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SAME VEHICLE DETECTION DEVICE, TOLL COLLECTION FACILITY, 

SAME VEHICLE DETECTION METHOD, AND PROGRAM 

 

Technical Field 

[0001] 

The present invention relates to a same vehicle detection device, a toll 

collection facility, a same vehicle detection method, and a program. 

 

Background Art 

[0002] 

To allow a vehicle to smoothly pass a tollgate on a toll road such as a 

highway, some tollgates employ a free flow system that can charge the vehicle 

without stopping it, by use of a wireless communication device that allows 

wireless communication between an onboard unit installed in a passing vehicle 

and a roadside charge processing device (see Patent Document 1, for example). 

 

Citation List 

Patent Document 

[0003] 

Patent Document 1: JP 2001-34799 A 

 

Summary of Invention 

Problem to be Solved by the Invention 

[0004] 

In the above free flow system, the charging device acquires onboard unit 

information recorded in the onboard unit via the wireless communication 

device. Examples of the onboard unit information include an onboard unit ID 

for identifying an onboard unit, and license plate information for identifying a 

vehicle with the onboard unit. The charging device charges the onboard unit on 

the basis of the onboard unit ID, the license plate information, or the like 

included in the onboard unit information. Also, in some cases, the above free 

flow system is provided with a license plate reader that captures an image 

including a vehicle license plate with a camera and reads vehicle license plate 

information on the basis of the image. In this case, the charging device checks 

the license plate information of the onboard unit information against the license 

plate information acquired from the license plate reader to detect violation, or 

the like. 
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However, in the above free flow system, processing that the charging 

device acquires the onboard unit information from the onboard unit via the 

wireless communication device and the processing for acquiring the license 

plate information with the license plate reader may be performed in different 

orders or timings depending on the traffic on the toll road, or the like. For 

example, in a case where the vehicle decelerates due to traffic jam or the like, a 

long time may be required until the onboard unit information is acquired from 

the onboard unit via the wireless communication device from the processing 

that the charging device acquires vehicle license plate information with the 

license plate reader. 

There is accordingly a demand for an effective solution capable of 

increasing accuracy of detecting onboard unit information and license plate 

information, which relate to the same vehicle, even in a case where the 

processing for acquiring the onboard unit information from the onboard unit 

and the processing for acquiring the license plate information with the license 

plate reader are performed at different timings. 

[0005] 

The present invention has been made in view of the above problem, and 

an object thereof is to provide a same vehicle detection device, toll collection 

facility, same vehicle detection method, and program, which can detect 

information relating to the same vehicle from among plural information 

acquired at different timings with high accuracy. 

 

Solution to Problem 

[0006] 

A same vehicle detection device (210) according to a first aspect of the 

present invention includes: 

a first license plate information acquisition unit (211) configured to 

acquire first license plate information of a vehicle (A) running on a lane (L1, 

L2), based on onboard unit information acquired through wireless 

communication with an onboard unit (10) installed in the vehicle, and store the 

first license plate information in a first recording unit (T1); 

a second license plate information acquisition unit (213) configured to 

acquire second license plate information of the vehicle that is read in, based on 

an image captured by a camera (220) configured to shoot a predetermined 

region including a license plate of the vehicle, defined on the lane, and store the 

second license plate information in a second recording unit (T2); and 
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a same vehicle determination unit (214) configured to determine whether 

the first license plate information stored in the first recording unit and the 

second license plate information stored in the second recording unit relate to the 

same vehicle. 

In a case that the first license plate information is acquired, and the 

second license plate information matched with the first license plate 

information is recorded in the second recording unit, the same vehicle 

determination unit is configured to determine that the first license plate 

information and the second license plate information relate to the same vehicle. 

Also, in a case that the second license plate information is acquired, and the 

first license plate information matched with the second license plate 

information is recorded in the first recording unit, the same vehicle 

determination unit is configured to determine that the first license plate 

information and the second license plate information relate to the same vehicle. 

[0007] 

With the above configuration, the same vehicle determination unit can 

detect with high accuracy a combination of first license plate information and 

second license plate information relating to the same vehicle among the first 

license plate information stored in the first recording unit and the second 

license plate information stored in the second recording unit regardless of the 

order or timing of acquisition of the first license plate information and second 

license plate information. 

[0008] 

According to a second aspect of the present invention, in the above same 

vehicle detection device, in a case that the second license plate information 

matched with the first license plate information is not recorded in the second 

recording unit, the same vehicle determination unit is configured to determine 

that the second license plate information acquired at the same lane as a lane at 

which the first license plate information is acquired, within a predetermined 

period from acquisition time of the first license plate information, relates to the 

same vehicle as the first license plate information. Also, in a case that the first 

license plate information matched with the second license plate information is 

not recorded in the first recording unit, the same vehicle determination unit is 

configured to determine that the first license plate information acquired within a 

predetermined period from acquisition time of the second license plate 

information, at the same lane as a lane at which the second license plate 

information is acquired, relates to the same vehicle as the second license plate 

information. 
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[0009] 

With the above configuration, when a combination of matched first 

license plate information and second license plate information cannot be 

detected, the same vehicle determination unit determines that the first license 

plate information and second license plate information acquired within a 

predetermined time at the same lane, relate to the same vehicle. Thus, even in a 

case where there is a vehicle of which first license plate information and second 

license plate information are different because of exchange of the onboard unit, 

or the like, it is possible to determine whether the first license plate information 

and the second license plate information relate to the same vehicle. This enables 

the same vehicle determination unit to detect a combination of first license plate 

information and second license plate information relating to the same vehicle 

with higher accuracy. 

[0010] 

According to a third aspect of the present invention, in the above same 

vehicle detection device, in a case that the second license plate information 

acquired within the predetermined period from the acquisition time of the first 

license plate information, at the same lane as the lane at which the first license 

plate information is acquired, is not recorded in the second recording unit, the 

same vehicle determination unit is configured to determine that the second 

license plate information matched with a part of the first license plate 

information relates to the same vehicle as the first license plate information. 

Also, in a case that the first license plate information acquired within the 

predetermined period from the acquisition time of the second license plate 

information, at the same lane as a lane at which the second license plate 

information is acquired, is not recorded in the first recording unit, the same 

vehicle determination unit is configured to determine that the first license plate 

information matched with a part of the second license plate information relates 

to the same vehicle as the second license plate information. 

[0011] 

With the above configuration, when there is first license plate 

information matched with a part of the second license plate information, the 

same vehicle determination unit determines that the second license plate 

information and the first license plate information relate to the same vehicle. 

Thus, even in a case where a part of the second license plate information could 

not be correctly read because of a dirty license plate of the vehicle or the like, it 

is possible to determine that the first license plate information and the second 

license plate information relate to the same vehicle. This enables the same 
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vehicle determination unit to detect a combination of first license plate 

information and second license plate information relating to the same vehicle 

with higher accuracy. 

[0012] 

According to a fourth aspect of the present invention, in the above same 

vehicle detection device, in a case that the first license plate information and the 

second license plate information, determined to relate to the same vehicle, are 

not matched, the same vehicle determination unit is configured to determine 

that the vehicle is an irregular vehicle. 

[0013] 

With the above configuration, the same vehicle determination unit 

determines that a vehicle of which first license plate information and second 

license plate determined to relate to the same vehicle are different, is an 

irregular vehicle. Thus, the same vehicle detection device can detect as an 

irregular vehicle a vehicle of which first license plate information and second 

license plate information are different because of exchange of the onboard unit 

or the like. 

[0014] 

A toll collection facility (20) according to a fifth aspect of the present 

invention includes: 

a wireless communication device (200) configured to perform wireless 

communication with an onboard unit installed in a vehicle running on a lane; 

a license plate reader (230) configured to read license plate information 

of the vehicle, based on an image captured by a camera configured to shoot a 

predetermined region including a license plate of the vehicle, defined on the 

lane; 

the same vehicle detection device according to any one of the above 

aspects; and 

a charging device (240) configured to charge the vehicle, based on at 

least one of onboard unit information of the onboard unit acquired via the 

wireless communication device and license plate information of the vehicle read 

by the license plate reader. 

[0015] 

A same vehicle detection method according to a sixth aspect of the 

present invention includes: 

a first license plate information acquisition step for acquiring first 

license plate information of a vehicle running on a lane, based on onboard unit 

information acquired through wireless communication with an onboard unit 
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installed in the vehicle, and storing the first license plate information in a first 

recording unit; 

a second license plate information acquisition step for acquiring second 

license plate information of the vehicle which is read in, based on an image 

captured by a camera configured to shoot a predetermined region including a 

license plate of the vehicle, defined on the lane, and for storing the second 

license plate information in a second recording unit; and 

a same vehicle determination step for determining whether the first 

license plate information stored in the first recording unit and the second 

license plate information stored in the second recording unit relate to the same 

vehicle. 

In the same vehicle determination step, in a case that the first license 

plate information is acquired, and the second license plate information matched 

with the first license plate information is recorded in the second recording unit, 

it is determined that the first license plate information and the second license 

plate information relate to the same vehicle. Also, in the same vehicle 

determination step, in a case that the second license plate information is 

acquired, and the first license plate information matched with the second license 

plate information is recorded in the first recording unit, it is determined that the 

first license plate information and the second license plate information relate to 

the same vehicle. 

[0016] 

A program according to a seventh aspect of the present invention causes 

a computer of a same vehicle detection device to function as: 

a first license plate information acquisition unit configured to acquire 

first license plate information of a vehicle running on a lane, based on onboard 

unit information acquired through wireless communication with an onboard unit 

installed in the vehicle, and store the first license plate information in a first 

recording unit; 

a second license plate information acquisition unit configured to acquire 

second license plate information of the vehicle which is read in, based on an 

image captured by a camera configured to shoot a predetermined region 

including a license plate of the vehicle, defined on the lane, and store the 

second license plate information in a second recording unit; and 

a same vehicle determination unit configured to determine whether the 

first license plate information stored in the first recording unit and the second 

license plate information stored in the second recording unit relate to the same 

vehicle. 
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In a case that the first license plate information is acquired, and the 

second license plate information matched with the first license plate 

information is recorded in the second recording unit, the same vehicle 

determination unit is configured to determine that the first license plate 

information and the second license plate information relate to the same vehicle. 

Also, in a case that the second license plate information is acquired, and the 

first license plate information matched with the second license plate 

information is recorded in the first recording unit, the same vehicle 

determination unit is configured to determine that the first license plate 

information and the second license plate information relate to the same vehicle. 

 

Advantageous Effect of Invention 

[0017] 

According to the aforementioned same vehicle detection device, toll 

collection facility, same vehicle detection method, and program, it is possible to 

detect information relating to the same vehicle from among a plurality of pieces 

of information acquired at different timings with high accuracy. 

 

Brief Description of Drawings 

[0018] 

FIG. 1 is a diagram illustrating an overall configuration of a toll 

collection system according to a first embodiment of the present invention. 

FIG. 2 is a diagram illustrating a functional configuration of a toll 

collection facility according to the first embodiment of the present invention. 

FIG. 3 shows an example of an onboard unit information table according 

to the first embodiment of the present invention. 

FIG. 4 shows an example of a camera information table according to the 

first embodiment of the present invention. 

FIG. 5 shows an example of an irregular vehicle table according to the 

first embodiment of the present invention. 

FIG. 6 is a first diagram illustrating a processing flow of a toll collection 

facility according to the first embodiment of the present invention. 

FIG. 7 is a second diagram illustrating a processing flow of a toll 

collection facility according to the first embodiment of the present invention. 

FIG. 8 is a third diagram illustrating a processing flow of a toll collection 

facility according to the first embodiment of the present invention. 

FIG. 9 is a fourth diagram illustrating a processing flow of a toll 

collection facility according to the first embodiment of the present invention. 
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FIG. 10 is a diagram illustrating a functional configuration of a toll 

collection system according to a modification of the first embodiment of the 

present invention. 

FIG. 11 shows an example of an onboard unit registration table according 

to a modification of the first embodiment of the present invention. 

 

Description of Embodiments 

[0019] 

First Embodiment 

Hereinafter, a toll collection system 1 according to a first embodiment 

will be described with reference to FIGS. 1 to 9. 

[0020] 

Overall Configuration of Toll Collection System 

FIG. 1 is a diagram illustrating an overall configuration of a toll 

collection system according to the first embodiment of the present invention. 

A toll collection system 1 of this embodiment is an electronic toll 

collection system installed on a main line of a toll road with a plurality of lanes 

(hereinafter also referred to as “main road”). Note that this embodiment is 

described of such a mode that the toll road has two lanes L1 and L2. Also, the 

description is given of such a mode that the toll collection system 1 is provided 

at an exit tollgate of the toll road. 

[0021] 

As illustrated in FIG. 1, the toll collection system 1 includes an onboard 

unit 10, a toll collection facility 20, and a management server 30. 

In the toll collection system 1 of this embodiment, the onboard unit 10 

installed in a vehicle A running on the main road (lanes L1 and L2) and the toll 

collection facility 20 provided by the roadside of the main road (lanes L1 and 

L2) transmit and/or receive information and instructions via wireless 

communication. 

[0022] 

The toll collection facility 20 includes a wireless communication device 

200, a same vehicle detection device 210, a camera 220, a license plate (NP) 

reader 230, and a charging device 240. 

The wireless communication device 200 is attached to a gantry G 

provided across the lanes L1 and L2 in the lane width direction (±Y direction in 

FIG. 1), and secured above the lanes L1 and L2. The wireless communication 

device 200 transmits and/or receives information and instructions to/from the 

onboard unit 10 via wireless communication. 
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In this embodiment, described is a mode in which the toll collection 

facility 20 has one wireless communication device 200 for each lane. 

Specifically, as illustrated in FIG. 1, the wireless communication devices 200a 

and 200b are provided for the lanes L1 and L2, respectively. The wireless 

communication device 200a performs wireless communication by a radio wave 

with the onboard unit 10 installed in the vehicle A within a predetermined 

communication region defined on the road surface of the lane L1. The wireless 

communication device 200b performs wireless communication by a radio wave 

with the onboard unit 10 installed in the vehicle A within a predetermined 

communication region defined on the road surface of the lane L2. 

Note that in this embodiment, the wireless communication device 200 

(wireless communication device 200a, 200b) performs wireless communication 

with the onboard unit 10 by means of Radio Frequency Identifier (RFID) 

communication, Dedicated Short Range Communication (DSRC), or the like. 

[0023] 

The camera 220 is attached to the gantry G and secured above the lanes 

L1 and L2. The camera 220 sequentially captures an image of the region 

defined on the road surface of the lanes L1 and L2 at regular intervals (for 

example, every second) and executes image processing on the captured images 

so as to detect vehicle’s coming. Then, after the detection of the vehicle’s 

coming, the camera shoots a predetermined image capturing region including 

license plates of vehicles running on the lanes L1 and L2 to capture the images 

including the license plates of vehicles running on the lanes L1 and L2 as 

images for reading license plate information. 

This embodiment is described of such a mode that the toll collection 

facility 20 has one camera 220 for each lane. Specifically, as illustrated in FIG. 

1, a camera 220a is provided for the lane L1, and the camera 220a shoots a 

predetermined image capturing region defined on the lane L1. Also, a camera 

220b is provided for the lane L2, and the camera 220b shoots a predetermined 

image capturing region defined on the lane L2. 

[0024] 

The license plate reader 230 acquires “camera information” of the 

vehicle A running on the lanes L1 and L2 on the basis of the image captured 

with the camera 220. The “camera information” is information including 

“license plate information” as vehicle registration information for identifying 

the vehicle A, and “acquisition date and time” of the “license plate 

information”, and its corresponding “lane”. 

[0025] 
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The same vehicle detection device 210 is communicably connected by 

cable with the wireless communication device 200 and the license plate reader 

230, and acquires “onboard unit information” via the wireless communication 

device 200 from the onboard unit 10 and also acquires “camera information” of 

the vehicle A via the license plate reader 230. 

The “onboard unit information” is information including “onboard unit 

ID”, “license plate information (hereinafter referred to as first license plate 

information)”, “credit card number”, “acquisition date” of the “onboard unit 

ID” or the like acquired from the onboard unit 10, and its corresponding “lane”. 

Note that the “onboard unit ID” is recorded beforehand in the onboard unit 10 

and can be used for identifying the onboard unit 10. The “first license plate 

information” is information (vehicle registration information or the like) that 

has been recorded beforehand in the onboard unit 10 and can be used for 

identifying the vehicle A with the onboard unit 10. The “credit card number” is 

information indicating the number of a credit card inserted to the onboard unit 

10. 

The same vehicle detection device 210 detects, on the basis of the 

“onboard unit information” acquired from the onboard unit 10 and the “camera 

information” acquired with the license plate reader 230, one of the vehicles 

running on the lanes L1 and L2, associated with the “onboard unit information” 

and one of these vehicles, associated with the “camera information”, which are 

considered matched. 

[0026] 

The charging device 240 is installed by the roadside of the lanes L1 and 

L2 around the gantry G. The charging device 240 is communicably connected 

by cable with the same vehicle detection device 210, and calculates a toll 

charged to the vehicle A passing the toll road and performs charging processing 

for collecting the toll on the basis of at least one of the “onboard unit 

information” and “camera information” acquired by the same vehicle detection 

device 210. 

[0027] 

The management server 30 is communicably connected to the toll 

collection facility 20 via a wide area network or the like. 

[0028] 

Functional Configuration of Toll Collection Facility 

Referring to FIGS. 2 to 5, a functional configuration of the toll collection 

facility 20 according to this embodiment will be described next. 
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FIG. 2 is a diagram illustrating the functional configuration of the toll 

collection facility according to the first embodiment. 

As illustrated in FIG. 2, the license plate reader 230 of the toll collection 

facility 20 includes a license plate information reading unit 231, an overlapped 

processing checking unit 232, and a recording medium 233. 

[0029] 

The license plate information reading unit 231 obtains an image captured 

by the camera 220 and executes predetermined image recognition processing on 

the image to read “license plate information (hereinafter referred to as second 

license plate information)” of the vehicle A. The predetermined image 

recognition processing is, for example, Optical Character Recognition (OCR) 

processing. Also, the license plate information reading unit 231 records, in the 

recording medium 233, “camera information” in which the read “second license 

plate information”, the date and time at which the image including the “second 

license plate information” is captured (acquisition date and time), and its 

corresponding lane are associated. 

[0030] 

When “new camera information” is recorded on the recording medium 

233, the overlapped processing checking unit 232 checks whether the “second 

license plate information” of which the value is the same as the “second license 

plate information” of the “new camera information”, is duplicately recorded in 

the recording medium 233. Also, when the same “second license plate 

information” is duplicately recorded in the recording medium 233, the 

overlapped processing checking unit 232 deletes the “camera information” 

including the “new second license plate information”. 

On the other hand, when the same “second license plate information” is 

not recorded in the recording medium 233, the overlapped processing checking 

unit 232 transmits the “new camera information” to the same vehicle detection 

device 210. 

[0031] 

FIG. 3 shows an example of an onboard unit information table according 

to the first embodiment of the present invention. 

As illustrated in FIG. 2, the same vehicle detection device 210 includes 

an onboard unit information acquisition unit (first license plate information 

acquisition unit) 211, an overlapped processing checking unit 212, a camera 

information acquisition unit (second license plate information acquisition unit) 

213, a same vehicle determination unit 214, an irregular vehicle processing unit 

215, and a recording medium 216. 
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The onboard unit information acquisition unit 211 acquires “onboard unit 

ID”, “first license plate information”, and “credit card number” via the wireless 

communication device 200 from the onboard unit 10. 

Then, as illustrated in FIG. 3, the onboard unit information acquisition 

unit 211 records and stores “onboard unit information” in which the acquired 

“onboard unit ID”, “first license plate information”, and “credit card number”, 

and the date and time (“acquisition date and time”) at which the information is 

acquired and its corresponding lane are associated, in an onboard unit 

information table (first recording unit) T1 of the recording medium 216. 

[0032] 

When “new onboard unit information” is recorded in the onboard unit 

information table T1, the overlapped processing checking unit 212 checks 

whether “first license plate information” of which the value is the same as the 

“first license plate information” of the “new onboard unit information” is 

duplicately recorded in the onboard unit information table T1. 

When the same “first license plate information” is duplicately recorded 

in the onboard unit information table T1, the overlapped processing checking 

unit 212 deletes the “new onboard unit information” from the onboard unit 

information table T1. 

On the other hand, in a case where the same “first license plate 

information” is not recorded in the onboard unit information table T1, the 

overlapped processing checking unit 212 notifies the same vehicle 

determination unit 214 that the “new onboard unit information” is recorded in 

the onboard unit information table T1. 

[0033] 

FIG. 4 shows an example of the camera information table according to 

the first embodiment of the present invention. 

The camera information acquisition unit 213 acquires “camera 

information” from the license plate reader 230 and records and stores it in a 

camera information table (second recording unit) T2 of the recording medium 

216. 

Specifically, as illustrated in FIG. 4, the camera information acquisition 

unit 213 records and stores “camera information” acquired from the license 

plate reader 230 (“second license plate information”, “acquisition date and 

time”, and “lane”) in the camera information table T2. 

Also, the camera information acquisition unit 213 notifies the same 

vehicle determination unit 214 that the “camera information” is recorded in the 

camera information table T2. 
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[0034] 

The same vehicle determination unit 214 determines, on the basis of the 

“onboard unit information” stored in the onboard unit information table T1 and 

the “camera information” stored in the camera information table T2, which 

“onboard unit information” and which “camera information” relate to the same 

vehicle among a plurality of vehicles running on the lanes L1 and L2. 

Also, the same vehicle determination unit 214 deletes the “onboard unit 

information” and “camera information” being determined to relate to the same 

vehicle, from the onboard unit information table T1 and the camera information 

table T2. 

[0035] 

FIG. 5 shows an example of an irregular vehicle table according to the 

first embodiment of the present invention. 

When the “first license plate information” and “second license plate 

information” of the “onboard unit information” and “camera information” being 

determined to relate to the same vehicle A, are not matched, the same vehicle 

determination unit 214 determines the vehicle A as an irregular vehicle. 

Also, in a case where the “camera information” relating to the same 

vehicle A as a vehicle indicated by the “onboard unit information” is not 

recorded in the camera information table T2, the same vehicle determination 

unit 214 determines the vehicle A as an irregular vehicle. 

Furthermore, in a case where the “onboard unit information” relating to 

the same vehicle A as a vehicle indicated by the “camera information” is not 

recorded in the onboard unit information table T1, the same vehicle 

determination unit 214 determines the vehicle A as an irregular vehicle. 

As illustrated in FIG. 5, the same vehicle determination unit 214 records 

and stores in an irregular vehicle table T3 of the recording medium 216, at least 

one of the onboard unit information” and “camera information” relating to the 

vehicle A determined to be an irregular vehicle and “details of irregularity” as 

“irregular vehicle information”. In this embodiment, one of “onboard unit 

exchange (SWAP)” indicating that the onboard unit 10 is moved to a vehicle 

different from the vehicle identified by the “first license plate information”, 

“suspected exchange of onboard unit (SUSPECT OF SWAP)” indicating the 

possibility that the onboard unit 10 is moved to a vehicle different from the 

vehicle identified by the “first license plate information”, and “no onboard unit 

(NO OBU (NO ON-BOARD UNIT))” indicating that a target vehicle has no 

onboard unit 10 is recoded in “details of irregularity”. 
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The processing of the same vehicle determination unit 214 will be 

described in detail later. 

[0036] 

The irregular vehicle processing unit 215 transmits the “irregular vehicle 

information” to the management server 30 via a wide area network or the like. 

An administrator or the like of the toll road performs additional charging 

processing for each irregular vehicle, prohibits the usage of the onboard unit 10, 

and the like on the basis of the transmitted “irregular vehicle information”. 

[0037] 

Processing Flow in Toll Collection Facility 

Referring to FIGS. 6 to 9, a processing flow in the toll collection facility 

20 according to this embodiment is described next. 

FIG. 6 is a first diagram illustrating a processing flow in the toll 

collection facility according to the first embodiment of the present invention. 

Referring to FIG. 6, a description is given below of processing to be 

performed when the same vehicle detection device 210 of the toll collection 

facility 20 acquires the “onboard unit information”. 

[0038] 

As illustrated in FIG. 6, the onboard unit information acquisition unit 211 

acquires the “onboard unit information” about the onboard unit 10 (step S100). 

Specifically, the onboard unit information acquisition unit 211 acquires the 

“onboard unit ID”, the “first license plate information”, and the “credit card 

number” via the wireless communication device 200 from the onboard unit 10. 

Also, the onboard unit information acquisition unit 211 records and stores the 

acquired “onboard unit ID”, “first license plate information” and “credit card 

number” in association with the “acquisition date and time” of the “onboard 

unit ID” or the like and its corresponding “lane”, as the “onboard unit 

information” in the onboard unit information table T1 (FIG. 3) of the recording 

medium 216. 

[0039] 

Next, the overlapped processing checking unit 212 checks whether the 

same “first license plate information” is duplicately recorded in the onboard 

unit information table T1 (step S101). 

Specifically, when the onboard unit information acquisition unit 211 

records the “new onboard unit information” in the onboard unit information 

table T1, the overlapped processing checking unit 212 extracts “past onboard 

unit information” that has been recorded within a predetermined time (for 

example, within five minutes) from the “acquisition date and time” of the “new 
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onboard unit information”. In a case where any one of the extracted “past 

onboard unit information” has the same value as the “first license plate 

information” of the “new onboard unit information”, the overlapped processing 

checking unit 212 determines the “first license plate information” is duplicately 

recorded in the onboard unit information table T1 (YES instep S101). In this 

case, the overlapped processing checking unit 212 deletes the overlapped “new 

onboard unit information” from the onboard unit information table T1 (step 

S102) and terminates the processing. Through the above processing, the 

overlapped processing checking unit 212 avoids such a situation that the same 

“first license plate information” is duplicately recorded in the onboard unit 

information table T1. 

On the other hand, in a case where none of the extracted “past onboard 

unit information” has the same value as the “first license plate information” of 

the “new onboard unit information”, the overlapped processing checking unit 

212 determines that the “first license plate information” is not duplicately 

recorded in the onboard unit information table T1 (NO in step S101). In this 

case, the overlapped processing checking unit 212 notifies the same vehicle 

determination unit 214 that the “new onboard unit information” is recorded in 

the onboard unit information table T1 (step S103). 

[0040] 

Next, the same vehicle determination unit 214 determines whether the 

“camera information” including the “second license plate information” that 

matches the “first license plate information” of the “onboard unit information” 

recorded newly in the onboard unit information table T1, is recorded in the 

camera information table T2 (step S104). 

In a case where the “camera information” including the “second license 

plate information” that matches the “first license plate information” of the 

“onboard unit information” is recorded in the camera information table T2 

(YES in step S104), the same vehicle determination unit 214 proceeds to 

subsequent step S105. 

On the other hand, in a case where the “camera information” including 

the “second license plate information” that matches the “first license plate 

information” of the “onboard unit information” is not recorded in the camera 

information table T2 (NO in step S104), the same vehicle determination unit 

214 terminates the processing. 

[0041] 

Next, in a case where the “camera information” including the “second 

license plate information” that matches the “first license plate information” of 
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the “onboard unit information” is recorded in the camera information table T2 

(YES in step S104), the same vehicle determination unit 214 determines that the 

“onboard unit information” and the “camera information” relate to the same 

vehicle A and the “onboard unit information” and “camera information” of the 

vehicle A are “normal” (step S105). 

For example, a description is given of processing of the same vehicle 

determination unit 214 when “onboard unit information No. 1” (FIG. 3) is newly 

recorded in the onboard unit information table T1. The same vehicle 

determination unit 214 searches the camera information table T2 for the 

“second license plate information” that matches the “first license plate 

information” (“AAAA”) of the “onboard unit information No. 1”. In this case, 

the “second license plate information” (“AAAA”) of the “camera information 

No. 1” (FIG. 4) in the camera information table T2 matches the “first license 

plate information” of the “onboard unit information No. 1” (step S104). Thus, 

the same vehicle determination unit 214 determines that the “onboard unit 

information No. 1” and the “camera information No. 1” relate to the same 

vehicle A and the vehicle A is “normal” (step S105). 

[0042] 

Next, the same vehicle determination unit 214 deletes from the onboard 

unit information table T1 and the camera information table T2, the “onboard 

unit information” (“onboard unit information No. 1” of FIG. 3) and the “camera 

information” (“camera information No. 1” of FIG. 4) which are determined to 

relate to the same vehicle A (step S106), and terminates the processing. 

[0043] 

FIG. 7 is a second diagram illustrating a processing flow of the toll 

collection facility according to the first embodiment of the present invention. 

Referring to FIG. 7, described below is the processing in which the toll 

collection facility 20 acquires the “camera information”. 

[0044] 

As illustrated in FIG. 7, the license plate information reading unit 231 of 

the license plate reader 230 reads the “second license plate information” of the 

vehicle A on the basis of images captured with the camera 220 (step S200). 

Also, the license plate information reading unit 231 records the read “second 

license plate information” and the “camera information” in association with the 

date and time (acquisition date and time) at which the image including the 

“second license plate information” is captured and its corresponding “lane” in 

the recording medium 233. 

[0045] 
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Next, the overlapped processing checking unit 232 of the license plate 

reader 230 checks whether the same “second license plate information” is 

duplicately recorded in the recording medium 233 (step S201). 

Specifically, when the license plate information reading unit 231 records 

“new camera information” in the recording medium 233, the overlapped 

processing checking unit 232 extracts “past camera information” that has been 

recorded within a predetermined time (for example, within five minutes) from 

the “acquisition date and time” of the “new camera information”. In a case 

where any one of the extracted “past camera information” has the same value as 

the “second license plate information” of the “new camera information”, the 

overlapped processing checking unit 232 determines that the “second license 

plate information” is duplicately recorded in the recording medium 233 (YES in 

step S201). In this case, the overlapped processing checking unit 232 deletes the 

“new camera information” from the recording medium 233 (step S202), and 

terminates the processing. Through the above processing, the overlapped 

processing checking unit 232 avoids such a situation that the same “second 

license plate information” is duplicately recorded in the recording medium 233. 

On the other hand, in a case where none of the extracted “past camera 

information” has the same value as the “second license plate information” of the 

“new camera information”, the overlapped processing checking unit 232 

determines that the “second license plate information” is not duplicately 

recorded in the recording medium 233 (NO in step S201). In this case, the 

overlapped processing checking unit 232 transmits the “new camera 

information” to the same vehicle detection device 210 (step S203). 

[0046] 

Next, the camera information acquisition unit 213 of the same vehicle 

detection device 210 acquires the “camera information” from the license plate 

reader 230 (step S204). The camera information acquisition unit 213 records 

and stores the “camera information” in the camera information table T2. Also, 

the camera information acquisition unit 213 notifies the same vehicle 

determination unit 214 that the “camera information” is recorded in the camera 

information table T2. 

[0047] 

Next, the same vehicle determination unit 214 of the same vehicle 

detection device 210 determines whether “onboard unit information” having 

“first license plate information” that matches “second license plate information” 

of the “camera information”, is recorded in the onboard unit information table 

T1 (step 205). 
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When the “onboard unit information” having “first license plate 

information” that matches “second license plate information” of the “camera 

information” is recorded in the onboard unit information table T1 (YES in step 

S205), the same vehicle determination unit 214 proceeds to subsequent step 

S206. 

On the other hand, when the “onboard unit information” having “first 

license plate information” that matches “second license plate information” of 

the “camera information” is not recorded in the onboard unit information table 

T1 (NO in step S205), the same vehicle determination unit 214 terminates the 

processing. 

[0048] 

Next, when the “onboard unit information” having “first license plate 

information” that matches “second license plate information” of the “camera 

information” is recorded in the onboard unit information table T1 (YES in step 

S205), the same vehicle determination unit 214 determines that the “onboard 

unit information” and the “camera information” relate to the same vehicle A, 

and the vehicle A is “normal” (step S206). 

[0049] 

Next, the same vehicle determination unit 214 deletes the “onboard unit 

information” and “camera information” which are determined to relate to the 

same vehicle A, from the onboard unit information table T1 and the camera 

information table T2 (step S207), and then terminates the processing. 

[0050] 

FIG. 8 is a third diagram illustrating a processing flow of the toll 

collection facility according to the first embodiment of the present invention. 

FIG. 9 is a fourth diagram illustrating a processing flow of the toll 

collection facility according to the first embodiment of the present invention. 

Referring to FIGS. 8 and 9, described below is a processing executed by 

the same vehicle detection device 210 of the toll collection facility 20 during a 

period in which “onboard unit information” or “camera information” is not 

acquired. Note that in this embodiment, the same vehicle detection device 210 

repeats the processing of FIGS. 8 and 9 at regular intervals of predetermined 

time (for example, every minute). 

[0051] 

As illustrated in FIG. 8, the same vehicle determination unit 214 of the 

same vehicle detection device 210 determines whether the onboard unit 

information table T1 includes “onboard unit information” being recorded 
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beforehand for a predetermined time limit or more (for example, five minutes or 

more) (step S300). 

When the onboard unit information table T1 includes “onboard unit 

information” being recorded for a predetermined time limit or more (YES in 

step S300), the same vehicle determination unit 214 extracts the “onboard unit 

information” (step S301). 

On the other hand, when the onboard unit information table T1 does not 

include “onboard unit information” being recorded for a predetermined time 

limit or more (NO in step S300), the same vehicle determination unit 214 

proceeds to processing A of FIG. 9. 

[0052] 

The same vehicle determination unit 214 determines whether the 

“camera information” having “second license plate information” that matches 

the “first license plate information” of the “onboard unit information”, 

extracted in step S301, is recorded in the camera information table T2 (step 

S302). 

When the “camera information” having “second license plate 

information” that matches the “first license plate information” of the “onboard 

unit information” is recorded in the camera information table T2 (YES in step 

S302), the same vehicle determination unit 214 determines that the “onboard 

unit information” and the “camera information” related to the same vehicle A, 

and the “onboard unit information” and “camera information” relating to the 

vehicle A is “normal” (step S303). In this case, the same vehicle determination 

unit 214 deletes the “onboard unit information” and “camera information” being 

determined to relate to the same vehicle A, from the onboard unit information 

table T1 and the camera information table T2 (step S304), and terminates the 

processing. 

On the other hand, when the “camera information” having “second 

license plate information” that matches the “first license plate information” of 

the “onboard unit information” is not recorded in the camera information table 

T2 (NO in step S302), the same vehicle determination unit 214 proceeds to step 

305. 

[0053] 

Next, the same vehicle determination unit 214 determines whether 

“camera information” including “acquisition date and time” that is within a 

predetermined time (for example, within five minutes) from the “acquisition 

date and time” of the “onboard unit information” is recorded in the camera 

information table T2 (step S305). 
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[0054] 

When the “camera information” including “acquisition date and time” 

that is within a predetermined time from the “acquisition date and time” of the 

“onboard unit information” is not recorded in the camera information table T2 

(NO in step S305), the same vehicle determination unit 214 proceeds to step 

S309. 

On the other hand, when the “camera information” including 

“acquisition date and time” that is within a predetermined time from the 

“acquisition date and time” of the “onboard unit information” is recorded in the 

camera information table T2 (YES in step S305), the same vehicle 

determination unit 214 further determines whether the “onboard unit 

information” and the “camera information” have been acquired at the same 

“lane” (step S306). 

[0055] 

When the “lane” of the “onboard unit information” and the “lane” of the 

“camera information” are different (NO in step S306), the same vehicle 

determination unit 214 proceeds to step S309. 

On the other hand, when the “lane” of the “onboard unit information” 

and the “lane” of the “camera information” are the same (YES in step S306), 

the same vehicle determination unit 214 determines that the “onboard unit 

information” and the “camera information” relate to the same vehicle A. Also, 

the same vehicle determination unit 214 determines that the vehicle A is an 

irregular vehicle (“onboard unit exchange (SWAP)”) (step S307) because the 

“first license plate information” of the “onboard unit information” and the 

“second license plate information” of the “camera information” are not 

matched. Specifically, the same vehicle determination unit 214 determines that 

the onboard unit 10 with this “onboard unit information” is moved to a vehicle 

(vehicle with “second license plate information”) different from the vehicle 

identified by the “first license plate information” being recorded beforehand in 

the onboard unit 10. 

For example, a description is given of the case that the same vehicle 

determination unit 214 extracts the “onboard unit information No. 2” of the 

onboard unit information table T1 (FIG. 3) in step S301. The same vehicle 

determination unit 214 searches the camera information table T2 for “camera 

information” acquired within a predetermined time from “acquisition date and 

time” (“2015/11/01 10:10”) of the “onboard unit information No. 2”. In this 

case, “camera information No. 2” of the camera information table T2 (FIG. 4) 

has been acquired within a predetermined time from the “acquisition date and 
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time” of the “onboard unit information No. 2” (“2015/11/01 10:12”) (YES in 

step S305). Also, since the “lane” (“L2”) of the “onboard unit information No. 

2” and the “lane” (“L2”) of the “camera information No. 2” are the same (YES 

in step S306), the same vehicle determination unit 214 determines that the 

“onboard unit information No. 2” and the “camera information No. 2” relate to 

the same vehicle A. Then, the same vehicle determination unit 214 determines 

that the vehicle A is an irregular vehicle (“onboard unit exchange (SWAP)”) 

(step S307) because the “first license plate information” (“BBBB”) of the 

“onboard unit information No. 2” and the “second license plate information 

(“CCCC”) of the “camera information No. 2” are not matched. 

[0056] 

Next, as illustrated in FIG. 5, the same vehicle determination unit 214 

records information in which the “onboard unit information” (“onboard unit 

information No. 2” of FIG. 3) and “camera information” (“camera information 

No. 2” of FIG. 4) determined to relate to the same vehicle A are associated with 

“details of irregularity” (“onboard unit exchange (SWAP)”) of the vehicle A 

determined to be an irregular vehicle, in the irregular vehicle table T3 

(“irregular vehicle information No. 1” of FIG. 5) as “irregular vehicle 

information” (step S308). 

Then, the same vehicle determination unit 214 deletes the “onboard unit 

information” and “camera information” determined to relate to the same vehicle 

A from the onboard unit information table T1 and the camera information table 

T2 (step S304), and terminates the processing. 

[0057] 

Also, when the “camera information” of which the “acquisition date and 

time” is within a predetermined time from the “acquisition date and time” of the 

“onboard unit information” is not recorded in the camera information table T2 

(NO in step S305), or the “lane” of the “onboard unit information” and the 

“lane” of the “camera information” are different (NO in step S306), the same 

vehicle determination unit 214 determines whether “camera information” 

having “second license plate information”, which matches a part of the “first 

license plate information” of the “onboard unit information”, is recorded in the 

camera information table T2 (step S309). Specifically, when the degree of 

coincidence between the “first license plate information” and the “second 

license plate information” satisfies a predetermined condition, the same vehicle 

determination unit 214 determines that this “second license plate information” 

matches a part of the “first license plate information”. In this embodiment, the 

degree of coincidence satisfying a predetermined condition means that the “first 
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license plate information” and the “second license plate information” are 

matched in terms of a predetermined number of letters or more. For example, 

considering that the license plate information includes four letters, the same 

vehicle determination unit 214 determines that the degree of coincidence 

satisfies a predetermined condition in a case where three or more of them are 

matched. To give another embodiment, the same vehicle determination unit 214 

can determine that the degree of coincidence satisfies a predetermined condition 

when a predetermined number of letters or less are mismatched between the 

“first license plate information” and the “second license plate information”. In 

this case, for example, considering that the license plate information has four 

letters, the same vehicle determination unit 214 determines that the degree of 

coincidence satisfies a predetermined condition in a case where one of the four 

letters or less is mismatched. 

When the “camera information” having “second license plate 

information” matched with a part of “first license plate information” of the 

“onboard unit information” is recorded in the camera information table T2 

(YES in step S309), the same vehicle determination unit 214 determines that the 

“onboard unit information” and the “camera information” relate to the same 

vehicle A. Also, in this case, the same vehicle determination unit 214 

determines that the license plate reader 230 fails to correctly read the “second 

license plate information” because of a dirty license plate of the vehicle A or the 

like. Specifically, the same vehicle determination unit 214 estimates that the 

“first license plate information” of the “onboard unit information” and “second 

license plate information” of the “camera information”, relating to the same 

vehicle A, are of the same value, and under such estimation, determines that the 

“onboard unit information” and “camera information” of the vehicle A are 

“normal” (step S310). 

For example, a description is given of the case that the same vehicle 

determination unit 214 extracts the “onboard unit information No. 3” of the 

onboard unit information table T1 (FIG. 3) in step S301. The same vehicle 

determination unit 214 searches the camera information table T2 for “camera 

information” acquired within a predetermined time from “acquisition date and 

time” (“2015/11/01 10:13”) of the “onboard unit information No. 3”. In this 

case, the “camera information No. 3” (FIG. 4) in the camera information table 

T2 has been acquired within a predetermined time from the “acquisition date 

and time” (“2015/11/01 10:14”) of the “onboard unit information No. 3” (YES 

in step S305). However, since the “lane” (“L1”) of the “onboard unit 

information No. 3” and the “lane” (“L2”) of the “camera information No. 3” are 
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different (NO in step S306), the same vehicle determination unit 214 further 

searches the camera information table T2 for “second license plate information” 

matched with a part of the “first license plate information” (“DDDD”) of 

“onboard unit information No. 3”. In the example of FIG. 4, the “second license 

plate information” (“DDDB”) of the “camera information No. 3” in the camera 

information table T2 matches a part of the “first license plate information” 

(“DDDD”) of the “onboard unit information No. 3” (YES in step S309). Thus, 

the same vehicle determination unit 214 determines that the “onboard unit 

information No. 3” and the “camera information No. 3” relate to the same 

vehicle A and the “onboard unit information No. 3” and “camera information 

No. 3” of the vehicle A are “normal” (step S310). 

In this case, the same vehicle determination unit 214 deletes the 

“onboard unit information” (“onboard unit information No. 3”) and “camera 

information” (“camera information No. 3”), which are determined to relate to 

the same vehicle A from the onboard unit information table T1 and the camera 

information table T2 (step S304), and terminates the processing. 

[0058] 

Also, when the “camera information” having “second license plate 

information” matched with a part of “first license plate information” of the 

“onboard unit information” is not recorded in the camera information table T2 

(NO in step S309), the same vehicle determination unit 214 determines that 

there is no “camera information” relating to the same vehicle A as a vehicle 

indicated by the “onboard unit information”. Also, the same vehicle 

determination unit 214 determines that the vehicle A is an irregular vehicle 

(“suspected exchange of onboard unit (SUSPECT OF SWAP)”) (step S311). 

Specifically, the onboard unit 10 with the “onboard unit information” may 

possibly be moved to a vehicle different from the vehicle identified by the “first 

license plate information” recorded previously in the onboard unit 10 (vehicle 

that cannot be identified by the “second license plate information”). 

For example, a description is given of the case that the same vehicle 

determination unit 214 extracts “onboard unit information No. 4” of the 

onboard unit information table T1 (FIG. 3) in step S301. In the example of FIG. 

4, the camera information table T2 neither includes “camera information” 

acquired within a predetermined time from the “acquisition date and time” 

(“2015/11/01 10:30”) of the “onboard unit information No. 4” (NO in step 

S305), nor “second license plate information” matched with a part of “first 

license plate information” (“EEEE”) of the “onboard unit information No. 4” 

(NO in step S309). Thus, the same vehicle determination unit 214 determines 
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that there is no “camera information” relating to the same vehicle A as a vehicle 

indicated by the “onboard unit information No. 4”. Also, it determines that the 

vehicle A is an irregular vehicle (“suspected exchange of onboard unit 

(SUSPECT OF SWAP)”) (step S311). 

In this case, as illustrated in FIG. 5, the same vehicle determination unit 

214 records information in which the “onboard unit information” is associated 

with its corresponding “details of irregularity” (“suspected exchange of onboard 

unit (SUSPECT OF SWAP)”) of the vehicle A, as “irregular vehicle 

information” in the irregular vehicle table T3 (“irregular vehicle information 

No. 3” of FIG. 5) (step S312). Then, the same vehicle determination unit 214 

deletes the “onboard unit information” from the onboard unit information table 

T1 (step S313), and terminates the processing. 

[0059] 

Also, when the onboard unit information table T1 does not include 

“onboard unit information” being recorded for a time limit or more (NO in step 

S300), the same vehicle determination unit 214 proceeds to the processing A of 

FIG. 9. 

As illustrated in FIG. 9, the same vehicle determination unit 214 

determines whether the camera information table T2 includes “camera 

information” being recorded for a time limit or more (step S320). 

When the camera information table T2 includes “camera information” 

being recorded for a time limit or more (YES in step S320), the same vehicle 

determination unit 214 extracts this “camera information” (step S321). 

On the other hand, when camera information table T2 does not include 

“camera information” being recorded for a time limit or more (NO in step 

S320), the same vehicle determination unit 214 terminates the processing. 

[0060] 

Next, the same vehicle determination unit 214 determines that there is no 

“onboard unit information” relating to the same vehicle A as a vehicle indicated 

by the “camera information” extracted in step S321. Also, the same vehicle 

determination unit 214 determines that the vehicle A is an irregular vehicle (“no 

onboard unit (NO OBU)”) (step S322). 

In this case, as illustrated in FIG. 5, the same vehicle determination unit 

214 records information in which the “camera information” is associated with 

its corresponding “details of irregularity” (“no onboard unit (NO OBU)”) of the 

vehicle A, as “irregular vehicle information” in the irregular vehicle table T3 

(“irregular vehicle information No. 2” of FIG. 5) (step S323). Then, the same 



25 
 

vehicle determination unit 214 deletes this “camera information” from the 

camera information table T2 (step S324), and terminates the processing. 

[0061] 

Operational Effects 

As described above, the same vehicle detection device 210 of this 

embodiment includes: the onboard unit information acquisition unit 211 

configured to acquire the “first license plate information” of the vehicle A on 

the basis of the “onboard unit information” acquired through wireless 

communication with the onboard unit 10 in the vehicle A running on the lanes 

L1 and L2, and store the “onboard unit information” in the onboard unit 

information table T1; the camera information acquisition unit 213 configured to 

acquire the “camera information” including the “second license plate 

information” of the vehicle A that is read in on the basis of the image captured 

by the camera 220 configured to shoot a predetermined region, defined on the 

lanes L1 and L2, including the license plate of the vehicle A, and store the 

“camera information” in the camera information table T2; and the same vehicle 

determination unit 214 configured to determine whether the “onboard unit 

information” stored in the onboard unit information table T1 and the “camera 

information” stored in the camera information table T2 relate to the same 

vehicle. 

Upon acquiring the “onboard unit information”, in a case where the 

“camera information” including “second license plate information” that matches 

the “first license plate information” of the “onboard unit information” is 

recorded in the camera information table T2, the same vehicle determination 

unit 214 determines that the “onboard unit information” and the “camera 

information” relate to the same vehicle A. 

Also, upon acquiring the “camera information”, in a case where the 

“onboard unit information” having “first license plate information” that 

matches “second license plate information” of the “camera information” is 

recorded in the onboard unit information table T1, the same vehicle 

determination unit 214 determines that the “onboard unit information” and the 

“camera information” relate to the same vehicle A. 

With the above processing, the same vehicle determination unit 214 can 

detect with high accuracy a combination of “onboard unit information” and 

“camera information” relating to the same vehicle A among the “onboard unit 

information” stored in the onboard unit information table T1 and the “camera 

information” stored in the camera information table T2 regardless of the order 
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or timing of acquisition of the “onboard unit information” and “camera 

information”. 

[0062] 

Also, when the “camera information” having “second license plate 

information” that matches the “first license plate information” of the “onboard 

unit information” is not recorded in the camera information table T2, the same 

vehicle determination unit 214 determines that the “camera information” having 

“second license plate information” acquired at the same lane as the “lane” at 

which the “onboard unit information” is acquired, within a predetermined time 

from the “acquisition date and time” of the “onboard unit information”, relates 

to the same vehicle A as a vehicle indicated by the “onboard unit information”. 

Furthermore, when the “onboard unit information” having “first license plate 

information” that matches “second license plate information” of the “camera 

information” is not recorded in the onboard unit information table T1, the same 

vehicle determination unit 214 determines that the “onboard unit information” 

having “first license plate information” being acquired at the same lane as the 

“lane” at which the “camera information” is acquired, within a predetermined 

time from the “acquisition date and time” of the “camera information”, relates 

to the same vehicle A as a vehicle indicated by the “camera information”. 

When the onboard unit is moved from the original vehicle to a new 

vehicle, the “first license plate information” (license plate information of the 

original vehicle) of the onboard unit may be different from the license plate 

information (license plate information of the new vehicle) of the vehicle in 

which the onboard unit is installed at present. In this case, the “first license 

plate information” of the “onboard unit information” acquired via the wireless 

communication device does not match the “second license plate information” of 

the “camera information” acquired via the license plate reader. In a case where 

the onboard unit is moved to another vehicle as such, the charging device is 

likely to erroneously recognize that the “onboard unit information” and the 

“camera information” relate to different vehicles. Consequently, the charging 

device may possibly fail to correctly charge a vehicle of which license plate 

information recorded in the onboard unit information and license plate 

information read with the license plate reader are not matched. 

However, in this embodiment, as described above, the “onboard unit 

information” and “camera information” acquired within a predetermined time 

from the “acquisition date and time” at the same “lane”, are determined to relate 

to the same vehicle A. Thus, even in a case where there is the vehicle A of 

which the “first license plate information” of the “onboard unit information” 



27 
 

and the “second license plate information” of the “camera information” are not 

matched due to the exchange of the onboard unit 10 or the like, the same vehicle 

determination unit 214 determines that the “onboard unit information” and the 

“camera information” relate to the same vehicle A. With the above processing, 

it is possible to detect a combination of “onboard unit information” and “camera 

information” relating to the same vehicle A with high accuracy. 

[0063] 

Also, in a case where the “camera information” acquired within a 

predetermined time from the “acquisition date and time” of the “onboard unit 

information” at the same “lane” is not recorded in the camera information table 

T2, the same vehicle determination unit 214 determines that the “camera 

information” having “second license plate information” matched with a part of 

“first license plate information” of the “onboard unit information” relates to the 

same vehicle A as a vehicle indicated by the “onboard unit information”. 

Moreover, when the “onboard unit information” acquired within a 

predetermined time from the “acquisition date and time” of the “camera 

information” at the same “lane” is not recorded in the onboard unit information 

table T1, the same vehicle determination unit 214 determines that the “onboard 

unit information” having “first license plate information” matched with a part 

of the “second license plate information” of the “camera information” relates to 

the same vehicle A as a vehicle indicated by the “camera information”. 

With the above processing, even in a case where a part of the “second 

license plate information” could not be correctly read because of a dirty license 

plate of the vehicle A or the like, when the “first license plate information” 

matched with a part of the “second license plate information” is found, the same 

vehicle determination unit 214 determines that the “camera information” having 

“second license plate information” and the “onboard unit information” having 

“first license plate information” relate to the same vehicle A. This makes it 

possible to detect a combination of “onboard unit information” and “camera 

information” relating to the same vehicle A with higher accuracy. 

[0064] 

Also, when the “first license plate information” of the “onboard unit 

information” and “second license plate information” of the “camera 

information”, determined to relate to the same vehicle A, are not matched, the 

same vehicle determination unit 214 determines that the vehicle A is an 

irregular vehicle. 

With the above processing, the same vehicle detection device 210 can 

detect as an irregular vehicle, the vehicle A of which the “first license plate 
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information” and the “second license plate information” are not matched 

because of the exchange of the onboard unit 10 or the like. 

Furthermore, the same vehicle determination unit 214 records and stores 

“irregular vehicle information” in which the “onboard unit information” and 

“camera information” relating to the vehicle A determined to be an irregular 

vehicle are associated with its corresponding “details of irregularity” of the 

vehicle A, in the irregular vehicle table T3. With the above processing, an 

administrator or the like of a toll road can recognize the existence of an illegal 

vehicle with “onboard unit exchange”, a vehicle that could not be correctly 

charged due to “no onboard unit”, and the like, with reference to the “irregular 

vehicle table T3”. Also, the administrator or the like of the toll road can 

perform additional charging processing for an owner or the like of the irregular 

vehicle and impose restriction such as prohibition of usage of the onboard unit 

10 on the basis of the “onboard unit information” or “camera information” 

recorded in the “irregular vehicle table T3”. 

[0065] 

Also, the irregular vehicle processing unit 215 transmits the irregular 

vehicle information” stored by the same vehicle determination unit 214 to the 

management server 30 via a wide area network or the like. This allows an 

administrator or the like of a toll road to immediately recognize the existence of 

an illegal vehicle with “onboard unit exchange”, a vehicle that could not be 

correctly charged because of “no onboard unit”. Also, the administrator or the 

like of a toll road can perform additional charging processing for an owner or 

the like of the irregular vehicle and impose restriction such as prohibition of 

usage of the onboard unit 10 on the basis of the “onboard unit information” or 

“camera information” recorded in the received “irregular vehicle information”. 

[0066] 

Modification of First Embodiment 

Referring to FIGS. 10 and 11, the toll collection system 1 according to a 

modification of the first embodiment of the present invention will be described 

next. 

The same components as those in the above embodiments will be 

denoted by the same reference signs, and detailed descriptions thereof will be 

omitted. 

This modification differs from the above embodiments in that the 

onboard unit information acquisition unit 211 acquires “first license plate 

information” from the management server 30. 

[0067] 
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Functional Configuration of Toll Collection System 

FIG. 10 is a diagram illustrating a functional configuration of the toll 

collection system according to the modification of the first embodiment of the 

present invention. 

FIG. 11 shows an example of an onboard unit information table 

according to the modification of the first embodiment of the present invention. 

As illustrated in FIG. 10, the management server 30 includes a recording 

medium 300. As illustrated in FIG. 11, the recording medium 300 stores in 

advance an onboard unit registration table T10 in which “onboard unit 

registration information” including “onboard unit ID” of the onboard unit 10 

and “first license plate information” for identifying a vehicle A with the 

onboard unit 10 are stored in association with one another. 

[0068] 

In this embodiment, the onboard unit information acquisition unit 211 of 

the same vehicle detection device 210 acquires “onboard unit ID” and “credit 

card number” via the wireless communication device 200 from the onboard unit 

10. 

Then, the onboard unit information acquisition unit 211 records and 

stores the “onboard unit information” in which the acquired “onboard unit ID” 

and “credit card number” and the date and time (acquisition date and time) of 

acquisition of these information and its corresponding “lane” are associated, in 

the onboard unit information table T1 of the recording medium 216 (FIG. 3). 

Also, the onboard unit information acquisition unit 211 communicates 

with the management server 30 via a wireless area network or the like and 

requests “first license plate information” associated with the acquired “onboard 

unit ID”. The management server 30 selects the “first license plate information” 

associated with the “onboard unit ID”, received from the same vehicle detection 

device 210, from the onboard unit registration table T10. Then, the management 

server 30 transmits the selected “first license plate information” to the same 

vehicle detection device 210. 

The onboard unit information acquisition unit 211 adds the “first license 

plate information” received from the management server 30 to the “first license 

plate information” of the “onboard unit information” to update the onboard unit 

information table T1. 

[0069] 

Operational Effects 

As described above, the onboard unit information acquisition unit 211 of 

this modification records and stores the “onboard unit information” in which the 
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“onboard unit ID” and “credit card information” acquired from the onboard unit 

10 and the “first license plate information” acquired from the management 

server 30 are associated, in the onboard unit information table T1. 

With the above processing, the onboard unit information acquisition unit 

211 can store “onboard unit information” similar to that in the first 

embodiment, in the onboard unit information table T1. 

Also, in this case, it is unnecessary to previously record the “first license 

plate information” in the onboard unit 10. Thus, upon moving the onboard unit 

10 to a new vehicle, the “onboard unit information” can be kept updated 

through only such a simple processing as updating of the onboard unit 

registration table T10 of the management server 30 instead of a complicated 

processing such as rewriting of a recording medium (not illustrated) of the 

onboard unit 10. Also, it is unnecessary to acquire the “first license plate 

information” from the onboard unit 10 via the wireless communication device 

200, leading to a saving of traffic between the acquisition unit and the onboard 

unit 10 so as to increase a traffic speed. 

[0070] 

In the foregoing, certain embodiments of the present invention have been 

described, but these embodiments are merely illustrative and are not intended to 

limit the scope of the invention. These embodiments may be implemented in 

various other forms, and various omissions, substitutions, and alterations may 

be made without departing from the gist of the invention. These embodiments 

and modifications are included in the scope and gist of the invention and are 

also included in the scope of the invention described in the claims and 

equivalents thereof. 

[0071] 

For example, the above embodiments have been described of such a 

mode that the toll road includes plural lanes (lanes L1 and L2) and the wireless 

communication device 200 (200a, 200b) and the camera 220(220a, 220b) are 

provided on the lanes on a one-to-one basis, but the present invention is not 

limited thereto. To give another embodiment, the toll road may have one lane or 

three or more lanes. In this case, one or three or more wireless communication 

devices 200 and cameras 220 can be provided according to the number of lanes. 

Also, the above embodiments have been described of such a mode that 

the toll collection system 1 is provided at the exit tollgate of the toll road. To 

give another embodiment, however, it can be provided at the entrance tollgate. 

[0072] 
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Also, the above embodiments have been described of such a mode that 

image processing is performed on images captured by the camera 220 at regular 

intervals so as to detect vehicle’s coming, and at this time of detection of 

vehicle’s coming, an image for reading license plate information of this vehicle 

is captured, but the present invention is not limited thereto. The following is 

also conceivable: a vehicle detection device is provided in front of the gantry G 

in the lane direction (-X side of FIG. 1), and only when the vehicle detection 

device detects the vehicle A running on the lanes L1 and L2, the camera 220 

captures an image for reading license plate information. As a result, every 

image captured by the camera 220 includes the license plate of the vehicle A 

and thus, the license plate reading processing with the license plate reader 230 

can be simplified. 

 

Industrial Applicability 

[0073] 

According to the aforementioned same vehicle detection device, toll 

collection facility, same vehicle detection method, and program, it is possible to 

detect information relating to the same vehicle from among a plurality of pieces 

of information acquired at different timings with high accuracy. 

 

Reference Signs List 

[0074] 

1 Toll collection system 

10 Onboard unit 

20 Toll collection facility 

200, 200a, 200b Wireless communication device 

210 Same vehicle detection device 

211 Onboard unit information acquisition unit (first license plate information 

acquisition unit) 

212 Overlapped processing checking unit 

213 Camera information acquisition unit (second license plate information 

acquisition unit) 

214 Same vehicle determination device 

215 Irregular vehicle processing unit 

216 Recording medium 

220, 220a, 220b Camera 

230 License plate reader 

231 License plate information reading unit 
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232 Overlapped processing checking unit 

233 Recording medium 

240 Charging device 

A Vehicle 

G Gantry 

L1, L2 Lane 
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Claims 

 

[Claim 1] 

A same vehicle detection device comprising: 

a first license plate information acquisition unit configured to acquire first 

license plate information of a vehicle running on a lane, based on onboard unit 

information acquired through wireless communication with an onboard unit 

installed in the vehicle, and store the first license plate information in a first 

recording unit; 

a second license plate information acquisition unit configured to acquire 

second license plate information of the vehicle that is read in, based on an image 

captured by a camera configured to shoot a predetermined region including a 

license plate of the vehicle, defined on the lane, and store the second license plate 

information in a second recording unit; and 

a same vehicle determination unit configured to determine whether the 

first license plate information stored in the first recording unit and the second 

license plate information stored in the second recording unit relate to the same 

vehicle, 

the same vehicle determination unit being configured to, in a case that the 

first license plate information is acquired, and the second license plate 

information matched with the first license plate information is recorded in the 

second recording unit, determine that the first license plate information and the 

second license plate information relate to the same vehicle, and in a case that the 

second license plate information is acquired, and the first license plate 

information matched with the second license plate information is recorded in the 

first recording unit, determine that the first license plate information and the 

second license plate information relate to the same vehicle. 

 

[Claim 2] 

The same vehicle detection device according to claim 1, wherein  

in a case that the second license plate information matched with the first 

license plate information is not recorded in the second recording unit, the same 

vehicle determination unit is configured to determine that the second license 

plate information acquired at the same lane as a lane at which the first license 

plate information is acquired, within a predetermined period from acquisition 

time of the first license plate information, relates to the same vehicle as the first 

license plate information, and 
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in a case that the first license plate information matched with the second 

license plate information is not recorded in the first recording unit, the same 

vehicle determination unit is configured to determine that the first license plate 

information acquired within a predetermined period from acquisition time of the 

second license plate information, at the same lane as a lane at which the second 

license plate information is acquired, relates to the same vehicle as the second 

license plate information. 

 

[Claim 3] 

The same vehicle detection device according to claim 2, wherein  

in a case that the second license plate information acquired within the 

predetermined period from the acquisition time of the first license plate 

information, at the same lane as the lane at which the first license plate 

information is acquired, is not recorded in the second recording unit, the same 

vehicle determination unit is configured to determine that the second license 

plate information matched with a part of the first license plate information relates 

to the same vehicle as the first license plate information, and 

in a case that the first license plate information acquired within the 

predetermined period from the acquisition time of the second license plate 

information, at the same lane as the lane at which the second license plate 

information is acquired, is not recorded in the first recording unit, the same 

vehicle determination unit is configured to determine that the first license plate 

information matched with a part of the second license plate information relates to 

the same vehicle as the second license plate information. 

 

[Claim 4] 

The same vehicle detection device according to claim 2, wherein in a case 

that the first license plate information and the second license plate information, 

determined to relate to the same vehicle, are not matched, the same vehicle 

determination unit is configured to determine that the vehicle is an irregular 

vehicle. 

 

[Claim 5] 

A toll collection facility comprising: 

a wireless communication device configured to perform wireless 

communication with an onboard unit installed in a vehicle running on a lane; 
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a license plate reader configured to read license plate information of the 

vehicle, based on an image captured by a camera configured to shoot a 

predetermined region including a license plate of the vehicle, defined on the lane; 

the same vehicle detection device according to any one of claims 1 to 4; 

and 

a charging device configured to charge the vehicle, based on at least one of 

onboard unit information of the onboard unit, acquired via the wireless 

communication device and license plate information of the vehicle that is read by 

the license plate reader. 

 

[Claim 6] 

A same vehicle detection method comprising: 

a first license plate information acquisition step for acquiring first license 

plate information of a vehicle running on a lane, based on onboard unit 

information acquired through wireless communication with an onboard unit 

installed in the vehicle, and storing the first license plate information in a first 

recording unit; 

a second license plate information acquisition step for acquiring second 

license plate information of the vehicle that is read in, based on an image 

captured by a camera configured to shoot a predetermined region including a 

license plate of the vehicle, defined on the lane, and for storing the second license 

plate information in a second recording unit; and 

a same vehicle determination step for determining whether the first license 

plate information stored in the first recording unit and the second license plate 

information stored in the second recording unit relate to the same vehicle, 

the same vehicle determination step being set to, in a case that the first 

license plate information is acquired and the second license plate information 

matched with the first license plate information is recorded in the second 

recording unit, determine that the first license plate information and the second 

license plate information relate to the same vehicle, and in a case that the second 

license plate information is acquired and the first license plate information 

matched with the second license plate information is recorded in the first 

recording unit, determine that the first license plate information and the second 

license plate information relate to the same vehicle. 

 

[Claim 7] 

A program causing a computer of a same vehicle detection device to 

function as: 
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a first license plate information acquisition unit configured to acquire first 

license plate information of a vehicle running on a lane, based on onboard unit 

information acquired through wireless communication with an onboard unit 

installed in the vehicle, and store the first license plate information in a first 

recording unit; 

a second license plate information acquisition unit configured to acquire 

second license plate information of the vehicle that is read in, based on an image 

captured by a camera configured to shoot a predetermined region including a 

license plate of the vehicle, defined on the lane, and store the second license plate 

information in a second recording unit; and 

a same vehicle determination unit configured to determine whether the 

first license plate information stored in the first recording unit and the second 

license plate information stored in the second recording unit relate to the same 

vehicle, 

the same vehicle determination unit being configured to, in a case that the 

first license plate information is acquired, and the second license plate 

information matched with the first license plate information is recorded in the 

second recording unit, determine that the first license plate information and the 

second license plate information relate to the same vehicle, and in a case that the 

second license plate information is acquired, and the first license plate 

information matched with the second license plate information is recorded in the 

first recording unit, determine that the first license plate information and the 

second license plate information relate to the same vehicle. 


