard unit based on the result of detgctive vehicle and the result of
the toll collection processing. Hence, based oneifpeipment ratio calculated
for each tollgate, the soundness determination seti$ the threshold value for
determining whether an abnormality has occurreccokdingly, the soundness
determination unit determines more accurately waetn abnormality has
occurred.

[0016]

A soundness determination method according to ae@&sf the
invention implemented in a toll collection systencludes: a roadside antenna
operable to carry out wireless communications waithonboard unit mounted on
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a vehicle; a wireless communication control devoperable to carry out
communication processing based on predeterminedraorication
specifications with the onboard unit via the roa@santenna; a toll collection
processing unit operable to acquire a result ofatwamunication processing
from the wireless communication control device amaarry out toll collection
processing for the onboard unit based on the redutie communication
processing; and a vehicle detector operable toctieteehicle entering a
communication range of the roadside antenna, thihodeincluding the steps
of: acquiring, by means of the vehicle detectoresult of detecting a vehicle
entering the communication range of the roadsiderara; acquiring a result of
the toll collection processing carried out by meahshe toll collection
processing unit; and determining, based on thelresuletecting a vehicle and
the result of the toll collection processing, whatlan abnormality has occurred
in any one of the roadside antenna, the wirelessnconication control device,
and the toll collection processing unit.

Advantageous Effect of Invention
[0017]
The above-mentioned toll collection system and sim@ss determination
method provide a free flow type toll collection g% which detects
abnormalities of the system quickly and accurately.

Brief Description of Drawings

[0018]

FIG. 1 is a diagram illustrating an overall configtion of a toll
collection system according to Embodiment 1.

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

FIG. 3 is a diagram illustrating some functionat¢rekents of a diagnosing
unit according to Embodiment 1.

FIG. 4 is a table explaining some functions of th&@gnosing unit
according to Embodiment 1.

FIG. 5 is a diagram illustrating a processing floiMhe diagnosing unit
according to Embodiment 1.

FIG. 6 is a table explaining some functions of agtiosing unit
according to a modified example of Embodiment 1.

FIG. 7 is a diagram illustrating a processing floimhe diagnosing unit
according to the modified example of Embodiment 1.
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FIG. 8 is a diagram illustrating an overall configtion of a toll
collection system according to Embodiment 2.

FIG. 9 is a diagram illustrating some functionad¢rekents of a toll
collection system according to Embodiment 2.

FIG. 10 is a table explaining some functions ofi@ydosing unit
according to Embodiment 2.

FIG. 11 is a diagram illustrating a processing flofsa diagnosing unit
according to Embodiment 2.

FIG. 12 is a table explaining some functions of dii@gnosing unit
according to a modified example of Embodiment 2.

FIG. 13 is a diagram illustrating a processing flofwhe diagnosing unit
according to a modified example of Embodiment 2.

Description of Embodiments
[0019]
Embodiment 1

Hereinafter, a toll collection system accordinggambodiment 1 will be
described in detail with reference to FIGS. 1 to 5.

[0020]
Overall configuration of toll collection system

FIG. 1 is a diagram illustrating an overall configtion of a toll
collection system according to Embodiment 1.

[0021]

A toll collection system 1 according to the presenmtbodiment is a free
flow type electronic toll collection system instadl on the main line of an
expressway (hereinafter, also described as a "mwad") including two lanes
L1 and L2.

As illustrated in FIG. 1, toll collection systemcarries out
communication processing for a toll collection widhboard unit A1 mounted
on a vehicle A while the vehicle is running on thain road (including the
lanes L1 and L2), and executes toll collection gssing on users boarding this
vehicle A.

[0022]

As illustrated in FIG. 1, the toll collection systel includes a toll
collection processing device la, wireless commuincacontrol devices 2a and
2b, roadside antennas 3a and 3b, and vehicle adetesa and 5b.
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As illustrated in FIG. 1, the toll collection praasing device la is
installed in communication tower T distant from maoads (including the lanes
L1 and L2).

The wireless communication control devices 2a an@i2 installed on
the roadsides of the lanes L1 and L2, respectiaely in the vicinity of a gantry
G. The wireless communication control devices 2d 2o carry out
communication processing with the onboard unit Ad their corresponding
roadside antennas 3a and 3b to acquire informdtoioll collection.

The roadside antennas 3a and 3b are attached tmatitey G, which is
disposed across the lane width direction of thee$abhl and L2 (extending in
the +Y direction of FIG. 1) and fixed over eachtbé& lanes L1 and L2.

The vehicle detectors 5a and 5b are installed errdladsides of the
lanes L1 and L2, respectively and on the upstreia® sf the gantry G in the
lane direction (at a position away from the gartayn -X direction of FIG. 1).
The vehicle detectors 5a and 5b detect the entth@fehicle A running on the
lanes L1 and L2, respectively, into a region whigre vehicle A is capable of
carrying out wireless communications with the raddsantennas 3a and 3b,
respectively (description of the above-mentionegioe will be given later).

Note that other embodiments are not limited toabeve-mentioned
aspect and, for example, may include an aspecthictwone vehicle detector is
disposed on a main road including two lanes L1, M®reover, other
embodiments may include an aspect in which oneworor more vehicle
detectors is/are disposed on a main road incluthinge or more lanes. In a case
where, in this case, a vehicle detector is dispased roadside of a lane, a
vehicle running on the lane that is closer to tkaiele detector may shield the
vehicle running on the lane that is farther frore trehicle detector. This may
prevent the vehicle detector from detecting theielehrunning on the further
lane. Hence, in an aspect where a vehicle deteésteinared by a plurality of
lanes or in an aspect where a main road includinget or more lanes is
provided with a vehicle detector(s), the vehicleéed¢or(s) is(are) attached to a
gantry and thus fixed over the lanes L1 and L2 tmtsed across the lanes L1
and L2 in the lane width direction (in the =Y ditem of FIG. 1).

Wired connection (by means of optical cables anéfhrernet (trade
name) cables, which are described later) is pralidetween the toll collection
processing device la and each of the wireless canmation control devices 2a
and 2b; between the wireless communication cordesiices 2a and 2b and
their respective roadside antennas 3a and 3b;lantbtl collection processing
device la and each of the vehicle detectors 5aand
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[0023]

The roadside antennas 3a and 3b are interfacesifeless
communication which wirelessly communicate with timéoard unit Al via
radio waves.

The roadside antenna 3a wirelessly communicates tig onboard unit
A1l present within a range of specified communicatiegion Q1
(communication range) prespecified on the roadagfof the lane L1. That is,
communication processing is carried out on the eehA running on the lane
L1 via the roadside antenna 3a. Moreover, the ro@dantenna 3b wirelessly
communicates with the onboard unit A1 present withirange of specified
communication region Q2 (communication range) peesied on the road
surface of the lane L2. That is, communication pssing is carried out on the
vehicle A running on the lane L2, via the roadsasgenna 3b.

In this way, the present embodiment is an aspeuthich
communication processing for toll collection is ad out on the vehicles A
running on the two lanes L1 and L2 via the two rsidd antennas 3a and 3b,
respectively.

Note that other embodiments are not limited todbeve-mentioned
aspect and, for example, may include an aspecticiwone roadside antenna is
disposed on a main road including two lanes L1 B2dIn this case, this one
roadside antenna sets the specified communicaégion including the road
surfaces of both of the lanes L1 and L2.

Moreover, other embodiments may include an aspewthich one or
more roadside antennas is/are disposed on a mathinzluding three or more
lanes.

[0024]
Functional elements of the toll collection system

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

As illustrated in FIG. 2, the toll collection progsing device la of the
toll collection system 1 includes a toll collectipnocessing unit 10, a
diagnosing unit 12, and a recording medium 11.

The toll collection processing unit 10 collectsanhation for toll
collection acquired via communication processinghwhe onboard unit A1
from the wireless communication control devicesadd 2b. In addition, the toll
collection processing unit 10 carries out toll ealiion processing on users of
the expressway based on this information for tollexction.
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The diagnosing unit 120 determines whether an ahabty has
occurred in at least any one of the toll collectpocessing unit 10, the
wireless communication control devices 2a and 2id, the roadside antennas 3a
and 3b. Functional elements of the diagnosing WA will be described later.

The recording medium 11 stores: a vehicle deteatésult, which is a
result representing the detection of the vehicleyfone of the vehicle detectors
5a and 5b; a toll collection processing result, athis a result of the toll
collection processing performed by the toll colleatprocessing unit 10 for the
vehicle A; and a variety of information used by thagnosing unit 120 when
the diagnosing unit 120 determines whether an ahabty has occurred in the
toll collection system 1.

[0025]

Specifically, the wireless communication controvibes 2a and 2b
acquire a variety of information received via commuation processing with
the onboard unit ALl. In addition, the wireless commitation control devices 2a
and 2b summarize the variety of acquired informatmd generate information
for toll collection with regard to onboard unit Athving communicated with the
wireless communication control devices 2a and 2b.

The wireless communication control devices 2a ana&ry out
communication processing with the onboard unit Ad madside antennas 3a
and 3b, respectively, based on predetermined cormatian specifications.
Here, in the present embodiment, the predetermaoadmunication
specifications are Association of Radio Industa@sl Businesses (ARIB)
standard specifications, which are the standardnesonication specifications of
dedicated short-range communication (DSRC) systems.

Specifically, the wireless communication controvibes 2a and 2b
acquire a variety of information via the dedicasdubrt-range communication
(DSRC) processing with the onboard unit A1 and rded in the internal
memory of the onboard unit A1, and the like.

[0026]

In the present embodiment, optical cables suppgriigh speed data
communications are provided for the communicatibesveen the roadside
antenna 3a and the wireless communication conguvicg 2a, as well as
between the roadside antenna 3b and the wirelaasncmication control device
2b.

Moreover, in the present embodiment, the wirelessmunication
control device 2a and the wireless communicatiomticd device 2b are
connected to the toll collection processing unitaf@he toll collection
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processing device la installed in a communicatowetrr T (FIG. 1) via Ethernet
(trade name) cables.

However, other embodiments are not limited to theve-mentioned
aspect and may include an aspect of connectiomamamunication cables other
than optical cables and Ethernet (trade name) sable
[0027]

Note that while the present embodiment has beeaoribesi as an aspect
in which the wireless communication control devi@sand 2b are installed on
the roadsides of lanes L1 and L2, respectively, iantthe vicinity of the gantry
G as illustrated in FIG. 1, other embodiments avelimited to this aspect. For
example, in an acceptable aspect, the wireless aoriwation control devices
2a and 2b may be installed in the communicationetow (FIG. 1). In this case,
the roadside antennas 3a and 3b are connectedctasge to the wireless
communication control devices 2a and 2b via optoales or the like wired
from the gantry G to the communication tower T.

[0028]

As illustrated in FIG. 2, the vehicle detectorseal 5b in the present
embodiment respectively include ultrasonic sen&@a and 50b for detecting
the vehicle A running on the lanes L1 and L2, resipely.

The ultrasonic sensor 50a detects whether a veAicderunning on the
line L1 by making an unillustrated transmitter emlitrasonic waves to the lane
L1 and making an unillustrated receiver receive rihtected waves of the
ultrasonic waves. Specifically, the transmittertioé ultrasonic sensor 50a emits
ultrasonic waves in the lane width direction (+Yatition). As such, the
ultrasonic sensor 50a detects whether there ishaheA entering the specified
communication region Q1. Likewise, the ultrasorensor 50b detects whether
a vehicle A is running on the line L2 by making @millustrated transmitter emit
ultrasonic waves to the lane L2 and making an usthated receiver receive the
reflected waves of the ultrasonic waves. Specificdahe transmitter of the
ultrasonic sensor 50b emits ultrasonic waves inlane width direction (-Y
direction). As such, the ultrasonic sensor 50b dstehether there is a vehicle
A entering the specified communication region Q2té\that in the present
embodiment, an aspect in which the vehicle deteckarand 5b respectively
includes the ultrasonic sensors 50a and 50b isrdest; but such an aspect in
not the only possible one. Other embodiments majude an aspect in which a
vehicle detector include an optical sensor in platan ultrasonic sensor.
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In the present embodiment, the vehicle detectorarigh5b are connected
to the toll collection processing device la insdlin the communication tower
T (FIG. 1) via Ethernet (trade name) cables.

However, other embodiments are not limited to theve-mentioned
aspect and may include an aspect of connectiomamamunication cables other
than optical cables and Ethernet (trade name) sable
[0029]

Functional elements of diagnosing unit

FIG. 3 is a diagram illustrating some functionatrekents of a diagnosing
unit according to Embodiment 1.

FIG. 4 is a table explaining some functions of th&@gnosing unit
according to Embodiment 1.

As illustrated in FIG.3, the diagnosing unit 120tbé toll collection
processing device la includes a soundness detetiomnanit 120a and a restart
unit 120b.

[0030]

The soundness determination unit 120a receives) the vehicle
detectors 5a and 5b, vehicle detection resultssdiasl by lane and representing
the entry of vehicle A into the specified commurioa regions Q1 and Q2,
respectively. The soundness determination unit 1#6a receives, from the toll
collection processing unit 10, toll collection pessing results classified by
lane and representing the results of toll collettpwocessing carried out for the
onboard unit Al of the vehicle A. Based on the e&hdetection results and the
toll collection processing results, the soundnesteidnination unit 120a
determines, for individual lanes, whether an abradity has occurred in at least
one of the wireless communication control devicasad 2b, the roadside
antennas 3a and 3b, and the toll collection prdogssnit 10 (hereinafter,
referred to as the "system abnormality").

[0031]

Some specific functions of the soundness deternanainit 120a will be
described below by taking the lane L1 as an example

In a case where the soundness determination ufa t@ceives, from the
toll collection processing unit 10, the result béttoll collection processing for
vehicle A running on the lane L1 between the reiwapof the result of
detecting the vehicle A from the vehicle detectarahd the reception the result
of detecting the next vehicle from the vehicle d¢te 5a, the soundness
determination unit 120a determines that the tollextion processing unit 10
has carried out properly the toll collection prosiag for the onboard unit A1 of
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the vehicle A. Hence, the soundness determinatioh1?20a determines that no
system abnormality has occurred in the Lane L1.

In contrast, in a case where the soundness detatimmunit 120a does
not receive, from the toll collection processingtutD, the result of the toll
collection processing for vehicle A running on thee L1 between the
reception of the result of detecting the vehicl&@m the vehicle detector 5a
and the reception the result of detecting the nexticle from the vehicle
detector 5a, the soundness determination unit t2@armines that the toll
collection processing unit 10 has not carried ¢t tioll collection processing.
Here, there are two conceivable reasons for whysthendness determination
unit 120a has not received the result of the tollection processing: the
vehicle A is equipped with no onboard unit Al (heedter, referred to as the
"onboard-unit not-mounted case(s)"); and thoughuéileicle A is equipped with
an onboard unit A1, the toll collection processingthe onboard unit A1 has
not been carried out properly (hereinafter, refért@ as the "processing error
case(s)").

The soundness determination unit 120a distinguishe®nboard-unit
not-mounted cases from the processing error cagesinting the numbers of
continuously skipped toll collection processing etge(hereinafter, referred to
as the "number of continuously skipped processwanes") for individual
lanes. Every time the soundness determination 120& receives a result of
detecting a vehicle on the lane L1, the soundnessrthination unit 120a
determines whether toll collection processing hasrbcarried out for the lane
L1 as described above. In a case where the sousdiegermination unit 120a
determines that a toll collection processing eventhe lane L1 has been
skipped, the soundness determination unit 120a #telsumber of the skipped
processing events (one in this case) to the numbeontinuously skipped
processing events for the lane L1. Otherwise, thain a case where the
soundness determination unit 120a determines thali aollection processing
event for the lane L1 has been carried out, thendnass determination unit
120a resets (i.e., sets to zero) the number oficoatsly skipped processing
events for the lane L1. The soundness determination120a counts the
number of continuously skipped toll collection pessing events for individual
lanes in a similar manner.

[0032]

Subsequently, the soundness determination unit i28ds, from the
recording medium 11, a threshold value table Tdsitated in FIG. 4, and
determines whether the number of continuously s&gbprocessing events for
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the lane L1 exceeds the threshold value set irttireshold value table T1. The
threshold value is a pre-set value based on thecostrip rate (equipment ratio)
of the onboard unit A1 and represents how manyalekiA without onboard
unit Al (vehicles A for each of which the toll cedlition processing has been
skipped) have passed consecutively before the smssddetermination unit
120a determines that a system abnormality has oeduAlternatively, the
threshold value may be set based on the ownersltgaf the onboard unit A1
and the traffic volume for each tollgate. Note thrabther embodiments,
different threshold values may be set individudbyy different roads
(expressways), or individually for different regomcluding a plurality of
tollgates.

Now, suppose a situation where a toll collectiongessing event has
been skipped for the lane L1 but the number of imusly skipped processing
events does not exceed the threshold value fotathe L1. The soundness
determination unit 120a interprets the situatioraaonboard-unit not-mounted
case, and thus determines that no system has ahtigrroccurred in the lane
L1.

In contrast, suppose a different situation whetellacollection
processing event has been skipped for lane L1 a@dumber of continuously
skipped processing events exceeds the threshole al the lane L1. The
soundness determination unit 120a interprets thumBon as a processing error
case, and thus determines that a system abnornialgyccurred in the lane L1.

For example, as illustrated in FIG. 4, a tollgatk s a pre-set threshold
value of "8." Hence, in a case where in the tokgRtl, the number of
continuously skipped processing events for the lahdecomes 8 or larger, the
soundness determination unit 120a interprets theson as a processing error
case, and thus determines that a system abnorntelgyccurred in the lane L1.

The soundness determination unit 120a also detexsnifor lane L2,
whether a system abnormality has occurred in alainmianner to that in the
case of lane L1.

In a case where both the number of continuouslpsii processing
events for the lane L1 and the corresponding nurfidrethe lane L2 exceed the
threshold value, the soundness determination Wlaldetermines that a system
abnormality has occurred in all the lanes and mtthll collection processing
unit 10.

[0033]

In a case where the soundness determination ufa fi2termines that a

system abnormality has occurred in the lane L1 réstart unit 120b restarts the
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roadside antenna 3a and the wireless communicabatrol device 2a for the
lane L1. In a case where the soundness determmatid 120a determines that
a system abnormality has occurred in the lane h&,restart unit 120b restarts
the roadside antenna 3b and the wireless commuaicabntrol device 2b for
the lane L2.

The restarting of these apparatuses by the regtdtrtLl20b solves the
system abnormalities that have occurred in laneand L2. Thus, the roadside
antennas 3a and 3b as well as the wireless commationccontrol devices 2a
and 2b for the lanes L1 and L2, respectively camlagle to operate properly.

In a case where the soundness determination ufa fi2ztermines that
system abnormalities occur in both of the lanesahdl L2 (i.e., in all the lanes),
the restart unit 120b restarts: the toll collectpmocessing unit 10; the roadside
antennas 3a and 3b for all the lanes; and the @setommunication control
devices 2a and 2b for all the lanes.

[0034]
Processing flow of diagnosing unit

FIG. 5 is a diagram illustrating a processing floimhe diagnosing unit
according to Embodiment 1.

A specific processing flow of the diagnosing un0lwill be described
below by taking the lane L1 as an example. The mbagng unit 120, however,
is assumed to carry out similar processing flowdividually for all the lanes.

As illustrated in FIG. 5, the soundness determoratinit 120a of the
diagnosing unit 120 receives, from the vehicle dete5a for the lane L1, a
result of detecting a vehicle A representing th&yenof the vehicle A into the
specified communication region Q1 (Step S100).

Then, based on whether the soundness determinatiori20a has
received, from the toll collection processing ub®, a result of toll collection
processing for the vehicle A passing through thecsfiped communication
region Q1 (i.e., running on the lane L1) betweea thception of the result of
detecting the vehicle A of the lane L1 from the ndd detector 5a and the
reception the result of detecting the next vehfcten the vehicle detector 5a,
the soundness determination unit 120a determinestvehn the toll collection
processing has been carried out for the vehicl&t&g S101).

[0035]

If the soundness determination unit 120a receifresn the toll
collection processing unit 10, the result of thi tollection processing for
vehicle A running on the lane L1 between the reiwepof the result of
detecting the vehicle A from the vehicle detectarahd the reception the result
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of detecting the next vehicle from the vehicle d¢be 5a (Step S101: YES), the
soundness determination unit 120a determines twatdll collection processing
unit 10 has carried out properly the toll collectiprocessing for the onboard
unit Al of the vehicle A. Hence, the soundness eiigation unit 120a
determines that no system abnormality has occurrélde lane L1. Then, the
soundness determination unit 120a resets (i.es,teetero) the number of
continuously skipped processing events for the lah¢Step S105).

In contrast, if the soundness determination unialdoes not receive,
from the toll collection processing unit 10, thesuét of the toll collection
processing for vehicle A running on the lane L1vexn the reception of the
result of detecting the vehicle A from the vehidietector 5a and the reception
the result of detecting the next vehicle from tledicle detector 5a (Step S101:
NO), the soundness determination unit 120a deteemthat the toll collection
processing unit 10 has not carried out the tollexdlon processing for the
vehicle A. Then, the soundness determination ud@talincrements (by adding
1) the number of continuously skipped processingnés for the lane L1 (Step
S102).

[0036]

Subsequently, the soundness determination unit i28ds, from the
recording medium 11, a threshold value table TIG(M), and determines
whether the number of continuously skipped progessivents for the lane L1
exceeds the threshold value set in the threshdigeviable T1 (Step S103).
Based on the number of continuously skipped prdogssvents for the lane L1
and the threshold value set in the threshold védiée T1, the soundness
determination unit 120a identifies the reason far skipping of the toll
collection processing event: either correspondmghe "onboard-unit
not-mounted case (where the vehicle A is equipp#&d mo onboard unit A1)";
or corresponding to the "processing error case (eliee vehicle A is equipped
with an onboard unit A1 but the toll collection pessing for the onboard unit
Al has not been carried out properly).”

Now, suppose a situation where a toll collectiongassing event has
been skipped for the vehicle A on the lane L1 (S34¢01: NO) but the number
of continuously skipped processing events doesroeed the threshold value
for the lane L1 (Step S103: NO). The soundnessragbation unit 120a
interprets the situation as an onboard-unit not-med case, and thus
determines that no system abnormality has occurréde lane L1.

In contrast, suppose a different situation whetellacollection
processing event has been skipped for lane L1 (St€ld: NO) and the number
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of continuously skipped processing events excekedghreshold value for the
lane L1 (Step S103: YES). The soundness deternunatnit 120a interprets the
situation as a processing error case, and thugrdates that a system
abnormality has occurred in the lane L1.

[0037]

Subsequently, if the soundness determination w2baldetermines that
the number of continuously skipped processing evéort the lane L1 exceeds
the threshold value (Step S103: YES) and in addjtthat a system abnormality
has occurred in the lane L1, the restart unit 1@Dthe diagnosing unit 120
outputs a restart instruction to restart the rodelsintenna 3a and the wireless
communication control device 2a for the lane L1e(55104).

Then, once the restart unit 120b outputs the regtatruction to restart
the roadside antenna 3a and the wireless commuaicabntrol device 2a for
the lane L1, the soundness determination unit X28ats (i.e., sets to zero) the
number of continuously skipped processing eventgtfe lane L1 (Step S105).
Upon the completion of restart processing, the sod&l antenna 3a and the
wireless communication control device 2a for theeld.1 recover from the
abnormal state and operate properly.

Note that in a case where both the number of caotisly skipped
processing events for the lane L1 and the corregipgnnumber for the lane L2
exceed the threshold value, the soundness detetimmnanit 120a determines
that a system abnormality has occurred in all #reek. In this case, the restart
unit 120b outputs a restart instruction to resttré toll collection processing
unit 10; the roadside antennas 3a and 3b for alldnes; and the wireless
communication control devices 2a and 2b for all ldrees.

By repeating the above-described processing flow,diagnosing unit
120 determines whether an abnormality has occurréle toll collection
system 1. In addition, in a case where the diagrpshnit 120 determines that
an abnormality has occurred in the toll collectsystem 1, at least any one of
the roadside antennas 3a and 3b, the wireless comcation control devices 2a
and 2b, and the toll collection processing unitid@estarted.

[0038]
Advantageous effects

As has been described thus far, the toll collecigstem 1 according to
the present embodiment includes: the roadside aateB8a and 3b operable to
carry out wireless communications with the onboantt A1 mounted on the
vehicle A; the wireless communication control desa and 2b operable to
carry out communication processing based on preaeted communication
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specifications (ARIB standard specifications) witle onboard unit Al via the
roadside antennas 3a and 3b; the toll collectiat@ssing unit 10 operable to
acquire a result of the communication processiogfthe wireless
communication control devices 2a and 2b and toycaut toll collection
processing for the onboard unit A1 based on thalted the communication
processing; the vehicle detectors 5a and 5b operabtietect a vehicle A
entering any of the communication ranges (specifi@ecshmunication regions Q1
and Q2) of the roadside antennas 3a and 3b; theds®ss determination unit
120a operable to determine, based on a detectmiritref the vehicle A by the
vehicle detectors 5a and 5b and a result of thectilection processing by the
toll collection processing unit 10, whether an atmality has occurred in at
least any one of the roadside antennas 3a anch8hyireless communication
control devices 2a and 2b, and the toll collectwacessing unit 10.

In a known toll collection system, an ETC centraltumonitoring the
toll collection system determines whether a sysédmormality has occurred.
With this configuration, it is difficult for the ET central unit to identify the
reason for no toll collection processing being matrout: either because no
vehicle passes or because a system abnormalitpd@asred. Hence, in the
known toll collection system, it takes a relativétyg time for the ETC central
unit to determine that a system abnormality hasuoed.

In the present embodiment, however, in the caserevtiee soundness
determination unit 120a determines, based on thelref the communication
processing with the onboard unit A1, that the tallection processing for the
vehicle A detected by any one of the vehicle detecba and 5b is skipped, the
soundness determination unit 120a counts the nusnifecontinuously skipped
processing events for the individual lanes, whiepresent the numbers of
consecutively skipped toll collection processingets for the individual lanes.
Based on whether the toll collection processingilteis reasonable in light of
the result of detecting the vehicle A, the soundngstermination unit 120a
detects quickly the occurrence of a system abnatynal the roadside antennas
3a and 3b, and the wireless communication conteiaks 2a and 2b for the
individual lanes. To be more specific, based ontiwbethe numbers of
continuously skipped processing events thus coufdethdividual lanes in the
above-described way exceed the threshold valuengée threshold value table
T1 (FIG. 4), the soundness determination unit 1@8gects quickly the
occurrence of a system abnormality in the roadsittennas 3a and 3b, and the
wireless communication control devices 2a and 2ktlie individual lanes.
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In addition, in the case where both the numberaftimuously skipped
processing events for the lane L1 and the corregipgnnumber for the lane L2
exceed the threshold value, the soundness detetimmnanit 120a detects
guickly the occurrence of a system abnormality lirttee lanes.

[0039]

In addition, the toll collection system 1 accorditogthe present
embodiment further includes the restart unit 12pbrable to restart at least any
one of the roadside antennas 3a and 3b, the wg@@simunication control
devices 2a and 2b, and the toll collection proagsgsinit 10 in a case where the
soundness determination unit 120a determines tlsgsgem abnormality has
occurred. As such, in the case where soundnessndietEion unit 120a
determines that a system abnormality has occutredrestart unit 120b restarts
at least any one of the roadside antennas 3a anth&lwireless communication
control devices 2a and 2b, and the toll collectwacessing unit 10. This, in
turn, allows the toll collection system 1 to recov®m the abnormal state and
to be back in its proper operation.

In addition, in the present embodiment, the sousdrdetermination unit
120a determines whether a system abnormality hasroed in each of all the
lanes. This allows the restarting to be limitedhe roadside antenna and the
wireless communication control device for a partacuane where a system
abnormality has occurred. Consequently, the restaitt120b lets the roadside
antenna(s) and the wireless communication conteeiak(s) for the other
lane(s) that are in proper operations continuertbperations, and at the same
time, allows the roadside antenna and the wiretessmunication control
device for the lane where a system abnormalitydwasirred to recover from the
abnormal state and to be back in their proper dpmra. This allows the restart
unit 120b to minimize the adverse effects thatmstart processing has on the
entire toll collection system 1.

In addition, in the case where the soundness détation unit 120a
determines that a system abnormality has occumedlithe lanes, the restart
unit 120b restarts the roadside antennas 3a anth8hyireless communication
control devices 2a and 2b, and the toll collectiwacessing unit 10 for all the
lanes. Accordingly, even in a case where a systemoamality has occurred in a
plurality of apparatuses, the restart unit 120lbal the roadside antennas 3a
and 3b, the wireless communication control devizasand 2b, and the toll
collection processing unit 10 for all the lanegecover from the abnormal state
and to be back in their proper operations.

[0040]
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Modified example of Embodiment 1

In the aspect described above in Embodiment 1sthmdness
determination unit 120a of the diagnosing unit £2@nts the numbers of
continuously skipped processing events for thevirtial lanes, and based on
whether the numbers of continuously skipped proogssvents exceed the
threshold value set in the threshold value tablgHIG. 4), the soundness
determination unit 120a detects the occurrence ©fsaem abnormality in the
individual lanes.

The present modified example differs from Embodiignmn that the
soundness determination unit 120a calculates a ddtthe result of the toll
collection processing to the result of detecting tehicle.

A modified example of Embodiment 1 will be descidbeelow with
reference to FIGS. 6 to 7.

[0041]
Processing flow of diagnosing unit

FIG. 6 is a table explaining some functions of agtiosing unit
according to the modified example of Embodiment 1.

FIG. 7 is a diagram illustrating a processing floiMhe diagnosing unit
according to the modified example of Embodiment 1.

A specific processing flow of the diagnosing un0lwill be described
below by taking the lane L1 as an example. The mbaghg unit 120, however,
is assumed to carry out similar processing flowdividually for all the lanes.
In addition the diagnosing unit 120 repeats théofwing processing flow at
predetermined intervals.

As illustrated in FIG. 7, if the soundness deteration unit 120a of the
diagnosing unit 120 receives, from the vehicle date5a for the lane L1, a
result of detecting a vehicle A representing th&yeof the vehicle A into the
specified communication region Q1, the soundnessrdenation unit 120a
counts the vehicle detection number, which shovesntbmber of vehicles
detected within a unit time (e.g., within an ho(®fep S200).

Subsequently, based on whether the soundness detgiom unit 120a
has received, from the toll collection processimgt 10, a result of toll
collection processing for the vehicle A passingtigh the specified
communication region Q1 (i.e., running on the lani¢, the soundness
determination unit 120a determines whether thedollection processing has
been carried out for the vehicle A. Then, the sawes$ determination unit 120a
counts the processing event number, which showstimeber of toll collection
processing events carried out for the lane L1 witiie unit time (Step S201).
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[0042]

Subsequently, the soundness determination unit i2@armines whether
the unit time has elapsed (Step S202). If the snasd determination unit 120a
determines that the unit time has not elapsed (S&Q2: NO), the soundness
determination unit 120a repeats the above-deschivedessing of Step S200 to
S201 until the soundness determination unit 12Qardenes that the unit time
has elapsed.

In contrast, if the soundness determination unfigl@etermines that the
unit time has elapsed (Step S202: YES), the soussldetermination unit 120a
calculates the ratio of the processing event nuncbented within the unit time
to the vehicle detection number for the lane L1rded within the unit time.
Then, the soundness determination unit 120a rdfaals, the recording medium
11, a threshold value table T2 (FIG. 6), and detee® whether the ratio of the
processing event number to the vehicle detectianbrer for the lane L1 is
equal to or smaller than threshold value set intthieshold value table T2 (Step
S203). The threshold value is a pre-set value basetthe ownership rate
(equipment ratio) of the onboard unit Al. The threlsl value or a smaller
percentage of the number of vehicles A equippedh wie onboard unit Al
(processing event number representing the carnigdadl collection processing
events) to the number of vehicles A that have pasgéhin the unit of time
(vehicle detection number) is required for the dei@ation of the occurrence
of a system abnormality. Note that the equipmetibraf the onboard unit Al
represents, for example, a statistically calculataldie of the number of
vehicles equipped with the onboard unit Al to thenber of owned vehicles in
a predetermined area (e.g., a country, a prefecturé the like) irrespective of
vehicle type. Alternatively, the equipment ratiotbE onboard unit A1 may
represent a statistically calculated value of thenher of vehicles equipped
with the onboard unit Al to the number of vehiclesng expressways in a
predetermined area (e.g., a country, a prefecturd,the like) irrespective of
vehicle type. Still alternatively, the thresholdwa& may be set based on the
ownership rate of the onboard unit A1 and the tcafblume for each tollgate.
Note that in other embodiments, different threshwdtles may be set
individually for different roads (expressways),individually for different
regions including a plurality of tollgates.

[0043]

Based on the ratio of the processing event numbéhnée vehicle
detection number for the lane L1 and the threshvalde set in the threshold
value table T2, the soundness determination urflidentifies the reason for
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the skipping of the toll collection processing euegither corresponding to the
"onboard-unit not-mounted case (where the vehicle Aquipped with no
onboard unit A1)"; or corresponding to the "prodegserror case (where the
vehicle A is equipped with an onboard unit A1 bl toll collection processing
for the onboard unit A1 has not been carried oopprly)."

If the ratio of the processing event number tovbhbicle detection
number for the lane L1 is larger than the threshahlie (Step S203: NO), the
soundness determination unit 120a interprets themson as an onboard-unit
not-mounted case, and determines that no systemradatity has occurred in
the lane L1.

In contrast, if the ratio of the processing eveainter to the vehicle
detection number for the lane L1 is equal to or kendahan threshold value
(Step S203: YES), the soundness determinationitla interprets the
situation as a processing error case, and detemiirad a system abnormality
has occurred in the lane L1.

[0044]

Subsequently, if the ratio of the processing evamhber to the vehicle
detection number for the lane L1 is equal to or kendahan threshold value
(Step S203: YES) and in addition, the soundneserdehation unit 120a
determines that a system abnormality has occumete lane L1, the restart
unit 120b of the diagnosing unit 120 outputs aadsinstruction to restart the
roadside antenna 3a and the wireless communicabotrol device 2a for the
lane L1 (Step S204).

Then, once the restart unit 120b outputs the regtatruction to restart
the roadside antenna 3a and the wireless commuaicabntrol device 2a for
the lane L1, the soundness determination unit X28ats (i.e., sets to zero) the
vehicle detection number and the processing eventher for the lane L1 (Step
S205).

Upon the completion of restart processing, the sodal antenna 3a and
the wireless communication control device 2a far thne L1 recover from the
abnormal state and operate properly.

Note that in a case where both the ratio of the@ssing event number
to the vehicle detection number for the lane L1 g corresponding ratio for
the lane L2 are equal to or smaller than the thokkskialue, the soundness
determination unit 120a determines that a systenoabality has occurred in
all the lanes. In this case, the restart unit 1@0tputs a restart instruction to
restart: the roadside antennas 3a and 3b for allahes; the wireless
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communication control devices 2a and 2b for all ldrees; and the toll
collection processing unit 10.

By repeating the above-described processing flopratietermined
intervals, the diagnosing unit 120 determines whetin abnormality has
occurred in the toll collection system 1. In adalitj in a case where the
diagnosing unit 120 determines that an abnormaléy occurred in the toll
collection system 1, at least any one of the rad@sintennas 3a and 3b, the
wireless communication control devices 2a and 2o, the toll collection
processing unit 10 is restarted.

[0045]
Advantageous effects

In Embodiment 1 described earlier, as the numbedhefcontinuously
skipped toll collection processing events is codnié may take a longer time
than the unit time to detect the occurrence ofsteay abnormality in a tollgate
with a small traffic volume.

In the present modified example, however, everyetifme unit time has
elapsed, the soundness determination unit 120bheotltagnosing unit 120
determines, for each individual lane, whether thigor of the processing event
number to the vehicle detection number is equartemaller than the threshold
value. As such, the soundness determination urdaI2gularly determines
whether a system abnormality has occurred eventaillgate with a small
traffic volume.

[0046]

In addition in Embodiment 1 described earlier, tietection of the
occurrence of a system abnormality may be impossibla case where the
system abnormality includes: unstable operationthefroadside antennas 3a
and 3b, the wireless communication control devizasnd 2b, and the toll
collection processing unit 10; and as a resultetiéipns of some toll collection
processing events carried out normally and somppsld events.

In the present modified example, however, the soesd determination
unit 120a determines, based on the vehicle detectionber and the processing
event number both of which are counted for eaclividdal lane within the unit
time, whether the ratio of the processing event Ineinto the vehicle detection
number is equal to or smaller than the thresholdezaln a case where a system
abnormality including repetitions of some toll eadlion processing events
carried out normally and some skipped events ocasnaller processing
event number is recorded within the unit time th@ama case where proper toll
collection processing events are continuously eadrout within the same unit
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time. Hence, in the case where a system abnormaflitiiis type occurs, the
ratio of the processing event number to the vehigtction number is more
likely to be equal to or smaller than the thresheddlue. This allows the
soundness determination unit 120a to detect theroence of the system
abnormality. Accordingly, the soundness determuoratinit 120a detects the
occurrence of a system abnormality in the toll eollon system 1 more
accurately.

[0047]

In addition, in the present modified example, omythe case where the
soundness determination unit 120a determines Heatnit time has elapsed,
the soundness determination unit 120a carries mdgssing including: a
calculation of the ratio of the processing evenmber to the vehicle detection
number for each individual lane; and a determimawd whether the ratio thus
calculated is equal to or smaller than the thredtvallue set in the threshold
value table T2 (FIG. 6). Hence, the soundness detation unit 120a carries
out a reduced amount of processing, which, in taflgws the diagnosing unit
120 to achieve a quicker overall processing pertoroe.

[0048]
Embodiment 2

Subsequently, a toll collection system accordingtobodiment 2 will
be described below in detail with reference to FIG$o 11.

Note that the same components as those in Embodiinesll be
denoted by the same reference symbols, with detsonip thereof omitted.
[0049]

Overall configuration of toll collection system

FIG. 8 is a diagram illustrating an overall configtion of a toll
collection system according to Embodiment 2.

As illustrated in FIG. 8, a toll collection systelmaccording to the
present embodiment, includes, as in Embodimentt|laollection processing
device la, wireless communication control devicasad 2b, and roadside
antennas 3a and 3b. In addition, the toll collettsgstem 1 in the present
embodiment includes a vehicle detector 5c in plafcthe vehicle detectors 5a
and 5b in Embodiment 1.

[0050]

The vehicle detector 5c is installed on the roaelsitieither the lane L1
or the lane L2, and on the upstream side of thergaa in the lane direction (at
a position away from the gantry G in -X directionRiG. 1). The vehicle
detector 5c detects the entry of vehicles A runronghe lanes L1 and L2 into
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the corresponding specified communication regiodsa@d Q2, where the
vehicles A are capable of carrying out wireless oamication with the
roadside antennas 3a and 3b, respectively.

The description in the present embodiment is aretswhere the single
vehicle detector 5c is installed on the roadsideitier the lane L1 and the lane
L2, and where the single vehicle detector 5¢ dstéut vehicles A running on
the lane L1 and on the lane L2. The aspect, howasarot the only possible
one. In other embodiments, two vehicle detectory bminstalled with one on
the roadside of the lane L1 and the other on tlaelsale of the lane L2.
Moreover, other embodiments may include an aspeuthich one, or two or
more vehicle detectors is/are disposed on a mad iocluding three or more
lanes. Furthermore, other embodiment may includaspect in which the
vehicle detectors are attached to gantry, whictisposed across the lane width
direction of the lanes L1 and L2 (extending in thédirection of FIG. 1) and
fixed over each of lanes L1 and L2.

[0051]
Functional elements of the toll collection system

FIG. 9 is a diagram illustrating the functional mlents of the toll
collection system according to Embodiment 2.

As illustrated in FIG. 9, the vehicle detector hcthe present
embodiment includes a license plate reader 51 arghicle type determination
unit 52.

The license plate reader 51 is disposed at a positom which the
license plate reader 51 is capable of taking, ftomfront side (from the farther
side in the traveling direction of the vehicle Ae.i from the +X side in FIG. 8),
images of the vehicle bodies of the vehicles A tiate reached the specified
communication regions Q1 and Q2 of the lanes L1 laadThe license plate
reader 51 takes images of the lanes L1 and L2 ooatly at regular intervals.
Then, by carrying out predetermined image processimthe data on the
images of the vehicles A that have reached theiipdacommunication regions
Q1 and Q2 of the lanes L1 and L2, the license plateler 51 acquires the
license plate information for the vehicles A (hexadier, referred to as the "LP
information"). Specifically, the LP information meoned above includes the
size of the license plate (plate size) attacheédach vehicle A and the
classification number marked on the license plate.

In addition, by carrying out predetermined imageqgassing on the data
on the taken images, the license plate reader &idtifiles the lane on which the
vehicle A having the acquired LP information is nimg.
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As such, the license plate reader 51 detects tirg efvehicle A into
any of the specified communication regions Q1 ard ahd acquires the LP
information of the vehicle A and the information tite lane on which the
vehicle A is running.

[0052]

The vehicle type determination unit 52 of the védidetector 5¢
determines the vehicle type of the vehicle A bagsedhe LP information of the
vehicle A acquired by the license plate readerTie description in the present
embodiment is an aspect where the vehicle typeraetation unit 52 identifies
the vehicle type selected from five different typdsA, B, C, D, and E. In other
embodiments, however, vehicle types of differentetdes may be employed
for the identification.

[0053]

As illustrated in FIG. 9, like the toll collectigprocessing device 1a of
the toll collection system 1 in Embodiment 1, tlé tollection processing
device 1a in the present embodiment includes actlection processing unit
10, a diagnosing unit 120, and a recording medidm 1
[0054]

Like the diagnosing unit 120 of the toll collectipnocessing device la
in Embodiment 1, the diagnosing unit 120 in thespre embodiment includes a
soundness determination unit 120a and a restartlafib. In addition, the
diagnosing unit 120 in the present embodiment frrincludes an extraction
unit 120c.

[0055]

The soundness determination unit 120a receives) the vehicle
detector 5c, as a vehicle detection result repr@sgthe entry of a vehicle A
into any of the specified communication regions &t Q2, information
including: the date and time when the vehicle Aétected; the lane on which
the vehicle A is running; the LP information acagdrby the license plate reader
51; and the vehicle type identified by the vehitipe determination unit 52.
The soundness determination unit 120a also recefvas the toll collection
processing unit 10, as a toll collection procesgiegult representing the result
of the toll collection processing carried out o thnboard unit Al of the
vehicle A, information including the LP informatiatored, beforehand, in the
onboard unit Al of the vehicle A.

Based on the vehicle A detection result and thedollection processing
result, the soundness determination unit 120a detexs, for each individual
lane and for each individual vehicle type, whethesystem abnormality has
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occurred in at least any one of the wireless comgation control devices 2a
and 2b, the roadside antennas 3a and 3b, and lheoti@ction processing unit
10.

[0056]

Some specific functions of the soundness deternanatnit 120a will be
described below.

Firstly, the soundness determination unit 120a irexsethe vehicle A
detection result from the vehicle detector 5c. Otiteesoundness determination
unit 120a receives the vehicle A detection redhi, soundness determination
unit 120a stores, in the recording medium 11, thetwhen the vehicle A is
detected, the lane on which the vehicle A is rugnithe LP information
acquired by the license plate reader 51, and tinécletype identified by
vehicle type determination unit 52 so that thesens are associated with one
another.

[0057]

Subsequently, based on the vehicle A detectionltesaeived from the
vehicle detector 5c and the toll collection progeggesult received from the
toll collection processing unit 10, the soundnestedmination unit 120a
determines whether the toll collection processiag heen carried out for the
vehicle A. Specifically, the soundness determinatimit 120a compares the LP
information included in the vehicle A detection udsreceived from the vehicle
detector 5c¢ (LP information acquired by the licepsazte reader 51) with the LP
information included in the toll collection proceésg result received from the
toll collection processing unit 10 (LP informatistored, beforehand, in
onboard unit Al). Then, in a case where the LPrimiation included in the
vehicle A detection result is identical to the Parmation included in the toll
collection processing result, the soundness detetian unit 120a determines
that the toll collection processing unit 10 hasrieat out the toll collection
processing for the vehicle A. In this case, thengtness determination unit 120a
determines that no system abnormality has occurréde lane L1.

In contrast, in a case where the LP informatioriided in the vehicle A
detection result is not identical to the LP infotioa included in the toll
collection processing result, the soundness detetian unit 120a determines
that the toll collection processing unit 10 has aatried out the toll collection
processing for the vehicle A. Here, there are twoaeivable reasons for why
the soundness determination unit 120a has notveddhe result of the toll
collection processing: the vehicle A is equippedhwio onboard unit A1
(hereinafter, referred to as the "onboard-unit matunted case(s)"); and though
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the vehicle A is equipped with an onboard unit Ale toll collection processing
for the onboard unit A1 has not been carried oopprly (hereinafter, referred
to as the "processing error case(s)").

The soundness determination unit 120a distinguisheonboard-unit
not-mounted cases from the processing error cagesinting the numbers of
continuously skipped toll collection processing etge(hereinafter, referred to
as the "number of continuously skipped processianes") for individual lanes
and for individual vehicle types. Every time theuadness determination unit
120a receives a vehicle detection result for antheflanes L1 and L2, the
soundness determination unit 120a identifies th@ale type of the vehicle and
determines whether the toll collection processiag heen carried out for the
corresponding one of the lanes L1 and L2. In a easere, for example, the
soundness determination unit 120a determines thall aollection processing
event for a vehicle of the vehicle type A on thedd.1 has been skipped, the
soundness determination unit 120a adds the numbiesskipped processing
events (one in this case) to the number of contisiyoskipped processing
events for vehicles of the vehicle type A on thedd 1. In addition, in a case
where the soundness determination unit 120a detesnthat a toll collection
processing event for a vehicle of the vehicle tpen the lane L1 has been
skipped, the soundness determination unit 120a ggglsumber of the skipped
processing events (one in this case) to the nurmbeontinuously skipped
processing events for vehicles of the vehicle tBpen the lane L1.

In contrast, in a case where the soundness detatimmunit 120a
determines that the toll collection processingdorehicle of the vehicle type A
on the lane L1 has been carried out, the soundietsmination unit 120a
resets (i.e., sets to zero) the number of contislyoskipped processing events
for vehicles of the vehicle type A on the lane At .this time, however, the
soundness determination unit 120a resets neitleentimbers of continuously
skipped processing events for vehicles of the othees on the lane L1 nor the
numbers of continuously skipped processing eveatyvéhicles of any vehicle
type on the other lanes (e.g., on the lane L2).

As such, the soundness determination unit 120atsadine number of the
continuously skipped toll collection processing etgefor each individual lane
and for each individual vehicle type.

[0058]

Subsequently, the soundness determination unit i28ds, from the
recording medium 11, a threshold value table Tisiitated in FIG. 10, and
determines whether any one of the numbers of cantisly skipped processing
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events for the individual lanes L1 and L2 for tinividual vehicle types
exceeds the corresponding threshold value setearhieshold value table T3
for each individual vehicle type. The thresholduals a pre-set value for each
individual vehicle type based on the ownership (@&guipment ratio) of the
onboard unit Al for each individual vehicle typedarepresents (at least) how
many vehicles A without onboard unit A1 (vehicledok each of which the toll
collection processing has been skipped) have passesecutively before the
soundness determination unit 120a determines tlsgsgem abnormality has
occurred. Specifically, as illustrated in FIG. 1Be threshold value for the
vehicle type E having an ownership rate of 95%seiste "(at least) 5," for
example. Hence, in a case where (at least) 5 comisectype-E vehicles that
have passed are not equipped with an onboard uniti®e soundness
determination unit 120a determines that a systenoabality has occurred. On
the other hand, a larger number of type-A vehiclasich have an ownership
rate of 50%, are expected to be not equipped witlbrgboard unit Al than the
corresponding type-E vehicles, which have an owmersate of 95%. Now,
suppose a case where the threshold value for e Ayvehicles having a
smaller ownership rate than the ownership rateneftype-E vehicles is set to
the same threshold value as for the type-E vehjthest is"(at least) 5." In this
case, in the case where five consecutive type-Ackes that are not equipped
with an onboard unit A1 have passed, the sounddesmination unit 120a
may erroneously determine that a system abnormhés/occurred even
through the system is in proper operation. Henlee threshold value for type-A
vehicles having a smaller ownership rate is set targer value ("(at least) 10"
in the example of FIG. 10) than the threshold vdluetype-E vehicles having a
larger ownership rate.

Alternatively, the threshold values may be set dase the ownership
rates of the onboard unit A1 for the individual wdh types and the traffic
volume of each tollgate. Note that in other embaestits, different threshold
values may be set individually for different rog@spressways), or individually
for different regions including a plurality of tglhtes.

[0059]

Now, suppose a situation where a toll collectiongassing event for a
vehicle of any vehicle type is skipped for the lad and L2 but the number of
continuously skipped processing events for the aleliof the vehicle type
running on the lanes L1 and L2 does not exceedhteshold value set for the
vehicle type. The soundness determination unit lifGaprets the situation as
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an onboard-unit not-mounted case, and thus det@simat no system
abnormality has occurred in the lanes L1 and L2.

In contrast, suppose a different situation whetellacollection
processing event for a vehicle of any vehicle tigoskipped for the lanes L1
and L2 and the number of continuously skipped pssuegg events for the
vehicles of the vehicle type running on the lanésand L2 exceeds the
threshold value set for the vehicle type. The sowsd determination unit 120a
interprets the situation as a processing error,casé thus determines that a
system abnormality has occurred in the lanes L1l#hd
[0060]

For example, as illustrated in FIG. 10, the typeehicles have a pre-set
the threshold value of "10." Hence, in a case whbkeenumber of continuously
skipped processing events for the type-A vehiclesiing on the lane L1
becomes 10 or larger, the soundness determinatiagri@0a interprets the
situation as a processing error case, and thusrdates that a system
abnormality has occurred in the lane L1.

Note that in the present embodiment, the numbexatinuously
skipped processing events are counted individualiythe vehicle types. Hence,
in a case where, for example, the toll collectisogessing has been skipped for
ten consecutive vehicles running on the lane L1 a@hdf the ten vehicles are of
the vehicle type A, the number of continuously giéd processing events for
the type-A vehicles running on the lane L1 becomesal to or larger than the
threshold value set for the type-A vehicles. Aceonglly, the soundness
determination unit 120a determines that a systenoabality has occurred in
the lane L1. In contrast, in a case where thedollection processing has been
skipped for ten consecutive vehicles running onléme L1 and the ten vehicles
include six type-A vehicles and four type-B vehgl@either the number of
continuously skipped processing events for the #fpeeshicles running on the
Lane 1 nor the corresponding number for the typeeBicles running on the
lane L1 exceeds the corresponding threshold vadtiéos the type-A vehicle or
the type-B vehicle. In this case, the soundneserdghation unit 120a
determines that no system abnormality has occurrdéde lane L1.

The soundness determination unit 120a also detexsnifor lane L2,
whether a system abnormality has occurred in alaimmanner to that in the
case of lane L1.

In addition, in a case where any one of the numbéxntinuously
skipped processing events for vehicles of individeghicle types running on
lane L1 and any one of the corresponding numbersébicles of individual
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vehicle types running on lane L2 exceed the cowmadmng threshold values set
for individual vehicle types, the soundness deteation unit 120a determines
that a system abnormality has occurred in all Hreek and in the toll collection
processing unit 10.

[0061]

As in the case of Embodiment 1, in the case whieeesbundness
determination unit 120a determines that a systenoabality has occurred in
the toll collection system 1, the restart unit 120khe diagnosing unit 120
restarts at least any one of the roadside anteBaasd 3b, the wireless
communication control devices 2a and 2b, and thectilection processing
unit 10.

The restarting of these apparatuses by the regtdtrtLl20b solves the
system abnormalities that have occurred in lanesmnd L2. Thus, the roadside
antennas 3a and 3b, the wireless communicatiorracbdévices 2a and 2b, and
the toll collection processing unit 10 for the larel and L2, respectively can
be made to operate properly.

[0062]

While the restart unit 120b is restarting the appases in the toll
collection system 1, the extraction unit 120c o thiagnosing unit 120 extracts,
by lane, the vehicles A passing through the spediiommunication region Q1
of the lane L1 and the vehicles A passing throudghgpecified communication
region Q2 of the lane L2.

Specifically, in a case where, for example, theagsunit 120b has
output a restart instruction to the roadside andéeda and the wireless
communication control device 2a for the lane LJ #xtraction unit 120c
extracts, from the pieces of LP information of trehicles A acquired by the
license plate reader 51, the pieces of the LP m&dron of the vehicles A
running on the lane L1 between the time of outmgttine restart instruction and
the time of finishing the restart processing by tbadside antenna 3a and the
wireless communication control device 2a.

As such, the extraction unit 120c extracts: theegeof LP information
of the vehicles A running on the lane L1 during tkstart processing of the
apparatuses for the lane L1; the pieces of LP m&dron of the vehicles A
running on the lane L2 during the restart procegsihthe apparatuses for the
lane L2; and the pieces of LP information of théieées A running on all the
lanes during the restart processing of the appaestt@ior all the lanes and the
toll collection processing unit 10.

[0063]
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Note that in the present embodiment, the extractioi 120c stores, as
the toll-unpaid vehicle information in recording diem 11, the pieces of the
LP information of the vehicles A acquired by theelhse plate reader 51 during
the restart processing of the apparatuses forahe L1 or the lane L2, that is,
the pieces of LP information of the vehicles A &ach of which the toll
collection processing is skipped. By referring he toll-unpaid vehicle
information stored in the recording medium 11, thenitoring person or the
like of the tollgate may charge, at a later dale, toll to the users of the
vehicles A for each of which the toll collectionogessing was skipped.
[0064]

Processing flow of diagnosing unit

FIG. 11 is a diagram illustrating a processing flofsthe diagnosing unit
according to Embodiment 2.

A specific processing flow of the diagnosing un20lwill be described
below by taking the lane L1 as an example. The mbagng unit 120, however,
is assumed to carry out similar processing flowdividually for all the lanes.

As illustrated in FIG. 11, the soundness determamatinit 120a of the
diagnosing unit 120 receives, from the vehicle daie5c, as the vehicle A
detection result representing the entry of the gkehA\ into the specified
communication region Q1, information including: tiate and time when the
vehicle A is detected; the lane on which the vehiglis running; the LP
information; and the vehicle type (Step S300).

[0065]

Subsequently, based on the vehicle A detectionltresaeived from the
vehicle detector 5¢ and the toll collection proé¢eggesult received from the
toll collection processing unit 10, the soundnestedmination unit 120a
determines whether the toll collection processiag heen carried out for the
vehicle A (Step S301).

If the LP information included in the vehicle A éetion result (LP
information acquired by the license plate readeriSidentical to the LP
information included in the toll collection proc&sg result (LP information
stored, beforehand, in the onboard unit Al), thensimess determination unit
120a determines that the toll collection processing 10 has carried out the
toll collection processing properly for the vehidgStep S301: YES). In this
case, the soundness determination unit 120a detesrihat no system
abnormality has occurred in the lane L1. Then,dbendness determination
unit 120a resets (i.e., sets to zero) the numbeoatinuously skipped
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processing events for the vehicle type of the viehicamong the numbers of
continuously skipped processing events for the lah¢Step S306).

In contrast, if the LP information included in thiehicle A detection
result is not identical to the LP information indkd in the toll collection
processing result (Step S301: NO), the soundnessdeation unit 120a
determines that the toll collection processing urithas not carried out the toll
collection processing for the vehicle A. Then, goaindness determination unit
120a increments (by adding 1) the number of comtirslly skipped processing
events for the vehicle type of the vehicle A amaing numbers of continuously
skipped processing events for the lane L1 (Ste@%30
[0066]

Subsequently, the soundness determination unit i28ds, from the
recording medium 11, a threshold value table T35(RAI0), and determines
whether any one of the numbers of continuously p&tpprocessing events for
the lane L1 for the individual vehicle types exceelde corresponding threshold
value set in the threshold value table T3 for eaclividual vehicle type (Step
S303). Based on the numbers of continuously skigpedessing events for the
lane L1 for individual vehicle types and the threkhvalues set for the
individual vehicle types in the threshold valuel&alb3, the soundness
determination unit 120a identifies the reason for skipping of the toll
collection processing event: either correspondmghe "onboard-unit
not-mounted case (where the vehicle A is equippé&t no onboard unit A1)";
or corresponding to the "processing error case (e/lilee vehicle A is equipped
with an onboard unit A1 but the toll collection pessing for the onboard unit
A1l has not been carried out properly)."

If a toll collection processing event is skipped &ovehicle A running on
the lane L1 (Step S301: NO) and in addition, thkeigke A is of the vehicle type
A, the soundness determination unit 120a determiviesther the number of
continuously skipped processing events for the #fpeehicles running on the
lane L1 exceeds the threshold value set for theclellype A (Step S303). If
the number of continuously skipped processing evémt the type-A vehicles
running on the lane L1 does not exceed the threshalue set for the vehicle
type A (Step S303: NO), the soundness determinatiin120a interprets the
situation as an onboard-unit not-mounted case,thus determines that no
system abnormality has occurred in the lane L1.

In contrast, if the number of continuously skipgadcessing events for
the type-A vehicles running on the lane L1 excetbgsthreshold value set for
the vehicle type A (Step S303: YES), the soundmietermination unit 120a
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interprets the situation as a processing error,casé thus determines that a
system abnormality has occurred in the lane L1.
[0067]

Subsequently, if it is determined that the numbfecantinuously skipped
processing events for the type-A vehicles runninghe lane L1 exceeds the
threshold value set for the vehicle type A (Ste@&B3¥ES) and in addition, that
a system abnormality has occurred in the lane hé restart unit 120b of the
diagnosing unit 120 outputs a restart instructiomestart the roadside antenna
3a and the wireless communication control devicdo2dhe lane L1 (Step
S304).

Then, once the restart unit 120b outputs the regtatruction to restart
the roadside antenna 3a and the wireless commuaicabntrol device 2a for
the lane L1, the soundness determination unit X28ats (i.e., sets to zero) the
number of continuously skipped processing eventgtfe vehicles of all the
vehicle types running on the lane L1 (Step S309omwJthe completion of
restart processing, the roadside antenna 3a anditkéess communication
control device 2a for the lane L1 recover from #bmormal state and operate
properly. In addition, the extraction unit 120c mxdts, from the recording
medium 11, the pieces of LP information of the s A acquired by the
license plate reader 51 between the time whendhg&rt unit 120b outputs the
restart instruction and the time when the restastpssing of the apparatuses
for the lane L1 is finished.

Note that in a case where any one of the numbec®wofinuously
skipped processing events for vehicles of individughicle types running on
lane L1 and any one of the corresponding numbersdaicles of individual
vehicle types running on lane L2 exceed the thriekskalues set for the
corresponding vehicle types, the soundness detatiom unit 120a determines
that a system abnormality has occurred in all Hreek. In this case, the restart
unit 120b outputs a restart instruction to resttdre roadside antennas 3a and 3b
for all the lanes; the wireless communication cohttevices 2a and 2b for all
the lanes; and the toll collection processing Uit

By repeating the above-described processing flow,diagnosing unit
120 determines whether an abnormality has occurrede toll collection
system 1. In addition, in a case where the diagrpshnit 120 determines that
an abnormality has occurred in the toll collecteystem 1, at least any one of
the roadside antennas 3a and 3b, the wireless comcation control devices 2a
and 2b, and the toll collection processing unitid@estarted.

[0068]
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Advantageous effects

As has been described thus far, the toll collecigstem 1 according to
the present embodiment includes the vehicle detésdmperable to detect a
vehicle A entering any of the communication ran{gsecified communication
regions Q1 and Q2) of the roadside antennas 3a83hndnd the vehicle detector
5c includes the vehicle type determination unitdp2rable to identify the
vehicle type of the detected vehicle A. In additibased on the vehicle A
detection result acquired from the vehicle dete&wmiand the toll collection
processing result acquired from the toll collectpmocessing unit 10, the
soundness determination unit 120a of the diagnositig120 determines, for
the individual vehicle types, whether the toll emtion processing has been
carried out for the onboard unit A1 mounted on ¥k&icles A.

As such, based on whether the numbers of continyakspped
processing events counted for the individual vehigipes for the individual
lanes exceed the corresponding threshold value®séte individual vehicle
types in the threshold value table T3 (FIG. 10§ sloundness determination
unit 120a detects quickly, for each individual latlee occurrence of a system
abnormality in the roadside antennas 3a and 3beadksas the wireless
communication control devices 2a and 2b. In additag the soundness
determination unit 120a counts the number of cardirsly skipped processing
events for each individual vehicle type, the ocenne of a system abnormality
is detected accurately even if different vehiclpay have different ownership
rate of the onboard unit Al.

[0069]

In addition, the toll collection system 1 accorditogthe present
embodiment includes the extraction unit 120c, drelvehicle detector 5¢
includes the license plate reader 51. The extraatioit 120c extracts the pieces
of the LP information that are acquired by the tise plate reader 51 of the
vehicle detector 5¢ while the restart unit 120lcasrying out the restart
processing to restart any one of the roadside amateB8a and 3b, the wireless
communication control devices 2a and 2b, and thectilection processing
unit 10.

For example, while the restart unit 120b is cargyout the restart
processing to restart the roadside antenna 3atendireless communication
control device 2a for the lane L1, the toll collect processing can be carried
out for none of the vehicles A that pass through specified communication
region Q1 of the lane L1. In the present embodimbaotvever, as described
above, by making the extraction unit 120c extr&et pieces of LP information
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of the vehicles A that pass through the specifiethmunication region Q1 of
the lane L1 while the restart processing is beiagied out, the extraction unit
120c extracts the vehicles A that may pass thrahghspecified communication
region Q1 with the toll collection processing ev&skipped for the vehicles A.
Then, the extraction unit 120c stores, as theuajpaid vehicle information in
recording medium 11, the pieces of the LP informatof the vehicles A
acquired by the license plate reader 51 duringréts¢éart processing of the
apparatuses for the lane L1, that is, the piecdsPoihformation of the vehicles
A for each of which the toll collection processiisgskipped. As such, by
referring to the toll-unpaid vehicle informatioroséd in the recording medium
11, the monitoring person or the like of the totiyanay charge, at a later date,
the toll to the users of the vehicles A for eachwtiich the toll collection
processing was skipped. Thus made possible isatiection of some
operational disadvantages, such as one where hoditéction can be carried
out for onboard unit A1 of vehicle A while the rastprocessing is being
carried out.

[0070]

Modified example of Embodiment 2

In the aspect described above in Embodiment 2stundness
determination unit 120a of the diagnosing unit £2@nts the numbers of
continuously skipped processing events for thevitial vehicle types for the
individual lanes, based on whether the numbersootiouously skipped
processing events for the individual vehicle typaseed the corresponding
threshold values set for the individual vehicledgpn the threshold value table
T3 (FIG. 10), the soundness determination unit 1@8&rmines whether a
system abnormality has occurred.

The present modified example differs from Embodim2in that the
soundness determination unit 120a calculates a ddtthe result of the toll
collection processing to the result of detecting tehicle.

The modification of Embodiment 2 will be describwith reference to
FIGS. 12 to 13.

[0071]
Processing flow of diagnosing unit

FIG. 12 is a table explaining some functions ofi@ydosing unit
according to the modified example of Embodiment 2.

FIG. 13 is a diagram illustrating a processing floimhe diagnosing unit
according to the modified example of Embodiment 2.
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A specific processing flow of the diagnosing un20lwill be described
below by taking the lane L1 as an example. The mdagng unit 120, however,
is assumed to carry out similar processing flowdividually for all the lanes.

In addition the diagnosing unit 120 repeats théofeing processing flow
continually at predetermined intervals.

As illustrated in FIG. 12, the soundness determamatnit 120a of the
diagnosing unit 120 receives, from the vehicle daie5c, as the vehicle A
detection result representing the entry of the gkehh into the specified
communication region Q1 of the lane L1, informatiosluding: the date and
time when the vehicle A is detected; the lane omcWwhhe vehicle A is running;
the LP information; and the vehicle type. The sawesbk determination unit
120a counts, for the individual vehicle types, tfedicle detection numbers
representing the numbers of vehicle A detected iwighunit time (e.g., within
an hour) (Step S400).

Subsequently, based on whether the soundness de&giom unit 120a
has received, from the toll collection processimgt 10, a result of toll
collection processing for the vehicle A passingtigh the specified
communication region Q1 (i.e., running on the lai¢, the soundness
determination unit 120a determines whether thedollection processing has
been carried out for the vehicle A. Then, the sawes$ determination unit 120a
counts, for each individual vehicle type, the pregiag event number, which
shows the number of toll collection processing éserarried out for the lane
L1 within the unit time (Step S401).

[0072]

Subsequently, the soundness determination unit i2@armines whether
the unit time has elapsed (Step S402). If the snasd determination unit 120a
determines that the unit time has not elapsed (S&)2: NO), the soundness
determination unit 120a repeats the above-deschvedessing of Step S400 to
S401 until the soundness determination unit 12Qardenes that the unit time
has elapsed.

In contrast, if the soundness determination unfial@etermines that the
unit time has elapsed (Step S402: YES), the soussldetermination unit 120a
calculates the ratio of the processing event nuncbented within the unit time
to the vehicle detection number for the lane L1rded within the unit time.
Then, the soundness determination unit 120a rdaa®, the recording medium
11, a threshold value table T4 (FIG. 12), and duiees whether the ratio of the
processing event number for each individual vehigfge to the vehicle
detection number for each individual vehicle type the lane L1 is equal to or
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smaller than threshold value set for each individiehicle type in the threshold
value table T4 (Step S403). The threshold valu value set, beforehand, for
each individual vehicle type based on the ownershtp (equipment ratio) of
the onboard unit A1 for each individual vehicle ¢y@he threshold value or a
smaller percentage of the number of vehicles A pped with the onboard unit
A1l for each individual vehicle type (processing eveumber for each
individual vehicle type representing the carried tmil collection processing
events) to the number of vehicles A of each indinabdvehicle type that have
passed within the unit of time (vehicle detectiammber) is required for the
determination of the occurrence of a system abnbtyn&pecifically, as
illustrated in FIG. 12, the threshold value for thehicle type E having an
ownership rate of 95% is set to "25% (or a smaplercentage)," for example.
Hence, in a case where the ratio of the numbeypé4E vehicles A each of
which is equipped with an onboard unit Al to thenmer of type-E vehicles A
that have passed within the unit time is equalrtgroaller than 25%, the
soundness determination unit 120a determines tlsgstem abnormality has
occurred. On the other hand, a smaller number pé#x vehicles, which have
an ownership rate of 50%, are expected to be eguipyth an onboard unit Al
than the corresponding type-E vehicles, which havewnership rate of 95%.
Hence, in a case where the threshold value fotype-A vehicles with an
ownership rate of 50% is set to the same threshalde as the type-E vehicles,
that is, to "25% (or a smaller percentage)," therstmess determination unit
120a may erroneously determine that a system abaldghas occurred even
through the system is in proper operation. Henlae,threshold value for type-A
vehicles having a smaller ownership rate is set smnaller value ("10% (or a
smaller percentage) " in the example of FIG. 1@ntithe threshold value for
type-E vehicles having a larger ownership rate.

Note that in lieu of the above-described determaratriterion of "the
ratio of the vehicles A each of which is equippeithvan onboard unit Al
becomes equal to or smaller than the thresholdeydtus determined that a
system abnormality has occurred," the soundnessmé@tation unit 120a may
have a different determination criterion such aktHe ratio of vehicles A each
of which is equipped with an onboard unit A1 becsnegual to or larger than
the threshold value, it is not determined that stsypn abnormality has
occurred"; "if the ratio of vehicles A each of whits not equipped with an
onboard unit A1 becomes equal to or larger thanthiheshold value, it is
determined that a system abnormality has occurred"if the ratio of vehicles
A each of which is not equipped with an onboard éi becomes equal to or
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smaller than the threshold value, it is determitieat no system abnormality
has occurred."” In this case, the threshold valugetsfor each individual vehicle
type based on the ownership rate for each indiVigeaicle type and the
determination criterion employed.

Alternatively, the threshold values may be set dase the ownership
rates of the onboard unit A1 for the individual wdh types and the traffic
volume of each tollgate. Note that in other embaestits, different threshold
values may be set individually for different rog@spressways), or individually
for different regions including a plurality of tgjhtes.

[0073]

Based on the ratio of the processing event numdweedch individual
vehicle type to the vehicle detection number far rehicles of each individual
vehicle type running on the lane L1 and the thrédivalue set for each
individual vehicle type in the threshold value ®f(l4, the soundness
determination unit 120a identifies the reason for skipping of the toll
collection processing event: either correspondmghe "onboard-unit
not-mounted case (where the vehicle A is equippé&t no onboard unit A1)";
or corresponding to the "processing error case (elilee vehicle A is equipped
with an onboard unit A1 but the toll collection pessing for the onboard unit
Al has not been carried out properly).”

If the ratio of the processing event number forleadividual vehicle
type to the vehicle detection number for the vedsabf each individual vehicle
type running on the lane L1 is larger than the shidd value (Step S403: NO),
the soundness determination unit 120a interpredssttuation as an
onboard-unit not-mounted case, and determinesritatystem abnormality has
occurred in the lane L1. For example, if the vedidetection number for the
type-A vehicles running on the lane L1 is 100, &imel processing event number
for the type-A vehicles running on the lane L1 @& bhe ratio of the processing
event number for the type-A vehicles to the vehidéeection number for the
type-A vehicles is 50%, which exceeds the threshvalldie of "10%" set in the
threshold value table T4 (FIG. 12) for the type-@hicles (Step S403: NO). In
this case, the soundness determination unit 12@amées that no system
abnormality has occurred in the lane L1.

In contrast, if the ratio of the processing eveuinter to the vehicle
detection number for the lane L1 is equal to or léendahan threshold value
(Step S403: YES), the soundness determinationi1t0a interprets the
situation as a processing error case, and detemiira a system abnormality
has occurred in the lane L1. For example, if theicke detection number for
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the type-A vehicles running on the lane L1 is 180d the processing event
number for the type-A vehicles running on the ladeis 8, the ratio of the
processing event number for the type-A vehiclethtovehicle detection
number for the type-A vehicles is 8%, which is elgwwaor smaller than the
threshold value of "10%" set in the threshold vatalkele T4 (FIG. 12) for the
type-A vehicles (Step S403: YES). In this case,dbendness determination
unit 120a determines that a system abnormalitydeasirred in the lane L1.
[0074]

Subsequently, if the ratio of the processing evamhber for vehicles of
each individual vehicle type running on the lanetbhlhe vehicle detection
number for the vehicles of each individual vehitipe running on the lane L1
is equal to or smaller than the threshold valueefach individual vehicle type
(Step S403: YES), and in addition, the soundnessrdenation unit 120a
determines that a system abnormality has occumete lane L1, the restart
unit 120b of the diagnosing unit 120 outputs aadsinstruction to restart the
roadside antenna 3a and the wireless communicabotrol device 2a for the
lane L1 (Step S404).

Then, once the restart unit 120b outputs the regtatruction to restart
the roadside antenna 3a and the wireless commuaicabntrol device 2a for
the lane L1, the soundness determination unit X28ats (i.e., sets to zero) the
vehicle detection number and the processing evantber for the vehicles of
all the vehicle types running on the lane L1 (S&405).

Upon the completion of restart processing, the sod&l antenna 3a and
the wireless communication control device 2a fa tane L1 recover from the
abnormal state and operate properly. In additieninahe case of Embodiment
2 described above, the extraction unit 120c exsréteé pieces of LP
information acquired by the license plate readeb&tiween the time when the
restart unit 120b outputs the restart instructiad ¢he time when the restart
processing of the apparatuses is finished.

Note that in a case where both the ratio of the@ssing event number
to the vehicle detection number for vehicles of aehicle type running on the
lane L1 and the corresponding ratio for vehiclegwoy vehicle type running on
the lane L2 are equal to or smaller than the thokkskialue, the soundness
determination unit 120a determines that a systenoabality has occurred in
all the lanes. In this case, the restart unit 180tputs a restart instruction to
restart: the roadside antennas 3a and 3b for allahes; the wireless
communication control devices 2a and 2b for all ldrees; and the toll
collection processing unit 10.
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By repeating the above-described processing flopratietermined
intervals, the diagnosing unit 120 determines whetin abnormality has
occurred in the toll collection system 1. In adalitj in a case where the
diagnosing unit 120 determines that an abnormaléty occurred in the toll
collection system 1, at least any one of the radsintennas 3a and 3b, the
wireless communication control devices 2a and 2o, the toll collection
processing unit 10 is restarted.

[0075]
Advantageous effects

In Embodiment 2 described earlier, as the numbedhefcontinuously
skipped toll collection processing events is codnie may take a longer time
than the unit time to detect the occurrence ofstesy abnormality in a tollgate
with a small traffic volume.

In the present modified example, however, everyetifme unit time has
elapsed, the soundness determination unit 120bheotltagnosing unit 120
determines, for each individual vehicle type anddach individual lane,
whether the ratio of the processing event numbehé¢ovehicle detection
number is equal to or smaller than the thresholdevaAs such, the soundness
determination unit 120a regularly determines whetngystem abnormality has
occurred even in a tollgate with a small traffidwoe.

[0076]

In addition in Embodiment 2 described earlier, te¢ection of the
occurrence of a system abnormality may be impoesibla case where the
system abnormality includes: unstable operationthefroadside antennas 3a
and 3b, the wireless communication control devizasnd 2b, and the toll
collection processing unit 10; and as a resultetiéions of some toll collection
processing events carried out normally and sompps&ld events.

In the present modified example, however, the soesd determination
unit 120a determines, based on the vehicle detectionber and the processing
event number both of which are counted for eaclwviddal vehicle type and for
each individual lane within the unit time, whethke ratio of the processing
event number to the vehicle detection number isaétpior smaller than the
threshold value. In a case where a system abnoymaltluding repetitions of
some toll collection processing events carriedmutmally and some skipped
events occurs, a smaller processing event numbecisrded within the unit
time than in a case where proper toll collectiongaessing events are
continuously carried out within the same unit tilfkkance, in the case where a
system abnormality of this type occurs, the rafioh@ processing event number
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to the vehicle detection number is more likely sodgual to or smaller than the
threshold value. This allows the soundness deteatitn unit 120a to detect the
occurrence of the system abnormality. Accordingiyg soundness
determination unit 120a detects the occurrence ©fsaem abnormality in the
toll collection system 1 more accurately.

[0077]

In addition, in the present modified example, omlya case where the
soundness determination unit 120a determines Heatnit time has elapsed,
the soundness determination unit 120a carries mdgssing including: a
calculation of the ratio of the processing evenmber to the vehicle detection
number for each individual vehicle type and for eandividual lane; and a
determination of whether the ratio thus calculagedqual to or smaller than the
threshold value set in the threshold value tablgHl%. 12). Hence, the
soundness determination unit 120a carries out aaed amount of processing,
which, in turn, allows the diagnosing unit 120 wheeve a quicker overall
processing performance.

[0078]
Other modified examples

The descriptions in above-described Embodimentsdi2zaas well as in
their modified examples described above are desorip of an aspect where the
threshold values are set, beforehand, in the tloldséalue tables T1 to T4.

The present modified example differs from the abdescribed
embodiments and their modified examples in thatstiendness determination
unit 120a of the diagnosing unit 120 automaticailhdates the threshold values
in the threshold value tables T1 to T4.

[0079]

In a case where the soundness determination ufa b2 the diagnosing
unit 120 receives, from the vehicle detectors 3g,&nd 5c, the vehicle A
detection result representing the entry of a vehiklinto any of the specified
communication regions Q1 and Q2, the soundnessrdéatation unit 120a
updates the vehicle-detection cumulative numbereggnting the cumulative
number of vehicles A detected by the vehicle detecba, 5b, and 5c, and
stores the updated vehicle-detection cumulative memin the recording
medium 11.

In addition, in a case where the soundness detatioim unit 120a
receives, from the toll collection processing ult the toll collection
processing result for the vehicles A passing thiotlge specified
communication regions Q1 and Q2 (i.e., runninglom lanes L1 and L2), the
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soundness determination unit 120a updates the psaog cumulative number
representing the cumulative number of the carriatitoll collection processing
events for the lanes L1 and L2, and stores the tggdprocessing cumulative
number in the recording medium 11.

[0080]

Based on the ratio of the processing cumulative lmemmecorded in a
predetermined period (e.g., one month) to the Vehdetection cumulative
number recorded in the same period, the soundnetesrdination unit 120a
calculates, for each individual tollgate, the owstep rate (equipment ratio) of
the onboard unit A1, that is, the ratio of the nembf onboard units Al to the
number of the vehicles A. Then, by carrying outradetermined statistical
processing on the ownership rate of the onboart Ahi the soundness
determination unit 120a sets the threshold valudlie tollgate.

For example, in a case where the vehicle-deteationulative number
for a particular tollgate in a predetermined perisd 000, and in addition, the
processing cumulative number for the particulatgate in the same period is
850, it is determined that the ownership rate @f elhboard unit Al for the
particular tollgate is 85%. Then, by carrying ouytr@determined statistical
processing on the ownership rate of the onboardAtifor the particular toll
gate, the soundness determination unit 120a setthtieshold value for the
particular tollgate.

In an aspect where whether a system abnormalityohesrred is
determined based on the number of continuouslypgdpprocessing events, the
soundness determination unit 120a sets the thrdsradue to, for example, "6,"
by carrying out a predetermined statistical prooeg®n the ownership rate of
the onboard unit A1 for the particular tollgate.dddition, in an aspect where
whether a system abnormality has occurred is detetnbased on the ratio of
the number of vehicles A each of which is equippeth an onboard unit A1
(processing event number representing the numbéreo€tarried-out toll
collection processing events) to the number of ekesi A passing through
within the same unit time (vehicle detection numbéne soundness
determination unit 120a sets the threshold valydaoexample, "15%" by
carrying out a predetermined statistical processinghe ownership rate of the
onboard unit A for the particular tollgate.

Moreover, in an aspect where the vehicle detectoinbludes a vehicle
type determination unit 52, the soundness detertiinainit 120a may set
individually threshold values for vehicle types.
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Thus, the soundness determination unit 120a irpteeent modified
example determines whether a system abnormalityobasrred based on the
threshold value set for each individual tollgate.

In addition, the soundness determination unit 12@g set different
threshold values for different months or differ¢imes of day based on the
ownership rate of the onboard unit A1 recordedhi@ past for the same months
or for the same times of day.

[0081]

As such, even in a case where the ownership rateeobnboard unit Al
(the ratio of the vehicles A each of which is equed with an onboard unit Al)
changes depending on the tollgate or on the timeagf the soundness
determination unit 120a makes the threshold vakedun the determination of
whether a system abnormality has occurred follog diwnership rate of the
onboard unit Al that changes as the time elapsesukh the occurrence of a
system abnormality may be detected more accurately.

[0082]

Note that the description in the present modifigdmaple is a case where
the soundness determination unit 120a sets thrdskalues individually for the
tollgates, but this is not the only possible wayother embodiments, the
ownership rates of the onboard unit Al for indivadltiollgates may be sent to a
computer in a central facility where the monitoripgrson is present. In this
case, the computer in the central facility maytbe¢shold values for individual
tollgates or for individual areas each of whichludes a plurality of tollgates.
[0083]

In the foregoing, while certain embodiments of gresent invention
have been described, these embodiments are méiedtrative 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.

[0084]

For example, the description in each of the aboesedbed
embodiments is of an aspect where the restart12@b of the diagnosing unit
120 restarts at least any one of the roadside aateBa and 3b, the wireless
communication control devices 2a and 2b, and thectilection processing
unit 10, but such an aspect is not the only possible. In other embodiment,
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the restart unit 120b may notify, for individuahkes, the computer of the
central facility where the monitoring person is ggat that a system
abnormality has occurred. Then, the monitoring pemhay determine whether
the restarting is to be carried out, and may sedleetapparatus(es) to be
restarted.

In this case, between the time when the monitopgagson gives a restart
instruction to an apparatus and the time when taeatus finishes its restart
processing, the extraction unit 120c of the diagmgsinit 120 extracts the LP
information of each vehicle A running on the lame Which the apparatus being
restarted serves. Thus made possible as in theeathescribed embodiments is
the reduction of some operational disadvantagesh si8 one where no toll
collection can be carried out for onboard unit Alvehicle A while the restart
processing is being carried out.

[0085]

In addition, the descriptions in the above-desatibenbodiments are of
an aspect where the extraction unit 120c extrdwspieces of the LP
information of the vehicles running on the lanesdrid L2 (passing through the
specified communication regions Q1 and Q2) while éipparatuses in the toll
collection system 1 are being restarted, and whieeepieces of LP information
of the vehicles A for each of which the toll colten processing is skipped are
stored in the recording medium 11 as the toll-udpaghicle information, but
such an aspect is not the only possible aspect.ekbraction unit 120c may
send pieces of toll-unpaid vehicle information @fger another or at
predetermined intervals to the computers of theragmacility or the like where
the monitoring person is present. Thus made possblin the above-described
embodiments is the reduction of some operationsaddivantages, such as one
where no toll collection can be carried out for oakd unit A1 of vehicle A
while the restart processing is being carried out.

[0086]
Industrial Applicability
[0087]

The above-mentioned toll collection system and sim@ss determination
method provide a free flow type toll collection s which detects
abnormalities quickly and accurately.

Reference Symbols List
[0088]
1 Toll collection system
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la Toll collection processing device

10 Toll collection processing unit

120 Diagnosing unit

120a Soundness determination unit
120b Restart unit

120c Extraction unit

11 Recording medium

2a, 2b Wireless communication control device
3a, 3b Roadside antenna

5a, 5b, 5c Vehicle detector

50a, 50b Ultrasonic sensor

51 License plate reader

52 Vehicle type determination unit

A Vehicle

Al Onboard unit

Q1, Q2 Specified communication region
G Gantry

L1, L2 Lane

T Communication tower

T1, T2, T3, T4 Threshold value table
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Claims

[Claim 1]

A toll collection system comprising:

a roadside antenna operable to carry out wirelegsntunications with an
onboard unit mounted on a vehicle;

a wireless communication control device operableaoy out
communication processing based on predeterminedraorication
specifications with the onboard unit via the roadsantenna;

a toll collection processing unit operable to acqla result of the
communication processing from the wireless commartida control device and
to carry out toll collection processing for the amlod unit based on the result of
the communication processing;

a vehicle detector operable to detect a vehicleremg a communication
range of the roadside antenna; and

a soundness determination unit operable to deteaniiased on a
detection result of the vehicle by the vehicle déte and a result of the toll
collection processing by the toll collection prosig unit, whether an
abnormality has occurred in at least any one oftiaglside antenna, the wireless
communication control device, and the toll collectiprocessing unit.

[Claim 2]

The toll collection system according to claim 1,exéin

the vehicle detector includes a vehicle type deteation unit operable to
determine a vehicle type of the detected vehichel, a

the soundness determination unit is operable terdeéhe, based on the
result of detecting the vehicle acquired by vehigige and the result of the toll
collection processing acquired by vehicle type, thiee the abnormality has
occurred.

[Claim 3]

The toll collection system according to claim 12rfurther comprising a
restart unit operable to make at least any onbe®fbadside antenna, the wireless
communication control device, and the toll collectiprocessing unit carry out
restart processing in a case where the soundnésendaation unit determines
that the abnormality has occurred.

[Claim 4]
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The toll collection system according to claim 3rther comprising an
extraction unit operable to extract, during thetaetsprocessing, license plate
information of the vehicle detected by the vehid&tector,

wherein the vehicle detector includes a licenseéeptaader operable to
read the license plate information of the vehicle.

[Claim 5]

The toll collection system according to any oneclafims 1 to 4, wherein

the soundness determination unit is operable:

to calculate, based on the result of detectingtacle and the result of the
toll collection processing, an equipment ratio esmEnting the ratio of vehicles
each of which is equipped with the onboard uni an

to set, based on the equipment ratio, a threshaldevfor determining
whether the abnormality has occurred.

[Claim 6]

A soundness determination method implemented wllacollection
system including:

a roadside antenna operable to carry out wirelessntunications with an
onboard unit mounted on a vehicle;

a wireless communication control device operabledoy out
communication processing based on predeterminedrorication
specifications with the onboard unit via the rodesantenna;

a toll collection processing unit operable to acqla result of the
communication processing from the wireless commartidn control device and
to carry out toll collection processing for the amlod unit based on the result of
the communication processing; and

a vehicle detector operable to detect a vehiclergmg a communication
range of the roadside antenna,

the method comprising the steps of:

acquiring, by means of the vehicle detector,salteof detecting
a vehicle entering the communication range of thedside antenna;

acquiring a result of the toll collection processcarried out by
means of the toll collection processing unit; and

determining, based on the result of detectinglaicle and the
result of the toll collection processing, whethem abnormality has occurred in
any one of the roadside antenna, the wireless camuation control device, and
the toll collection processing unit.



