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1. TITLE OF THE INVENTION

3,

2. FIELD OF THE INVENTION AND RELATED ARTS

-The present invention relates to .a moving body
monitoring apparatus for examlnlng whether one or a plurallty
of moving bodies capable of mov1ng freely rlght and left
include communlcatlon means or not or whether the.mov1ng.
bodies inclnde'particular information or not.

The technique that radio communication apparatuses are .
mounted in-moving bodies such as vehicles capable'of moving
freely right and left or are carried by men'movino freely to
communicate with the'moving bodies- or the men'by'means of rhe
radio communication apparatuseenattracts attention as the
technlque capable of belng utilized w1dely in varlous fields.
Further, 1t lS consrdered that partlcular lnformatlon is
given to the radio communication apparatuses to_ntlllze_the
apparatuses for managément or monrtoring |

For. example, there is a multl sectlon toll road hav1ng
routes Jumbled compllcatedly and 1nterconnected w1th one
another at various places. or there 1s a case_whereJdlfferent
lines are interconnected withaone anorhefgangff n@?e;utilized

rxght-through.- T, _ A

In this case, the above communlcatlon technlque can be

utilized in order to collect charges in accordance w1th
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utilization sections or utilization routes, to prevent
illegal utilization of a passing ticket, to monitor
utilization sectioné or utilization routes, to automatize

" collection of chafges or to transmit and receive information.

Further, the technique-can be used to remotely examine
that a peison other than authorized persons enters into a
_building, a section or a site where it is necessary to keep a
secret or remotely examine utilization situations of
facilities and the like. 1In this manner, application of this
technique spreads infinitely.

Further, the technique of-examiﬁing whether the moving
bodies or human beings have the communication means or not
and the technique of deciding whether the moving bodies or
human beings have the particular infofmation or not have also
come to the important'techhique.

Such techniques can be attained as follows. As the
technique of monitoring whether the mo&ing bodies have the
communication means or not, the following techniéue is
 considered.

It shall be noted that the monitoring technique
illustrated below is neither a.prior art nor a known
techniéﬁe. | .

As shown in Fig.«26,'a moving body Sld(fdr'éxéﬁple,
vehicle) to be monitored runs on a rqéd 50 Having a plurality

of lanes 50. Antennas 52a, 52b, ... for communicating with
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communication means of the moving bodyll-are disposed in
lanes 50a, 50b, ... of the road 50, reépeétively...The
antennas SZa,.SZb, ... are attached to a supporting structure
55 ssuch as a support built on the road 50 and -can communicdte
with the moving body 51 pagsing through the lane from above

of the lanes 50a,'50b, ... . A moving body detecting device

‘53 fotr detecting the moving body 51 passing through the lane-

is diéposed in each of the’lanes 50a, 50b, 7;.

The.moving body detecting device 53 is a vehicle sensor
of a.type having a footbdard mounted in the rdad, fér
example. The_vehicle sensor of thé footboard type is a
vehicle sensing and discriminating sensor used widély in a
toll gate of a toll road, for example, and includes a.switch
group or a plurélity of resistor wires.extendihg in a
traverse direction of the road. The vehicle sensor can
colleét various inforﬁation con£aining a moving directién and
a speed of the movingiﬁody passing through the foéd on the

basis of an opening and closing operation state of the switch

" group or variation in resistances of the resistor wires

operated by a pressure of the moving body.
Limiting means 54 for limiting a traveling position of

the'moving bddy is provided between adjacent lanes in order

_to prevent the moving body 51 from entering from another

lane. The limiting means 54 is a separation zone or a median.

strip, for example.



10

‘15

20

25

Passage of the moving body 51 can be detected by a
detection output of the detecting device 53. Whether the
moving'body 51 has the communication means br not can be
examined by whether communicatiqn”with'the moving bddy,can be

attained or not. This examination can be attained by

- examining whether communication by means of an antenna

correspohding to a traveling position (traveling lane) of the

'moving body 51, of the antennas 52a, 52b, ... is performed or

not.

In this tecﬁniéue,_correspondence.of the pdsition 6f
the antennas 52a, 52b, ... and the traveling position of the
moving body'is_made by dividing tﬁe traveling position of the
moving body by a partition for each communication aréa of the
antenna so that the traveling position is coincident with the
communication aﬁtenna-exactly. |

An example of a decision procedure as to whether the
moving body-Sl is equipped with the communicatioﬁ means orxr
not in this techniqﬁe is now described.

This decision procedure is also neither a prio; art nor
a known technique. _

| .When traveling of the'moving body 51 is deteéted,
communication with the moving bod& 51 is tried by the antenna
52a,'52b;'... correspénding to the traveling position of thé
moving.bOdy 51. -

- When the communication is performed, it is decided that
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the moving body detécted by the moving body detecting device

53 is equipped with the ' tommunication means. ‘When the

communication is not performed, it is decided that the moving
body is not equipped with the communication .means.

'In this manner, it is possible to examine whether the

' passing moving body is equipped with the communication means.

‘It is possible to examine whether the passing moving
body is equipped with the communication means or not by
trying communication with tﬁe communication means equipped in
the moving body and.making decision on the basis 6f the

result of the cbmmunication._ However, in this case, it is

‘necessary to provide a partition for limiﬁing the traveling

position of the moving body so as to separate_another,moving
body from the cpmmuniéation aréa of the communication means
equipped in the moving body and to prevent that the moving’
body is_jumbled with other moving bodies.and cannot be
discriminated from other moving bodies.

_With such a configuration, the traveling position of
the moving.body is restricted upon communication due to the
partition. Such a partition in a road is an obstacle and
dangerous. Further, the road is narrowed_by thé partition
and_éffectivé utilization of the road is prevented. It is
necessary to control the traveling-position before the
partition so that the mqVing body.does not collide with the

partition.
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The'same problems ocour in the case where tiokets or
commutation tickets are formed into IC'cards'provided with
radlo communication functlon to form compact communication
means which are carried by individual persons and are used
for the examination of tickets in traffic facilities such as
a railroad or the like, or_in the case'where passports,
identification cards or employee cards are formed into IC
cards provided with radio communication function in the same
manner and the IC cards are-examined remotely or utilized for
management as to whether employees are present or not or
management of persons coming in and out from a room, or in
the case where communication means formed lnto cards provided
with radio communlcatlon functlon are carried by individual
persons or goods in order to perform management of the goods
and prevention of stealing in distribution industries,
stores, factories or the like.  The moving body detecting
device must be installed in a road or a floof_and be treaded
by moving bodies in order to detect arrival of the ﬁoving

bodies 1nd1v1dually Thus, when it is applied to human

‘beings and goods, implemeritation thereof is dlfflcult

Since there are the various problems as described

‘above, these problems are a bottle neck in the implementation

thereof noththstandlng the effect1v1ty and the technique

- having wide application fields.
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3. OBJECTS AND SUMMARY OF THE INVENTION
Accordingiy; it is-an object of the present invention

to provide a moving body monitoring apparatus capable of
monitoﬁing ﬁoving bodies such as vehicles,_human beings,
gbods and the like capable of moving from placé to p;aée
freely andlconfirming infofmation without installation Qf the
partition or the moving body detecting device in'the-road or
the floor; |

| In order.to achieve the object, the ﬁoving body
monitoring apparatus according to the first- invention
comprises moving side communication means held in a moving
body capable of moving freeiy, fixed position side

communication means disposed in a fixed position and having a

narrow particular range set as a communication area, the

communication means communicating with the moving side

communication means held in the moving body passing through

the area, moving body detecting means for detecting the

" moving body entering into the communication area of the fixed

positién_side communication means without contact with the
moving body, and means for deciding whether the moving body
holds the moving side communication means or not on the basis -
of é éommunication resuit'with the moving body by the fixed
poéition-side communication means and detection information
of‘fhe moving body detecting means.

The moving body monitbring apparatus according to the
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second invention cbmpriseé mo?ing side communication means
held in a_moving body capable of moving fréely and for
hoiding necessary particular information to be able to
transmit the particular'inforﬁation, fixed pdsition side
communication means disposed in a fixed position and having a

narrow particular range set as a communication area, the

commuhication means communicating with the moving side

communication means held in the moving body passing through
the area, moving body detectinglmeans for detecting the-
moving quy eﬁtering into the communication area of the fixed
positioh side communication means without contact with the
moving body, and_ means. for deciding whether the moving side

communication means of the moving body holds the particular

information or not on the basis of a communication result

with the moving body by the fixed position siae communication
means and detection information of the movihg body detecting
means.

In the first invention, the moving body capable of
moving freely is caused to hold the moving side communication

means and when the moving body comes near or reaches a fixed

position, the moving side communication means held in the

moving body communicates with the fixed position side
communication means installed in the fixed position‘and the
moving body detecting means detects the moving body without

contact with the moving body. The decision means decides
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- whether the moving body holds the moving side communication

means or not on the basis of the communication result with
the moving body by the fixed position side communication
means and the detection information of the moving body
detecting means.

The fixed position side communication means having.the

narrow communication area and the moving side communication

~means held in the moving body communicate with each other to

obtain the result and the information thereof is.outputted.
TPhe moving body detecting means detects the moving body
enterlng into the narrow communication area of the flxed
position Slde communication means without contact w1th the
moving body and outputs the information thereof.
Accordingly, even when there is no partition for separating
the movihg_body, another moving_bodyican be.sepa:ated. Since
the partition is not required, the stability can be ensured
and the movement space of the moving body can be utilized
effectively without narrowing the epaCe. Further, since the
moving body can be detected without contact therewith, there
is no limitation to objects to bé detected. When there is a
moving body entering into the natrow communication area of
the fixed position side communication means, the moving body
is detected. When there is the detection information
thereof, whether the moving body holds the moving side-

communication means or not is decided on the basis of the
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communication result with the moving side communication
means. Accordingly, the effects that whether the moving side
communication means is present or not can be detected with
high accuracy‘and the like are obtained..

| In the second invention, the moving body capable of
moving freely is caused to hold the moving side cOmmunication
means' holding the necessary ?articular information to be able
to transmit the informatiqh and when the moving body comes
neér or reaches the fixed position, the fixed position side
communication ﬁeans installed in the fixed position and the

moving side communication means held in the moving body

- communicate with each other. The moving body detecting means

detects the moving body without contact therewith. The
decision means decides whether the moving body holds the
necessary particular informétion.or nét on the basis of the
communication'resuip with the moving bddy by the fixed
position side.communication_means-and the detection
information of the moving body detecting means. |

In this manner, the fixed position side communication

means having the narrow communication area and the moving

side communication means held in the moving body communicate

with each other to obtain the result thereof and the
information thereof is outputted. The moving body detecting
means detectslthe moving body entering_into'the narrow

communication area of the fixed position side communication
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means without contact with the moving body and outputs the
information thereof. Accordingly, even when there is no
partition for separating the moving body, another moving body
can be separated. Since the partition is not required, the
stability can be ensured and the movement space of the moving
body can be utilized effectively without narrowing the space.
Since' the moving body can be detected without contact
therewith, there is no limitation to objects to be detected.
Further, when there is the.moving body entering into the
narrow communication area of the fixed position side
communication means, the moving body is detected. When there
is fhe detection information, whether the moving'body holds
the pérticular information or not is decided on the basis of
the'communication result with the moving side communication
means. Accordingly, the effects that whether the particular
informatioh.is present or nof can be detected with high
accuracy and the like are obtained.

The present invention comprises fixed position side
communication meéns having the.narrow communication area,
moving body detecting means for detecting the moving body
entering into the narrow communication area of the fixed
position side communication means without contact with the
mdving body to outpﬁt the information thereof, and means fof'
deciding whether the moving body holds the communication

means or not or deciding whether the moving body holds the
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.. particular information or not on the basis of the

communication information of the fixed position side

‘communication means and the detection information of the

fixed poéition side communication means. The partition
required in ;he cénventional method for liming the traveling
position of the moving body cannot be required. Accordingly,
whether the moving body holds the communication ﬁeans or notl
or whether the moving body holds the particular information

is decided with high accuracy without limiting the traveling

‘position of the moving body upon communication.

4. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagraﬁ illustrating a_first
embodiment of the present invention.

Fig. 2 is a diagram illustrating communicatioh antennas
and communication ranges thereof in the first embodiment of
the present invention.

fig. 3 is a diagram illustrating receivéd information
of a decision’ unit for deciding whether communication_ié
present or not in -the first embodiment of the present
invention. |

Fig. 4 is a diagram illustrating processing of
information in the decision unit for deciding whether
communication is present or not in the first embodiment of

the present invention.
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‘Fig. 5 is a diagram illustrating processing of
information in the decision unit for déciding whether
communication is-present or not in.the first embodiment of
the present invention. |

Fig. 6 is a schematic diagram illustrating a
configu:ation including an imaging'unit-14'disposed to be
able to set a moving body'passihg through a detection
position of a moving body detecting sensof 4'foﬁ detecting a
trailing end of the moving body iﬁ an imaging érea and an

imaging control unit 15 operated in accordance with a

,decision result of a decision unit 9 for deciding whether

communication means is_present or not and controlling'the
imaging unit 14 in addition to the configuration of the
apparatus of the first embodiment.

Fig. 7 is a diagram illustrating a configuration in a
sécond embodiment bf‘the present invent;bﬁ.

Fig. 8 is a diagram illustrating :eceived information
of a decision unit for deciding whéther.communication'is
preseht or not in the second embodiment of the present
invéntiqn.

. Fig. 9 is a diagram illustrating occurrence order of
communicatidn record and detection record in the'secqnd
embodiment of the presenflinvention. |

Fig. 10 is a schematic diagram illustrating a

configuration in a third embodiment of the present invention.
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Fig. 11 is a diégiam illustrating primary informatibn
sent to a decision ﬁnit 9 for.deciding,whether’éommunication'
means is present o;'not in the third embodiment of the
present;inventioﬁ. ) |

Fig. 12 is a diagfam iilustrating occurrence order of
information obtained from the moving body 1 in the third
embodiment.

Fig; 13 is a schematic diagram illustrating a
configuration in a fourth embodiment of the present
invention..

Fig. 14 is a diagraﬁ illdstrating coﬁmunication
antennas and communication ranges thereof in the fourth

embodiment of the present invention.

 Fig. 15 'is a diagram illustrating received information

of a communication information confirming unit in the fourth

embodiment of the present invention.
| Fig. i6 is a diag;am illustrating proceésing of
information in the communication information confirming unit
in the fourth embodiment of the present invention.
Fig. 17 is a diagram illustrating processing of

information in the communication information confirming unit

in the fourth embodiment of the preéent invention.

Fig. 18 is a diagram illustrating processing of
information in the communication information confirming unit

in the fourth embodiment of the presentlinvention.
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Fig. 19 is a schematic diagram illustrating a

.configuration including an imaging unit 14 disbosed to be

able to set a moving body passing through a detection

position of a moving body detecting sensor 4 for detecting a

trailing end of the moving body in.an imaging area and an

‘imaging control unit 15 operated in accordance with a

decision fesult of a decision unit 9 for deéiding whether
communication means is present or not and controlling the
imaging unit 14 in addition to the configuration of the
épparaﬁus of the first embodiment.

Fig. 20 is a schematic diagram illustrating a

"configuration in a fifth embodiment of the present invention.

Fig. 21 a diagram illustrating received information of
a communication information confirming unit in the fifth
embodiment of the present invention.

Fig. 22 is a diagram illustrating occurrence order of-

_communication record and detection record in the fifth

embodiment of the present invention.
Fig. 23 is a schematic diagram illustrating a
configuration in a sixth embodiment of the present invention.

Fig. 24 is a diagram illustrating-primary information

‘sent to a communication information confirming unit 19 in the

-sixth embodiment of the present invention.

Fig. 25 is a diagram illustrating occurrence order of

information obtained from the moving body'llin the sixth
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embodiment.

Fig. 26 is a diagram illustrating a prioi art.

S. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodimenﬁ)

Eﬁbodiments accofding_to thie present invention are now
described with reference to the drawings. Fig. 1 is a
schematic diagfam illustrating a first embodiment of the
present invention; . .

In Fig. 1, reference mark L represents the surface of a
road, and reference numeral 1 represents a moving body which
moves on the road surface L and is a thicle'such as, for
exampie, an automobile capable of moving freely in the

forward and backward directions and tﬁrning to the right and

- left. The moving body 1 is equipped with a radio

communication apparatus to be able to communicate with ‘an
external apparatus'by radio. Numerals 2 and 4 denote moving

body detecting sensors. As the moving body detecting sensor,

for example, a CCD line sensor, an ultrasonic sensor, a laser

scanner or the like are used. The moving body detecting
sensor 2 is used to detect a.leading end of.the moving bbdy 1
and the moving body détectiﬁg sensor 4 is used to detect a
trailing end of the moving body 1. Further, the moving body
detecting sensors 2:and 4 can produce positional infoimation

in the width direction of the moving body 1. The moving body
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detecting sensor 4 is disposed donnstream of the toad with a
predetermined space from an installation point of the.moving
body detecting sensor 2.

Numerals 6 and 8 denotes control units for the moving
body detecting sensors. The control unit 6 has a{clock
function and uses a detection output obtained when the moving
body detecting sensor 2 detects a leading end of the mov1ng
body 1 to calculate detection position information of the
moving body 1 in the width direction of the road. 'Thus, the
control unit 6 sends the calculated detection position
information together with time information at the detection
time of the moving body to a deClSlon unit 9 for deciding
whether communication means is.provided or not. The control
unit 8 also has a clock function and uses a detection output
obtained when the moving bodf detecting sensor 4 detects a
ttailing end.of the moving body 1 to calculate detection
position information of the moving body 1 in the width
direction of the road. The control unit 8 sends the
calculated detection position-information together with time
information at the detection time of the moving body to the
decision unit 9.

Numeral 3 denotes en antenna which is disposed between

the moving body detecting sensors 2 and 4. The antenna 3 is

"connected to a radio communication control unit 7, Wthh can

communicate with a communiéation apparatus of the moving body
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1 by means of the antenﬁa 3 by radio. The radio
communication control unit 7 sends information obtained by
communicatidn together with an ID information (identification
information) of the antenna 3 used for communication to the
decision.unit 9.

The decision unit 9 decides whether the moving body 1
is eqhipped with the communication apparatus or not on the
basis of the information (the detection position information
of the moving body 1 and the_time information at the
detection time of the moving body) obtaiﬁed.from the sensor
control units 6 and 8 and the information obtained from the
radio communication control unit 7 and outputs the result
thereof.

The decision unit 9 selects detection information and
communication information: estimated to be-related to the same
moving body from the'detectionfrecord obtained from the
sensor control units 6 and.8 constituting moving body
deteéting means and the communication record obtained from
the radio communication control unit 7 constiﬁutinq

communication means and examines whether the moving body

_exists within a communicable range or not at the

communication time with reference to the infcrmation

including the detection position and the detection time of

communication time with the moving body to thereby decide
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Whether'the vehicle detected by the moving body detecting
means has made communication or not. |

The decision unit 9 decides whether the.moviﬁg body has
made communication or not on the baéis of the communicétion |

result between the moving bodies.and the detection result of

 the moving body detecting means by using a method described

later‘and specifies which moving body has made communication
when a plurality of moving bodies exist simultaneously.
Operation of the apparatus is now described.

The radio communication apparatus mounted. in the moving

‘body 1 is disPOSed at the center position in the width

direction of the moving body 1 and behind the front end of
the moving body 1. When the moving body 1 travels on the
road and comes near or_réaéhes the mdving body detecting
sensor 2, the moving body detecting sensor 2 detects the
moving body 1 and'supplies the.detectioh output to the sensor
control unit 6. Further, when‘the moving body 1 comes near
or ;eaches the moving body detecting'éensor 4, the sensor 4
detecfs the moving body 1 and.sﬁpplies the output to the
sensor control unit 8.

The sensor control unit 6 obtains the time information
(arrival time) that the front bortidn of the moving body 1
comes near or reaches‘the moving.body detecting sensor 2 and .
the posiﬁion information of the front portion on the baéis of

the detection information supplied thereto and sends the
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information to the decision unit 9 as a moving body detection
telegraphic message. The sensor control unit 8 obtains the
time information (arrival time) that the rear portion of_the
moving body 1 éomes near or reaches the moving body detecting
sensor 4 and the position information of the rear portion oh_
the basis of the detection information supplied thereto and
sends -the information to the decisioﬁ unit 9 as a moving body
detection telegraphic message. |

The antenna 3 transmits and receives electric waves
under.cont;ol-of the radio:communicafion control unit 7 to
communicate with the moving body 1. The radio communication
control unit 7 sends the communication information togeﬁher
with the ID information of the antenna 3 used for the
communiéation to the decision unit 9.

The antenna 3 is disposed above the ioad $urface L,
that is, above the road on théh the-mp#ing body 1 travels
and at least one or two or more antennas are disposed side by
side in the width direction of the road surface (in the width
direction_of the lane of the.road); The antenna 3 used
herein has a predetermined communication area in the width
direction_of the road surface, that is, in the width
direction of the lane of the roéd; When a plurality.of

antennas 3 are provided, the communication areas of the

‘antennas may be overlépped with each other.

As an example thereof, Fig. 2 shows the case where
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three antennas 3a t 3c are disposed in the width direction of
the lane in.order. in Fig. 2, communication areas 5a to 5c
of the antennas 3a to 3c are partiéliy overlapped with each
other. In Fig. 2, numeral 11 represents a communication
range by the antenna 3a.which is an area covered by the
communication area 5a, numeral 12 represents a communication
range 'by the antenna 3b which is an area covered by the
communication area 5b, numeral 13 represents a communication
range by the antenna 3c which is_an area covered by the
communication_area S5c, and numeréls 10a and 10b represent

areas of overlapped portions of the communication areas.

These antennas 3 are connected to the radio

~communication control unit 7 to communicate with the moving

body 1. The radio communication control unit 7 sends the
communication record with the moving body 1 through é
communication route to the.decision ﬁnit 9 as a radio
communication telegraphic message.

Fig. 3 shbws primary information which is sent from the
sensor control units 6 and 8 and the radio communication
control unit 7 to the decision unit 9.

As shown in Fig. 3, the information sent frﬁm the
sensor control units 6 and Q to the decision unit 9 includes
the detection position information of the moving body 1 in
thg width direction of the.lane_and the detection time

information. Further, the information sent from the radio
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coﬁmunicatioh control unit 7 to the decision unit 9 includes
the identification number'(ID of the.antenha) of the antenna
3 or (3a or 3b or 3c) used for communication with the moving
body l;

The antenna communicating with the moving body 1 is
detected on the basis of the identification number of the
antenna.

'The decision unit.s which has received'such'information
performs the following process to decide whether the moving
body is equipped with the communication apparatus or not.
That is, the decision unit 9 receives a telegraphic message
of fransmission information from the sensor eontrol unit 6,

the radio communication unit 7 and the sensor control unit 8

in order of the units 6, 7 and 8 in response to movement of

one moviné body 1. ‘Thus, the decision unit 9 perfofme the
following process. |

(1] The decision unit 9 receives the moving body deﬁection
telegraphic message from the sensor control unit 6 and then
stores the contents of the message in a detection recording
and preserving buffer formed in a memory area included in the
decision unit (Fig. 4(a)).

[2] When the decision unit 9 receives the radio
communication telegraphic message from the radio
communication control unit 7, the decision unif 9 forms a

communication recording buffer for preserving the contents of
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the message in the memory area or the buffer area'incleded in
the decision unit 9 and stores the contents of the received
telegraphic message-in the memory area or the buffer area
(Fig. 4(b)). . I : .

[3] The decision unit.9 then searches informatien
satisfying the followihg condition from detection recoxrding
information (ﬁoving body detection telegraphic~message)
stored in the detection recording and preserving buffer and
registers or records contents Qf the searched detection
recording buffer or a position of the buffer in the
communication recording Buffei-in which the radio
communication telegraphic message is' stored -to thefeby form
the correspondence therebetween (Fig. .4(c))

[Condition 1: record including the detection pOSltlon
in the width direction of the mov1ng body 1 w1thin the
communication range of the antenna spec1fied by the antenna
ID stored in the telegraphic message (radio communication
telegraphic message) received from the radio communication
control unit 7] |

~ The communication area of the antenne is'within the
section between the movihg body detecting sensors 2 and 4 and
is positioned from just after the detection position of the
moving body detecting sensor 2 (downstream direction of the
road, that is, just forward in the traveling_direction of the

mdving body) . Aceordingly, the detection position can
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correspond to the communication area and a corresponding
detection record can be found out from the communication
recoxd. |
[4] When a plurality 6f detection records (moving body
detection telegraphic messages) can cofrespond to one
communication record (radio communication telegraphic
message) simultaneously, all of the moving body detection
records (moving body detection telegraphic messages) are
treated as moving body detection telegraphic messages for the
same moving body and are registered or recorded in the
c&mmunication record buffer to be able to correspond to the
corresponding radio communication telegraphic messages (Fig.
4(4d)).
[5] After a telegraphic message (moving body.detection
telegraphic message) has been received from the sensor
control unit é for,detectioq of the trailing end of the
moving body,-the number of communicatiqn recordslsatisfying
the following condition is éxamined. |

[Condition 2: record including a detection position in
the width direction of the moving body 1 recorded'in the
teleéraphic mesSage (moving body detection telegraphic
message) received from the moving body detecting sensor 4 for
detecting the trailing end of the ﬁovihg.bédy 1 within the
communication range of the antenna] |

Fig. 4(e) shows an example of a registered state of the
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detection record and the communication record after the
moving body detection telegraphic message from the sensor
control unit S_has been received;

The moving body detecting sensor 4 detects the trailing

end of the moving body 1. When the moving body 1 is equipped

with a normal radio communication apparatus, communication of

the radio communication control unit 7 and the moving body 1
has been already completed at the time that the trailing end
of the moving body 1 is detected by the moving body detecting
sensor 4. Accordingly, communication capable of being
performed_between the moving body 1 and the radio
communication control unit until the méving body 1.passes
through the radio communication control unit has been all
completed and the number of communicaﬁion records satiszing
the above:condition is examined to thereby determine thé
numberlof communication records performed.betéeen the moving
body 1 and the radio éommunication control unit.

[6] The number of moving body detection records (moving
body detection telegraphic messages) registered in the
communication recdrds (radio communication telegraphic
messages)usatisfying the conditibn-z of the item [5] is
examined. When the same moviﬁg'body detection records (the
same moving body detection telegraphic messages) are
registered in a plurality of communication records (a

plurality of radio communication telegraphic messages) in the
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bverlaéped_manﬁér, the number of moving body detection
records is regarded as one.
[7] The number of de£ection records (number of moving body
detection telegraphic messages) examined in the item [5] is
compared with the number of communication :ecbrds (number.of
moviﬁg body detection telegraphic messages) exémined in the
iteml[6]. |

'_As the result of comparison, when the number of mbving
body detection records.is equal to the number of
communication records as shown in Fig. 5(a), it is decided

that the movihg body 1 detected by the moving body detecting

~sensor 4 is equipped with the communication apparatus.

For example, as shown in Fig. 5(b), when the number'of
the moving body detection records is.larger than the nqmber.
.of communication recdrds, it is decidéd that there is a
possibility that the moving body 1 detected by the sensor 4
ié not equipped with -the communication apparatus. The fact
that the number of moving bédy detection records .is larger
than the number of coﬁmunication_records means that another
moving body exists. In this case, since there is a

possibility that another moving body has been detected, there

~is a possibility that the monitored moving body is not

equipped with the communication apparatqs;. Accordingly, it
can be decided that there is a possibility that the monitored

moving body is not equipped with the communication_apparatus.



10

15

20

25

27

Further, as éhown in Fig. 5(c), when there is the
moving body detection records but there is no éommunication
record, it can be decided that.the moving body 1 is not
equipped with the communication apparatus.

Furthermore, as shown in Fig. 5(b), when the number of
moving body detection records is smaller than the number of
commuriication records, it is decided that the'moving body 1
is equipped with a plurality of communication means
(communication apparatuses).

The system has the particular detection area and
includes detéction means for detecting the moving body
passing through the detection area, communication méans-for
communicating with the moving body passing through the
detection area, and means for deciding whether the moving
body is equipped with-the.communication apparatus or not on
the basis of the number of detection information and
communication information obtained ffom the detéction means

and the communication means. Thus, the system detects the

moving body passing'through the detection area by the

detection means and communicates with the moving body paséing
through the detection aréa by the communication means.
Further, the system compares the number of detection

information obtained from the detection meahs with the number
of communication information obtained from the communication

means and can decide whether the moving body is equipped with
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the communication apparatus or not on the basis of the
comparison result.

Further, by adding, to the -apparatus of the first

embodiment shown in Fig. 1, imaging means capable of taking

an image of a moving body'having no communication apparatus
or possibly having no.communication apparatus when the moving
body ts detécted, the moving bodylhaving no communication
apparatus or possibly having no communication apparatus is
specified énd an image thereof can be taken by the ‘imaging’
means selectively. Further, by chénginé coﬂditions, the
moving body having the;communication apparatus or possibly
haviné the communication apparatus is specified ahd an image
thereof can be taken selectively. |

* Fig. 6 illustrates a configuration example in the case
where an imaging unit and a-control.unit of the imaging uhit
are added. The system of Fig. 6 inciudes an imaging unit 14
for detecting a trailing end of the moving body and an
imaging control unit 15 operated in response to a decision
result of the decision unit 9 to control the imaging unit 14
in addition to the configuration of the first embodiment
shown in Fig. 1. The imaging unit 14 is set so that the
moving body passing through the detection poéition of the
moving body detecting sensor 4 falls within an imagihg area.

In this configuration example, the moving body having

‘no communication apparatus or possibly having no
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communicationlapparatus is imaged by the imaging unit 14 from
the rear side of the moving body. When_the decision unit 9
decides that the moving-quy 1 is not equipped with the
communicafion apparatus or is not possibly equipped with the
communication unit, an.imaging trigger islsent to the imaging
control unit 15 from the decision unit 9. The imaging
contrel unit 15 can controls the imaging unit 14 to take an
iﬁage of the moving body. The imaging unit 14 can utilize,
for example, a CCD camera (camera using a solid imaging
element), a television camera, a still camera or the like.

In this example, thé imaging unit 14 is disposed to
view fhe downstteam side from the upstream side of the road

so that the imaging unit 14 takes an image of the moving body

1. from the rear side of the moving bodyll. However, there is

a case where an iﬁage of'the moving body 1 is taken from_the
front side therecf. 1In this case, the imaging unit may be
disposed ahead in the traveling direction of the moving body
1 to be directed to.thé moving body.

In the foregoing description,_éommunication with-the
moving body is made only in one partiéular area and decision
as to whether the moving body is equipped with the
qommunication apparatus or.not is made 6n.the bésis of the
éommunication record and- the moving\body detection
information in the particular area. 1In this caée, when

another moving body exists near the moving body to be
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monitored, there is a tendency to decide that there is a
possibilify that the monitored moving body is ﬁot equipped
with thé communication apparatus. However, since there is a
possibility that the moving body is equipped with the
communication apparatus, it is desirable that decision as to
whether the moving body is equipped with the communication
appafatus or not is made with.higher accurécy.

An example thereof is now described as a ;ecénd
embodiment.

(Second Embodiment)

Fig. 7 schematically illustrates the second embodiment
of the present invention.

In Fig. 7, numeral 1-den6£es a.moving body, 2 a moving
body detecting sensor for detecting a front portion of the
moVing body, 3 an éntenna, 4 a moving body detecting sensor
for detecting a rear portion of the moving body, 5 a
communication area (antenna communication area) of the
antenna 3, 6 a control unit for the movihg body detecting
sensor for deteéting the front portion of the moving body, 7
a.radio cémmunication control unit, 8 a control unit for the
noving body.detecting sensor for detecting the reér portion
of the méving body, and 9 a decision unit for deciding
whether a communication apparatus is'p;ésent or not. These
elements are basically the same as the:elements described in

Fig. 1. Numeral 16 denotes an antenna, 17 a radio
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communication control unit, and 18 a communication area by
the antenna 16. o

This embodiment newly includes. the radio communication
control unit 17 and the antenna 16 in addition to the
configuration shown as the first embodiment of the present
invention described.abdve. ‘The radio communication control
unit 17 communicates with én_external apparatus through the
antenna 16 by radio to obtain information and supplies the
information together with an ID information (identification
informatioh) of the antenna 16 used in the communication to
the decision unit 9. The antenna 16 is disposed upstream of
the road with respect to the installation position of the
moving body detecting sensor 2 and can set a relatively
narrow predetermined area as the communication area.

| With such a configuration, an approachiﬁg moving bddy 1
communiéateé with the antenna 16 and then is detected by the
ﬁoving body detecting sensor 2.

The moving body 1 is configured to-transmit an
identification code (ID of moving body) peculiar to the
moving bddy to the antenna when the moving body 1
communicates by radio (when the_moving body 1 communicates
through the antenna). |

The identification code of the moving body is sent from
the communication apparatus equipped in the moving body

through the antenna 16 and the radio communication control
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unit 17 or through the antenna 3 and the radio communication

control unit 7 to the decision unit 9.

| Fig. 8 shows ?rimary information sent from each unit to
the decision unit 9. The radio communication control unit 17

sends the antenna ID, the time information indicative of the

time that the antenna .ID is obtained, and the ID of the

moving body to the decision unit 9. The moving body
détecting sensor control unit 6 sends the position
information and the time information indiéative of the time
that the position information is obtained to the decision

unit 9. The radio communication control unit 7 sends the

antenna ID, the time information indicative of the time that

fhe antenna ID is obtained, and the ID of the moving body to
the decision unit 9. The moving body detecting sensor
control unit 8 sends tﬁe position information énd the time
information indicative to the time that the position
information is obtained to the decision unit 9.-

In the second embodiment, since the foll@wing condition
can be added to the moviﬁg body detection record registered‘

in the communication record, the fact that the moving body

'detectlon record having no relation to the communication

record is reglstered in the communlcatlon record can be

reduced. In other words, when the radio communication

telegraphic message obtained by the”communicatioh with the

communication apparatus of the movind body is caused to
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correspond to the moving body detection telegraphic message
which is the moving body detection record infofmation of the
moving body, the fact that the moving body detection
telegraphic message except the moving body détectiqn
telegraphic message having the relation to the moving body is
caused to correspond thereto can be reduced greatly.

‘[Condition 3: The moving body detection record capabie
of being registered in the communication record is limited to
thét having the detection time which is positioned between
times tl and t2 recorded in the communication records
relative to the samé moving body sent from the radio
communication control units 17 and 7, respectively, as shown
in Fig. 9. The time tl represents the time information-
included in the telegraphic message senﬁ;by the radio
communicafion control unit 17 and the time t2 represents the
time information included in the telegraphic message sent by
the radio communicatién control unit 7.] |

"The second embodiment has the following processes
different from the first émbodiment.
(1) .When the telegraphié-message is received from the radio
communication control unit 17, a communication record buffer
is acquired and contents of the telegraphic message is stored
therein.
(2) When the telegraphic message.is received from the radio

communication control apparatus 7, reference is made to the
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. ID of the moving body recorded in the telegraphic message and

the communication record bﬁffer in which the séme ip of-the
moving body is stored is retrieved. | '
(3) The received telegraphic message is recorded in the
retrieved and detected communication record'buffer.

| Even in the second embbdiment, it is possible to

provide the imaging means for taking an image of the moving

'body which is not equipped with the communication means and

specify the wvehicle to take an image thereof selectively by
the'imaging means .

In the system, the ID is_assigned to the'moving‘body
and the moving body is caused té send information containihg
the ID. Two particular areas are provided to be positioned
before and behind along the traveling direction of the‘road
and communication with the moving body is made within the two
particular areas. The communication records thereof
containing the time information indicative of the
communication time are obtained and the moving body detection
ihfofmation in the particular areas containing the time
information indicative of the detection time of the moving
body is obtained. Whether the information, particulérly the
time information and the ID information of the moving body.
are related to another moving body or not is decided to
exclude the informatiqn'having no relation and whether the

moving body is equipped with the communication apparatus or
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not is decided on the-basis of_thé remaining information. In
this case, even when another moving body exiaté near the
mdving body to be monitored, the. information relative to
another moving body can be excluded. Accordingly, whether
the moving body to be monitored is equipped with the
communication apparatus or not can be decided with higher
accuracy. |

An emnodiment in which whether the moving body is
equippéd with the communication apparatns or not can be

decided at high speed with high accuracy is now described as

a third embodiment.

(Third Embodiﬁent) |

Fig. 10 schematically illustrates the fhird embodiment
of the present invention..

The third embodiment does not include the moving body
detecting sensor 4 and.the moving body detecting sensor
control unit 8 provided in the second embodiment.

In the third embodiment, the moving body detecting
sensor 2 detects.both of the leading end and the trailing end
of the moving body 1. Wnen tha moving body 1 passes by the
moving body detecting sensor 2, the moving body detecting |
sensor control unit 6 éends a telegraphic-message having
detection information of the leading end and the trailing end
of the moving bodyll to tne decision unit é.

Fig. 11 shows prima;y information sent from each unit
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to the decision unit 9. .The radio communication control unit
17 sends the.antenﬁé ID, the time information indicative of
the time that the antenna ID is obtained, and the ID of the
moving body to the decision unit 9. The moving body

detecting sensor control unit 6 sends the detection position

information of the leading end of the moviﬁg body, the time

information indicative of the time that the detection '
position information of fhe leading end is obtained, the
detection position information of the trailing end of the
moving body, and the time information indicative of the time
that the detection position information of the trailing end
is obtained to the decision unit 9. The radio communication
control unit 7 sends the ID of the antenna, the time

information indicative of the time that the ID of the antenna

~is obtained and the ID of the moving body to the decision

unit 9.

- In the third embodiment, when the moving body 1 is
equipped with the communication apparatus, the communication
of the moving body with the antenna 3 is required to be made
until the trailing end of the moving body is detected by the
moving body detectiné Sensor 2 after the leading end of the
moving body is detected by.the sensor 2. When a length of
the moving body 1 is short, the order of the communication
time and the detection time of the trailing end of the moving

body is sometimes reversed. Even in this case, the detection
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information of . the trailing end is dela&ed in the internal
process of the dec1s1on unit 9 so that decision by the
decision unit can be made exactly |

Fig. 12 shows the order of occurrence of information

obtained from the moving body 1 in the thlrd embodiment.
That is, the leading end of the moving body 1 is detected by
the moving body detecting sensor 2, the communication with
the moving Body is then made, and thereafter the trailing end .
of the moving body 1 is detected_by the sensor 2.

'The detection information of the trailing end of the
moving body sent from the moving body detecting sensor
control unit'8 in the second embodiment is sent from the
moving,body detecting sensor control unit 6‘in the third
embodiment. Accordingly, in the process of the.third.
embodiment decision as'to mhether the'moving body 1 is
equlpped with the communication apparatus or not is completed
earlier than the second embodiment. |

Even in this embodiment, it is possible to add the
imaging means and specify the vehicle Wthh is not equlpped
w1th the communlcatlon apparatus to take an image of the
vehicle in the same manner as the above embodiment.

As described above with reference to the'embodiment,.

‘according to the present invention, whether the moving body

detected by the moving body detecting means is equipped with

the communication apparatus or not can be decided without
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limiting the traveling position of the moving body.

Furtﬁer, as described'in the embodiment,'the imagingl
means and tﬁe imaging means control unit can be combined to
specify the moving body which is nof equipped with the
communication apparatus and take an image thereof
selectively.

.In the above-mentioned embodiments, the system of the
présent invention comprises fixed position side communication
means having the narrow communication area, moving body
detecting means for detecting the moving body entering into
the narrow communication area of the fixed position side
communication means without contact with the moving body to
output information thereof, and means for deciding whether
the moving body is equipped with the communication apparatus
or not on the basis of the communication information and the'
detection information of the fixed position side
communication means. The paftition requiréd in the
conventional method to limiélthe traVeling'position of the
moving body can be eliminated. Accordingly, the traveling
position of the moving body is not limited upon communication
and whether the moving body is equipéed with the
communication apparatus or not can be decided with high
accuracy.

In the above embédimént, the detection information and

the communication information of the moving body are
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collected and are daused to correspond to each other, so that
whether the monitored moving body is equipped with the
communication apparatus or not is decided on the basis of the
correspondence.

An embodiment of an apparatus which can examine whether
the monitored moving body holds particuldr information or hot
is now described. A data base is used and the detection
information and the cbmmunication information of the moving
body are collected. An example of the apparatus which
decides whether the ﬁonitored moving body has particular
information or not on the basis of the above information and
information of the data base.

In the example described below, whether the moving body
performé-cpmmunication or not is decided on the basis of the
commuhication result betweén the moving bédies and the

detection result of the moving body detecting means.

~Further, when a plurality of moving bodies exist

-]

simultaneously, communication information confirming means
for specifying which moving body éf them performs
communication is provided newly. |

The communication information confirming means selects
the deteétion information.aﬁd the communication inférmation
estimated to be related to the same moving body from
detection records obtained from.the moving body detecting

means and the communication records obtained from the



10

15

20

25

40

communication means and examines whether the moving body
exists within the communicable range at the ¢oﬁmunicatioh
time with_reference to information'containiﬁg the detection
position and the detection time of the moving body, the
communicable range with the moving body and the communication
time. Thus, the communication information confirming means
specifies one of the moving bodies which performed
communication or decides any one of some candidates and
searches the data base in wh;ch pérticular information is
registered to decide whether the vehicle has the particular
info:matioh or noﬁ, | |

There is provided fixed position side communication

means having the narrow communication area, moving body

. detecting means for detécting the moving body entering into

the nafrow communication area of the fixéd position side
communication'meahs without contact with the moving body to
output information thereof, and means for deciding whether
the moving body has the particular information or not on thé
basis of the communicatioﬁ information and the detection
information of the fixed position side dommunication-méans.-
The partition required in the conventional method to limit
the traveling position of the moving body can be elimihated.

Accordingly, the traveling position of the moving body'is not

~limited upon communication.

.~ (Fourth Embodiment)
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Fig. 13 ééhematically illustrates a fourth embodiment
of the present invention.

In Fig. 13, reference mark L represents the surface of
a road, and reference numeral 1 represents a moving body
which moves on the road surface L and is a vehiéle such as,
for example, an automobile capable of moﬁing_freely in the
forward and backward directions and turning to the right and
left. The moving body 1 is equippéd with a radio
communication apparatus wﬁich holds particular information
and can transmit the information and communicate with the
outside Ey radio as communication meaﬁs. Numerals 2 and 4

denotes moving body detecting sensors. The moving body

'detecting sensors 2 and 4 use, for example, CCD line sensors,

ultrasonic sensors, laser scanners or the like. The moving

body detecting sensor 2 is adapted to detect a 1eading-end

portion of the moving body 1 and the.moving body detecting
sensor 4 is_adaptéd to detect a trailing end of the moving
body 1. Further, the méving body detecting sensors 2 and 4
can prodﬁce positional informatibn in ;he width direction of
the moving SOdy 1. The movind body detecting sensor 4 is
disposed downsfream of the road.with'a predetermined space
from the installation point of the moving body detecting
sensor 2. | |

.Numeral 5 and 8 denotes moving body detecting sensor

control unit. The moving body detecting sensor control unit
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6 has clock function and uses a detection output obtained
when the moving body detecting éensor 2 detects the leading
end portion of the moving body 1 to calculate detection
position information of the moving body 1 in the width
direction of the rqad. ‘The moving body detecting sensor
control unit 6 further sends the calculated detection
position information'togethér with time information at the
time that the moving body is detected to a comﬁhnication'
information confirming unit'19. In addition, the moving'body
detecting sensor controi unit 8 also has clock function and
uses a detection'dutput'obtained when the moving body
detecting sensor 4 detects the t;ailing end portion of the
mpving body 1 to éalculate detection position ihformatibn of
the moving body 1 in the width direction of the road. The
moving body detecting sensor control unit 8 further sends the
calculated detection positionlinformation together with time
information at the time that the moving body is detécted-to
the communication information confirming unit 19.

Numeral 3 denotés an antenna which is located between .
the moving body detecting sensors 2 and 4. The antenna 3 is
conhected to the radio communication control unit 7, which
can communicate with the'cqmmunication apparatus of the
moving bédy 1 through the antenna 3.by radio. The radio
communication.control unit 7 sends'information obtained in

the communication together with ID information
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(identification information) of the antenna 3 used in the

communication to the communication information confirming

unit 19.

The communication information confirming unit 19 can
decide whether the moving body 1 is equipped with fhe
comﬁunication apparatus or not on the basis of the.'
information'(the detection position information of the moving

body 1 and the time information upon detection of the movihg

.'bOdy.l) obtained from the moving body detecting sensor

control unit 6 and 8 and the information obtained from the

radio communication control unit 7. Further, the

communication information confirming unit 19 includes a data

~ base and can search the data base for various particular

‘information to be collated. The communication information

confirming unit 19 can examine whether the particular
information in the data baée is included in the information
obtained from the radio communication control unit 7 or not
and out?uts-the_result'thefeof.

Operation of the apparatus with such a configuration is
now descrihed. |

The radio communication apparatus équipped in the
moving bodjll is disposed at the center position in the width
directiOnqu thé moving body 1 and behind the front end of
the moving body 1. When the movihg-body 1 travels 6n_the_.

road and comes near or reaches the moving body detecting
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sensér 2, the mo?ing body detecting sensor 2 detects the
moving body 1 and sﬁpplies the detection outpuf to the moving
body detecting sensor control unit 6. Further, when the
moving body 1 comes near or reaches the moviﬁg body detectihg
sensor 4, the sensor 4 detects the moving_body 1 and supplies
the output to the sensor contrél unit 8. |

-The sensor control unit 6 obtains the time information
(arrival time) that the front portion of the moving body 1
comes near or reacheé the moving body détecting sensor 2 and
the position information of the front portion on the -basis of
the detection information supplied thereto and sends the
information to the communication information confirming unit
19Iés a moving body detection telégraphic message. The
sensbr control unit 8 obtains the time informatlion (arrival
time) that the rear portion of the moving body 1 comes near
or reaches.the moving body detecting sensor 4 and the |
position information of the rear portioh Qn-the basis of the
detection information supplied thereto and sends the
information to the communication ihformation confirming unit
19 aé a moving body detection telegraphic message.

The antenna 3 transmits and receives electric waves
under confrol of the radio communication cénﬁrol unit 7 to
communicate with the moving_body 1. The :aaio communicatioh
control unit 7 sends the communication information'togéther

with the ID inforﬁation_of the antenna 3 used for the
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communication to the communication-information confirming
unit 19.

The antenna 3 is disposed above the road surface L,
that is, above the road on which the moving body 1 travels
and at least one or two or more antennas are disposed side by
side in the width direction of the road surface (in the width
direction of the lane of the road). The antenna 3 has a
predetermined‘communication area in the width direction of
the road surface, that is, in the width direction of the lane
of the road. When a plurality of antennas 3 are provided,
the communicatioﬁ areas of the aﬁtenhas may be overlapped
with each other.

As an example thereof, Fig. 14 shows the case where
three antennas 3a t 3c are disposed in the width direction of
the lane of the road in order. In Fig. 14, communication
areas S5a to 5c of the entennas'3a to 3e.are partially
overlapped Qith each other. In Fig. 14, numeral 11
represents a -communication range by the antenna 3e which is
an area covered by the communication area 5a, numeral 12
represents a communication range by.the entenna 3b which is
an area cpvered by the communication area'Sb, numeral 13
repreSents a communication fange by the antenna 3c which is
an area covered by the communication area 5c, and numerals
lOa to 10b represent areas of overlapped portions of the

communication areas.
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These antennas 3 are connected to the radio
communication control unit 7 to communicate‘with the moving
body 1. The radio coﬁmunication control unit 7 sends the
communication record with the moving body 1 through a
communication route to the'communication'information
donfirming unit 19 as a radio éommunication telegraphic
message.

Fig. 15 shows primary information which is sent. from
the moving body deFecting sensor control units 6 and 8 and
thé radio communication control unit 7 to the communication
information confirming unit 19.

As shown in Fig. 15, the information sent from the
moving body detecting sensor control units 6 and 8 to the
communication infdrmation confirming unit 19 includes the
detection position information of the moving body 1 in the.
width direction of the road and the detection time
information. Further, the informaﬁion sent from the radio
dommunication control ﬁnit 7 to the.cbmmunication information
confirming unit 9 includes the identification number (ID of

the antenna) of the antenna 3 or (3a, 3b or 3c) used for

communication with the moving body 1 and the communication

time.

The antenna communicating with the moving body 1 is
detected on the basis of the identification number of the

antenna.
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The communication information confirming unit 19 which

' has received such information performs the following process

to decide whether the moving body is equipped with the
communication apparatﬁé or not. That is, the communication
information confirming unit 19 receives a telegraphic message
of transmission information ffom the sensor control unit 6,
the radio communication unit 7 and the sénsok'céntrol unit 8
in order of the units 6, 7 and 8 in responsé to movement of

one moving body 1. Thus, the communication information

- confirming unit 19 performs the following process.

[1] The communication information confirming unit 19
receives thé moving body detectioh telegraphic message from
the sensor control ﬁnit_s and then storés the contents:of.the
message in a-detection feCording and preserving buffer formed
in a.memory area inéluded in the communication informat;on |
confirming unit (Fig. 16(a)).

[?] When the communication inforﬁation confirming unit:19
receives the radio communidation telegraphic message from the
radio communication control”ﬁnit 7, the communication
infofmation-confirming unit 19 forms a communication

recording buffer for preéerving the contents of the message

in the memory area or the buffer area included in the

communication information confirming unit 19 and stores the
contents of the received telégraphic meésage in the memory

area or the buffer area (Fig. 16(b)).
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(3] The communication information confirming unit 19 then
searches information satisfying the same condiiion 1 as that
of the first embodiment from detection recording information
(moving body detection telegraphic message) stored in the
defection recording and preserving buffer and registers or
records contents of the searched detection recording buffer
or a position of the buffer in the communication recording
buffer in which the radio communication telegraphic message
is stored to thereby form the cofrespondence therebetween
(Fig. 16(c)).

The contents of the conditién 1 is that "the récord

including the detection position in the width direction of

"the moving body 1 within the communication range of the

antenna specified by the antenna ID stored in the telégraphic
message (radio communication telegraphic message) received
from the radio communication control unit 7". |

The communication area of the éhtenna is within the
section bétween the moving body detecting sensoré 2 and 4 and
is positioned from just after the detection position of the
moving body detecting sensor 2 (downstream direction of the

road, that is, just'forward in the traveling direction of the

‘moving body). Acéordingly, the detection position can

correspond to the communication area and a corresponding
detection record can be found out from the communication

record.
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[4] When a plurality of defection fecopds (moving body
detection telegraphic messages) can correépondrto one
communication record (radio communicatidn telegraphic
message) simultaneously, all of the moving body detection
records (moving body detection telegraphic messages) are
treated as moving body detection telegraphic messages for the

same moving body and are registered or recorded in the

communication record buffer to be able to correspond to the

.corresponding radio communication telegraphic messages (Fig.

16(d)).
[5] After a telegraphic message (moving body detection
télegraphic message) has been received from the moﬁing body
detecting sensor control unit 8 for detection of the trailing
end of the moving body, whether the particular information
exists in the communication records satisfjing the same
"condition 2" as that of the first embodimenﬁ or not is
examined. |

The condition 2 is that "the record including a
detection position in the width direction of the moving body
1 recorded in the telegraphic message (moﬁing body detection
telegraphic message) received from the moving body detecting
sensor 4 for detecting thé trailing end of the moving body 1.
within the communication range of the antenna".

The decision as to whether the "particular information"

is present or not is made by retrieving the data base for
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particular information provided in the communication

confirming unit 19 and examining whether the particular

"information is included in the information stored in the

communication. records or not. - When it is detected that the
particular information exists in.the communication records,
information indicative of "presence of the particular
information" is recorded in the communication records. When
there is no particular information, information indicative of
"no particuiar information" is recorded in the communication
records. Fig. 17 is a flow chart showing the above process
in brief.

When the communication information confirming unit 19
obtains the information, the data base for particular
information includéd therein is retrieved (Stl). Whether the
information_stored.in:the_cdmmﬁnication records contains the.
information coincident with the information stored in the
data base for particular information or not is decided by
comparison to thereby examine whéther there is the particular
information or not (St2). 'Cénsequently, when it is détected
that.the particular information is included in the
communication records, ihformation indicative of "presence of_i
the particular information".is recorded in the communication
records (St3):. Further, as a result of the examination, when :

it is detected that the particular information is not

- included in the communication records, information indicative
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of "no particular information" is recorded in the
communication récords (st4). h. r
Fig. 16(e) shows an example of the registered state of

the détection record and the communication record after the
moviﬁg_body detection telegraphic message from the moving
body detecting sensor control unit 8 has been received.

| ‘"The moving body detection sensor 4 detects the trailing
end of the moving body. When the moving body 1 is equipped
with a normal radio communication apparatus, communication of
the radio communication control unit 7 and the moving body 1
has been already completed at the-time that the trailing end
of ﬁhe moving body 1 is detected by the moving body detecting
sensor 4. Accordingly, communication capable of being
performed between the moving body 1 and the radio
communication control unit until' the moﬁihg.body 1 passes
through the radio communication control unit has been all

completed and the number of communication records satisfying

‘the above condition is examined to thereby determine the

number of communication records performed betwéen the moving
body 1 and the radio communication'control unit.

[6] Whether the information indicative of "presence of the
particula; information" which is the record indiqating that’

the particular information is found out in the communication

‘records (radio communication telegraphic messages) satisfying

the condition of the item [5] or whether the information
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indicative of "no particular information" which the record

indicating that the particular information is not found out

‘in the communication records is examined to understand

whether the particular information is present or not.

In this case, when tﬁere is the record of information
meaning that the particular information has been found out in
all of the communication records, it is decided that the
moving body 1 detected by the moving body detecting sehsor 4
has the particular information.

When there is no record of informatiph meaning that the
particular information has been found out in all of fhé
communica;ioh records, it is.decidea that the moving body 1
detected by the moving body detecting sensor 4 does not have
the particular information. .

' When there is the record -of infofmation meaning that
the particular information has been found out in not all but
some communication records, it is decided that thefe is a
possibility that the moving body 1 detected by the moving
body detecting sensor 4 has the particular information.

As described:above, the fourth embodiment has the

partiéular detection are and comprises the detection means

for detecting the moving body passing through the detection
area, the communication means for communicating with the
moving body in the-detection area position, and the

communication information confirming apparatus for specifying
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the communication.information with the monitored moving body
on_the basis of the detection information.and'ihe
communication information obtained from the detection meané
and the communication means and examining whether thé
specified commuhication ;nférmation includes.the
predetermined particular information or nof with reference to
the data base for particular information to register‘the |
result thereof in correspondence with the communication
information and décide whether the monitored:moving body has
the particular information or not from the registered result.
.The system includes the particular detection area and
detects the moving body passing through the detection area by
the detection ﬁeans. Further, communication with the moving

body in tHe detection area position is performed by the

communication means. The communication information

confifming unit specifies the communication information.with
the monitored moving body on the basis of.the detection
information and the communication.information obtained from
the detection means and the communication means and examines
whether the specified communication information includes the
predetermined particular information'of not with reference to
the data baée.for particular informétiqn. 'The result thereof
is registered in correséondence with the communication
information. Whether the monitored moving.body has ‘the

particular information or not is decided on the basis of the
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registered result to thereby decide whether the mov1ng body
does not have the particular information or not

Further, when the moving body having no particular
informationlis detected or when the moving body having the
particular.information is detected or when the moving body
possibly having the particular information is detected, the
imaging means can be added to the fourth embodiment shown in
Fig.13 and the moving body is specified on condition that the
particuiar information is included or the particular is
possibly included or thé particular information is not
included to take an image of the'moving body by the imaging
means selectively. . | |

Fig. 19 schematically illustrates the configuration

example in the case where the imaging unit and a control unit

of the imaging unit are added. This system includes, in

addition to the configuration of the fourth embodiment shown
in Fig. 13, an imaging unit 14 disposed to set in the imaging

area the moving body passing through the detection position

of the moving body detecting sensor 4 for detecting the

trailing end of the moving body and an imaging control unit

15 operated in response'to the decision result of the

communication information confirming unit 19 to control the

imaging unit 14.
In the system, an image of the moving body 1 having no

particular information or possibly having the particular
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information is taken by the imaging unit 14 from the rear
portion thereof; The imaging trigger is sent from the |
communication information cohfirming unit L9 to the imaging
control unit 15 when the communication information confirming
uhit 19 decides that the moving body 1 does not have the
particular information or possibly has the pérticular
information. The imaging control unit 15 can control the
imaging unit 14 and take an image of the moviné bodyf The
imaging unit 14 can use, for example, a CCD camera (camera
using a solid imaging element), a television camera, a still
camera or the like. |

" In this example, thé imaging unit 14 is disposed to
view from the upstream side to the downstream side of the
road and take an image of the moving body 1 from the rear
portion 6f the moving_body 1, while there is a case where an.
image of the moving body 1 is taken from the_front portion of
the moving body 1. In this éase, the imaging unit may bé
dispOsed forward in the traveling direction of the moving
body 1 toward the moving body. .

In the system, communication with the ﬁoving body is

performed only in one particular area and the communication

record of the monitored moving body is specified on the basis

of the communication record and the moving'bbdy detection
information in the particular area. Whether the moving body

has the particﬁlar information or not is decided with
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reference to informatioﬁ of the data base in which
predetermined particular information is stored. 1In this
case, when another moving body exists néar the monitored
moving body, whether the monitored ﬁoving body has the
particular informafion or not cannot be decided and there is
a possibility that decision is inclined to vague contents

that there is a possibility that the moving body has the

particular information. It is desirable for improvement of

reliability thaf.the vagueness is reduced even slightly and
whether the particular information is included or not is
decided with higher accuracy and higher‘éonviction.

(Fifth Embodiment)

Fig. 20 is a 'schematic diagram illustrating a fifth
embodiment of the present invention.

In Fig. 20, numeral 1 dénotes a moving body, 2 a moving

body detecting sensor for detecting a front portion .of the

moving body, 3 an antenna, 4 a moving body detecting sensor

for detecting a rear portion of the moving body,'S a
communication area (antenna communication area) of the

antenna 3, 6 a control unit for the moving body detecting

- sensor for detecting the front portion of the'moving body, 7

a radio communication control unit, 8 a control unit for the
moving body detecting sensor for detecting the rear portion
of ‘the moving body, and 19 a communication information

confirming unit._'These elements are basically the same as

e b
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the elements described in Fig. 13. Numeral 16 denotes an
antenna, 17 a radio communication control unit, and 18 a
communication area by the antenna 16.

This embodiment newly includes the radio communication

- control unit 17 and the antenna 16 in addition to the

configuration shown as the foﬁrth.embodiment of the present
invenéion described above. The radio communication control
unit 17 cémmunicates with the outside through the antenna 16
by radio to obtain information and supplies'the information
together with an ID information (identificatign inforﬁation)
of the antenna 16 used in the communication to the
communication informatioh confirming unit 19. The antenna 16
is disposed upstream of the road with respect to the
installation position of the moving body detecting sensor 2
and can set a relatively narrow'predetermined area as the
communication area. |

With such a configuration, the moving body i
communicates with the antenna 16 and then is detected by the
moving body detecting sensor 2.

The moving body 1 traﬁsmits-an identification code (ID
of moving body) peculiar to'the moving body to the antenna
when the moving body 1 communicates by radio (when the moving
body 1 communicates through the antenna). |

The identification code of the moving body is sent from

the communication apparatus equipped in the moving body
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through the antenna 16 and the radio communication control

unit 17 or through the antenna’ 3 and the radio'communication

control unit 7 to the communication information confirming -

unit 19.

Fig. 21 shows primary information senf from each unit
to the communication information confirming unit 19. The
radio 'communication céntrol unit 17 sends the antenna ID, the’
time information indicative of the time that the antenna ID
is obtained, and the ID of the moving body to the
communication information confirming unit 19. The moving
body detecting sensor control unit 6 sends the position
information and the time information indicative of the time
that the position information is obtained to the
communication information confirming unit 19. The radio
communication control unit 7 sends the antenna ID, the time.
information indicative of the time that the antenna ID
information is obtained, and the ID of the moving body to the
communication information confirming unit 19. The moving
body detecting sensor control unit 8 sends the position
information.and the time information indica;ivé-to the time
that the position information is'obtained to the
communication informatidn confirming unit 19.

In.the fifth embodiment, since the same coﬁditioﬁ [3]
as that used in the secohd embodiment can be added to the

moving body detection record registered in the communication’
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record, the fact that the moving body detection record having

no relation to the communication record is registered in the

communication record can be reduced. In other words, when
.the radio communication telegraphic message obtained by the

. communication with the communication apparatus of the moving

body is caused to correspond'to the moving body detection

telegraphic message which is the moving body detection record

information of the moving body, the fact that the mdving body

detection telegraphic message except the moving body
detection telegraphic message having the relation to the

moving body is caused to correspond thereto can be reduced

.greatly.

The épntents of the [condifion 3] is that "the moving
body deteétion record capable of being registered in the
communication record is limited to that having the detection
time which is positioned between times recorded in the
communication records relétive to the same moving body sent
from the radio communication controi units 17 and 7,
respectively, és shown in Fig. 22". The time tl represents
the time information included in the télegraphic_message-sent
by thé radio communication control unit 17 and the time t2
rep;esents the time information included in the telegraphic
message sent by the radio comﬁunication control unit17,

The fifth embodiment has fhe following processes

different from the fourth embodiment .
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(1) Whén the telegraphic message is received from the radio
communication contrél'unit 17, a communiéatibn’record buffer
is acquired and contents of the telegraphic message is stored
therein. '

(2) When the telegraphic message is received from the radio
communication control apparatus 7, reference is made to the

ID of ‘the movihg body recorded in the telegraphic message and

"the communication record buffer in which the same .ID of the

moving body is stored is retrieved.
(3) The received_telegfaphic message is recorded in the
retrieved and detected communication record buffer.

Even in the fifth embodiment, there is a method in
which the imaging means for taking an image of the moving
body on condition that the particﬁlar information is included
or is not included or is possibly included is provided and
the vehicle is specified to take an image thereof
selectively.

As described above, the.ID is included in the moving
body and the moving body is caused to send information |
containing the ID: Two particular areas are provided to be
positioned before and behind along the traveling direction of
the road and communication with.the moving body is made |
within the two particular areas. The communication records
thereof containing the time information indicativeléf the

communication time are obtained. The moving body detection
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information in the particular areas containing the time

information indicative of the detection time of the moving

'body is obtained. Whether the information, pafticularly the

time information and the ID information of the moving body
are related to another moving body or not is decided to

exclude the information having no relation and whether the

~moving body has the particular information or not is decided

on the basis of the remaining information. 1In this case,
even when another moving body exists near the moving body to
be moniﬁored, the information relative to another moving body
can be excluded. Accordingly, whether the moving body to be

monitored has the particular information or not can be

- decided with higher accuracy to thereby reduce the vagueness.

An embodiment in which whether the moving body has the
particular inforﬁétion or not can be decided at high speed
with high-accuracy is now described as a sixth embodiment.

(Sixth Eﬁbodiment) ' _ _

Fig. 23 schematically illustratés the sixth embodiment
of the present invention. -

The sixth embodiment does_not include the moving body
detecting sensor 4 and the moving body detecting sensor |
contrel unit 8 provided in the fifth embodiment . -

In the sixth embodiment, the moving body detecting

sensor 2 detects both of the leading end and the trailing end

~of the moving body 1. Accordingly, when the moving body 1
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passes by the moving body detecting sensor 2, the moving body
detecting sensor control unit 6 sends a telegréphic message
having detection information of the leading end and the
trailing end of the moving body 1 to the communication
information confirming unit 19.

'Fig. 24 shows primary information sent from each unit
to the communicatioﬁ information confirming unit 19. The
radio communication contrdl unit 17 sends the antenna ID, the
time information indicative of the time that the antenna ID
is obtained, and the ID of the moving body to the
communication information confirming unit 19. The moving
body detecting sensor control unit 6 sends the detection
position information of the leading end of the moving body,
the time information indicative qf the time that.the
detection position information of the leading end is
obtained, the detectioﬁ position information of the trailing
end of.the moving body, and the time information indicative
of the time that the detection posifion information of the
trailing end is obtained to the commﬁnicatidn information
confirming unit 19. The radio communication céntrol unit 7
sends the -ID of the antenna, the time information indicative

of the time that the ID of'the antenna is obtained and the ID

‘of the hoving body to the communication information

confirming unit 19.

In the sixth embodiment, when the moVingubody 1 is
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equipped with the communication apparatus, the communication
of the moving body with the antenna 3 is requiied to be made

until the trailing end of the moving body is detected by the

moving body detecting sensor 2 after the leading end of the

moving body is detected by the sensor 2. When a length of

the moving body 1 is short, the order of the communication

" time and the detection time of the trailing end of the moving

body is sometimes reversed. In this case, the detection
information of the trailing end is delayed in the internal
process of the communication information confirming unit 19
so that decision can be made exactly.
Fig. 25 shows the order of occurrence of ihfo;mation

obtained from the ﬁdving'body'l in. the sixth embodiment.
That is, the leading end of the moving body 1 is detected by
the moving body detecting sensor 2, the communication with
the moving body is then.made, and thereafter the trailing end
of the moving bddy 1 is detected by the sensor 2.

| The detection information of the trailing end of the
moving body sent from the moving body detecting sensor
control unit 8 in the fifth embodiment is sent from the
moving body detecting sensor control unit 6 in the sixth
embodiment. Accordingly, in the process of the sixth
embodiment, decision as to whether the moving body 1 is
equipped with the communication apparatus or not is completed

earlier than the fifth embodiment.
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Even in this embodiment, it is possible to add the
imagiﬁg means and specify the vehicle which does not have the
particular information or has the particular information to
take an image of the vehicle in the same manner as the above
embodiment. |

As described above with feference to the embodiment,
according to the present invention, whether the moving bbdy
detected by the moving body detecting means has the
particular information or not can be decided without limiting
the traveling position of the moving body. |

Further, as described in the embodiment, the imaging
means and the imaging means cohtrol unit can be combined to
specify the moving body which doeé not have the particular
information or has the particular informatibn and take an
image thereof selectively. |

In the apparatus shown in the fourth-tb sixth
embodiments, the moving body capable of moving freely is
caused to hold the moving side communication means which
holds the predetermined particular information to be able to
transmit the particular information and when the moving body

comes near or reaches a fixed position, the fixed position

side communication means installed in this position

communicates with the moving side communication means held in
the moving body, so that the moving body detecting means

detects the moving body without contact with the moving body.
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The decision means decides whether the moving body holds the
prédefermined partiéular'information or not on the bésis of
the communication result with the moving body by the fixed
position side communication means and the detectioﬁ
information of the moving body detecting means.

As described -above, the fixed position side
communication means haying the narfow communication area
communicétes with the moviﬁg side communication means held in
the moving body to obtain the result thereof and the
information thereof is outputted. The moving body detecting
means detects the moving body entering the narrow
communication aréé of the fixed position comﬁunication means
without contact with the moving body and outputs the |
infofmétion thereof. Accordingly, even if there is no
partition for separating the moving bodies, another moving
body can be sepafated. Since the partition is not required,
the stability can Be ensured and the movement space of. the
moving bodies can be uﬁilized effectively ﬁithout narrowing
the movement space. Further, since the moving body can be
detected without contact with the moving bpdy, there is no
limitation to an object to be detected. 1In addition, the
moving body entering into the narrow communication area of
the fixed position side communiqation'means is detected and
when there is the detection informatibn, whethe; the moving

bddy holds the particular information or not is decided on
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thé_basis of the communication result with the mo%ing side
communication means. Accordingly, the effects that Qhether
the particular.information is-present or not can be detected
with high accuracy and the like are obtained.

The embodiments of the present invention are not
limited to the above examples and various modifications can
be made. Objects to which the present invention can be-
applied are not also limited to.the examples describéd in.the
embodiments and the present invention can be applied to
various applications.

As described above, according to the present invention,
there can be provided the ﬁoving body monitoring apparatus
having the effects that the traveling_poéition of the moving
body ié_not limited upon communication and whethet the moving
body includes the éommunication means or not or whether the
moving body has the particular information or not can be

decided with high accuracy.
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CLAIMS:
(1) A moving body monitoring apparatus comprising:

_moving side coﬁmunication means held in a movinQ body
capable of moving freely;

fixed position side communication means disposed in a
fixed position and having a narrow parﬁicular range set as a
communication area, said communication means communicating
with said moving side communication means held in said moving
.body passing through said area;

moving body detecting means for detecting said moving
body entering into said communication area of said fixed
position side communication means withéut contact with said
moving~body; and

means for deciding whether said moving body holds said.
moving side communication means or not on the basis of a
communication result with said moving body by said fixéd'
position side communication means and detection information
of said moviné body detecting means.
(2)- A moving body monitoring apparatus, in particular, for
monitoring.a moving body equipped with afradio communication
apparatus capable of communicating with the outside by radio
as said moving side communicatioh means, according to Claim
1, comprising moving body.détecting sensors 2 and 4 for.
detecting a position of said moving body as said moving body

detecting meahs, moving body detecting sensor control units 6

* L ! - e -
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and 8 for controlling said moving-body detecting sensors 2
- and 4 and sending outputs of said moving body aetecting
sensors together with time information of the outputs to'a
decision unit for deciding whether communication means is
present or not, a plurality of antennas 3 constituting said
fixed position side comﬁunication means for communicéting
with said radio commpniCation apparatué of éaid moving body,
a radio communication control unit 7 for éontrolling said
antennas and for éending:information obtéined in
communication with said antennas together with ID numbers of
said antennas fo said decision unit, and said decision unit 9
constituting means for deciding whether'said moving side
communicatioﬁ means is held or not and deciding whether said
moving body having said communication means exists in a
communication area of said antenna or not on the basis of
information from said moving body detecting sensor control
units and said radio communication control unit, the
communication area of said antennas and a view area of said
moving body detecting sensors.
(3) A moving body monitoring apparatus comprising:

moving side communication means held in a moving body
capable of moving freely and for holding necessary particulér
"information to be able to transmit said particﬁlar |
information;

fixed position side communication means disposed in a

l * [ L M S %*
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fixed position and having a narrow particular range set as a
communication area, said communication means cbmmunicating
‘'with said moving side communicétion means held in said moving
body passing through said area; |

moVing body detecting means for detecting said moving
body entering into said communication area of said fixed
position side communication means without contact with said
ﬁoving body; and ’

means for deciding whether said moving side
commuhication means of said moving body holds said particular
informétion or not on the basis of a communiCatioh result
with said moving body by said fixed position side
communication means and detection information of said moving
body ﬁetecting.means.
(4) A moving bédy monitoring'apparatgs, in particular, for
deciding whether said moving side communication means of said
'mo&ing_body equipped wiﬁh a radio communication meahs capable
of communicating with-the outside by radio as said moving
side communication means holds said particular information or
not, accbrding to Claim 3, comprising moving body detecting
sensors 2 and 4 for detebting a position of said moving body
as said moving body detecting means, moving body detecting
sensor control units 6 and 8 for controiling said moving body
detecting sensors 2 and 4 and sending outputs of said moving

body detecting'sensors together with time information of the

I
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outputs to a decision unit for deciding whether communication
means is present or not, a plurality of antennas 3
constitufing said fixed position side comﬁunicatiqn means for
communicating with said radio communication apparatus of said
moving body, a radio communication control unit'7 for
controlling said antennéé and for sending information
obtained in communication with said antennas together with ID
numbers of said antenna§ to said deciéion uhit, and said
decision unit 19 constitﬁting means for deciding whether said
moving side communication means is held or not and deciding
whether said moving side communication means of said.moéing
body having said communication means holds said particular
information in a communication area of said antennas or not
on the basis of data of a data base included therein,
iﬁformation from said moving'body detecting sensor control
units and said radio communication control unit, the
communication area of said antennas and a view area of said

moving body detecting sensors.
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