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DESCRIPTION

TITLE: COLLATION SYSTEM

TECHNICAL FIELD
[0001]

The present invention relates to a collation system, and in particular, to a collation
system for performing collation on a target that is about to pass through a gate.
BACKGROUND ART
[0002]

As a means for limiting or managing persons who enter or leave a specific location such
as an office or an event site, a collation system is used to perform collation on a person who is
about to pass through so as to check whether or not the person is a previously registered person.
In particular, since a face authentication technique has been developed recently, a walkthrough
face authentication system has been used to perform face authentication from a face image of a
person captured by a camera installed at a gate.

[0003]

Patent Literature 1: JP 2015-1790 A

SUMMARY
[0004]
In a walkthrough face authentication system, there is a case where a plurality of gates

are installed adjacently, and lanes on which persons move toward the respective gates are
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provided adjacently. In that case, in an image in which persons moving on a lane of a gate are
captured, there is a case where a person moving on the adjacent lane toward the adjacent gate is
also shown. Therefore, a person moving on the adjacent lane may be erroneously recognized as
a person moving on the own lane, which may hinder collation of a person passing through the
own gate provided ahead of the own lane. Therefore, in a state where a plurality of gates are
installed, erroneous recognition of a person moving toward each gate should be suppressed.
[0005]

Further, as art related to the walkthrough face authentication system, art described in
Patent Literature 1 has been known. Patent Literature 1 presents a problem that authentication
is completed when a person is located away from the gate and the gate is opened before the
person reaches the gate. In order to solve such a problem, in Patent Literature 1, collation is
performed between a captured face image of a person and a registered face image, and based on
the size of the collated person on the input image, approaching to the gate of the person is
detected.

[0006]

However, in Patent Literature 1, a collation process is performed on all persons shown
in the input image, and then, approaching to the gate of a person whose collation has succeeded
is detected. This causes a problem that a processing load of a collation process is always placed
on the information processing apparatus.

[0007]
Further, a problem of erroneous recognition of persons moving toward the respective

gates and a problem that a processing load of a collation process is always placed on the



information processing apparatus may be caused not only in the case where a target that is about
to pass through the gate is a person but also in the case where collation is performed on any
target.

[0008]

Therefore, embodiments of the present invention provide a collation system capable of
solving the problems described above, that is, a problem of erroneous recognition of a target that
is about to pass through the gate and a problem that a processing load is always placed on the
information processing apparatus.

[0009]

According to a first aspect of the present invention, there is provided a collation system
including: imaging means for acquiring a captured image of a pre-passage side area with respect
to a gate; collation means for performing a collation process between a previously registered
target and a target in the captured image; determination means for determining propriety of
passage of the target with respect to the gate, on a basis of a result of the collation process; target
information detection means for detecting target information representing a feature of the target
in the captured image, wherein the collation means initiates the collation process on a basis of a
condition, set to each area of the captured image, for the target information of the target located
in the area, and a condition for the target information of the target, set to an end area relative to a
center area in the horizontal direction of the captured image, and a condition for the target
information of the target, set to the center area, are different from each other.

In an embodiment, the collation means is configured to initiate the collation process on
the basis of a condition, set to each area of the captured image, for the target located in the area.
[0010]

According to a second aspect of the present invention, there is provided an information
processing apparatus including: collation means for performing a collation process between a
target in a captured image of a pre-passage side area with respect to a gate and a previously
registered target; determination means for determining propriety of passage of the target with
respect to the gate, on a basis of a result of the collation process; and target information detection
means for detecting target information representing a feature of the target in the captured image,

wherein the collation means initiates the collation process on a basis of a condition, set to each



area of the captured image, for the target information of the target located in the area, and a
condition for the target information of the target, set to an end area relative to a center area in the
horizontal direction of the captured image, and a condition for the target information of the target,
set to the center area, are different from each other.

In an embodiment, the collation means initiates the collation process on the basis of a
condition, set to each area of the captured image, for the target located in the area.

[0011]

According to a third aspect of the present invention, there is provided a non-transitory
computer-readable storage medium storing a program including instructions for causing an
information processing apparatus to realize: collation means for performing a collation process
between a target in a captured image of a pre-passage side area with respect to a gate and a
previously registered target; determination means for determining propriety of passage of the
target with respect to the gate, on a basis of a result of the collation process; and target
information detection means for detecting target information representing a feature of the target
in the captured image, wherein the collation means initiates the collation process on a basis of a
condition, set to each area of the captured image, for the target information of the target located
in the area, and a condition for the target information of the target, set to an end area relative to a
center area in the horizontal direction of the captured image, and a condition for the target
information of the target, set to the center area, are different from each other.

In an embodiment, the collation means is configured to initiate the collation process on
the basis of a condition, set to each area of the captured image, for the target located in the area.
[0012]

According to a fourth aspect of the present invention, there is provided a collation
method including, by an information processing apparatus: performing a collation process
between a target in a captured image of a pre-passage side area with respect to a gate and a
previously registered target; and determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process, wherein the information processing
apparatus detects a size or orientation of the target as target information representing a feature of
the target in the captured image, and initiates the collation process on a basis of a condition, set

to each area of the captured image, for the target information of the target located in the area, and



a condition for the target information of the target, set to an end area relative to a center area in
the horizontal direction of the captured image, and a condition for the target information of the
target, set to the center area, are different from each other.

In an embodiment, the information processing apparatus is configured to initiate the
collation process on the basis of a condition, set to each area of the captured image, for the target
located in the area.

[0013]

As per embodiments of the present invention, it is possible to suppress erroneous
recognition of a target that is about to pass through the gate, and to suppress unnecessary
collation processes to thereby reduce the processing load to be placed on the information

processing apparatus.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 illustrates a used state of a face authentication system according to a first
exemplary embodiment of the present invention.

Fig. 2 is a block diagram illustrating a configuration of the face authentication system
according to the first exemplary embodiment of the present invention.

Fig. 3 illustrates an imaging state by the face authentication system disclosed in Fig. 1.

Fig. 4A illustrates a captured image captured in the imaging state of Fig. 3 by the face
authentication system disclosed in Fig. 1.

Fig. 4B illustrates a captured image captured in the imaging state of Fig. 3 by the face
authentication system disclosed in Fig. 1.

Fig. 5 illustrates an imaging state by the face authentication system disclosed in Fig. 1.

Fig. 6A illustrates a captured image captured in the imaging state of Fig. 5 by the face
authentication system disclosed in Fig. 1.

Fig. 6B illustrates a captured image captured in the imaging state of Fig. 5 by the face
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authentication system disclosed in Fig. 1.

Fig. 7 is a flowchart illustrating a processing operation by the face authentication system
disclosed in Fig. 1.

Fig. 8 illustrates an imaging state by a face authentication system according to a second
exemplary embodiment of the present invention.

Fig. 9A illustrates a captured image captured in the imaging state of Fig. 8 by the face
authentication system according to the second exemplary embodiment of the present invention.

Fig. 9B illustrates a captured image captured in the imaging state of Fig. 8 by the face
authentication system according to the second exemplary embodiment of the present invention.

Fig. 10 illustrates an imaging state by the face authentication system according to the
second exemplary embodiment of the present invention.

Fig. 11A illustrates a captured image captured in the imaging state of Fig. 10 by the face
authentication system according to the second exemplary embodiment of the present invention.

Fig. 11B illustrates a captured image captured in the imaging state of Fig. 10 by the face
authentication system according to the second exemplary embodiment of the present invention.

Fig. 12 is a block diagram illustrating a configuration of a collation system according to
a third exemplary embodiment of the present invention.

Fig. 13 is a block diagram illustrating a configuration of an information processing

apparatus according to the third exemplary embodiment of the present invention.

EXEMPLARY EMBODIMENTS

[0015]
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<First Exemplary Embodiment>

A first exemplary embodiment of the present invention will be described with reference
to Figs. 1 to 7. Fig. 1 illustrates a used state of a face authentication system. Fig. 2 illustrates
a configuration of a face authentication system. Figs. 3 to 7 are diagrams for explaining
processing operation of the face authentication system.

[0016]
[Overall configuration]

A face authentication system 10 (collation system) of the present invention is a system
to be used for limiting and managing entrance/exit of persons (targets) at a specific location such
as an office or an event site. For example, an imaging device constituting the face
authentication system 10 is installed for each gate that is opened and closed when a person enters
or leaves, in the vicinity of the installed location of the gate.

[0017]

In the example illustrated in Fig. 1, three gates G1, G2, and G3 are adjacently arranged
in parallel with each other, and are configured such that persons go through in a direction shown
by arrows from the right side in Fig. 1 toward the respective gates G1, G2, and G3. Therefore,
the right side area in Fig. 1 with respect to each of the gates G1, G2, and G3 is an area before a
person passes through the gate (pre-passage side area). In the pre-passage side areas of the
respective gates G1, G2, and G3, lanes R1, R2, and R3, on which persons who are about to pass
through the gates G1, G2, and G3 move in lines, are located in parallel with each other
corresponding to the gates G1, G2, and G3, respectively. Note that the respective lanes R1, R2,

and R3 may or may not be partitioned with some members.
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[0018]

In the state illustrated in Fig. 1, imaging devices C1, C2, and C3 constituting the face
authentication system 10 in the present embodiment are installed in the vicinity of the
corresponding gates G1, G2, and G3, respectively, on the right side thereof as viewed from the
persons moving toward the respective gates G1, G2, and G3. However, the installation
positions of the imaging devices are not limited to the positions as illustrated in Fig. 1. They
may be installed at any positions such as a left side as viewed toward the gates or above the gates.
Note that the face authentication system 10 also has display devices in the vicinity of the
imaging devices C1, C2, and C3.

[0019]

In the face authentication system 10, at the gate G1, for example, an image of a person
moving toward the gate G1 is captured by the installed imaging device C1. Then, from a face
image of the person shown in the captured image, collation is performed to check whether or not
the person is a previously registered person. When the collation succeeded, a process of
opening the gate G1 is performed so as to allow the person to pass through. The configuration
of the face authentication system 10 will be described in detail below. Note that while
description will be given below on the face authentication system 10 provided corresponding to
the gate G1, a face authentication system provided corresponding to another gate G2 or G3 has
the same configuration.

[0020]
[Configuration of face authentication system]|

The face authentication system 10 of the present embodiment is an information
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processing apparatus including an arithmetic device and a storage device integrally formed with
the imaging device C1 (camera) and a display device D1 (display). Put another way, an
information processing apparatus having an arithmetic unit that performs face authentication
processing and a storage unit, and the display device D1 are mounted on the imaging device C1.
However, the face authentication system 10 is not necessarily limited to that integrally formed
with the imaging device C1 and the display device D1. For example, the imaging device C1,
the display device D1, and the information processing apparatus that processes captured images
may be different devices and installed at different locations.

[0021]

Specifically, as illustrated in Fig. 2, the face authentication system 10 includes the
imaging device C1 and the display device D1, and also includes a target extraction unit 11
constructed by execution of a program by the arithmetic unit, a condition determination unit 12,
a collation unit 13, and a gate control unit 14. The face authentication system 10 also includes
a collation condition storage unit 15 and a collation data storage unit 16 that are constructed in
the storage unit.

[0022]

The imaging device C1 (imaging means) is provided with a camera for acquiring a
captured image of a pre-passage side area with respect to the gate G1, that is, an area in front of
the gate G1 of the corresponding lane R1, at a predetermined frame rate, and a camera control
unit.  As illustrated in Fig. 3, the capturing area of the imaging device C1 is a range between
lines Cla, for example. Here, the capturing area of the imaging device Cl1 is set such that a

person P10, moving on the lane R1 (own lane) corresponding to the gate G1 at which the
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imaging device Cl1 is installed, is located in a center area in the horizontal direction between
lines C1b of the capturing area. Note that the captured image is set to be roughly focused in a
range of a preset distance in the approaching direction with respect to the imaging device C1,
that is, a distance from a line L1 to a line L2 illustrated in Fig. 3, for example.

[0023]

Since the capturing area of the imaging device C1 is set as described above, in an end
area in the horizontal direction with respect to the center area, that is, in an area between the line
Cla and the line C1 of the capturing area, a person P20 moving on the lane R2 corresponding to
the adjacent gate G2 may be shown, in the state illustrated in Figs. 3, 4A, and 4B.  Further, in
the state illustrated in Figs. 5, 6A, and 6B, a person P12 located on the own lane R1,
corresponding to the own gate G1 at which the imaging device C1 is installed, may be shown in
the end area. Even if such a state is caused, the face authentication system 10 of the present
invention is configured to enable determination of propriety of gate passage by appropriately
recognize the person P12 who is about to pass through the own gate G1, and to reduce the
processing load.

[0024]

The target extraction unit 11 (target information detection means) acquires a captured
image from the imaging device C1, and detects determination information (target information) to
be used for determining whether or not to initiate a collation process, as described below, for
example. First, a face area of a person who is a processing target is extracted from a captured
image. Extraction of a face area of a person is performed by determining the position, color,

and the like with respect to the entire image of a moving person. Then, the target extraction
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unit 11 detects the feature of the person as determination information, from the face area. In the
present embodiment, a feature as determination information is a distance between the eyes of a
person (inter-eye distance), and is detected as denoted by references signs d10, d20, and d12
illustrated in Figs. 4A, 4B, 6A, and 6B. However, a method of detecting the inter-eye distance
is not limited to the methods described above. Detection may be performed by any method.
Also, the determination information may be any information representing a feature of a person,
and may be detected by any method.

[0025]

The condition determination unit 12 (collation means) determines whether or not the
inter-eye distance d10, d20, or d12 that is a feature of a person as determination information
detected by the target extraction unit 11 satisfies the condition for initiating a collation process.
In the present embodiment, as the condition for initiating a collation process, different values are
set to areas where a person is located in the captured image, that is, different values are set to a
center area and an end area in the captured image. Such values are stored in advance in the
collation condition storage unit 15. For example, as a condition value Tc corresponding to the
center area of a captured image, when a person is located on the lane R1 of the own gate G1, a
value that must be exceeded by the inter-eye distance of the person is set. On the other hand, as
a condition value Te corresponding to the end area of the capture image, a value larger than the
value Tc set to the center area is set (Te > Tc). As an example, as the condition value Te
corresponding to the end area, a value that is smaller than the inter-eye distance d12 of a person
P12 located closer to the imaging device 1 on the lane R1 of the own gate G1 as illustrated in

Figs. 5, 6A and 6B, and is larger than the inter-eye distance d20 of a person P20 on the adjacent



10

15

20

12

lane R2 as illustrated in Figs. 3, 4A, and 4B, is set.
[0026]

In the above-described state, the condition determination unit 12 determines whether or
not the inter-eye distance d10, d20, or d12 that is a feature of the person as determination
information exceeds the condition value (Tc or Te) set to the area in the captured image where
the person is located. For example, in the case of Figs. 3, 4A, and 4B, for a person P10 located
in the center area of the captured image, it is determined whether or not the inter-eye distance
d10 exceeds the condition value Tc set to the center area. Meanwhile, for the person P20
located in the end area of the captured image, it is determined whether or not the inter-eye
distance d20 exceeds the condition value Te set to the end area. Similarly, in the case of Figs. 5,
6A, and 6B, for the person P10 located in the center area of the captured image, it is determined
whether or not the inter-eye distance d10 exceeds the condition value Tc set to the center area.
Meanwhile, for the person P12 located in the end area of the captured image, it is determined
whether or not the inter-eye distance d12 exceeds the condition value Te set to the end area. In
the example of Figs. 3, 4A, and 4B, the person P10 in the center area satisfies the condition and
the person P20 in the end area does not satisfy the condition. In the example of Figs. 5, 6A, and
6B, the person P10 in the center area satisfies the condition and the person P12 in the end area
also satisfies the condition.

[0027]

When the condition determination unit 12 determines that the inter-eye distance of a

person exceeds the condition value set to the area where the person is located, that is, when the

condition is satisfied, the collation unit 13 (collation means) initiates a collation process with
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respect to such a person. In other words, the collation unit 13 does not perform a collation
process on a person determined, by the condition determination unit 12, that the condition is not
satisfied. Here, a collation process is performed as described below, for example. First, a
feature amount required for collation is generated from the face area of a person who is a target
of a collation process. Then, a collation score such as similarity between the generated feature
amount and the feature amount of the person having been registered in the collation data storage
unit 16 is calculated, and it is determined whether or not the collation score is higher than a
threshold. When the collation score is higher than the threshold, it is determined that the
collation has succeeded and that the person who is about to pass through the gate G1 is the
person having been registered. At this time, the feature amount of the person to be detected for
collation may be a feature amount used in an existing face collation technique, and may be a
feature amount calculated by any method.  Also, as the collation method, any method may be
used.
[0028]

The gate control unit 14 (determination means) first determines propriety of passage of
the person with respect to the gate G1, based on the collation result by the collation unit 13.
Specifically, it is determined that the person whose collation by the collation unit 13 has been
succeeded is allowed to pass through. The gate control unit 14 also has a function of displaying
the collation result, that is, success or failure of collation, on the display device D1. Moreover,
the gate control unit 14 also has a gate control function to open or close the gate G1, and
performs control to open the gate for the person determined to be allowed to pass through.

[0029]
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Note that the display device D1 is installed such that the display surface faces the
pre-passage side area of the gate G1 so as to be viewable by the person who is about to pass
through the gate G1. However, the display device D1 is not necessarily provided.

[0030]
[Operation]

Next, operation of the face authentication system 10 as described above will be
described with reference to the flowchart of Fig. 7. Here, operation of the face authentication
system 10 corresponding to the gate G1 will be described. Description will be given on the
case where the capturing state by the imaging device C1 is as illustrated in Figs. 3 to 6B, as an
example.

[0031]

The imaging device C1 corresponding to the gate G1 continuously captures images of
the pre-passage side area of the gate G1. Then, the face authentication system 10 regularly
performs processing, as described below, on the captured images.

[0032]

First, the target extraction unit 11 extracts a person (target) to be processed from a
captured image (step S1). Then, from the extracted person, the target extraction unit 11 detects
a feature of the person, that is, an inter-eye distance of the person in this case, as determination
information necessary for performing condition determination for initiating the collation process
(step S2). For example, the inter-eye distance is detected as denoted by the reference sign d10
or d20 of Fig. 4 or the reference sign d10 or d12 of Fig. 6.

[0033]
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Then, the condition determination unit 12 determines whether or not the inter-eye
distance that is the detected determination information satisfies the condition for initiating the
collation process. At this time, since a condition value is set to each area where the person is
located, the condition determination unit 12 reads the condition value corresponding to the
location of the person from the collation condition storage unit 15, and determines whether or
not the detected inter-eye distance exceeds the condition value (step S3). Similarly, in the
example of Figs. 3, 4A, and 4B, it is determined that the inter-eye distance d10 of the person P10
located in the center area of the captured image exceeds the condition value Tc set to the center
area. Then, it is determined that the inter-eye distance d20 of the person P20 located in the end
area of the captured image does not exceed the condition value Te, set to the end area, that is a
larger value than the value Tc. Therefore, it is determined that only the person P10 satisfies the
condition for initiating the collation process (Yes at step S3). Similarly, in the example of Figs.
5, 6A, and 6B, it is determined that the inter-eye distance d10 of the person P10 located in the
center area of the captured image exceeds the condition value Tc set to the center area. Then, it
is determined that the inter-eye distance d12 of a person P12 located in the end area of the
captured image exceeds the condition value Te set to the end area. Therefore, in the example of
Figs. 5, 6A, and 6B, it is determined that the person P10 and the person P12 satisfy the condition
for starting the collation process (Yes at step S3).

[0034]

Then, the collation unit 13 initiates the collation process with respect to the person

determined, by the condition determination unit 12, that the inter-eye distance exceeds the

condition value set to each area (step S4). In the example of Figs. 3, 4A, and 4B, the collation



10

15

20

16

unit 13 initiates the collation process only for the person P10, and in the example of Figs. 5, 6A,
and 6B, the collation unit 13 initiates the collation process for the person P10 and the person P12.
In the collation process, first, a feature amount necessary for collation is detected from the face
area of the person who is a target of the collation process, and the feature amount is collated with
the feature amount of the person having been registered in the collation data storage unit 16,
whereby a collation score is acquired. Then, it is determined whether or not the collation score
exceeds a threshold. In the example of Figs. 5, 6A, and 6B, while the person P10 and the
person P12 are collation targets, the collation process may be initiated for the person P12 having
a larger inter-eye distance that is determination information in preference, to determine propriety
of passage and to open or close the gate, as described below.

[0035]

As a result of the collation process by the collation unit 13, when collation of the person
who is about to pass through has succeeded (Yes at step S5), the gate control unit 14
(determination means) allows passage of the person with respect to the gate G1 and performs
control to open the gate G1 (step S6). At that time, the gate control device 14 displays
propriety of passage on the display device D1.

[0036]

As described above, according to the face authentication system 10 of the present
embodiment, it is possible to suppress a collation process with respect to the person P20 who is
about to pass through the adjacent gate G2, and to perform a collation process appropriately on
the persons P10 and P12 who are about to pass through the own gate G1. For example, in the

example of Figs 3, 4A, and 4B, a collation process is performed on the person P10 who is about
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to pass through the own rage G1 but is not performed on the person P20 who is about to pass
through the adjacent gate G2. Further, in the example of Figs. 5, 6A, and 6B, even for the
person P12 shown in the end area of the captured image, since the person P12 is about to pass
through the own gate G1, a collation process is performed appropriately. Consequently, it is
possible to suppress erroneous recognition of a person who is about to pass through another gate,
and to suppress unnecessary collation processes to thereby reduce the processing load on the
information processing apparatus.

[0037]

Note that although an example is given for the case where area inside the captured
image is divided into a center area and end areas in the horizontal direction, it may be divided
into different areas. Even in that case, a condition for initiating a collation process is set to each
area.

[0038]

Further, while description has been given on the case where the determination
information that is a feature of a person to be compared with a condition value for initiating a
collation process is an inter-eye distance, the determination information may be a distance
between other parts constituting the face of a person, or a value representing the size of another
part of a person. Corresponding to it, a condition value for initiating a collation process is set to
each area of the captured image.

[0039]
Further, while description has been given, as an example, on the case where a target that

is about to pass through the gate G1 is a person, it is not limited to a person but may be any
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object. For example, an object such as baggage is also acceptable. Corresponding to it,
determination information representing a feature of a target to be compared with a condition
value for initiating a collation process may be information representing any feature that can be
detected from the object. Further, for performing a collation process, any feature amount that
can be detected from the object may be used.

[0040]

<Second Exemplary Embodiment>

A second exemplary embodiment of the present invention will be described with
reference to Figs. 8 to 11B.  Figs. 8 to 11A are diagrams for explaining a processing operation
of a face authentication system.

[0041]

A face authentication system 10 of the present embodiment has a configuration similar
to that of the face authentication system of the first exemplary embodiment described above.
However, the criterion for determining whether or not a condition for initiating a collation
process differs. This means that in the present embodiment, the orientation of a person with
respect to the gate G1 is detected as determination information from a captured image, and when
the determination information satisfies the condition set from each area of the captured image, a
collation process is initiated. A configuration different from that of the first exemplary
embodiment will be mainly described in detail below.

[0042]
The target extraction unit 11 (target information detection means) of the present

embodiment first extracts the face area of a person to be processed from a captured image.
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Then, as a feature of the person that is determination information to be used for determining
whether or not to initiate a collation process, the target extraction unit 11 detects the orientation
of the face of the person with respect to the own gate G1.  Specifically, as determination
information, an angle of the front face with respect to an optical axis A1 of the imaging device
Cl1 is detected. For example, parts such as eyes, nose, and mouth constituting the face of a
person are extracted and the absolute orientation of the face is detected from the positional
relationship between them, and further, the installation angle of the imaging device C1 is also
considered, whereby an angle of the face with respect to the imaging device C1 can be detected.
Note that the orientation of the face may be detected by any method.

[0043]

Then, the condition determination unit 12 (collation means) of the present embodiment
determines whether or not the angle of the face with respect to the imaging device C1 that is
determination information detected by the target extraction unit 11 satisfies the condition for
initiating the collation process set to each area of the captured image. In the present
embodiment, as the condition for initiating the collation process, different values are set to the
center area and the end area in the horizontal direction of the captured image. Such values are
stored in advance in the collation condition storage unit 15.

[0044]

Here, condition values that are set corresponding to the center area and the end area of
the captured image respectively will be described.  As illustrated in Figs. 8, 9A, and 9B, a
person P10 located in the center area of the captured image and moving toward the own gate G1

has a high possibility of facing the capturing direction of the imaging device. Therefore, it is
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highly likely that an angle defined by the direction of an optical axis Al of the imaging device
C1 and the direction of the front face of the person P10 is extremely small. On the other hand,
regarding a person P20 located in the end area of the captured image and moving toward the
adjacent gate G2, there is a high possibility that the person P20 faces the capturing direction of
the imaging device C2 installed at the gate G2. Therefore, there is a high possibility that the
person P20 does not face the capturing direction of the imaging device C1. Therefore, it is
highly likely that an angle defined by the direction of the optical axis Al of the imaging device
C1 and the direction of the front face of the person P20 is extremely large.

[0045]

In addition, as illustrated in Figs. 10, 11A, and 11B, in the case of a person P12 who is
located in the end area of the captured image but moving toward the own gate G1, there is a high
possibility that the person P12 faces the capturing direction of the imaging device C1.
Therefore, it is highly likely that an angle defined by the direction of the optical axis Al of the
imaging device C1 and the direction of the face of the person P12 is smaller than the angle of the
person P20 located on the lane R2 of the adjacent gate G2.

[0046]

In consideration of the fact described above, since it is expected that the angle that is a
feature of the person P10 located in the center area and moving toward the own gate G1 has an
extremely small value, the condition value corresponding to the center area of the captured
image is set to a small value that includes such an angle. Therefore, the condition value
corresponding to the center area is set to 10°, for example. Meanwhile, the condition value

corresponding to the end area of the captured image is set to be larger than the condition value
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corresponding to the center area. This is because an angle that is determination information of
the person P12 located in the end area and moving toward the own gate G is expected to be
larger than that of the person P10 in the center area. However, the condition value
corresponding to the end area is set to a value smaller than the expected angle of the person P20
of the adjacent gate G2. Therefore, the condition value corresponding to the end area is set to
60°, for example. However, the condition value is not limited to the values described above.

It may be set appropriately, depending on the situation such as gate arrangement.

[0047]

In the above-described state, the condition determination unit 12 determines whether or
not the angle of the face with respect to the imaging device Cl1, that is, a feature of the person as
determination information, is equal to or smaller than the condition value set to the area in the
captured image where the person is located. For example, in the case of Figs. 8, 9A, and 9B,
for the person P10 located in the center area of the captured image, it is determined whether or
not the angle thereof is equal to or smaller than the condition value set to the center area, and for
the person P20 located in the end area of the captured image, it is determined whether or not the
angle thereof is equal to or smaller than the condition value set to the end area. Similarly, in the
case of Figs. 10, 11A, and 11B, for the person P10 located in the center area of the captured
image, it is determined whether or not the angle thereof is equal to or smaller than the condition
value set to the center area, and for the person P12 located in the end area of the captured image,
it is determined whether or not the angle thereof is equal to or smaller than the condition value
set to the end area. In the example of Figs. 8, 9A, and 9B, the person P10 in the center area

satisfies the condition and the person P20 in the end area does not satisfy the condition. In the
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example of Figs. 10, 11A, and 11B, the person P10 in the center area satisfies the condition and
the person P12 in the end area also satisfies the condition.
[0048]

When the condition determination unit 12 determines that the angle of a person with
respect to the imaging device C1 is equal to or smaller than the condition value set to the area
where the person is located, that is, the condition is satisfied, the collation unit 13 (collation
means) initiates a collation process for the person. In other words, the collation unit 13 does
not perform a collation process for a person determined, by the condition determination unit 12,
that the condition is not satisfied.

[0049]

As described above, according to the face authentication system 10 of the present
embodiment, it is possible to suppress collation processes with respect to persons who are about
to pass through the adjacent gate G2, and to perform a collation process appropriately on a
person who is about to pass through the own gate G1. Consequently, it is possible to suppress
erroneous recognition of a person who is about to pass through another gate, and to suppress
unnecessary collation processes to thereby reduce the processing load of the information
processing apparatus.

[0050]

Note that the orientation of the face that is a feature of a person as the determination
information is not limited to the orientation of the face with respect to the imaging device C1.
It may be a value of any criterion. Also, a condition value for initiating a collation process is

not limited to the value described above but may be any value.
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[0051]
<Third Exemplary Embodiment>

Next, a third exemplary embodiment of the present invention will be described with
reference to Figs. 12 and 13. Fig. 12 is a block diagram illustrating a configuration of a
collation system according to the third exemplary embodiment. Fig. 13 is a block diagram
illustrating a configuration of an image processing apparatus according to the third exemplary
embodiment. Note that the present embodiment shows the outline of the configuration of the
face authentication system described in the first exemplary embodiment and the second
exemplary embodiment.
[0052]

As illustrated in Fig. 12, a collation system 100 of the present embodiment includes

an imaging means 110 for acquiring a captured image of a pre-passage side area with
respect to a gate,

a collation means 120 for performing a collation process between a previously
registered target and a target in the captured image, and

a determination means 130 for determining propriety of passage of the target with
respect to the gate, on the basis of a result of the collation process.

The collation means 120 is configured to initiate the collation process on the basis of a
condition, for the target located in the area, set to each area of the captured image.
[0053]

In the present embodiment, the imaging means 110 may be removed from the collation

system 100 illustrated in Fig. 12.
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That is, an information processing apparatus 200 of the present embodiment includes

a collation means 210 for performing a collation process between a target in a captured
image of a pre-passage side area with respect to a gate, and a previously registered target, and

a determination means 220 for determining propriety of passage of the target with
respect to the gate, on the basis of a result of the collation process.

The collation means 210 is configured to initiate the collation process on the basis of a
condition, for the target located in the area, set to each area of the captured image.

[0054]

Note that each of the collation means 120, 210 and the determination means 130, 220
may be constructed by execution of a program by an arithmetic unit, or may be constructed by an
electronic circuit.

[0055]

According to the collation system 100 or the information processing apparatus 200
having the configurations described above,

a collation method including

performing a collation process between a target in a captured image of a pre-passage
side area with respect to a gate, and a previously registered target, and

determining propriety of passage of the target with respect to the gate, on the basis of a
result of the collation process, is provided.

Such a collation method has a configuration of initiating the collation process for the
target located in an area, on the basis of a condition that is set to each area of the captured image.

[0056]
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According to the collation system 100 or the information processing apparatus 200, for
a target located in a given area of a captured image, a collation process is initiated when the
target satisfies the condition set to the area. Therefore, even if a target who is about to pass
through another gate is shown in a captured image, it is possible to prevent initiation of a
collation process with respect to the target, depending on the condition set to the area where the
target is shown. Consequently, it is possible to suppress erroneous recognition of a person who
is about to pass through a gate, and to suppress an unnecessary collation process to thereby
reduce the processing load on the information processing apparatus.
[0057]
<Supplementary Notes>

The whole or part of the exemplary embodiments disclosed above can be described as,
but not limited to, the following supplementary notes. Hereinafter, outlines of the
configurations of a collation system, an information processing apparatus, a program, and a
collation method, according to the present invention, will be described. However, the present
invention is not limited to the configurations described below.
[0058]
(Supplementary Note 1)

A collation system comprising:

imaging means for acquiring a captured image of a pre-passage side area with respect to
a gate;

collation means for performing a collation process between a previously registered

target and a target in the captured image; and
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determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target located in the area.

[0059]

According to the configuration described above, the collation system initiates a collation
process for a target located in a given area of a captured image when the target satisfies the
condition set to the area. Therefore, even if a target who is about to pass through another gate
is shown in the captured image, it is possible to prevent initiation of a collation process with
respect to the target according to the condition set to the area where the target is shown.
Consequently, it is possible to suppress erroneous recognition of a person who is about to pass
through a gate, and to suppress unnecessary collation processes to thereby reduce the processing
load on the information processing apparatus.

[0060]
(Supplementary Note 2)

The collation system according to supplementary note 1, further comprising

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process for the target when the target
information of the target in the captured image satisfies a condition set to an area of the captured
image in which the target is located.

[0061]
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According to the configuration described above, target information representing a
feature of the target in the captured image is detected, and when the target information satisfies
the condition set to each area of the captured image, a collation process for the target is initiated.
Therefore, by setting a condition not to initiate a collation process to the target information of the
target, it is possible to suppress erroneous recognition of the person and to suppress unnecessary
collation processes.

[0062]
(Supplementary Note 3)

The collation system according to supplementary note 2, wherein

the collation means initiates the collation process for the target when the target
information of the target in the captured image satisfies a condition set to each area divided in a
horizontal direction of the captured image in which the target is located.

[0063]

By setting a condition for each area divided in the horizontal direction as described
above, erroneous recognition of the target and an unnecessary collation process can be
suppressed.

[0064]
(Supplementary Note 4)

The collation system according to supplementary note 3, wherein

the target information detection means detects a size of the target as the target
information,

the collation means initiates the collation process for the target when the target
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information of the target in the captured image is larger than a value that is a condition set to
each area of the captured image in which the target is located, and

a value that is a condition for the target information of the target, set to an end area
relative to a center area in the horizontal direction of the captured image, is set to be larger than a
value that is a condition for the target information of the target set to the center area.

[0065]
(Supplementary Note 5)

The collation system according to supplementary note 4, wherein

the target information detection means detects a distance between predetermined parts
of a face of a person that is the target, as the target information representing the size of the target.
[0066]

According to the configuration described above, a condition with respect to the size of
the target shown in the end area is set to be larger than the size of the target shown in the center
area. For example, in the case where the target is a person, a condition for the distance between
predetermined parts of the face of a person is set to be larger in the end area than that in the
center area. Therefore, when the target who is about to pass through the adjacent gate is shown
in the end area, since the size of the target does not satisfy the condition, erroneous recognition
of the target and an unnecessary collation process can be suppressed. On the other hand, when
the target who is about to pass through the corresponding gate is shown in the end area, the size
of the target satisfies the condition. Therefore, a collation process can be initiated
appropriately.

[0067]
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(Supplementary Note 6)

The collation system according to supplementary note 3, wherein

the target information detection means detects orientation of the target with respect to
the gate as the target information,

the collation means initiates the collation process for the target when the target
information of the target in the captured image satisfies a condition set to each area of the
captured image in which the target is located, and

a condition for the target information of the target, set to an end area relative to a center
area in the horizontal direction of the captured image, and a condition for the target information
of the target, set to the center area, are different from each other.
[0068]
(Supplementary Note 7)

The collation system according to supplementary note 6, wherein

the target information detection means detects an angle of a face of a person that is the
target with respect to the imaging means as the target information representing the orientation of
the target, on a basis of a position of a predetermined part of the face of the person,

the collation means initiates the collation process for the target when the angle that is
the target information of the target in the captured image is equal to or smaller than a value that
is a condition set to each area of the captured image in which the target is located, and

a value that is a condition for the target information of the target, set to an end area
relative to a center area in the horizontal direction of the captured image, is set to be larger than a

value of an angle that is a condition for the target information of the target set to the center area.
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[0069]

According to the configuration described above, a condition with respect to the
orientation of the target is set to be different between the center area and the end area. For
example, in the case where the target is a person, a condition for an angle of the face of a person
with respect to the imaging device is set to be larger in the end area than that in the center area.
Therefore, when the target who is about to pass through the corresponding gate, since the angle
of the target satisfies the condition, a collation process can be initiated appropriately. On the
other hand, when the target who is about to pass through the adjacent gate is shown in the end
area, the angle of the target does not satisfy the condition. Therefore, erroneous recognition of
the target and an unnecessary collation process can be suppressed.

[0070]
(Supplementary Note 8)

An information processing apparatus comprising:

collation means for performing a collation process between a target in a captured image
of a pre-passage side area with respect to a gate and a previously registered target; and

determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target located in the area.

[0071]
(Supplementary Note 9)

The information processing apparatus according to supplementary note 8, further
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comprising

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process for the target when the target
information of the target in the captured image satisfies a condition set to an area of the captured
image in which the target is located.
[0072]
(Supplementary Note 10)

A program for causing an information processing apparatus to realize:

collation means for performing a collation process between a target in a captured image
of a pre-passage side area with respect to a gate and a previously registered target; and

determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target located in the area.
[0073]
(Supplementary Note 11)

The program according to supplementary note 10, further causing the information
processing apparatus to realize

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process for the target when the target
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information of the target in the captured image satisfies a condition set to an area of the captured
image in which the target is located.
[0074]
(Supplementary Note 12)

A collation method comprising, by an information processing apparatus:

performing a collation process between a target in a captured image of a pre-passage
side area with respect to a gate and a previously registered target; and

determining propriety of passage of the target with respect to the gate, on a basis of a
result of the collation process, wherein

the information processing apparatus initiates the collation process on a basis of a
condition, set to each area of the captured image, for the target located in the area.
[0075]
(Supplementary Note 13)

The collation method according to supplementary note 12, further comprising

by the information processing apparatus, detecting target information representing a
feature of the target in the captured image, wherein

the information processing apparatus initiates the collation process for the target when
the target information of the target in the captured image satisfies a condition set to an area of the
captured image in which the target is located.
[0076]

It should be noted that the program described above may be stored in a storage device or

stored on a computer-readable storage medium. The storage medium is a portable medium
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such as a flexible disk, an optical disk, a magneto-optical disk, or a semiconductor memory, for
example.
[0077]

While the present invention has been described with reference to the exemplary
embodiments described above, the present invention is not limited to the above-described
embodiments. The form and details of the present invention can be changed within the scope of
the present invention in various manners that can be understood by those skilled in the art.
[0078]

The present invention is based upon and claims the benefit of priority from Japanese
patent application No. 2017-179063, filed on September 19, 2017, the disclosure of which is
incorporated herein in its entirety by reference.
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CLAIMS

1. A collation system comprising:

imaging means for acquiring a captured image of a pre-passage side area with respect to
a gate;

collation means for performing a collation process between a previously registered
target and a target in the captured image;

determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process;

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target information of the target located in the area, and

a condition for the target information of the target, set to an end area relative to a center
area in the horizontal direction of the captured image, and a condition for the target information

of the target, set to the center area, are different from each other.

2. The collation system according to claim 1, wherein
the collation means initiates the collation process for the target when the target
information of the target in the captured image satisfies a condition set to an area of the captured

image in which the target is located.

3. The collation system according to claim 2, wherein

the target information detection means detects the size of the target as the target
information,

the collation means initiates the collation process for the target when the target
information of the target in the captured image is larger than a value that is a condition set to
each area of the captured image in which the target is located, and

a value that is a condition for the target information of the target, set to the end area
relative to the center area in the horizontal direction of the captured image, is set to be larger than

a value that is a condition for the target information of the target set to the center area.
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4. The collation system according to claim 3, wherein
the target information detection means detects a distance between predetermined parts

of a face of a person that is the target, as the target information representing the size of the target.

5. The collation system according to any of claims 1 to 4, wherein

the target information detection means detects an inter-eye distance of a person that is
the target as the target information, and

the collation means initiates the collation process between the previously registered
target and the target in the captured image when the inter-eye distance of the target located in a

given area in the captured image satisfies a predetermined condition.

6. The collation system according to claim 5, wherein

the collation means initiates the collation process between the previously registered
target and the target in the captured image when the inter-eye distance exceeds a value set to
each area of the captured image,

a value set to the given area is smaller than a value set to an area other than the given
area, and

the given area includes a pre-passage side area with respect to a first gate, and the area
other than the given area includes a pre-passage side area with respect to a second gate adjacent

to the first gate.

7. The collation system according to claim 1 or 2, wherein

the target information detection means detects an angle of a face of a person that is the
target with respect to the imaging means as the target information representing the orientation of
the target, on a basis of a position of a predetermined part of the face of the person,

the collation means initiates the collation process for the target when the angle that is
the target information of the target in the captured image is equal to or smaller than a value that
is a condition set to each area of the captured image in which the target is located, and

a value that is a condition for the target information of the target, set to the end area
relative to the center area in the horizontal direction of the captured image, is set to be larger than
a value of an angle that is a condition for the target information of the target set to the center

arca.
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8. An information processing apparatus comprising:

collation means for performing a collation process between a target in a captured image
of a pre-passage side area with respect to a gate and a previously registered target;

determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process; and

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target information of the target located in the area, and

a condition for the target information of the target, set to an end area relative to a center
area in the horizontal direction of the captured image, and a condition for the target information

of the target, set to the center area, are different from each other.

9. A non-transitory computer-readable storage medium storing a program comprising
instructions for causing an information processing apparatus to realize:

collation means for performing a collation process between a target in a captured image
of a pre-passage side area with respect to a gate and a previously registered target;

determination means for determining propriety of passage of the target with respect to
the gate, on a basis of a result of the collation process; and

target information detection means for detecting target information representing a
feature of the target in the captured image, wherein

the collation means initiates the collation process on a basis of a condition, set to each
area of the captured image, for the target information of the target located in the area, and

a condition for the target information of the target, set to an end area relative to a center
area in the horizontal direction of the captured image, and a condition for the target information

of the target, set to the center area, are different from each other.

10. A collation method comprising, by an information processing apparatus:

performing a collation process between a target in a captured image of a pre-passage
side area with respect to a gate and a previously registered target; and

determining propriety of passage of the target with respect to the gate, on a basis of a
result of the collation process, wherein

the information processing apparatus



38

detects a size or orientation of the target as target information representing a feature of
the target in the captured image, and

initiates the collation process on a basis of a condition, set to each area of the captured
image, for the target information of the target located in the area, and

a condition for the target information of the target, set to an end area relative to a center
area in the horizontal direction of the captured image, and a condition for the target information

of the target, set to the center area, are different from each other.



