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ANGLE-OF-ARRIVAL IDENTIFICATION DEVICE, TOLL COLLECTION
SYSTEM, AND ANGLE-OF-ARRIVAL IDENTIFICATION METHOD

Technical Field
[0001]
The present invention relates to an angle-of-atridantification device,
a toll collection system, and an angle-of-arrivdémtification method.

Background Art
[0002]

An electronic toll collection system (ETC: Electrooll Collection
System (trade name), which is also referred tora%atomatic toll collection
system"), is already being utilized as an applmatin the Intelligent Transport
System (ITS: Intelligent Transport System). Accoglito this electronic toll
collection system, tolls for the toll road can h#lected via dedicated short
range communications (DSRC: Dedicated Short Rangar@unications)
between a roadside antenna (a dedicated short i@Mgeunication antenna)
installed at a tollgate, and an onboard unit modrute a vehicle.

[0003]

In the current electronic toll collection systemire¥ess communications
are performed between the roadside antenna andniheard unit using the
DSRC method, but in the next-generation electraaikccollection system, a
wireless communication method called WAVE (IEEE8%) is scheduled to
be adopted. The DSRC method is a communication ogethat uses a single
carrier, but the WAVE method is an orthogonal fregay-division multiplexing
(OFDM) method that multiplexes a plurality of subgars (subcarriers).
[0004]

However, when wireless communications are perforimetveen the
roadside antenna and the onboard unit, there r@llgm that the roadside
antenna may perform unexpected communication (feésemunication) with a
vehicle located outside a dedicated short rangentomication region, which is
defined for performing standard dedicated shorgeawireless
communications. For example, due to reflectionhaf tadio waves by a
structure such as a roof of a tollgate, the roaglsidtenna may perform false
communication with an onboard unit of another véhibat travels behind the
vehicle present in the dedicated short range comaeation region (the vehicle
that should actually perform the wireless commutiarg.

[0005]
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In order to resolve such a problem, utilizationaof Angle-of-Arrival
(AOA) antenna has been discussed. By using the A@&nna, an angle of
arrival of the radio wave transmitted from the oabdunit can be identified.
The electronic toll collection system only perforbadl collection processing
using wireless communications when the angle af¥arwof the radio wave is
within a normal range.

[0006]

Patent Document 1 describes a technology for cating the angle of
arrival of a communication signal (radio wave) thas been
frequency-division-multiplexed based on the OFDMtihoal.

Citation List
Patent Document
[0007]
Patent Document 1: JP 2016-194454 A

Summary of Invention
Technical Problem
[0008]

From the perspectives of cost saving and processgpegd improvement,
simplification of signal processing is required B angle-of-arrival
identification device that identifies an angle ofigal of an OFDM-type
communication signal.

[0009]

In light of the above-described problem, the présewention provides
an angle-of-arrival identification device, a tobltection system, and an
angle-of-arrival identification method that can mdiéy an angle of arrival of a
frequency-division-multiplexed radio wave by simglignal processing.

Solution to Problem
[0010]

According to a first aspect of the present inventian angle-of-arrival
identification device (1) is a device that receieseception signal including a
plurality of subcarriers, using a plurality of antea elements (10), and
identifies an angle of arrival of the receptionrsagy§ The angle-of-arrival
identification device includes a signal processumit (15) configured to extract
a predefined specific subcarrier from the receptsmnal received using each of
the plurality of antenna elements, and an anglatifieation unit (19)
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configured to identify the angle of arrival baseda phase difference of the
specific subcarrier extracted from each of the algirocessing units. The
signal processing unit includes a frequency adjesthunit (156a, 156b)
configured to adjust a deviation, from a defineduea of a frequency of the
reception signal received using the antenna elepsamt a filter unit (157a,
157b) configured to extract the specific subcarbgmperforming bandpass filter
processing on the reception signal whose frequérasybeen adjusted.

In this way, only a desired subcarrier can be diyeextracted from the
reception signal including the plurality of subdars (without performing a fast
Fourier transform). Then, the angle of arrival afaglio wave can be identified
on the basis of the phase difference of the ex¢édhsubcarrier.

As described above, the angle of arrival of the
frequency-division-multiplexed radio wave can bentified by simple signal
processing.

[0011]

Further, according to a second aspect of the ptasgantion, the signal
processing unit further includes an amplitude aohent unit (152) configured
to adjust, to a predetermined magnitude, an amgditof the reception signal
received using the antenna element.

In this way, the signal strength (amplitude) isamnatically adjusted
such that the signal strength (amplitude) is alwmaysstant. Thus, distortion of
the signal by an amplifier is reduced, and the pssing for extracting the
subcarrier can be stabilized.

[0012]

Further, according to a third aspect of the preswdntion, the specific
subcarrier is a pilot carrier (SCp) on which phasadulation for data
transmission is not performed.

In this way, a phase comparison between the recesignals (pilot
carriers) received by each of the plurality of amta elements can be
conveniently performed.

[0013]

According to a fourth aspect of the present invemtithe signal
processing unit extracts a plurality of the pilatrigers having mutually
different frequencies.

In this way, the angle-of-arrival identification\dee becomes less
susceptible to the influence of multipath fadingdaeliability of the function
to identify the angle of arrival can be improved.

[0014]
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According to a fifth aspect of the present inventia toll collection
system includes the angle-of-arrival identificatidevice according to any one
of the first to fourth aspects.

[0015]

According to a sixth aspect of the present invemtian angle-of-arrival
identification method is a method that receiveg@eption signal including a
plurality of subcarriers, using a plurality of antea elements, and identifies an
angle of arrival of the reception signal. The angtearrival identification
method includes a signal processing step for ekitrg@a predefined specific
subcarrier from the reception signal received usiagh of the plurality of
antenna elements, and an angle identifying stepdimtifying the angle of
arrival based on a phase difference of the spesiilecarrier extracted in each
of the signal processing steps. The signal proogssiep includes a frequency
adjustment step for adjusting a deviation, fromeéirted value, of a frequency
of the reception signal received by the antennanel®, and a filtering step for
extracting the specific subcarrier by performing@pass filter processing on
the reception signal whose frequency has been tjus

Advantageous Effect of Invention
[0016]

According to the angle-of-arrival identificationwee, the toll collection
system, and the angle-of-arrival identification heed described above, the
angle of arrival of the frequency-division-multipked radio wave can be
identified by simple signal processing.

Brief Description of Drawings

[0017]

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

FIG. 2 is a diagram illustrating a functional canfration of an
angle-of-arrival identification device accordingttee first embodiment.

FIG. 3 is a diagram illustrating a functional capfration of a signal
processing unit according to the first embodiment.

FIG. 4 is a diagram illustrating a processing flofsthe signal processing
unit according to the first embodiment.

FIG. 5 is a first diagram for explaining processwifghe signal
processing unit according to the first embodiment.
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FIG. 6 is a second diagram for explaining the psesteg of the signal
processing unit according to the first embodiment.

FIG. 7 is a third diagram for explaining the prosieg of the signal
processing unit according to the first embodiment.

FIG. 8 is a diagram for explaining the processifighe signal processing
unit according to a second embodiment.

Description of Embodiments
[0018]
First Embodiment

Hereinafter, with reference to FIG. 1 to FIG. o#H collection system
and an angle-of-arrival identification device aatiog to a first embodiment
will be described in detail.

[0019]
Overall Configuration of Toll Collection System

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

A toll collection system 5 according to the firghleodiment is an
electronic toll collection system installed at artrance tollgate or an exit
tollgate of a highway (hereinafter referred to a®léggate and the like), for
example. The toll collection system 5 performs \&ss communications with a
vehicle passing through the tollgate and the |l&eg automatically performs
toll collection processing.

[0020]

As illustrated in FIG. 1, the toll collection systes is installed on a
roadside of a lane L of the tollgate and the likbe toll collection system 5
includes an angle-of-arrival identification deviteand an antenna for toll
collection 2 (a roadside antenna).

The angle-of-arrival identification device 1 is avice for identifying an
angle of arrival of a radio wave transmitted byaoard unit A1 mounted on a
vehicle A during the wireless communications foe tioll collection processing.

The antenna for toll collection 2 is a roadsideeamta for performing the
wireless communications with the onboard unit Alumieed on the vehicle A
and for performing the toll collection processing.

[0021]

In the wireless communications performed betweenahtenna for toll
collection 2 and the onboard unit A1 accordinghe present embodiment, a
wireless communication method called a WAVE (IEEE8Qp) method is
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employed. The WAVE method is an orthogonal frequedivision multiplexing
(OFDM) method that performs wireless communicatiaesg a plurality of
frequency-division-multiplexed subcarriers.

For example, in the WAVE method, a frequency baadiihg a center
frequency of 5900 MHz and a channel width of 10 Mklallocated for one
channel. Then, the allocated frequency band ih&rrtivided into 64
subcarriers, each of which has a subcarrier widt®. 95625 MHz. In the
present embodiment, 12 of the 64 subcarriers aleddwriers (no content), and
the remaining 52 subcarriers are utilized.

48 of the 52 subcarriers are called data carriatsidilized to transmit
data. Specifically, the 48 data carriers are phaséulated on the basis of the
data to be transmitted and propagated through tithesphere.

Further, four of the 52 subcarriers are called tpdarriers and are
utilized to secure demodulation processing (synolmation) on the reception
side (the antenna for toll collection 2). Since fhiot carriers are not utilized
for transmitting data, the pilot carriers are nbape-modulated.

Note that, in the WAVE method, it is predefined ainisubcarriers of the
52 subcarriers are utilized as the pilot carriensgs the data carriers). For
example, it is predefined that the four pilot cars are the seventh and
twenty-first subcarriers as counted from the ceftequency (5900 MHz)
toward the lower frequency side, and the seventhtamnty-first subcarriers as
counted from the center frequency toward the higheguency side.

[0022]

In FIG. 1, when the vehicle A enters a predetermiioemmunicable
region of the lane L, the wireless communicatiors started between the
antenna for toll collection 2 and the onboard uitof the vehicle A. At this
time, the angle-of-arrival identification devicerdceives OFDM-type
communication signals (reception signals each idicig a plurality of the
subcarriers), which are the radio waves transmittech the onboard unit Al.
Then, the angle-of-arrival identification devicedentifies the angle of arrival
of the received communication signal. When the tollection system 5
determines that the angle of arrival of the radewver identified by the
angle-of-arrival identification device 1 is withancorrect range (when it is
determined that a vehicle is present in the preddteed communication
region), the toll collection system 5 performs, lwiespect to the onboard unit
Al, the toll collection processing through the amte for toll collection 2.
[0023]

Functional Configuration of Angle-of-Arrival idetiication Device
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FIG. 2 is a diagram illustrating a functional canfration of the
angle-of-arrival identification device accordingttee first embodiment.

With reference to FIG. 2, the functional configuoat of the
angle-of-arrival identification device 1 will be sieribed.

As illustrated in FIG. 2, the angle-of-arrival iddication device 1
includes a plurality of antenna elements 10, ampduaality of high-frequency
amplifiers 11, a plurality of mixers 12, a plurgliof variable amplifiers 13, a
plurality of A/D converters 14, and a plurality signal processing units 15 that
are provided in association with each of the anse@ements 10. Further, the
angle-of-arrival identification device 1 includes angle identification unit 19
connected to each of the plurality of signal presieg units 15.

[0024]

The plurality of antenna elements 10 receive tltlBaavaves
(OFDM-type communication signals) transmitted frdme onboard unit A1 at
each installed location.

[0025]

The high-frequency amplifier 11 amplifies the rassal reception signal
(OFDM-type communication signal) received by theeaima element 10.
[0026]

The mixer 12 mixes the reception signal, which hasn amplified
through the high-frequency amplifier 11, with antut signal from a local
transmitter (not illustrated), and converts theeqgtton signal to an intermediate
frequency.

[0027]

The variable amplifier 13 adjusts the receptiomaig which has been
converted to the intermediate frequency by the miXz to a predetermined
amplitude, and outputs the reception signal. Thestthent of the amplitude by
the variable amplifier 13 will be described later.

[0028]

The A/D converter 14 samples the reception sigaah(og signal) that
has been adjusted to the predetermined amplitud@dyariable amplifier 13,
and converts the reception signal to a digital algn
[0029]

The signal processing unit 15 is a digital signagessing circuit
realized by a field-programmable gate array (FP@AJ the like, for example.
Each of the signal processing units 15 extractsi@fieed specific subcarriers
from the reception signals (the digital signalsunhpia the A/D converters 14)
received by each of the plurality of antenna eletsd®. In the present
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embodiment, each of the signal processing unitextBacts the pilot carrier as
the "specific subcarrier."

Further, each of the signal processing units 1pwista signal indicating
a phase of the extracted pilot carrier (a pilotriearphase signal) to the angle
identification unit 19.

[0030]

The angle identification unit 19 identifies a phakH#erence between the
reception signals received by each of the anteherments 10 on the basis of
the pilot carrier phase signals output from thergliy of signal processing
units 15. Then, the angle identification unit 1@mdifies the angle of arrival of
the reception signals (the radio waves transmitteth the onboard unit A1) on
the basis of the identified phase difference. Sipaessing for identifying the
angle of arrival of the reception signals on theibaf the phase difference
between the reception signals is a generally wabvkn technology, a detailed
description thereof is omitted herein.

[0031]
Functional Configuration of Signal Processing Unit

FIG. 3 is a diagram illustrating a functional canfration of the signal
processing unit according to the first embodiment.

Next, functions of the signal processing unit 1% We described in more
detail with reference to FIG. 3.

[0032]

As illustrated in FIG. 3, the signal processingtukb includes an RSSI
detection unit 150, a higher harmonic eliminatiditef 151, an automatic
amplitude control unit (AGC: Automatic Gain Contrdl52, mixers 153a and
153b, a local transmitter 154, low pass filters d3Hd 155b, automatic
frequency control units (AFC: Automatic Frequencgn@ol) 156a and 156b,
pilot carrier extraction filters 157a and 157b, anghase signal output unit 158.
[0033]

The RSSI detection unit 150 determines whethersthength of the
reception signal, namely, a Reception Signal Stilemigdication (RSSI), is
greater than or equal to a predetermined valu¢hénpresent embodiment, the
RSSI detection unit 150 detects the strength ofréweption signal that has
been converted to the intermediate frequency bymher 12 (see FIG. 2).
[0034]

The higher harmonic elimination filter 151 is a called low pass filter,
and eliminates higher harmonic noise in the recgpsignal.

[0035]
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The automatic amplitude control unit 152 receives teception signal
after the higher harmonic noise has been eliminaaed acquires the signal
strength (amplitude) of the reception signal. Thidwe, automatic amplitude
control unit 152 outputs, to the variable amplifid (FIG. 2), a variable
amplifier control signal corresponding to the aaqdisignal strength. The
automatic amplitude control unit 152 performs feach control of the variable
amplifier 13 such that the signal strength of theeption signal is constant at a
predetermined signal strength target value.

[0036]

The mixers 153a and 153b, the local transmitter, 5wl the low pass
filters 155a and 155b perform processing for exiracan I-component and a
Q-component from the reception signal. Specificalhe mixers 153a and 153b
multiply the reception signal, which has been inpiat the higher harmonic
elimination filter 151, by a regenerative signalrfr the local transmitter 154.
Here, in the mixer 153a, the I-component of theeptmon signal is extracted as
a result of the reception signal being multipliedthe regenerative signal
having the same phase as the reception signalkddrtian, in the mixer 153b,
the Q-component of the reception signal is extrd@s a result of the reception
signal being multiplied by the regenerative sighaVving a phase shifted by 90
degrees from that of the reception signal.

[0037]

The automatic frequency control units 156a and 1&6tomatically
adjust the frequency of the reception signal (Ht®mponent and the
Q-component).

Here, it is described that the center frequencg ohannel is defined as
being 5900 MHz, for example, but an error of appmately 20 ppm is actually
tolerated in terms of a given standard. In thisegaisis assumed that the center
frequency of the radio wave (channel) transmittexnf the onboard unit Al
may have an error of up to approximately + 118 KB@ ppm of 5900 MHz).
Thus, the automatic frequency control units 156d 256b measure the actual
center frequency of the reception signal, and dedefcequency error between
the measured center frequency and the defined céetguency (5900 MHz).
Then, the automatic frequency control units 156d aB6b adjust the frequency
of the entire reception signal by adding or sultirerthe frequency such that
the detected frequency error is zero. As a resuth respect to the entire
reception signal, which includes all of the 52 sabers, the frequency error
occurring up to approximately 20 ppm is reduced.

[0038]



10

15

20

25

30

35

10

The pilot carrier extraction filters 157a and 15 digital bandpass
filters that allow only the frequency componentstod subcarrier that is
predefined as the pilot carrier, of the receptignal, to pass through. The pilot
carrier extraction filters 157a and 157b are praiidy finite impulse response
(FIR) filters and the like, which do not cause aph delay.

As described above, the pilot carrier is predefiasdhe seventh
(twenty-first) subcarrier as counted from the ceritequency (5900 MHz) of
the channel toward the lower frequency side, farmgle. The pilot carrier
extraction filters 157a and 157b are adjusted swdsave filter characteristics
that allow only the one predefined pilot carrierp@ss through as described
above, and remove all the other subcarriers.

[0039]

The phase signal output unit 158 inputs an I-sigamad a Q-signal of the
one pilot carrier extracted through the pilot carrextraction filters 157a and
157b, and outputs a signal indicating the phastefpilot carrier (the pilot
carrier phase signal).

[0040]
Processing Flow of Signal Processing Unit

FIG. 4 is a diagram illustrating a processing flofsthe signal processing
unit according to the first embodiment.

FIG. 5 to FIG. 7 are respectively first to thirdadrams for explaining
processing of the signal processing unit accordinthe first embodiment.

Next, with reference to the processing flow ill@d#ad in FIG. 4, and FIG.
5to FIG. 7, the processing of the signal procegsinit 15 will be described in
concrete terms.

[0041]

First, the RSSI detection unit 150 of the signalgassing unit 15 detects
reception of the radio wave (a reception signapsmitted from the onboard
unit A1 on the basis of the RSSI detection resstieg S01).

Upon detecting the reception of the radio wave fritbve onboard unit
Al, the automatic amplitude control unit 152 of #ignal processing unit 15
performs control (feedback control) of the variabhaplifier 13 such that the
amplitude of the reception signal is a predefineéired value (step S02).
[0042]

Here, the reception signal received from the onbtaarit A1 will be
described with reference to FIG. 5. In a graphsilfated in FIG. 5, the
horizontal axis indicates the "frequency"” and tleetical axis indicates the
"signal strength" (amplitude).
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As illustrated in FIG. 5, the reception signal is a
frequency-division-multiplexed signal that include® subcarriers SC in one
channel. Four predefined specific subcarriers ef38 subcarriers SC are pilot
carriers SCp. Since the pilot carriers SCp areutibized for data transmission,
phase modulation using data is not performed ther&oaddition, of the 52
subcarriers SC, the subcarriers SC other than itbé garriers SCp are data
carriers SCd. Since the data carriers SCd arezatlfor data transmission, the
phase modulation using data is performed thereon.

[0043]

Note that in the example illustrated in FIG. 5, ttemter frequency of the
reception signal (channel) is 5900 MHz, but as désd above, an error of
approximately 20 ppm is actually tolerated. Accagly, the frequency of each
of the 52 subcarriers SC has an error of up to@gprately + 118 kHz.

[0044]

Next, the automatic frequency control units 156d &66b of the signal
processing unit 15 perform frequency adjustmentessing on each of the
I-component and the Q-component of the receptignadi (step S03). As a
result of the frequency adjustment processing.fteguency error occurring up
to approximately 20 ppm (£ 118 kHz) in each of Hubcarriers is reduced.
[0045]

Next, the pilot carrier extraction filters 157a ab%7b of the signal
processing unit 15 accept an input of the recepsignal on which the
frequency adjustment has been performed, and axbrdy the frequency
components of the pilot carrier (step S04).

Here, FIG. 6 illustrates the filter characteristafsthe pilot carrier
extraction filters 157a and 157b. As illustratedFi®. 6, the pilot carrier
extraction filters 157a and 157b have the filtearcdtteristics that allow only
the pilot carrier (pass-band width = 0.15625 MHzttis separated from the
center frequency of 5900 MHz by + 1 MHz.

Further, FIG. 7 illustrates a state of the recap8anal after filtering
processing has been performed by the pilot cagxgraction filters 157a and
157b (step S04). As illustrated in FIG. 7, only thequency components of the
specific pilot carrier pass through the pilot carrextraction filters 157a and
157b, and the frequency components of the othecauiers are removed.
[0046]

Next, the phase signal output unit 158 of the sigmacessing unit 15
identifies the phase of the pilot carrier basedlmnIl-component and the
Q-component of the pilot carrier extracted by thietpcarrier extraction filters
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157a and 157b (step S05). The signal processingl®noutputs the signal
indicating the phase of the pilot carrier (the pidarrier phase signal) identified
by the above-described processing flow.

[0047]

The angle identification unit 19 illustrated in FI&calculates the phase
difference between the pilot carriers received hgheof the antenna elements
10 (FIG. 2) on the basis of the pilot carrier phagmals received from each of
the signal processing units 15. The angle iderdtfan unit 19 calculates the
angle of arrival of the reception signal on theibad the calculated phase
difference of the pilot carriers.

[0048]
Effects and Benefits

As described above, the angle-of-arrival identifica device 1
according to the first embodiment receives the p&oa signals (the
OFDM-type communication signals), each of whichlirtes the plurality of
subcarriers SC, using the plurality of antenna &ets 10, and identifies the
angle of arrival of the reception signals.

The angle-of-arrival identification device 1 inckslthe signal
processing units 15 that extract the predefinedi$igesubcarriers SC from the
reception signals received by each of the pluraitantenna elements 10, and
the angle identification unit 19 that identifieethngle of arrival on the basis of
the phase difference between the specific subaarfibe pilot carriers SCp)
extracted from each of the signal processing ubits

Further, the signal processing unit 15 includesabhtomatic frequency
control units 156a and 156b (frequency adjustmaeritsy that adjust a
deviation, from a defined value, of the frequenéyhe reception signal
received by the antenna element 10, and the péoter extraction filters 157a
and 157b (filter units) that extract the specifitbesarrier (the pilot carrier SCp)
by performing bandpass filter (bandpass filter)qassing on the reception
signal whose frequency has been adjusted.

[0049]

Here, in known art, in order to obtain the angleaaifival of the
OFDM-type radio wave, a fast Fourier transform (EF&ast Fourier Transform)
is commonly performed on the reception signal. $peally, in order to extract
a single specific subcarrier from a frequency-dmmismultiplexed reception
signal, it has been necessary to perform fast Eodransform processing on the
reception signal.
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However, since the angle-of-arrival identificatidavice 1 according to
the present embodiment has the above-describedguoafion, a desired
subcarrier (pilot carrier) only can be extractecedtly from the reception signal
including the plurality of subcarriers (without p@mming the fast Fourier
transform). Then, the angle of arrival of the radiaves can be identified on the
basis of the phase difference between the extrasubdarriers (pilot carriers).

As described above, according to the angle-of-atridentification
device 1 according to the first embodiment, thelamd arrival of the
frequency-division-multiplexed radio waves can Heritified by simple signal
processing.

[0050]

Note that in the WAVE method, as described aboke,ftequency error
(¥ 118 kHz) of up to 20 ppm is accepted in termsh# given standard.
Although this error of 20 ppm (£ 118 kHz) seemsfisiéntly small given the
scale of the center frequency (5900 MHz), it becsraetremely large when
focusing on a single subcarrier (frequency bandwrlt156.25 kHz). In other
words, even if the pass band of the pilot carrigraction filters 157a and 157b
is tuned to the frequency band corresponding todésgred single subcarrier
(the pilot carrier), in a situation where the freqeay error of £ 118 kHz may
occur in the pass band width of 156.25 kHz, itii§icult to correctly extract
only the desired subcarrier via the filters.

Therefore, the angle-of-arrival identification de®il according to the
first embodiment is characterized in that the fremey error is reduced by the
automatic frequency control units 156a and 156lhoteethe reception signal is
allowed to pass through the pilot carrier extractidters 157a and 157b.

In this way, since the frequency error of 20 ppntha reception signal is
also reduced, the desired subcarrier (the pilotiegrcan be accurately
extracted through the pilot carrier extractiondid 157a and 157b.

[0051]

The signal processing unit 15 further includes @éomatic amplitude
control unit 152 (the amplitude adjustment unitattadjusts the amplitude of
the reception signal received by the antenna el¢rh@no a predetermined
magnitude.

In this way, the signal strength (the amplitudeaigomatically adjusted
such that the signal strength (the amplitude) wgagls constant. Thus, distortion
of the signal by the amplifier is reduced, and pnecessing for extracting the
subcarrier can be stabilized.

[0052]
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In addition, in the present embodiment, the "spgeatibcarrier”
extracted by the signal processing unit 15 is tih@t garrier on which the phase
modulation is not performed for data transmission.

As described above, the pilot carrier is not phasetulated on the basis
of the data to be transmitted. Therefore, a phaseparison between the
reception signals (the pilot carriers) receivedelagh of the plurality of antenna
elements 10 (FIG. 2) can be conveniently performed.

In other words, when the data carrier, on whichpghase modulation is
performed on the basis of the data, is utilizeddentify the angle of arrival, the
phases need to be compared within a range, ofake chrrier, which does not
include any phase shift caused by the phase mddualatiowever, when
utilizing the pilot carrier, it is not necessarydonsider the phase shift caused
by the phase modulation at the time of the phasepawison.

[0053]
Second Embodiment

Next, the toll collection system and the angle-ofiaal identification
device according to a second embodiment will becdbed in detail with
reference to FIG. 8.

[0054]

In the first embodiment, it is described that tignal processing unit 15
of the angle-of-arrival identification device 1 extts only the single pilot
carrier SCp (see FIG. 7) from the frequency-divisiaultiplexed reception
signal.

The signal processing unit 15 of the angle-of-atidentification
device 1 according to the second embodiment exdralttof the plurality (four)
of the pilot carriers from the frequency-divisioruhiplexed reception signal.

Note that the overall configuration and the funn@ibconfiguration of
the angle-of-arrival identification device 1 ancttoll collection system 5
according to the second embodiment are the santieoas of the first
embodiment (FIG. 1 to FIG. 3).

[0055]
Processing of Signal Processing Unit

FIG. 8 is a diagram for explaining processing o tignal processing
unit according to the second embodiment.

As illustrated in FIG. 8, the signal processingtukb according to the
second embodiment extracts all four pilot carri®s@p1 to SCp4.

Specifically, the signal processing unit 15 accogdio the present
embodiment includes the pilot carrier extractiotefis 157a and 157b that have
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bandpass filter characteristics that allow eachhefpilot carriers SCpl to SCp4
to pass through.
[0056]

Here, multipath fading that can occur in the wissl&€ommunications
between the onboard unit A1 and the angle-of-atridantification device 1
will be described. The multipath fading is a pheromn in which, due to
presence of an obstacle on the ground or the the radio waves transmitted
from the onboard unit Al travel through a pluraldifydifferent paths, and
interfere with each other at a reception point (amgle-of-arrival identification
device 1), thereby causing the signal strengthhefreception signals to
fluctuate. The degree of fluctuation of the sigatatbngth is determined by the
relationship between the frequencies of the radaweg and the path difference.
In other words, even if the same path has beeovdd, in a case where the
frequencies of the radio waves are different, tagrde of influence of the
multipath fading is different.

Since the frequencies of the four pilot carriergp3@o SCp4 are
different, as illustrated in FIG. 8, the degredlattuation of the signal strength
due to the multipath fading is also different.

[0057]

The signal processing unit 15 refers to the I-comgrd and the
Q-component of each of the four pilot carriers agted through the pilot
carrier extraction filters 157a and 157b, and cldt®s the signal strength of
each of the pilot carriers SCpl to SCp4. Then,silg@al processing unit 15
selects the pilot carrier having the highest siggtagngth (the pilot carrier SCp2
in the example illustrated in FIG. 8). Further, signal processing unit 15
identifies a phase on the basis of the I-compoma&idtthe Q-component of the
selected pilot carrier SCp2, and outputs, towarmlahgle identification unit 19
(FIG. 2), a pilot carrier phase signal indicatig tohase.

[0058]

As described above, the angle-of-arrival identifica device 1 (the
signal processing unit 15) according to the secemtbodiment is characterized
in that the plurality of pilot carriers having matly different frequencies are
extracted.

In this way, even if the multipath fading occursetsubcarrier (the pilot
carrier) on which the influence of the multipattdiiag is small can be selected
from among the subcarriers, and the angle of arcaa be identified on the
basis of the selected subcarrier. Therefore, thggeaaf-arrival identification
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device 1 becomes less susceptible to the influeficke multipath fading, and
reliability of the function to identify the angld arrival can be improved.
[0059]

Details of the angle-of-arrival identification deei 1 according to the
second embodiment are described above. Howeverecifc aspect of the
angle-of-arrival identification device 1 is not lited to the one described
above, and various design modifications and the t&n be made without
departing from the gist.

[0060]

For example, the angle-of-arrival identificationviie 1 according to the
second embodiment is configured to select the migotier having the highest
signal strength among the four pilot carriers SE&p5Cp4, and to identify the
angle of arrival on the basis of the phase diffeeeof the selected pilot carrier.
However, other embodiments are not limited to #éspect.

[0061]

The angle-of-arrival identification device 1 (thigrsal processing unit
15) according to a modified example of the secomtb@diment may be an
aspect in which a pilot carrier whose signal sttérexceeds a predefined signal
strength threshold Ith (see FIG. 8) is selectednfaamong the four pilot carriers
SCpl to SCp4. In the example illustrated in FIGHh& signal processing unit 15
selects two of the pilot carriers, namely, the pidarrier SCp2 and the pilot
carrier SCp4.

[0062]

In this case, the signal processing unit 15 furthwaiputs, to the angle
identification unit 19, both a pilot carrier phasignal indicating the phase of
the pilot carrier SCp2 and a pilot carrier phagmal indicating the phase of the
pilot carrier SCp4. Then, the angle identificatiomit 19 identifies the angle of
arrival on the basis of an average valug2"¢ 04)/2" of a phase differend® of
the pilot carrier SCp2 and a phase differefdeof the pilot carrier SCp4.
[0063]

Further, the angle-of-arrival identification devitgthe signal
processing unit 15) according to yet another medifexample may output, to
the angle identification unit 19, a pilot carridigse signal indicating all the
phases of each of the pilot carriers SCpl to S@p4the basis of the
I-component and the Q-component of each of the fmlat carriers SCp1l to
SCp4. In this case, the angle identification ufitmay identify the angle of
arrival on the basis of an average valu@l"¢ 62 + 03 + 04)/4" of phase
differencesd1 to 64 of each of the pilot carriers SCpl to SCp4.
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[0064]

The angle-of-arrival identification device 1 acciogl to the first
embodiment and the second embodiment is describedeaas being a device
that identifies the angle of arrival on the badish®e phase difference between
the "pilot carriers" (the subcarriers on which titease modulation is not
performed) received by the plurality of antennanedats 10. However, other
embodiments are not limited to this aspect.

Specifically, the angle-of-arrival identificatioredice 1 according to
another embodiment may identify the angle of alrimathe basis of the phase
difference of the “data carriers” that are regardsdhe “specific subcarriers.”
In this case, the angle-of-arrival identificatioavice 1 may identify the phase
difference by comparing points (phase change ppaitsvhich a phase has been
switched due to phase modulation, among the receignals (the data
carriers) received by the plurality of antenna edans 10.

[0065]

In the foregoing, certain embodiments of the présevention have been
described, but these embodiments are merely iltise and are not intended to
limit the scope of the invention. These embodimengy be implemented in
various other forms, and various omissions, substihs, and alterations may
be made without departing from the gist of the mven. These embodiments
and modifications are included in the scope andl @ishe invention and are
also included in the scope of the invention desiin the claims and
equivalents thereof.

Industrial Applicability
[0066]

According to the communication control device, tb# collection
system, the communication control method, and ttogam that are described
above, erroneous communication can be suppressed asimple
configuration.

Reference Signs List
[0067]
1 Angle-of-arrival identification device
10 Antenna element
11 High-frequency amplifier
12 Mixer
13 Variable amplifier
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14 A/D converter

15 Signal processing unit

150 RSSI detection unit

151 Higher harmonic elimination filter

152 Automatic amplitude control unit (amplitude asiment unit)
153a, 153b Mixer

154 Local transmitter

155a, 155b Low pass filter

156a, 156b Automatic frequency control unit (freqog adjustment unit)
157a, 157b Pilot carrier extraction filter (filtanit)

158 Phase signal output unit

19 Angle identification unit

2 Antenna for toll collection

5 Toll collection system
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Claims

[Claim 1]

An angle-of-arrival identification device that reees a reception signal
including a plurality of subcarriers, using a plityaof antenna elements, and
identifies an angle of arrival of the receptionradj the angle-of-arrival
identification device comprising:

a signal processing unit configured to extract edgfined specific
subcarrier from the reception signal received usiagh of the plurality of
antenna elements; and

an angle identification unit configured to identitye angle of arrival
based on a phase difference of the specific sulmragktracted from each of the
signal processing units, wherein

the signal processing unit includes

a frequency adjustment unit configured to adjudesiation, from a
defined value, of a frequency of the reception algeceived using the antenna
element, and

a filter unit configured to extract the specificos@arrier by performing
bandpass filter processing on the reception sigvtadse frequency has been
adjusted.

[Claim 2]
The angle-of-arrival identification device accordito claim 1, wherein
the signal processing unit further includes an amgé adjustment unit
configured to adjust, to a predetermined magnitaseamplitude of the reception
signal received using the antenna element.

[Claim 3]

The angle-of-arrival identification device accorgito claim 1 or 2,
wherein

the specific subcarrier is a pilot carrier on whpttase modulation for data
transmission is not performed.

[Claim 4]
The angle-of-arrival identification device accordito claim 3, wherein
the signal processing unit extracts a pluralitytheg pilot carriers having
mutually different frequencies.
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[Claim 5]

A toll collection system comprising:

the angle-of-arrival identification device accorgito any one of claims 1
to 4.

[Claim 6]

An angle-of-arrival identification method that réees a reception signal
including a plurality of subcarriers, using a plityaof antenna elements, and
identifies an angle of arrival of the receptionradj the angle-of-arrival
identification method comprising:

a signal processing step for extracting a predefisgecific subcarrier
from the reception signal received using each efphurality of antenna
elements; and

an angle identifying step for identifying the anglearrival based on a
phase difference of the specific subcarrier exedadah each of the signal
processing steps, wherein

the signal processing step includes

a frequency adjustment step for adjusting a desimgtfrom a defined
value, of a frequency of the reception signal reediby the antenna element, and

a filtering step for extracting the specific sulbrear by performing
bandpass filter processing on the reception sigvtadse frequency has been
adjusted.



