DESCRIPTION

Title of Invention
NUMBER PLATE INFORMATION SPECIFYING DEVICE, BILLING SYSTEM,

NUMBER PLATE INFORMATION SPECIFYING METHOD, AND PROGRAM

[Technical Field]

[0001]

The present invention relates to a number plate
information specifying device, a billing system, a number
plate information specifying method, and a program.
[Background Art]

[0002]

At tollhouses on toll roads, there is a case where a
toll collection system that collects a toll by exchanging
information by wireless communication between an RFID
reader device installed on a lane and an RFID tag attached
to a vehicle running on the lane is used. Further, at the
tollhouses as described above, there is a case where a
number plate recognition device that automatically
recognizes and acquires number plate information (a
vehicle number or the 1like) of the running vehicle 1in
order to find and specify an illegal vehicle to which an
RFID tag is not attached is installed.

[0003]



The number plate recognition device photographs the
number plate attached to the wvehicle body of the running
vehicle and performs optical character recognition (OCR)
processing. The number plate recognition device extracts
number plate information as character string data from the
photographed number plate by the OCR processing.

[Citation List]

[Patent Document]

[0004]

[Patent Document 1] Japanese Unexamined Patent
Application Publication No. 2002-222726
[Summary of Invention]

[Technical Subject]

[0005]

Since a number plate has scratches, dents,
decorations, or the like, there is a case where the number
plate information cannot be correctly recognized by the
OCR processing. Further, there is also a case where it is
permitted to use wvarious typefaces (fonts) for a number
plate, and there is also a case where a typeface that
tends to fail in recognizing a character string by the OCR
processing is used. Due to such circumstances, there is a
case where the OCR processing is failed with respect to
some of the number plates attached to the wvehicles using

the toll road.



[0006]

An object of the present invention is to provide a
number plate information specifying device, a billing
system, a number plate information specifying method, and
a program, in which it is possible to enhance the accuracy
of automatic recognition of a number plate.

[Subject to be solved]

[0007]

According to a first aspect of the present invention,
there is provided a number plate information specifying
device (2) including: an image acquisition unit (200) that
acquires a number plate image; a feature point extraction
unit (202) that extracts a feature point of the number
plate 1image; a similarity calculation wunit (203) that
refers to a learning data set (DS) in which a plurality of
feature points and a plurality of pieces of number plate
information are recorded in association with each other,
and calculates similarity of each feature point recorded
in the learning data set to the feature point extracted
from the number plate image; a vote value calculation unit
(204) that calculates a vote wvalue that is obtained by
aggregating the similarity of each feature point recorded
in the learning data set for each number plate information
recorded in the learning data set; and a specifying unit

(205) that specifies number plate information having a



highest vote wvalue as number plate information that is
displayed on the number plate image.

According to such a configuration, the number plate
information specifying device can specify the number plate
information corresponding to the number plate image, based
on the result (vote wvalue) obtained by aggregating the
similarity between the feature points extracted from the
number plate image. Here, since the feature point that is
extracted from the number plate image 1is extracted to
include not only a character string (number plate
information) engraved on a number plate, but also
scratches, dents, decorations, or features that appear in
a special typeface of the number plate, correct number
plate information can be specified even with respect to a
deformed number plate or a free font number plate, which
is difficult to perform the OCR processing.

[0008]

Further, according to a second aspect of the present
invention, the specifying unit receives input of number
plate information that is shown on the number plate image
from an operator in a case where the highest vote wvalue is
equal to or less than a predetermined threshold value.

In this way, in a case where it is assumed that the
specifying accuracy of the number plate information based

on the comparison of the feature points is low, the number



plate information 1is specified based on the wvisual
determination of the operator, instead of specifying the
number plate information by the determination of only the
number plate information specifying device. Therefore, it
is possible to enhance the specifying accuracy of the
number plate information.

[0009]

Further, according to a third aspect of the present
invention, in a case where the highest vote wvalue is equal
to or less than a predetermined threshold wvalue, the
specifying unit notifies an operator of the number plate
information having the highest wvote wvalue and the number
plate image, and receives, from the operator, input of
information indicating the determination result as to
whether or not the number plate information having the
highest vote wvalue is to be specified as the number plate
information that is displayed on the number plate image.

In this manner, by giving notice of the candidates
for the number plate information with a high vote wvalue,
it is possible to reduce the time and effort of the number
plate information input processing by the operator.

[0010]

Further, according to a fourth aspect of the present
invention, the number plate information specifying device

described above further includes a learning unit (206)



that additionally records the number plate information
specified based on the input from the operator and the
feature point extracted from the number plate image in
association with each other, in the learning data set.

In this way, the relationship between the acquired
number plate image and the number plate information
specified by the wvisual determination of the operator is
accumulated in the learning data set with an operation of
a toll road. Therefore, the specifying accuracy based on
the comparison of the feature points can be improved
during the operation.

[0011]

Further, according to a fifth aspect of the present
invention, there 1s provided a billing system (1)
including: the number plate information specifying device
described above; a reader device (32) that reads user
identification information for identifying a user to be
billed, from an information recording medium attached to a
vehicle; and a number plate recognition device (30) that
performs OCR processing on a number plate image acquired
through a camera (33) and extracts number plate
information from the number plate image.

In this way, in the Dbilling system 1, when
performing the billing processing by the reader device, it

is possible to extract the number plate information, based



on not only the number plate specifying processing by the
number plate information specifying device 2 but also a
normal OCR processing.

[0012]

Further, according to a sixth aspect of the present
invention, the number plate recognition device transmits
the number plate image to the number plate information
specifying device 1in a case where the number plate
information cannot be extracted from the number plate
image, as a result of the OCR processing.

In this way, the number plate image from which the
number plate information can be extracted by the OCR
processing does not become a target of the number plate
information specifying processing by the number plate
information specifying device. Therefore, the processing
load of the number plate information specifying device 2
can be reduced.

[0013]

Further, according to a seventh aspect of the
present invention, the number plate recognition device
transmits the number plate image to the number plate
information specifying device in a case where first number
plate information extracted from the number plate image by
the OCR processing and second number plate information

read from the information recording medium do not coincide



with each other.

In this way, the number plate image in which the
result of the OCR processing does not coincide with the
number plate information recorded in the information
recording medium also becomes a target of the number plate
information specifying processing by the number plate
information specifying device. Therefore, even with
respect to a number plate image with a high probability
that the OCR processing may be incorrect, correct number
plate information can be obtained through the number plate
information specifying device.

[0014]

Further, according to an eighth aspect o0f the
present invention, there 1s provided a number plate
information specifying method including: a step of
acquiring a number plate image; a step of extracting a
feature point of the number plate 1image; a step of
referring to a learning data set in which a plurality of
feature points and a plurality of pieces of number plate
information are recorded in association with each other,
and calculating similarity of each feature point recorded
in the learning data set to the feature point extracted
from the number plate image; a step of calculating a vote
value of each number plate information recorded in the

learning data set, based on the similarity; and a step of



specifying number plate information having a highest vote
value as number plate information that is displayed on the
number plate image.

[0015]

Further, according to a ninth aspect of the present
invention, there 1is provided a program that causes a
computer of a number plate information specifying device
to execute a step of acquiring a number plate image, a
step of extracting a feature point of the number plate
image, a step of referring to a learning data set in which
a plurality of feature points and a plurality of pieces of
number plate information are recorded in association with
each other, and calculating similarity of each feature
point recorded in the learning data set to the feature
point extracted from the number plate image, a step of
calculating a vote value of each number plate information
recorded in the learning data set, based on the similarity,
and a step of specifying number plate information having a
highest wvote wvalue as number plate information that is
displayed on the number plate image.

[Advantageous Effects of Invention]

[0016]

According to the number plate information specifying
device, the billing system, the number plate information

specifying method, and the program described above, it 1is



possible to enhance the accuracy of the automatic
recognition of the number plate.
[Brief Description of Drawings]

[0017]

Fig. 1 is a diagram showing an overall configuration
of a billing system according to a first embodiment.

Fig. 2 is a diagram showing a functional
configuration of the billing system according to the first
embodiment.

Fig. 3 1is a diagram showing a processing flow of a
number plate recognition device according to the first
embodiment.

Fig. 4 is a diagram showing a processing flow of a
number plate information specifying device according to
the first embodiment.

Fig. 5 1is a diagram for explaining a specific
content of the processing of the number plate information
specifying device according to the first embodiment.

Fig. 6 1s a diagram showing a data structure of a
learning data set according to the first embodiment.

Fig. 7 1is a diagram for explaining a specific
content of the processing of the number plate information
specifying device according to the first embodiment.

Fig. 8 1is an example of an image that is displayed

on a monitor of the number plate information specifying



device according to the first embodiment.
[Description of Embodiments]

[0018]

<First Embodiment>

Hereinafter, a billing system according to a first
embodiment will be described in detail with reference to
Figs. 1 to 8.

[0019]

(Overall Configuration of Billing System)

Fig. 1 is a diagram showing the overall
configuration of the billing system according to the first
embodiment.

A billing system 1 shown in Fig. 1 is a system that
is installed at a tollhouse on a toll road in order to
collect usage fees from users who use the toll road.

As shown in Fig. 1, a roadside device 3 of the
billing system 1 1is installed on an island I laid on a
roadside of a lane L of a tollhouse (an entrance tollhouse
or an exit tollhouse) of a toll road. Further, a number
plate information specifying device 2 1is 1installed at a
position away from the roadside device 3 and 1is
communicably connected to the roadside device 3. Although
not shown in the drawing, the number plate information
specifying device 2 is also communicably connected to a

plurality of roadside devices installed in other lanes and



other tollhouses.

[0020]

As shown in Fig. 1, the roadside device 3 of the
billing system 1 includes a number plate recognition
device 30, a vehicle detector 31, a reader device 32, and
a camera 33.

[0021]

The vehicle detector 31 is provided on the wvehicle
approach side of the lane L and detects the approach of a
vehicle A into the lane L.

[0022]

When the wvehicle A enters the lane L (when a
detection signal is received from the vehicle detector 31),
the reader device 32 wirelessly communicates with a tag TG,
which is an RFID tag (an information recording medium)
attached to the wvehicle A, and acquires information
required for billing processing. Here, the information
required for billing processing 1is user identification
information (tag ID) for identifying a user to be billed.
In the billing system 1, the user identification
information read here 1is transmitted to a higher-level
device for the Dbilling ©processing, and billing 1is
performed on the user.

As will be described later, in addition to the user

identification information, number plate information (a



vehicle number), a vehicle type classification (normal,
large, or the 1like), and the 1like of the vehicle A are
also recorded in the tag TG.

[0023]

The camera 33 ©performs photographing when the
vehicle A enters the lane L, and acquires an 1image that
includes a number plate NP attached to the front of the
vehicle body of the wvehicle A. The image (hereinafter,
also referred to as a “number plate image”) acquired by
the photographing by the camera 33 1is 1immediately
transmitted to the number plate recognition device 30.

[0024]

The number plate recognition device 30 performs OCR
processing on the number plate 1image acquired by the
camera 33, and extracts number plate information from the
number plate image. The number plate information 1is
information on a character string composed of numbers and
symbols written on the plate surface of the number plate,
and 1s, for example, a classification number, a wvehicle
number (a serial designation number), or the like.

In a case where the number plate recognition device
30 fails in the OCR processing, the number plate
recognition device 30 transmits the number plate image on
which the OCR processing has been failed to the number

plate information specifying device 2.



One aspect of a "case where the OCR processing is
failed" is a case where no character string data can be
extracted as a result of the OCR processing. In this case,
the number plate recognition device 30 recognizes it as
"OCR processing failure" 1in which the character string
data could not be extracted from the number plate image.

Another aspect of a "case where the OCR processing
is failed" is a case where the character string data 1is
erroneously extracted by the OCR processing. In this case,
the number plate recognition device 30 cannot recognize it
as "failure" only by the extracted character string data.
Therefore, the number plate recognition device 30 compares
the number plate information (vehicle number) read from
the tag TG through the reader device 32 with the number
plate information extracted from the number plate image
through the OCR processing. Then, in a case where the two
pieces of number plate information do not coincide with
each other, the number ©plate recognition device 30
considers that the OCR processing has been failed.

In a case where the number plate information can be
extracted from the number plate image through the OCR
processing and the extracted number plate information
coincides with the number plate information read from the
tag TG through the reader device 32, normal billing

processing 1is performed. Therefore, in this case, the



number plate recognition device 30 does not transmit the
number plate 1image to the number plate information
specifying device 2.

[0025]

The number plate information specifying device 2
receives the number plate 1image on which the OCR
processing has been failed in the roadside device 3 (the
number plate recognition device 30). Then, the number
plate information specifying device 2 specifies correct
number plate information with respect to the number plate
image, and returns the specifying result to the number
plate recognition device 30. The specific function and
processing flow of the number plate information specifying
device 2 will be described later.

[0026]

(Functional Configuration of Billing System)

Fig. 2 is a diagram showing a functional
configuration of the billing system according to the first
embodiment.

As shown in Fig. 2, the number plate information
specifying device 2 includes a CPU 20, a communication
interface 21, a monitor 22, and a recording medium 23.

The CPU 20 operates according to a program prepared
in advance, thereby exerting wvarious functions. The

functions of the CPU 20 will be described later.



[0027]

The communication interface 21 1is a connection
interface for communication with the roadside device 3
(the number plate recognition device 30).

[0028]

The monitor 22 is a display device such as a liquid
crystal display monitor.

[0029]

The recording medium 23 1is a so-called auxiliary
storage device, and 1is a large-capacity recording device
such as a hard disk drive (HDD) or a solid state drive
(SSD) . A learning data set DS that is used in order to
specify the number plate information is recorded on the
recording medium 23. In the learning data set DS, a
plurality of feature points and a plurality of pieces of
number plate information are recorded in association with
each other. A specific data structure of the learning
data set DS will be described later.

[0030]

The functions of the CPU 20 will be described in
detail.

The CPU 20 has functions as an image acquisition
unit 200, a plate determination unit 201, a feature point
extraction unit 202, a similarity calculation unit 203, a

vote value calculation unit 204, a specifying unit 205,



and a learning unit 206.

[0031]

The image acquisition unit 200 receives and acquires
the number plate image from the number plate recognition
device 30.

[0032]

The plate determination unit 201 determines whether
or not the number plate 1is photographed on the number
plate image acquired by the image acquisition unit 200.

[0033]

The feature ©point extraction unit 202 extracts
feature points of the number plate image acquired by the
image acqguisition unit 200.

[0034]

The similarity calculation unit 203 refers to the
learning data set DS and calculates the similarity
(Hamming distance) of each feature point recorded in the
learning data set DS to the feature point extracted from
the number plate image.

[0035]

The vote wvalue calculation unit 204 calculates a
vote value that is obtained by aggregating the similarity
of each feature point calculated by the similarity
calculation unit 203 for each number plate information

recorded in the learning data set DS. A specific aspect



of the "vote value" will be described later.

[0036]

The specifying unit 205 specifies the number plate
information having the highest vote wvalue calculated by
the vote wvalue calculation unit 204 as the number plate
information that is displayed on the number plate image
acquired by the image acquisition unit 200.

[0037]

The learning wunit 206 additionally records the
number plate information specified based on the input from
an operator of the number plate information specifying
device 2 and the feature point extracted from the number
plate image acquired by the image acquisition unit 200 in
association with each other, in the learning data set.

[0038]

(Processing Flow of Number Plate Recognition Device)

Fig. 3 is a diagram showing a processing flow of the
number plate recognition device according to the first
embodiment.

The processing flow shown in Fig. 3 1is executed by
the number plate recognition device 30 of the roadside
device 3 in a case where the vehicle detector 31 detects
the approach of the vehicle A (Fig. 1).

[0039]

In a case where there is the approach of the wvehicle



A, the number plate recognition device 30 causes the
reader device 32 to read the tag TG and the camera 33 to
photograph the vehicle A (step S00).

[0040]

Next, the number plate recognition device 30 cuts
out a small region in which the number plate NP (Fig. 1)
is photographed, from the entire image (an image in which
the entire wvehicle A 1is photographed) acquired by the
camera 33, to generate a number plate image. The number
plate recognition device 30 performs OCR processing on the
generated number plate image (step SO01).

[0041]

Next, the number ©plate recognition device 30
determines whether or not the character string data can be
extracted as a result of the OCR processing performed in
step S01 (step S02).

[0042]

In a case where the character string data can be
extracted as a result of the OCR processing (step S02;
YES), the number ©plate recognition device 30 then
determines whether or not the character string data
extracted by the OCR processing coincides with the number
plate information (character string data) read from the
tag TG (step S03).

[0043]



In a case where the character string data extracted
by the OCR processing coincides with the number plate
information read from the tag TG (step S03; YES), the
number plate recognition device 30 considers that the
number plate information has been successfully acquired,
and executes normal billing processing (transmission of
user identification information) (step S04).

[0044]

In a case where the character string data cannot be
extracted as a result of the OCR processing (step S02; NO),
or in a case where the character string data extracted by
the OCR processing does not coincide with the number plate
information read from the tag TG (step S03; NO), the
number plate recognition device 30 transmits the number
plate 1image generated in step S01 to the number plate
information specifying device 2 (step S05).

[0045]

(Processing Flow of Number Plate Information
Specifying Device)

Fig. 4 is a diagram showing a processing flow of the
number plate information specifying device according to
the first embodiment.

Figs. 5 and 7 are diagrams for explaining specific
contents of the processing of the number plate information

specifying device according to the first embodiment.



Fig. 6 is a diagram showing a data structure of the
learning data set according to the first embodiment.

Fig. 8 1is an example of an image that is displayed
on the monitor of the number plate information specifying
device according to the first embodiment.

Hereinafter, the flow of the processing that 1is
executed by the number plate information specifying device
2 according to the first embodiment will be described in
detail with reference to Figs. 4 to 8.

[0046]

As shown in Fig. 4, first, the 1image acquisition
unit 200 of the number plate information specifying device
2 receives and acquires the number plate image from the
number plate recognition device 30 (step S10).

[0047]

Next, the plate determination unit 201 of the number
plate information specifying device 2 determines whether
or not the number plate NP is photographed on the number
plate image acquired in step S10 (step S11). Because
there is a case where the number plate recognition device
30 fails in cutting out the region to which the number
plate NP 1is photographed from the entire image and
generates an 1image on which the number plate NP is not
photographed, the above step is executed for the purpose

of eliminating this.



[0048]

In a case where the number plate NP is not
photographed on the number plate image acquired in step
S10 (step S11: NO), the plate determination unit 201 ends
the processing flow on the received number plate image
without performing any special processing. In this case,
the number plate information specifying device 2 may
return information indicating that the number plate NP 1is
not photographed on the received number plate image to the
number plate recognition device 30.

[0049]

In a case where the number plate NP is photographed
on the number plate image acquired in step S10 (step S11:
YES), the feature point extraction unit 202 of the number
plate information specifying device 2 then extracts
feature points from the acquired number plate image (step
S12).

[0050]

Here, the feature point extraction processing in
step S12 will be described with reference to Fig. 5.

[0051]

The feature point extraction unit 202 extracts a
plurality of feature points indicating the features of the
image from the acquired number plate image. A place

(point) where a feature as an image 1is conspicuous, for



example, a shape of an edge, an end point of a curve, a
point on a curve where the curvature is maximum, or the
like in the number plate image is extracted as the feature
point.

As shown in Fig. 5, one feature point is expressed
by a multidimensional vector quantity (182, 155, 101, ...).
The feature point extraction wunit 202 extracts, for
example, about 200 feature points from one number plate
image (step S12).

[0052]

Next, the similarity calculation wunit 203 of the
number plate information specifying device 2 refers to the
learning data set DS (Fig. 2), and calculates the
similarity of each feature point recorded in the learning
data set DS to the feature point extracted in step S12
(step S13).

Further, the vote value calculation unit 204 of the
number plate information specifying device 2 calculates a
vote value of each number plate information recorded in
the learning data set DS, based on the similarity of each
feature point calculated by the similarity calculation
unit 203 (step S14). Here, the "vote wvalue" is a value
that 1is obtained by aggregating the similarity of each
feature point recorded in the learning data set DS for

each number plate information recorded in the learning



data set DS. In the present embodiment, the "vote wvalue"
is the total wvalue of the reciprocals of the Hamming
distances.

[0053]

Here, before explaining the processing of step S13
by the similarity calculation unit 203 and the processing
of step S14 by the vote value calculation unit 204, the
data structure of the learning data set DS will be
described in detail with reference to Fig. 6.

[0054]

As shown in Fig. 6, the learning data set DS
recorded on the recording medium 23 has a data table DS1
showing the feature points accumulated so far and a data
table DS2 in which a vehicle number associated with each
feature point is recorded.

[0055]

Specifically, in the data table DS1, an object 1ID
and a vector quantity indicating a feature point are
recorded in association with each other. The "object ID"
is a serial number assigned to each feature point.

[0056]

In the data table DS2, an image file name, a vehicle
number, an object ID (from), and an object ID (to) are
recorded in association with each other. The "image file

name" is information for identifying the number plate



image from which each feature point 1is extracted. The
"vehicle number" is information on the number plate
(vehicle number) photographed on the number plate image
that is designated by the "image file name". The "vehicle
number" recorded in the data table DS2 is determined based
on the result of the wvisual determination of the number
plate image by the operator, and can be treated as the
true wvalue of the number plate information that is
displayed on the number plate image. The “object 1ID
(from),” and the “object ID (to)” are information
indicating a reference destination of the data table DSI1,
and indicate the feature points extracted from the number
plate image that is designated by the "image file name".
[0057]

For example, in the case of the example shown in Fig.
6, 1t is shown that 200 feature points that are designated
by the object IDs “00001” to ™“00200” are extracted from
the number plate image that 1is designated by “aaa.jpg”.
Similarly, it is shown that the feature points that are
designated by the object IDs ™“00201” to “00400” and the
feature points that are designated by the object 1IDs
“00401” to “00600” are extracted from the number plate
image that is designated by “bbb.Jjpg” and the number plate
image that is designated by “ccc.jpg”, respectively.

Further, all the three number plate images "aaa.jpg",



"bbb.jpg", and "ccc.jpg" described above are number plate
images 1n which the number plate information (vehicle
number) of "ABC123" is photographed. Therefore, according
to the learning data set DS shown in Fig. 6, all the
feature points of the object IDs “00001” to ™“00600” are
associated with the number plate information of “ABC123".

The number plate images "aaa.]jpg", "bbbb.jpg", ...,
the number plate information (the true wvalue of the
vehicle number), and the feature points extracted from the
number plate image are sequentially accumulated in the
learning data set DS with the operation of a plurality of
tollhouses provided on the toll road, by the processing of
the learning unit 206 to be described later. That is, the
number plate images that are received from a plurality of
number plate recognition devices 30 installed at each
tollhouse and each lane L on the toll road are accumulated
in the learning data set DS.

[0058]

Next, the processing of step S13 by the similarity
calculation unit 203 and the processing of step S14 by the
vote wvalue <calculation unit 204 will be described in
detail with reference to Fig. 7.

[0059]

In the ©processing of step S13, +the similarity

calculation unit 203 first calculates the Hamming



distances Dbetween one (for example, the first feature
point (Fig. 5)) of the plurality of feature points
extracted from the number plate image and all the feature
points recorded in the learning data set DS (the learning
data table DS1). The Hamming distance indicates the
distance between the feature amounts that are represented
by multidimensional wvector values, and it can be said that
the smaller the Hamming distance is, the more similar it
is. The similarity calculation wunit 203 extracts a
plurality (for example, the top 20 pieces) of feature
points in which the Hamming distance is small, with
respect to the first feature point (refer to Fig. 7 and
step S13).

Also with respect to each of the other feature
points (the second feature point, the third feature
point, ..., the two-hundredth feature point) extracted
from the number plate image, similarly, the similarity
calculation unit 203 extracts a plurality (for example,
the top 20 pieces) of feature points in which the Hamming
distance is small, from the learning data set DS (refer to
Fig. 7 and step S13).

[0060]

Next, the vote wvalue calculation unit 204 calculates
the wvote wvalue of each number plate information by using

the feature point specified as a feature point having high



similarity, with respect to each of the feature points
(the first feature point, the second feature point, ...,
the two-hundredth feature point) extracted from the number
plate image, and the Hamming distance thereof.

Specifically, the wvote wvalue calculation unit 204
extracts the feature point having the same number plate
information as the number plate information associated
with each feature point in the data table DS2, among the
plurality of feature points specified in step S13. Then,
the vote wvalue calculation wunit 204 integrates the
reciprocal of the Hamming distance of each feature point
associated with the same number plate information.

For example, according to the example shown in Fig.
7, among the plurality of feature points specified in step
S13, the feature points associated with the number plate
information (vehicle number) of "ABC123" are three object
IDs "00425", "00110", and "00247". Therefore, the vote
value calculation wunit 204 calculates the sum of the
reciprocals of the Hamming distances of the three feature
points with respect to the number plate information of
"ABC123". In this case, since the Hamming distance of the
feature point that is indicated by the object ID "00425"
is "15", the Hamming distance of the feature point that is
indicated by the object ID "00110" is "8", and the Hamming

distance of the feature point that is indicated by the



object ID "00247" is "24", the vote wvalue calculation unit
204 calculates the wvote wvalue of the number plate
information of "ABC123" as 1/15+1/8+1/24=0.23.

Similarly, according to the example shown in Fig. 7,
the wvote wvalue calculation unit 204 calculates the wvote
value of the number plate information of "DEF456" as
1/7=0.14 by using the Hamming distance "7" of the feature
point of the object ID "02023". Further, the vote value
calculation wunit 204 calculates the vote wvalue of the
number plate information of "GHI789" as 1/147+1/36=0.03 by
using the Hamming distance “147” of the feature point of
the object ID “10194” and the Hamming distance “36” of the
feature point of the object ID “10493".

[0061]

Next, the specifying unit 205 of the number plate
information specifying device 2 specifies the number plate
information (vehicle number) displayed in the number plate
image received in step S10, based on the vote wvalue of
each number plate information calculated by the vote value
calculation unit 204. In this processing, the specifying
unit 205 first determines whether or not the highest wvote
value (maximum vote value) among the vote values
calculated in step S14 exceeds a predetermined
determination threshold value (step S15).

[0062]

_29_



In a case where the highest vote value exceeds the
determination threshold wvalue (step S15; YES), it can be
determined that the possibility that the number plate
information with the highest wvote value may be the number
plate information that is displayed on the number plate
image 1is high. Therefore, in this case, the specifying
unit 205 immediately specifies the number plate
information having the highest number plate information
vote wvalue as the number plate information displayed on
the number plate image (step S16). In this case, the
number plate information is automatically specified by the
number plate information specifying device 2 without
requiring an input operation by the operator.

[0063]

On the other hand, in a case where the highest vote
value is equal to or less than the determination threshold
value (step S15; NO), it 1s determined that the number
plate information with the highest vote wvalue cannot be
said to be the number plate information that is displayed
on the number plate image. Therefore, the specifying unit
205 performs notification by displaying some pieces of
number plate information (for example, the number plate
information of the top three wvote values) in which a high
vote wvalue 1is obtained, on the monitor 22 as candidates

for the number plate information displayed on the number



plate image (step S17).

Next, the specifying unit 205 receives input from
the operator (step S518). The input from the operator is
for designating one of the candidates displayed on the
monitor 22, or is the number plate information designated
by the direct input of the operator.

Next, the specifying unit 205 specifies the number
plate information designated by the input of the operator
as the number plate information displayed on the number
plate image (step S19).

[0064]

The processing in steps S17 to S19 described above
will be described in detail with reference to Fig. 8.

Fig. 8 shows an example of a display screen D that
is displayed on the monitor 22 of the number plate
information specifying device 2 at the time of the
approach of the vehicle A. As shown in Fig. 8, 1in the
"target information" field of the display screen D, the
entire image (camera image) of the approaching vehicle A
and the number plate image cut out from the entire image
are displayed. Further, in the "detailed information"
field of the display screen D, in addition to information
indicating the date, the time, the tollhouse, and the like
when the approach of vehicle A 1is detected, the wvehicle

type classification and number plate information read from



the tag TG, and the character string data (number plate
information) recognized by the OCR processing are
displayed. In the example shown in Fig. 8, since the
character string data could not be recognized by the OCR
processing, the “OCR” field is blank.

[0065]

Further, as shown in Fig. 8, in the "candidate"
field of the display screen D, three number plate
information candidates having the higher vote wvalue are
displayed by the processing of step S17 by the specifying
unit 205. The operator wvisually observes the number plate
image displayed in the "target information" field, and
performs an input operation of selecting and designating
the correct character string data from the three number
plate information candidates. The input operation by the
operator may be a click operation using a mouse, a touch
operation on a touch panel, or the like.

Further, in a case where there is no correct number
plate information among the three number plate information
candidates, or the 1like, the operator may directly input
the visually confirmed correct number plate information to
an input form provided in the "direct input" field.

[0066]

Returning to Fig. 4, after the specifying unit 205

performs the processing of steps S17 to S19, the learning



unit 206 of the number plate information specifying device
2 additionally records the number plate information
designated by the input of the operator in step S18 and
the feature point extracted from the number plate image
received in step S10 in association with each other, in
the learning data set DS (step S20). In this way, a new
learning result is added to the learning data set DS.

[0067]

(Operation and Effects)

As described above, the number plate information
specifying device 2 according to the first embodiment
includes the image acquisition unit 200 that acquires a
number plate image, the feature point extraction unit 202
that extracts a feature point of the number plate image,
the similarity calculation unit 203 that refers to the
learning data set DS prepared in advance and calculates
similarity of each feature point recorded in the learning
data set DS to the feature point extracted from the number
plate image, the vote wvalue calculation unit 204 that
calculates a vote wvalue of each number plate information
recorded 1in the learning data set DS, based on the
similarity, and the specifying unit 205 that specifies the
number plate information having the highest wvote value as
number plate information that is displayed on the number

plate image.



According to such a configuration, the number plate
information specifying device 2 can specify the number
plate information corresponding to the number plate image
by comparing the feature points extracted from the number
plate image. Here, since the feature point that is
extracted from the number plate image 1is extracted to
include not only the character string (number plate
information) engraved on the number plate, but also
scratches, dents, decorations, or features that appear in
a special typeface of the number plate, correct number
plate information can be specified even with respect to a
deformed number plate or a free font number plate, which
is difficult to perform the OCR processing.

[0068]

Further, according to the number plate information
specifying device 2 of the first embodiment, the
specifying unit 205 receives input (direct input to an
input form) of the number plate information that is shown
on the number plate image from the operator 1in a case
where the highest vote wvalue is equal to or less than a
predetermined threshold value (refer to step S18 in Fig. 4,
and Fig. 8).

In this way, in a case where it is assumed that the
specifying accuracy of the number plate information based

on the comparison of the feature points is low, the number



plate information 1is specified based on the wvisual
determination of the operator, instead of automatically
specifying the number plate information. Therefore, it is
possible to enhance the specifying accuracy of the number
plate information.

[0069]

Further, according to the number plate information
specifying device 2 of the first embodiment, in a case
where the highest vote wvalue is equal to or less than a
predetermined threshold wvalue, the specifying unit 205
gives notice of (displays) the number plate information
having the higher wvote wvalue and the number plate image
acquired by the image acquisition unit 200 to the operator
in a comparable manner (refer to Fig. 8). Then, the
specifying unit 205 receives, from the operator, input of
information indicating the determination result at to
whether or not the number plate information having the
highest wvote wvalue may be specified as the number plate
information that is displayed on the number plate image
(refer to step S18 in Fig. 4, and Fig. 8).

In this manner, by displaying the candidates for the
number plate information with a high wvote wvalue in a
selectable manner, it is possible to reduce the time and
effort of the input processing of the operator.

[0070]



Further, according to the number plate information
specifying device 2 of the first embodiment, the number
plate information specifying device 2 further includes the
learning unit 206 that additionally records the number
plate information specified based on the input from the
operator and the feature point extracted from the number
plate 1image in association with each other, in the
learning data set DS.

In this way, the relationship Dbetween the number
plate image in which the OCR processing has been failed
and the number plate information specified by the wvisual
determination of the operator are accumulated with the
operation of the toll road. Therefore, the specifying
accuracy based on the comparison of the feature points can
be improved during the operation.

Further, according to the learning unit 206, only
the number plate image visually determined by the operator
due to the vote value being low (equal to or less than the
determination threshold wvalue) and the number plate
information thereof are additionally recorded in the
learning data set DS. That is, with respect to the pair
of the number plate image and the number plate information
for which a high wvote wvalue has been obtained, high
specifying accuracy has been already obtained, and

therefore, there is no great merit in learning any more.



Therefore, as described above, it is possible to
efficiently perform learning without increasing the amount
of information of the learning data set DS too much.

For example, the number plate of a wvehicle that uses
the toll road for the first time is not learned at all in
the number plate information specifying device 2.
Therefore, 1in a case where the OCR processing on the
number plate image of the wvehicle is failed, the number
plate information specifying device 2 tries to specify the
number plate information from the existing learning data
set DS. However, (because there is no matching
information), any number plate information has a low vote
value. In this case, the number plate image is visually
determined by the operator (steps S17 to S18 in Fig. 4),
and is additionally recorded in the learning data set DS
in association with the correct number plate information.
This i1s repeated every time the vehicle passes through the
tollhouse on the toll road, whereby the learning results
regarding the number plate of the vehicle are gradually
accumulated, and the vote value also increases accordingly.
Then, when the learning results are sufficiently
accumulated and the vote wvalue reaches a predetermined
determination threshold wvalue, the processing is switched
to the automatic specifying processing (step S16 in Fig.

4), and the learning is completed (additional recording is



not performed) .

[0071]

Further, the billing system 1 according to the first
embodiment includes the number plate information
specifying device 2, the number plate recognition device
30 that performs the OCR processing on the number plate
image acquired through the camera 33 and extracts the
number plate information from the number plate image, and
the reader device 32 that reads wuser identification
information for identifying a user to be billed from the
tag TG (information recording medium) attached to the
vehicle A.

In this way, in the Dbilling system 1, when
performing the billing processing by the reader device 32,
it is possible to extract the number plate information,
based on not only the number plate specifying processing
by the number plate information specifying device 2 but
also a normal OCR processing.

[0072]

Further, the number plate recognition device 30
transmits the number plate image to the number plate
information specifying device 2 in a case where the number
plate information cannot be extracted from the number
plate image acquired through the camera 33, as a result of

the OCR processing (refer to step S02 in Fig. 3).



In this way, the number plate image from which the
number plate information can be extracted by the OCR
processing does not become a target of the number plate
information specifying processing by the number plate
information specifying device 2. Therefore, the
processing load of the number plate information specifying
device 2 can be reduced.

[0073]

Further, the number plate recognition device 30
transmits the number plate image to the number plate
information specifying device 2 1in a case where first
number plate information extracted from the number plate
image by the OCR processing and second number plate
information read from the tag TG do not coincide with each
other (refer to step S03 in Fig. 3).

In this way, the number plate image in which the
result of the OCR processing does not coincide with the
number plate information recorded 1in the tag TG also
becomes a target of the number plate information
specifying processing by the number plate information
specifying device 2. Therefore, even with respect to the
number plate image with a high probability that the OCR
processing may be incorrect, the correct number plate
information can be obtained through the number plate

information specifying device 2.



[0074]

[Modification Examples]

The number plate information specifying device 2
according to the first embodiment and the billing system 1
provided with the number plate information specifying
device 2 have been described in detail above. However,
specific aspects of the number plate information
specifying device 2 and the billing system 1 are not
limited to those described above, and it 1is possible to
add wvarious design changes or the like to them within a
scope that does not deviate from the gist.

[0075]

For example, the number plate recognition device 30
according to the first embodiment has been described as
the aspect in which it transmits only the number plate
image in which the OCR processing has been failed to the
number plate information specifying device 2. However, in
other embodiments, there is no limitation to this aspect.

In the billing system 1 according to another
embodiment, the number plate recognition device 30 may
transmit all the number plate images including the number
plate image whose OCR processing has been succeeded to the
number plate information specifying device 2. In this way,
it is possible to increase the learning speed for each

number plate.



[0076]

Further, the number plate information specifying
device 2 according to the first embodiment has been
described as the aspect in which it notifies the operator
of three candidates having the higher vote value (displays
the candidates on the monitor 22) in a case where the
highest wvote wvalue Dbecomes equal to or less than a
predetermined determination threshold wvalue. However, in
other embodiments, there is no limitation to this aspect.
For example, the number plate information specifying
device 2 according to another embodiment may notify the
operator of only one candidate having the highest wvote
value.

[0077]

Further, the number plate information specifying
device 2 (the vote wvalue calculation unit 204) according
to the first embodiment has been described as the aspect
in which it calculates the wvote wvalue for each number
plate information by the sum of the reciprocals of the
Hamming distances. However, in other embodiments, there
is no limitation to this aspect.

For example, the number plate information specifying
device 2 according to another embodiment may determine the
number of feature points whose Hamming distance is equal

to or less than a predetermined value, among the feature



points recorded in the learning data set DS, as the vote
value for each number plate information. That is, the
vote wvalue calculation unit 204 calculates the vote wvalue
that is obtained by aggregating the determination result
(similarity) of whether or not the Hamming distance 1is
equal to or less than a predetermined wvalue for each
number plate information recorded in the learning data set
DS.

[0078]

Further, the number plate recognition device 30
according to the first embodiment has been described as
the aspect in which it transmits the number plate image to
the number plate information specifying device 2 in a case
where the number plate information cannot be extracted by
the OCR processing, and transmits the number plate image
to the number plate information specifying device in a
case where the number plate information (the first number
plate information) does not <coincide with the second
number plate information read from the tag TG even in a
case where the number plate information can be extracted
by the OCR processing. However, in other embodiments,
there is no limitation to this aspect.

For example, the number plate recognition device 30
according to another embodiment may specify provisional

number plate information prepared in advance as the first



number plate information in a case where the number plate
information cannot be extracted by the OCR processing.
This provisional number plate information is set as
information (number) that is not actually used. In this
way, 1n a case where the number plate information cannot
be extracted by the OCR processing, the provisional number
plate information prepared in advance and the number plate
information read from the tag TG are compared with each
other in step S03 in Fig. 3, and when the two do not
coincide with each other, the number plate 1image 1is
transmitted to the number plate information specifying
device.

The ©provisional number plate information may be
information set in the first number plate information in
advance as an initial wvalue Dbefore the number plate
information extracted by the OCR processing is set.

[0079]

The process of each processing in the number plate
information specifying device 2 described above is stored
in a computer-readable recording medium in the form of a
program, and a computer reads and executes this program,
whereby the processing is performed. Here, the computer-
readable recording medium refers to a magnetic disk, a
magneto-optical disk, a CD-ROM, a DVD-ROM, a semiconductor

memory, or the like. Further, this computer program may



be distributed to a computer by a communication line, and
the computer receiving the distribution may execute the
program.

[0080]

Further, the above program may be a program for
realizing some of the functions described above. Further,
the program may be a so-called difference file (difference
program) that can realize the functions described above in
combination with a program already recorded in a computer
system.

Further, the number plate information specifying
device 2 may Dbe configured with one computer or may be
composed of a plurality of computers communicably
connected to each other.

[0081]

In addition, it is possible to appropriately replace
the constituent elements in the embodiment described above
with well-known constituent elements within a scope that
does not depart from the gist of the present invention.
Further, the technical scope of the present invention is
not limited to the embodiment described above, and wvarious
modifications can be made within a scope that does not
depart from the gist of the present invention.

[Industrial Applicability]

[0082]



According to the number plate information specifying
device 2, the Dbilling system 1, the number plate
information specifying method, and the program described
above, it 1is possible to enhance the accuracy of the
automatic recognition of the number plate.

[Reference Signs List]

[0083]

1: billing system

2: number plate information specifying device

20: CPU

200: image acquisition unit

201: plate determination unit

202: feature point extraction unit

203: similarity calculation unit

204: vote value calculation unit

205: specifying unit

206: learning unit

21: communication interface

22: monitor

23: recording medium

3: roadside device

30: number plate recognition device

31: vehicle detector

32: reader device

33: camera



DS:

A:

NP :

TG:

learning data set
vehicle
number plate

tag
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Claims

[Claim 1]

A number plate information specifying device
comprising:

an 1image acquisition unit that acquires a number
plate image;

a feature point extraction unit that extracts a
feature point of the number plate image;

a similarity <calculation wunit that refers to a
learning data set in which a plurality of feature points
and a plurality of pieces of number plate information are
recorded in association with each other, and calculates
similarity of each feature point recorded in the learning
data set to the feature point extracted from the number
plate image;

a vote wvalue calculation unit that calculates a vote
value that 1is obtained by aggregating the similarity of
each feature point recorded in the learning data set for
each number plate information recorded in the learning
data set; and

a specifying unit that specifies number ©plate
information having a highest wvote wvalue as number plate

information that is displayed on the number plate image.



[Claim 2]

The number ©plate information specifying device
according to claim 1, wherein the specifying unit receives
input of number plate information that is shown on the
number plate image from an operator in a case where the
highest wvote wvalue is equal to or less than a

predetermined threshold value.

[Claim 3]

The number ©plate information specifying device
according to claim 1 or 2, wherein in a case where the
highest wvote wvalue is equal to or less than a
predetermined threshold value, the specifying unit
notifies an operator of the number plate information
having the highest vote wvalue and the number plate image,
and receives, from the operator, input of information
indicating a determination result as to whether or not the
number plate information having the highest wvote wvalue is
to be specified as the number plate information that is

displayed on the number plate image.

[Claim 4]
The number ©plate information specifying device
according to claim 2 or 3, further comprising:

a learning unit that additionally records the number



plate information specified based on the input from the
operator and the feature point extracted from the number
plate 1image in association with each other, in the

learning data set.

[Claim 5]

A billing system comprising:

the number plate information specifying device
according to any one of claims 1 to 4;

a reader device that reads wuser identification
information for identifying a user to be billed, from an
information recording medium attached to a vehicle; and

a number plate recognition device that performs OCR
processing on a number plate image acquired through a
camera and extracts number plate information from the

number plate image.

[Claim 6]

The billing system according to claim 5, wherein the
number plate recognition device transmits the number plate
image to the number plate information specifying device in
a case where the number plate information cannot be
extracted from the number plate image, as a result of the

OCR processing.



[Claim 7]

The billing system according to <c¢laim 5 or 6,
wherein the number plate recognition device

transmits the number plate image to the number plate
information specifying device in a case where first number
plate information extracted from the number plate image by
the OCR processing and second number plate information
read from the information recording medium do not coincide

with each other.

[Claim 8]

A number plate information specifying method
comprising:

a step of acquiring a number plate image;

a step of extracting a feature point of the number
plate image;

a step of referring to a learning data set in which
a plurality of feature points and a plurality of pieces of
number plate information are recorded in association with
each other, and calculating similarity of each feature
point recorded in the learning data set to the feature
point extracted from the number plate image;

a step of calculating a wvote wvalue that is obtained
by aggregating the similarity of each feature point

recorded in the learning data set for each number plate



information recorded in the learning data set; and
a step of specifying number plate information having
a highest wvote wvalue as number plate information that is

displayed on the number plate image.

[Claim 9]

A program that causes a computer of a number plate
information specifying device to execute:

a step of acquiring a number plate image;

a step of extracting a feature point of the number
plate image;

a step of referring to a learning data set in which
a plurality of feature points and a plurality of pieces of
number plate information are recorded in association with
each other, and calculating similarity of each feature
point recorded in the learning data set to the feature
point extracted from the number plate image;

a step of calculating a wvote wvalue that is obtained
by aggregating the similarity of each feature point
recorded in the learning data set for each number plate
information recorded in the learning data set; and

a step of specifying number plate information having
a highest vote wvalue as number plate information that is

displayed on the number plate image.



