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DESCRIPTION

IMAGING SYSTEM, IMAGING METHOD, CONTROL APPARATUS, COMPUTER
PROGRAM AND RECORDING MEDIUM

Technical Field
[0001]

This disclosure relates to a technical field of an imaging system, an imaging method, a
control apparatus, a computer program and a recording medium that are configured to capture an

image of an imaging target.

Background Art
[0002]

An iris authentication system that performs an iris authentication by capturing an image
of an iris of a target person that is one example of an imaging target is known as one example of
an imaging system that is configured to capture an image of the imaging target. For example, a
Patent Literature 1 discloses an iris authentication in a walk-through type that is configured to
enable the iris authentication even when the target person does not stop.  Specifically, the Patent
Literature 1 discloses the iris authentication system that is provided with a wide angle camera and
a plurality of iris cameras and that selects, from the plurality of iris cameras, the iris camera that
should be used for the authentication by processing an image of the wide angle camera.

[0003]
In addition, there are Patent Literatures 2 and 3 as a background art document relating to

this disclosure.

Citation List

Patent Literature

[0004]

Patent Literature 1: JP2010-134735A1
Patent Literature 2: JP2014-067090A1
Patent Literature 3: JPH10-159529A1

Summary of Invention
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Technical Problem
[0005]

The iris authentication system disclosed in the Patent Literature 1 has such a technical
problem that there is a possibility that it is not able to capture the image of the moving target person
properly by using the iris camera. Specifically, the iris authentication system that is provided
with the wide angle camera and the plurality of iris cameras is required to select the iris camera
that should be used for the authentication (furthermore, set a parameter of the selected iris camera,
if needed) before the moving target person reaches a focus position of the iris camera. Thus, it
is desired that the iris authentication system capture the image of the target person by using the
wide angle camera before the moving target person reaches the focus position of the iris camera
and select the iris camera that should be used for the authentication on the basis of the image of
the wide angle camera. However, the Patent Literature 1 does not consider this point.

[0006]

Note that there is a possibility that the above described technical problem occurs in not
only the iris authentication system but also any imaging system that controls a second imaging
apparatus to capture an image of a moving imaging target on the basis of an image of the imaging
target captured by a first imaging apparatus.

[0007]

It is therefore an example object of this disclosure to provide an imaging system, an
imaging method, a control apparatus, a computer program and a recording medium that can solve
the above described technical problem. By way of example, an example object of this disclosure
is to provide an imaging system, an imaging method, a control apparatus, a computer program and

arecording medium that can capture an image of a moving imaging target properly.

Solution to Problem
[0008]

A first example aspect of an imaging system for solving the technical problem is provided
with: a first imaging apparatus that captures an image of an imaging target that is located at a first
point; a second imaging apparatus a focus position of which is set at a second point that is located
at a forward side along a moving direction of the imaging target than the first point; and a control
apparatus that controls the second imaging apparatus to capture an image of the imaging target
that is located at the second point on the basis of the image captured by the first imaging apparatus.
[0009]

A second example aspect of an imaging system for solving the technical problem is
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provided with: an imaging apparatus a state of which is switchable between a first state and a
second state, that captures an image of an imaging target that is located at a first point in the first
state, and that captures an image of the imaging target that is located at a second point, which is
located at a forward side along a moving direction of the imaging target than the first point, in the
second state; and a control apparatus that switches the imaging apparatus from the first state to the
second state by controlling the imaging apparatus on the basis of the image captured by the
imaging apparatus in the first state.

[0010]

A first example aspect of an imaging method for solving the technical problem includes:
an obtaining step that obtains an image captured by a first imaging apparatus that captures an
image of an imaging target that is located at a first point; and a controlling step that controls, on
the basis of the image obtained at the obtaining step, a second imaging apparatus a focus position
of which is set at a second point to capture an image of the imaging target located at the second
point that is located at a forward side along a moving direction of the imaging target than the first
point.

[0011]

A second example aspect of an imaging method for solving the technical problem
includes: an obtaining step that obtains an image captured by an imaging apparatus in a first state
from the imaging apparatus a state of which is switchable between the first state and a second state,
that captures an image of an imaging target that is located at a first point in the first state, and that
captures an image of the imaging target that is located at a second point, which is located at a
forward side along a moving direction of the imaging target than the first point, in the second state;
and a controlling step that switches the imaging apparatus from the first state to the second state
by controlling the imaging apparatus on the basis of the image obtained at the obtaining step.
[0012]

A first example aspect of a control apparatus for solving the technical problem is provided
with: an obtaining unit that obtains an image captured by a first imaging apparatus that captures
an image of an imaging target that is located at a first point; and a controlling unit that controls,
on the basis of the image obtained by the obtaining unit, a second imaging apparatus a focus
position of which is set at a second point to capture an image of the imaging located at the second
point that is located at a forward side along a moving direction of the imaging target than the first
point.

[0013]

A second example aspect of a control apparatus for solving the technical problem is
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provided with: an obtaining unit that obtains an image captured by an imaging apparatus in a first
state from the imaging apparatus a state of which is switchable between the first state and a second
state, that captures an image of an imaging target that is located at a first point in the first state,
and that captures an image of the imaging target that is located at a second point, which is located
at a forward side along a moving direction of the imaging target than the first point, in the second
state; and a controlling unit that switches the imaging apparatus from the first state to the second
state by controlling the imaging apparatus on the basis of the image obtained by the obtaining unit.
[0014]

One example aspect of a computer program for solving the technical problem allows a
computer to perform the first or second example aspect of the imaging method described above.
[0015]

One example aspect of a recording medium for solving the technical problem is a
recording medium on which the one example aspect of the computer program described above is

recorded.

Advantageous Effects of Invention
[0016]

According to the example aspect of each of the imaging system, the imaging method, the
control apparatus, the computer program and the recording medium described above, it is possible

to capture an image of a moving imaging target properly.

Summary
[0016A]

In one aspect, the present disclosure refers to an imaging system comprising, a first
imaging apparatus that captures an image of an imaging target that is located at a first point, a
second imaging apparatus a focus position of which is set at a second point that is located at a
forward side along a moving direction of the imaging target than the first point, and a control
apparatus that controls the second imaging apparatus to capture an image of the imaging target
that is located at the second point on the basis of the image captured by the first imaging apparatus,
wherein the control apparatus (i) determines, on the basis of the image captured by the first imaging
apparatus, a first position that is a position of the imaging target located at the first point in the
image captured by the first imaging apparatus, (ii) estimates, on the basis of the first position, a

second position that is a position of the imaging target in the image captured by the second imaging
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apparatus under the assumption that the second imaging apparatus has captured the image of the
imaging target that has moved from the first point to the second point, and (iii) controls, on the
basis of the second position, the second imaging apparatus to capture the image of the imaging
target that is located at the second point.

[0016B]

In another aspect, the present disclosure refers to an imaging method comprising,
obtaining an image captured by a first imaging apparatus that captures an image of an imaging
target that is located at a first point, and controlling, on the basis of the obtained image, a second
imaging apparatus a focus position of which is set at a second point to capture an image of the
imaging target located at the second point that is located at a forward side along a moving direction
of the imaging target than the first point, wherein the controlling (i) determines, on the basis of the
image captured by the first imaging apparatus, a first position that is a position of the imaging
target located at the first point in the image captured by the first imaging apparatus, (ii) estimates,
on the basis of the first position, a second position that is a position of the imaging target in the
image captured by the second imaging apparatus under the assumption that the second imaging
apparatus has captured the image of the imaging target that has moved from the first point to the
second point, and (iii) controls, on the basis of the second position, the second imaging apparatus

to capture the image of the imaging target that is located at the second point.

Brief Description of Drawings

[0017]

[FIG. 1] FIG. 1 is a block diagram that illustrates an entire configuration of an iris authentication
system in the present example embodiment.

[FIG. 2] FIG. 2 is a conceptional diagram that illustrates a positional relationship between a wide
camera and an iris camera and an authentication target person.

[FIG. 3] FIG. 3 is a block diagram that illustrates a hardware configuration of an iris authentication
apparatus in the present example embodiment.

[FIG. 4] FIG. 4 is a block diagram that illustrates a functional block implemented in a CPU of the
iris authentication apparatus in the present example embodiment.

[FIG. 5] FIG. 5 is a flow chart that illustrates a flow of an operation of the iris authentication
system (namely, an iris authentication operation) in the present example embodiment.

[FIG. 6] FIG. 6 is a planar view that illustrates one example of a wide image.
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[FIG. 7] FIG. 7 is a planar view that illustrates one example of the wide image.

[FIG. 8] FIG. 8 is a planar view that illustrates a relationship between the wide image and a
plurality of iris images.

[FIG. 9] FIG. 9 is a block diagram that illustrates an entire configuration of an iris authentication
system in a first modified example.

[FIG. 10] FIG. 10 is a flow chart that illustrates a flow of an operation of the iris
authentication system (namely, an iris authentication operation) in the first modified example.
[FIG. 11] FIG. 11 is a block diagram that illustrates a modified example of the functional

block implemented in the CPU of the iris authentication apparatus.

Description of Example Embodiments
[0018]

Hereinafter, an example embodiment of an imaging system, an imaging method, a control
apparatus, a computer program and a recording medium will be described with reference to the
drawings. The following describes an iris authentication system 1 to which the example
embodiment of the imaging system, the imaging method, the control apparatus, the computer
program and the recording medium is applied. The iris authentication system 1 performs an iris
authentication operation for performing an authentication of an authentication target person T on
the basis of a pattern of an iris of the authentication target person T that is one example of an
imaging target. The iris authentication system 1 may be used as a part of a system for automating
an immigration procedure in an airport (what we call ABC (Automated Border Control)). In this
case, the iris authentication system 1 may be an iris authentication system in a walk-through type
that performs the authentication of moving authentication target person T.  In the below described
description, an example in which the iris authentication system 1 is the iris authentication system
in the walk-through type will be described. However, the iris authentication system 1 is not
limited to the iris authentication system that is described in this paragraph as one example, and
may be used as any iris authentication system that is configured to perform the authentication of
the authentication target person T. Note that the iris authentication system 1 is one example of
an “imaging system” in a supplementary note described below.

[0019]

(1) Configuration of Iris Authentication System 1

(1-1) Entire Configuration of Iris Authentication System 1

Firstly, with reference to FIG. 1, an entire configuration of the iris authentication system

1 in the present example embodiment will be described. FIG. 1 is a block diagram that illustrates
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the entire configuration of the iris authentication system 1 in the present example embodiment.
[0020]

As illustrated in FIG. 1, the iris authentication system 1 is provided with: a wide camera
2 that is one specific example of a “first imaging apparatus ” in the supplementary note described
below; a plurality of iris cameras 3 each of which is one specific example of a “second imaging
apparatuses ” in the supplementary note described below; and an iris authentication apparatus 6
that is one specific example of a “control apparatus ” in the supplementary note described below.
The iris authentication system 1 is further provided with: a human detection sensor 4 that is one
specific example of a “first detection apparatus ” in the supplementary note described below; and
a human detection sensor 5 that is one specific example of a “second detection apparatus ” in the
supplementary note described below. FIG. 1 illustrates an example in which the iris
authentication system 1 is provided with n (note that n is an integer that is equal to or larger than
2) iris cameras 3. In the below described description, the n iris cameras 3 are referred to as an
iris camera 3-1, an iris camera 3-2, ..., and an iris camera 3-n, respectively, if needed. Note that
the number of the iris cameras 3 may be set appropriately on the basis of a characteristic of each
iris camera 3 (for example, at least one of a range of a field of view of each iris camera 3, a
resolution of each iris camera 3 and so on)

[0021]

Each of the wide camera 2 and the plurality of iris cameras 3 is an imaging apparatus that
is configured to capture an image of the authentication target person T. Next, with reference to
FIG. 2, the wide camera 2 and the plurality of iris cameras 3 will be described in more detail.
FIG. 2 is a conceptional diagram that illustrates a positional relationship between the wide camera
2 and the plurality of iris cameras 3 and the authentication target person T.

[0022]

As illustrated in FIG. 2, the wide camera 2 captures the image of the authentication target
person T with a range of the field of view that is wider than the range of the field of view of each
iris camera 3. Namely, the range of the field of view of the wide camera 2 is wider than the range
of the field of view of each iris camera 3. Specifically, the range of the field of view of the wide
camera 2 is set to be a proper range so that the wide camera 2 is configured to capture the image
of the authentication target person T regardless of the height of the authentication target person T.
Namely, the range of the field of view of the wide camera 2 is set to be a proper range so that the
wide camera 2 is configured to capture the image of the relatively tall authentication target person
T and to capture the image of the relatively short authentication target person T too. Especially,

the range of the field of view of the wide camera 2 is set to be a proper range so that the wide
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camera 2 is configured to capture an image of a target portion TP (an eye including the iris in the
present example embodiment) of the authentication target person T that is used for the
authentication.

[0023]

Note that the “range of the field of view of the camera” in the present example
embodiment means a range including a scene an image of which is capturable by the camera, and
may be referred to as an “imaging range”. A size of the range of the field of view typically
becomes wider as an angle of view (in other word, a view angle) of the camera becomes wider.
Thus, an optical system (for example, a lens) of the wide camera 2 is typically an optical system
that has a field of view wider than that of an optical system of each iris camera 3. Namely, an
angle of view of the wide camera 2 is wider than an angle of view of each iris camera 3. Moreover,
the angle of view of the camera typically becomes wider as a focal length of an optical system (for
example, a lens) of the camera becomes shorter. Thus, a focal length of the optical system of the
wide camera 2 is shorter than a focal length of the optical system of each iris camera 3.

[0024]

The wide camera 2 captures the image of the authentication target person T that is located
at a trigger point P1. Namely, the range of the field of view of the wide camera 2 is set to be a
proper range so that the wide camera 2 is configured to capture the image of the authentication
target person T that is located at the trigger point P1.  The trigger point P1 is a point that is located
on a moving route of the authentication target person T. Moreover, the trigger point P1 is a point
that is located at a nearer side than a reference point PO as seen from the authentication target
person T moving toward the trigger point P1. Namely, the trigger point P1 is a point that is
located at a backward side (namely, a rear side) than the reference point PO along a moving
direction of the authentication target person T. Moreover, the trigger point P1 is a point that is
away from the reference point PO by a distance D1 along the moving direction of the authentication
target person T. The reference point PO may be a point at which each iris camera 3 is disposed,
for example. Alternatively, the reference point PO may be a destination for the moving
authentication target person T, for example. The destination may be a point through which the
authentication target person T passes after the authentication (for example, a point at which a gate
is disposed in the airport).

[0025]

In an example illustrated in FIG. 2, the authentication target person T moves from a left

side to a right side on a paper. Therefore, in the example illustrated in FIG. 2, the trigger point

P1 is a point that is away from the reference point PO toward the left side on the paper by the
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distance D1. Note that the authentication target person T may move along a linear route in which
the moving direction is always the same, or may move along a route (for example, a curved route
or a winding route) in which the driving direction changes in the middle.

[0026]

It is preferable that the wide camera 2 be disposed so that a focus position of the wide
camera 2 is located at the trigger point P1. Incidentally, the “focus position” in the present
example embodiment means a certain area that ranges in front and back of a best focus position
(for example, an area that is allowed to be regarded as in focus and corresponds to a depth of field).
In this case, it is preferable that the wide camera 2 be disposed so that the focus position of the
wide camera 2 is an area including the trigger point P1 (namely, so that the trigger point P1 is
located in an area corresponding to the focus position). Conversely, the trigger point P1 is set at
the focus position of the wide camera 2.

[0027]

The wide camera 2 has a resolution that allows a face of the authentication target person
T located at the trigger point P1 to be recognized from a wide image 200 that is an image captured
by the wide camera 2. Especially, the wide camera 2 has a resolution that allows a position in
the wide image 200 of the target portion TP (namely, the eye) of the authentication target person
T located at the trigger point P1 to be recognized from the wide image 200.

[0028]

On the other hand, each iris camera 3 captures the image of the authentication target
person T that is located at a focus point P2. Namely, the range of the field of view of each iris
camera 3 is set to be a proper range so that each iris camera 3 is configured to capture the image
of the authentication target person T that is located at the focus point P2. The focus point P2 is a
point that is located on the moving route of the authentication target person T, as with the trigger
point P1. Moreover, the pint point P2 is a point that is located at a nearer side than the reference
point PO as seen from the authentication target person T moving toward the focus point P2, as with
the trigger point P1. Namely, the focus point P2 is a point that is located at a backward side
(namely, a rear side) than the reference point PO along the moving direction of the authentication
target person T. Moreover, the focus point P2 is a point that is away from the reference point PO
by a distance D2 along the moving direction of the authentication target person T. In the example
illustrated in FIG. 2, the authentication target person T moves from the left side to the right side
on the paper. Therefore, in the example illustrated in FIG. 2, the focus point P2 is a point that is
away from the reference point PO toward the left side on the paper by the distance D2.

[0029]
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The distance D2 between the focus point P2 and the reference point PO is shorter than the
distance D1 between the trigger point P1 and the reference point PO. Thus, the focus point P2 is
located at a forward side (namely, a front side) than the trigger point P1 along the moving direction
of the authentication target person T. In other words, the trigger point P1 is located at a backward
side (namely, a rear side) than the focus point P2 along the moving direction of the authentication
target person T. Therefore, the moving authentication target person T passes through the focus
point P2 after passing through the trigger point P1. In other words, the moving authentication
target person T passes through the trigger point P1 before passing through the focus point P2.
Note that the distances D1 and D2 may be set to be any values as long as a relationship that the
distance D2 is shorter than the distance D1 is satisfied. As one example, the distances D1 and
D2 may be set 3m and 2m, respectively.

[0030]

Each iris camera 3 is disposed so that a focus position of each iris camera 3 is located at
the focus point P2.  Specifically, it can be said that each iris camera 3 is disposed so that the focus
position of each iris camera 3 is an area including the focus point P2 (namely, so that the focus
point P2 is located in an area corresponding to the focus position). Conversely, the focus point
P2 is set at the focus position of each iris camera 3. Incidentally, since the angle of view of the
wide camera 2 is wider than the angle of view of each iris camera 3 (namely, the focal length of
the optical system of the wide camera 2 is shorter than the focal length of the optical system of
each iris camera 3) as described above, the area corresponding to the focus position of the wide
camera 2 is wider than the area corresponding to the focus position of each iris camera 3.

[0031]

The plurality of iris cameras 3 are disposed so that the ranges of the field of view of the
plurality of iris cameras 3 overlap partially in a vertical direction (alternatively, a desired direction
that is different from the vertical direction) at the focus point P2. In the example illustrated in
FIG. 2, the plurality of iris cameras 3 are disposed so that a lower end part of the range of the field
of view of the iris camera 3-k (note that k is an integer that satisfies 1 =k<n) and an upper end part
of the range of the field of view of the iris camera 3-m (note that m is an integer that satisfies
1<k+1=m=n) overlap at the focus point P2. As a result, scenes that are partially the same are
included in two images respectively captured by two iris cameras 2 the range of the field of view
of which overlap partially. In the example illustrated in FIG. 2, the same scene is included in a
lower end part of the image captured by the iris camera 3-k and an upper end part of the image
captured by the iris camera 3-m.

[0032]
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The plurality of iris cameras 3 are disposed so that a combined range of field of view that
is obtained by combining the ranges of the field of view of the plurality of iris cameras 3 has a
predetermined horizontal size in a horizontal direction and has a predetermined vertical size in the
vertical direction. The predetermined horizontal size may be a size (for example, 0.2m) that
allows the target portion TP of the authentication target person T located at the focus point P2 to
be included in the combined range of the field of view. The predetermined vertical size may be
a size (for example, 0.4m) that allows the target portion TP of the authentication target person T
located at the focus point P2 to be included in the combined range of the field of view regardless
of the height of the authentication target person T.

[0033]

Each iris camera 3 has a resolution that allows the target portion TP of the authentication
target person T located at the focus point P2 to be recognized from an iris image 300 that is an
image captured by each iris camera 3. Especially, each iris camera 3 has a resolution that allows
the pattern of the iris of the authentication target person T located at the focus point P2 to be
recognized from the iris image 300 that is the image captured by each iris camera 3.

[0034]

Note that the range of the field of view of the wide camera 2 partially overlaps with the
range of the field of view of at least one of the plurality of iris cameras 3. In this case, both of
the authentication target person T (especially, the target portion TP) located at the trigger point P1
and the authentication target person T (especially, the target portion TP) located at the focus point
P2 may be included in the range of the field of view of the wide camera 2. For example, both of
the authentication target person T (especially, the target portion TP) located at the trigger point P1
and the authentication target person T (especially, the target portion TP) located at the focus point
P2 may be included in the range of the field of view of each iris camera 3. However, the range
or the field of view of the wide camera 2 may not overlap with the range of the field of view of
each of the plurality of iris cameras. For example, the authentication target person T (especially,
the target portion TP) located at the trigger point P1 may be included in the range of the field of
view of the wide camera 2 and the authentication target person T (especially, the target portion TP)
located at the focus point P2 may not be included in the range of the field of view of the wide
camera 2. For example, the authentication target person T (especially, the target portion TP)
located at the focus point P2 may be included in the range of the field of view of each iris camera
3 and the authentication target person T (especially, the target portion TP) located at the trigger
point P1 may not be included in the range of the field of view of each iris camera 3.

[0035]
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Again in FIG. 1, the human detection sensor 4 is a detection apparatus for detecting
whether or not the authentication target person T is located at the trigger point P1. A detected
result by the human detection sensor 4 is outputted to the iris authentication apparatus 6. The
detected result by the human detection sensor 4 is used as a condition to determine whether or not
the wide camera 2 captures the image of the authentication target person T located at the trigger
point P1.

[0036]

The human detection sensor 5 is a detection apparatus for detecting whether or not the
authentication target person T is located at the focus point P2. A detected result by the human
detection sensor 5 is outputted to the iris authentication apparatus 6. The detected result by the
human detection sensor 5 is used as a condition to determine whether or not the iris camera 3
captures the image of the authentication target person T located at the focus point P2.

[0037]

The iris authentication apparatus 6 controls an entire operation of the iris authentication
system 1. Especially in the present example embodiment, the iris authentication apparatus 6
performs an iris authentication operation. The iris authentication operation is an operation that
includes a process of selecting one iris camera 3 for capturing the image of the authentication
target person T located at the focus point P2 from the plurality of iris cameras 3 on the basis of the
wide image 200 captured by the wide camera 2 and a process of performing the authentication of
the authentication target person T on the basis of the iris image 300 captured by the selected one
iris camera 3, for example.

[0038]
(1-2) Configuration of Iris Authentication Apparatus 6

Next, with reference to FIG. 3, a configuration of the iris authentication apparatus 6 will

be described. FIG. 3 is a block diagram that illustrates a hardware configuration of the iris
authentication apparatus 6 in the present example embodiment.
[0039]

As illustrated in FIG. 3, the iris authentication apparatus 6 is provided with a CPU (Central
Processing Unit) 61, a RAM (Random Access Memory) 62, a ROM (Read Only Memory) 63, a
storage apparatus 64, an input apparatus 65, and an output apparatus 66. The CPU 61, the RAM
62, the ROM 63, the storage apparatus 64, the input apparatus 65, and the output apparatus 66 are
interconnected through a data bus 67. However, the iris authentication apparatus 6 may not be
provided with at least one of the RAM 62, the ROM 63, the storage apparatus 64, the input

apparatus 65, and the output apparatus 66.
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[0040]

The CPU 61 reads a computer program. For example, the CPU 61 may read a computer
program stored in at least one of the RAM 62, the ROM 63 and the storage apparatus 64. For
example, the CPU 61 may read a computer program stored in a computer-readable recording
medium, by using a not-illustrated recording medium reading apparatus. The CPU 61 may obtain
(namely, read) a computer program from a not-illustrated apparatus disposed outside the iris
authentication apparatus 6, through a network interface. The CPU 61 controls the RAM 62, the
storage apparatus 64, the input apparatus 65, and the output apparatus 66 by executing the read
computer program. Especially in the present example embodiment, when the CPU 61 executes
the read computer program, a logical functional block(s) for performing the iris authentication
operation is implemented in the CPU 61. Namely, the CPU 61 is configured to function as a
controller for implementing the logical block for performing the iris authentication operation.
[0041]

One example of the logical block that is implemented in the CPU 61 for performing the
iris authentication operation is illustrated in FIG. 4. As illustrated in FIG. 4, in the CPU 61, an
image obtaining unit 611 that is one specific example of a “obtaining unit” in the supplementary
note described below, an area detection unit 612 that is one specific example of a “controlling unit”
in the supplementary note described below, a coordinate estimation unit 613 that is one specific
example of the “controlling unit” in the supplementary note described below, a camera set unit
614 that is one specific example of the “controlling unit” in the supplementary note described
below, an imaging control unit 615 that is one specific example of the “controlling unit” in the
supplementary note described below, and an authentication unit 616 are implemented as logical
blocks for performing the iris authentication operation. Note that an operation of each of the
image obtaining unit 611, the area detection unit 612, the coordinate estimation unit 613, the
camera set unit 614, the imaging control unit 615 and the authentication unit 616 will be described
later in detail with reference to FIG. 5, and thus, the detailed description thereof is omitted here.
[0042]

Again in FIG. 3, The RAM 62 temporarily stores the computer program to be executed
by the CPU 61. The RAM 62 temporarily stores the data that is temporarily used by the CPU 61
when the CPU 61 executes the computer program. The RAM 62 may be, for example, a D-RAM
(Dynamic RAM).

[0043]

The ROM 63 stores the computer program to be executed by the CPU 61. The ROM 63

may otherwise store fixed data. The ROM 63 may be, for example, a P-ROM (Programmable
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ROM).
[0044]

The storage apparatus 64 stores the data that is stored for a long term by the iris
authentication apparatus 6. The storage apparatus 64 may operate as a temporary storage
apparatus of the CPU 61. The storage apparatus 64 may include, for example, at least one of a
hard disk apparatus, a magneto-optical disk apparatus, an SSD (Solid State Drive), and a disk array
apparatus.

[0045]

The input apparatus 65 is an apparatus that receives an input instruction from a user of
the iris authentication apparatus 6. The input apparatus 65 may include, for example, at least one
of a keyboard, a mouse, and a touch panel.

[0046]

The output apparatus 66 is an apparatus that outputs an information about the iris
authentication apparatus 6, to the outside. For example, the output apparatus 66 may be a display
apparatus that is configured to display an information about the iris authentication apparatus 6.
[0047]

(2) Flow of Iris Authentication Operation

Next, with reference to FIG. 5, a flow of the operation (namely, the iris authentication
operation) of the iris authentication system 1 in the present example embodiment will be described.
FIG. 5 is a flow chart that illustrates the flow of the operation (namely, the iris authentication
operation) of the iris authentication system 1 in the present example embodiment.

[0048]

As illustrated in FIG. 5, the imaging control unit 615 determines whether or not the
authentication target person T is located at the trigger point P1 on the basis of the detected result
by the human detection sensor 4 (a step S11). As a result of the determination at the step S11,
when it is determined that the authentication target person T is not located at the trigger point P1
(the step S11: No), the process at the step S11 is repeatedly performed. On the other hand, as a
result of the determination at the step S11, when it is determined that the authentication target
person T is located at the trigger point P1 (the step S11: Yes), the imaging control unit 615 controls
the wide camera 2 to capture the image of the authentication target person T located at the trigger
point P1 (a step S12). As a result, the wide camera 2 captures the image of the authentication
target person T located at the trigger point P1 (the step S12). The wide image 200 captured by
the wide camera 2 is obtained by the image obtaining unit 611 (the step S12).

[0049]
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Then, the area detection unit 612 detects, as a target area TA, an image part of the wide
image 200 in which the target portion TP is included by performing an image processing on the
wide image 200 obtained at the step S12 (a step S21). For example, as illustrated in FIG. 6 that
is a planar view illustrating one example of the target area TA in the wide image 200, the area
detection unit 612 detects, as the target area TA, a rectangular (alternatively, another shaped) image
part of the wide image 200 in which the target portion TP is included. Furthermore, the area
detection unit 612 calculates a position coordinate C of the detected target area TA in the wide
image 200 (the step S21). The position coordinate C may include a coordinate of a desired part
(for example, a corner part) of the target area TA. The position coordinate C is typically a two-
dimensional coordinate (alternatively, a two-dimensional vector). Note that the position
coordinate C that is calculated at the step S21 is referred to as a “position coordinate C(wide:P1)”
in the below described description for convenience of description.

[0050]

Then, the coordinate estimation unit 613 estimates, on the basis of the position coordinate
C(wide:P1) of the target area TA that is calculated at the step S21, the position coordinate C of the
target area TA in the wide image 200 that is obtained under the assumption that the wide camera 2
has captured the image of the authentication target person T that is located at the focus point P2 (a
step S22). More specifically, the coordinate estimation unit 613 estimates the position coordinate
C of the target area TA in the wide image 200 that is expected to be obtained under the assumption
that the wide camera 2 has captured the image of the authentication target person T that has moved
from the trigger point P1 to the focus point P2 (the step S22). Namely, the coordinate estimation
unit 613 estimates the position coordinate C of the target area TA in the wide image 200 that is
expected to be obtained under the assumption that the wide camera 2 has captured the image of
the authentication target person T that is located at the focus point P2 in a situation where the
authentication target person T located at the trigger point P1 has moved to the focus point P2 (the
step S22). Note that the position coordinate C that is estimated at the step S22 is referred to as a
“position coordinate C(wide:P2)” in the below described description for convenience of
description. Moreover, in the below described description, the wide image 200 that is actually
obtained by means of the wide camera 2 capturing the image of the authentication target person T
located at the trigger point P1 is referred to as a “wide image 200(P1)” and the wide image 200
that is expected to be obtained under the assumption that the wide camera 2 has captured the image
of the authentication target person T that has moved from the trigger point P1 to the focus point
P2 is referred to as a “wide image 200(P2)” to distinguish the both, for convenience of description.

[0051]
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Since the trigger point P1 is different from the focus point P2, there is a high possibility
that at least one of a size and a position of the authentication target person T in the wide image
200(P1) is different from at least one of a size and a position of the authentication target person T
in the wide image 200(P2), as illustrated in FIG. 6 that illustrates the wide image 200(P1) and FIG.
7 that illustrates the wide image 200(P2). Especially, there is a high possibility that at least one
of the size and the position of the authentication target person T in the wide image 200(P1) is even
more different from at least one of the size and the position of the authentication target person T
in the wide image 200(P2), as the trigger point P1 is away from the focus point P2 more. Thus,
there is typically a high possibility that the position coordinate C(wide:P1) is different from the
position coordinate C(wide:P2).

[0052]

The coordinate estimation unit 613 may estimate the position coordinate C(wide:P2) from
the position coordinate C(wide:P1) by using a first correspondence information that indicates a
correspondence (typically, a positional relationship) between an object included in the wide image
200(P1) and the same object included in the wide image 200(P2). This first correspondence
information typically indicates a correspondence between a position coordinate in the wide image
200(P1) of the object included in the wide image 200(P1) and a position coordinate in the wide
image 200(P2) of the same object included in the wide image 200(P2) that is expected to be
obtained when the object has moved from the trigger point P1 to the focus point P2 as with the
authentication target person T. Thus, the first correspondence information is substantially
information to which a moving aspect of the authentication target person T (for example, a moving
direction of the authentication target person T) is reflected. Namely, the first correspondence
information substantially information relating to the moving aspect of the authentication target
person T (for example, the moving direction of the authentication target person T).

[0053]

The first correspondence information may be calculated in advance (for example, before
the iris authentication operation is performed) on the basis of the wide image 200 that is obtained
by means of the wide camera 2 actually capturing the image of the object located at the trigger
point P1 and the wide image 200 that is obtained by means of the wide camera 2 actually capturing
the image of the same object that has moved from the trigger point P1 to the focus point P2 as with
the authentication target person T. Specifically, the first correspondence information may be
calculated on the basis of the position coordinate in the wide range 200 of the object located at the
trigger point P1 and the position coordinate in the wide range 200 of the object located at the focus

point P2.  Alternatively, the wide image 200 that is expected to be obtained when the wide camera
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2 captures the image of the object located at the trigger point P1 and the wide image 200 that is
expected to be obtained when the wide camera 2 captures the image of the object that has moved
from the trigger point P1 to the focus point P2 as with the authentication target person T may be
calculated by a simulation and the like, and the first correspondence information may be calculated
on the basis of a result of the simulation in advance. In the simulation, at least one of a position
of the wide camera 2, a camera parameter of the wide camera 2, a position of the trigger point P1
and a position of the focus point P2 may be considered. Alternatively, the first correspondence
information may be calculated by any other method.

[0054]

A first transformation matrix H1 that transforms the position coordinate C(wide:P1) to
the position coordinate C(wide:P2) is one example of the first correspondence information. In
this case, the coordinate estimation unit 613 may estimate the position coordinate C(wide:P2) by
using an equation of position coordinate C(wide:P2) = H1 x position coordinate C(wide:P1).
This first transformation matrix H1 may be a matrix that represents a projective transformation to
project an object located at the trigger point P1 onto a virtual plane located at the focus point P2,
for example.

[0055]

Then, the coordinate estimation unit 613 estimates, on the basis of the position coordinate
C(wide:P2) that is estimated at the step S22, the position coordinates C of the target areas TA in
the plurality of iris images 300 that are obtained, respectively, under the assumption that the
plurality of iris cameras 3 have captured the image of the authentication target person T that is
located at the focus point P2 (a step S23). More specifically, the coordinate estimation unit 613
estimates the position coordinates C of the target areas TA in the plurality of iris images 300 that
are expected to be obtained, respectively, under the assumption that the plurality of iris cameras 3
have captured the image of the authentication target person T that has moved from the trigger point
P1 to the focus point P2 (the step S23). Namely, the coordinate estimation unit 613 estimates the
position coordinates C of the target areas TA in the plurality of iris images 300 that are expected
to be obtained, respectively, under the assumption that the plurality of iris cameras 3 have captured
the image of the authentication target person T that is located at the focus point P2 in a situation
where the authentication target person T located at the trigger point P1 has moved to the focus
point P2 (the step S23). Note that the position coordinate C that is estimated at the step S23 is
referred to as a “position coordinate C(iris:P2)” in the below described description for convenience
of description. Moreover, in the below described description, the iris image 300 that is expected

to be obtained under the assumption that each iris camera 3 has captured the image of the
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authentication target person T that has moved from the trigger point P1 to the focus point P2 is
referred to as an “iris image 300(P2)”.
[0056]

As described above, the range of the field of view of each iris camera 3 is narrower than
the range of the field of view of wide camera 2. Thus, as illustrated in FIG. 8 that illustrates a
relationship between the wide image 200(P2) and the plurality of iris images 300, the target area
TA included in the wide image 200(P2) is not necessarily included in all of the plurality of iris
images 300(P2). Namely, there is a possibility that the plurality of iris images 300(P2) include
both of the iris image 300(P2) in which the target area TA is included and the iris image 300(P2)
in which the target area TA is not included. In an example illustrated in FIG. 8, the target area
TA is included in the iris image 300(P2)-1 that is expected to be captured by the iris camera 3-1
and is not included in the iris images 300(P2)-2 to 300(P2)-n that are expected to be captured by
the iris cameras 3-2 to 3-n.  Thus, at the step S23, the coordinate estimation unit 613 determines,
on the basis of the position coordinate C(wide:P2), the iris image 300(P2) in which the target area
TA is expected to be included, and estimates the position coordinate C(iris:P2) of the target area
TA in the determined iris image 300(P2).

[0057]

The coordinate estimation unit 613 may estimate the position coordinate C(iris:P2) from
the position coordinate C(wide:P2) by using a second correspondence information that indicates a
correspondence (typically, a positional relationship) between an object included in the wide image
200(P2) and the same object included in each of the plurality of iris images 300(P2). This second
correspondence information typically indicates a correspondence between a position coordinate in
the wide image 200(P2) of the object included in the wide image 200(P2) and a position coordinate
in the iris image 300(P2) of the same object included in each of the plurality of iris images 300(P2).
[0058]

The second correspondence information may be calculated in advance (namely, before
the iris authentication operation is performed) on the basis of the wide image 200 that is obtained
by means of the wide camera 2 actually capturing the image of the object located at the focus point
P2 and the plurality of iris images 300 that are obtained by means of the plurality of iris cameras
3 actually capturing the image of the same object that is located at the focus point P2, respectively.
Specifically, the second correspondence information may be calculated on the basis of the position
coordinate in the wide range 200 of the object at the focus point P2 and the position coordinate in
the iris range 300 of the object at the focus point P2.  Alternatively, the wide image 200 that is

expected to be obtained when the wide camera 2 captures the image of the object located at the
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focus point P2 and the plurality of iris images 300 that are expected to be obtained when the
plurality of iris cameras 3 capture the image of the same object that is located at the focus point
P2, respectively, may be calculated by a simulation and the like, and the second correspondence
information may be calculated on the basis of a result of the simulation in advance. In the
simulation, at least one of the position of the wide camera 2, the camera parameter of the wide
camera 2, positions of the plurality of iris cameras 3, camera parameters of the plurality of iris
cameras 3, the position of the trigger point P1 and the position of the focus point P2 may be
considered. Alternatively, the second correspondence information may be calculated by any
other method.

[0059]

A second transformation matrix H2 that transforms the position coordinate C(wide:P2) to
the position coordinate C(iris:P2) is one example of the second correspondence information. In
this case, the coordinate estimation unit 613 may estimate the position coordinate C(iris:P2) by
using an equation of position coordinate C(iris:P2) = H2 X position coordinate C(wide:P2).
[0060]

Then, the camera set unit 614 selects, on the basis of the position coordinate C(iris:P2)
that is estimated at the step S23, one iris camera 3 for capturing the image of the authentication
target person T located at the focus point P2 from the plurality of iris cameras 3 (a step S31).
Specifically, as described above, the coordinate estimation unit 613 determines, on the basis of the
position coordinate C(wide:P2), the iris image 300(P2) in which the target area TA is included.
Therefore, the camera set unit 614 selects, as one iris camera 3 for capturing the image of the
authentication target person T located at the focus point P2, the iris camera 3 of the plurality of iris
cameras 3 that corresponds to the iris image 300(P2) in which the target area TA is included. In
the example illustrated in FIG. 8, the camera set unit 614 selects the iris camera 3-1 that
corresponds to the iris image 300(P2)-1 as one iris camera 3 for capturing the image of the
authentication target person T located at the focus point P2.

[0061]

Then, the camera set unit 614 sets a region of interest (ROI: Region of Interest) IA that
defines an image part, which is actually obtained (namely, read) for performing the iris
authentication, of the iris image 300 captured by one iris camera 3 selected at the step S31 (a step
S32). Specifically, as illustrated in FIG. 8, the camera set unit 614 sets, to the region of interest
IA, arectangular (alternatively, another shaped) area, in which the target portion TP is expected to
be included, of the iris image 300 captured by selected one iris camera 3. Namely, as illustrated

in FIG. 8, the camera set unit 614 sets, to the region of interest IA, a rectangular (alternatively,
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another shaped) area, which includes the target area TA, corresponds to the target area TA or is
expected to be included in the target area TA, of the iris image 300 captured by selected one iris
camera 3, for example. As described above, the position coordinate C(iris:P2) estimated at the
step S23 indicates the position coordinate of the target area TA in the iris image 300(P2). Since
the target portion TP is included in the target area TA, the camera set unit 614 is able to set the
region of interest IA properly on the basis of the position coordinate C(iris:P2). In the example
illustrated in FIG. 8, the camera set unit 614 sets a part of the iris image 300(P2)-1 to the region
of interest IA.

[0062]

When the region of interest 1A is set, the iris authentication system 1 operates in a region
of interest mode. In this case, the image obtaining unit 611 obtains an image part of the iris image
300 (namely, a part of an image data of the iris image 300) in the region of interest IA, instead of
obtaining whole of the iris image 300 captured by the iris camera 3. Namely, the image obtaining
unit 611 may not obtain an image part of the iris image 300 (namely, a residual part of the image
data of the iris image 300) in an area other than the region of interest IA. As a result, a frame
rate at which the image obtaining unit 611 obtains the iris image 300 from the iris camera 3
substantially improves, compared to a case where whole of the iris image 300 is obtained. For
example, when a half area of the iris image 300 is set to the region of interest IA, the frame rate
improves to be the double, compared to a case where whole of the iris image 300 is obtained.
Thus, even when the frame rate of the iris camera 3 itself is lower than a frame rate that is necessary
for the iris authentication, the image obtaining unit 611 is able to obtain the iris image at the frame
rate that is necessary for the iris authentication.

[0063]

Then, the imaging control unit 615 determines whether or not the authentication target
person T is located at the focus point P2 on the basis of the detected result by the human detection
sensor 5 (a step S41). Namely, the imaging control unit 615 determines whether or not the
authentication target person T that has been determined to be located at the trigger point P1 moves
to the focus point P2 on the basis of the detected result by the human detection sensor 5 (the step
S41). As a result of the determination at the step S41, when it is determined that the
authentication target person T is not located at the focus point P2 (the step S41: No), the process
at the step S41 is repeatedly performed. On the other hand, as a result of the determination at the
step S41, when it is determined that the authentication target person T is located at the focus point
P2 (the step S41: Yes), the imaging control unit 615 controls one iris camera 3 selected at the step

S31 to capture the image of the authentication target person T located at the focus point P2 (a step
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S42). As a result, the selected one iris camera 3 captures the image of the authentication target
person T located at the focus point P2 (the step S42). The iris image 300 captured by the selected
one iris camera 3 (especially, the image part of the iris image 300 in the region of interest IA) is
obtained by the image obtaining unit 611 (the step S42).
[0064]

Then, the authentication unit 616 performs the iris authentication by using the iris image
300 obtained at the step S42 (a step S51). For example, the authentication unit 616 determines
the patter of the iris of the authentication target person T on the basis of the iris image 300 obtained
at the step S42. Then, the authentication unit 616 determines whether or not the determined
pattern matches a pattern that is registered in a data base stored in the storage apparatus 64 and the
like.  When the determined pattern matches the pattern registered in the database, the
authentication unit 616 determines that the authentication target person T is a proper person.
When the determined pattern matches the pattern registered in the database, the authentication unit
616 determines that the authentication target person T is not a proper person.
[0065]

(3) Technical Effect of Iris Authentication System 1

As described above, in the iris authentication system 1, the wide camera 2 captures the
image of the authentication target person T that is located at the trigger point P1 that is different
from (specifically, is located at a backward side of) the focus point P2 before the iris camera 3
captures the image of the authentication target person T that is located at the focus point P2.  Thus,
the iris authentication system 1 is able to select one iris camera 3 for capturing the image of the
authentication target person T before the authentication target person T is located at the focus point
P2. Inother words, the iris authentication system 1 is able to select one iris camera 3 for capturing
the image of the authentication target person T (furthermore, setting the region of interest IA) by
using a time during which the authentication target person T moves from the trigger point P1 to
the focus point P2. Thus, the iris authentication system 1 is able to capture the image of the
moving authentication target person T (especially, the target portion TP thereof) properly.

[0066]

Even when the trigger point P1 is different from the focus point P2 as described above,
the iris authentication system 1 is able to select one iris camera 3 for capturing the image of the
authentication target person T properly on the basis of the wide image 200(P1) captured by the
wide camera 2. This is because the iris authentication system 1 estimates, on the basis of the
position coordinate C(wide:P1) of the target area TA in the wide image 200(P2), the position

coordinate C(wide:P2) of the target area TA in the wide image 200(P2) that is expected to be
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obtained under the assumption that the wide camera 2 has captured the image of the authentication
target person T that has moved to the focus point P2, and then, estimates the position coordinate
C(iris:P2) of the target area TA in the iris image 300(P2) that is expected to be obtained under the
assumption that the iris camera 3 has captured the image of the authentication target person T that
has moved to the focus point P2

[0067]

Here, since the trigger point P1 is different from the focus point P2, there is a high
possibility that the position coordinate C(wide:P1) is different from the position coordinate
C(wide:P2) as described above, as illustrated in FIG. 6 and FIG. 7 described above. Therefore,
if the position coordinate C(wide:P1) is used as the position coordinate C(wide:P2) as it is, one
iris camera 3 that is selected to capture the image of the authentication target person T is not able
to capture the image of the target portion TP properly. Namely, if the position coordinate
C(wide:P1) is used as the position coordinate C(wide:P2) as it is, there is a possibility that the
camera set unit 614 mistakenly selects, as one iris camera 3 for capturing the image of the
authentication target person T, the iris camera 3 that is not able to capture the image of the target
portion TP of the authentication target person T located at the focus point P2. However, in the
present example embodiment, the position coordinate C(wide:P2) is estimated from the position
coordinate C(wide:P1) and then the position coordinate C(iris:P2) is estimated. Thus, there is
lower possibility that one iris camera 3 that is selected to capture the image of the authentication
target person T is not able to capture the image of the target portion TP properly. Namely, there
is a lower possibility that the iris camera 3 that is not able to capture the image of the target portion
TP of the authentication target person T located at the focus point P2 is mistakenly selected as one
iris camera 3 for capturing the image of the authentication target person T. Thus, it can be said
that a process of estimating the position coordinate C(wide:P2) from the position coordinate
C(wide:P1) contributes a proper selection of the iris camera 3 that captures the image of the target
portion TP of the authentication target person T located at the focus point P2 (namely, a proper
imaging of the target portion TP by the iris camera 3).

[0068]

Moreover, in the present example embodiment, the plurality of human detection sensors
(namely, the human detection sensors 4 and 5) that correspond to the trigger point P1 and the focus
point P2, respectively, are disposed. Thus, the iris authentication system 1 is able to properly
determine whether or not the authentication target person T is located at each of the trigger point
P1 and the focus point P2. Namely, the iris authentication system 1 is able to properly capture

the image of the authentication target person T that is located at the trigger point P1 by the wide
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camera 2 and is able to properly capture the image of the authentication target person T that is
located at the focus point P2 by the iris camera 3.
[0069]

(4) Modified Example

(4-1) First Modified Example

(4-1-1) Configuration of Iris Authentication System a in First Modified Example

Firstly, with reference to FIG. 9, an entire configuration of an iris authentication system
la in a first modified example will be described. FIG. 9 is a block diagram that illustrates the
entire configuration of the iris authentication system 1la in the first modified example. Note that
a detailed description of a component that is same as a component of the above described iris
authentication system 1 is omitted by assigning the same reference number thereto.

[0070]

As illustrated in FIG. 9, the iris authentication system la is different from the iris
authentication system 1 in that it is provided with a single common camera 7a instead of the wide
camera 2 and the plurality of iris cameras 3. Another characteristic of the iris authentication
system la may be same as another characteristic of iris authentication system 1.

[0071]

The common camera 7a is an imaging apparatus that is configured to capture the image
of the authentication target person T, as with the wide camera 2 and the plurality of iris cameras 3.
The common camera 7a is configured to switch a state thereof between a wide imaging state in
which it is configured to serve as the wide camera 2 and an iris imaging state in which it is
configured to serve as at least one of the plurality of iris cameras 3. Note that the wide imaging
state and the iris imaging state are examples of a “first state” and a “second state” in the
supplementary note described below, respectively.

[0072]

The common camera 7a in the wide imaging state is equivalent to the above described
wide camera 2. Namely, the common camera 7a in the wide imaging state operates as with the
above described wide camera 2. Thus, a characteristic of the common camera 7a in the wide
imaging state may be same as the above described wide camera 2, and thus, its detailed description
is omitted.

[0073]

The common camera 7a in the iris imaging state is equivalent to at least one of the

plurality of iris cameras 3 described above. Namely, the common camera 7a in the iris imaging

state operates as with at least one of the plurality of iris cameras 3 described above. Thus, a
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characteristic of the common camera 7a in the iris imaging state may be same as at least one of the
plurality of iris cameras 3 described above, and thus, its detailed description is omitted. Note that
the range of the field of view of the common camera 7a in the iris imaging state is typically same
as the combined range of the field of view (see FIG. 2) that is obtained by combining the ranges
of the field of view of the plurality of iris cameras 3. Thus, the common camera 7a in the iris
imaging state is substantially equivalent to the plurality of iris cameras 3 described above that is
regarded as a single camera.

[0074]

In order to switch the state, the common camera 7a may be provided with an optical
system having a variable optical characteristic (for example, a focal length), for example. In this
case, the focal length of the common camera 7a in the wide imaging state is typically shorter than
the focal length of the common camera 7a in the iris imaging state. As a result, the common
camera 7a is configured to serve as the wide camera 2 and is configured to serve as at least one of
the plurality of iris cameras 3.

[0075]

As one example, the common camera 7a may be provided with an optical system
including what we call a zoom lens. In this case, when a focal length of the optical system
including the zoom lens is set to be a relatively short first distance (for example, a first distance
that corresponds to the focal length of the above described wide camera 2), the state of the common
camera 7a is the wide imaging state. Namely, a focus position of the common camera 7a is set
at the area including the trigger point P1 and the common camera 7a is configured to capture the
image of the authentication target person T located at the trigger point P1 with the relatively wide
range of the field of view (namely, with the relatively wide angle of view). On the other hand,
when the focal length of the optical system including the zoom lens is set to be a relatively long
second distance (for example, a second distance that corresponds to the focal length of the above
described iris camera 3) from the first distance, the state of the common camera 7a is switched
from the wide imaging state to the iris imaging state. Namely, the focus position of the common
camera 7a is set at the area including the focus point P2 and the common camera 7a is configured
to capture the image of the authentication target person T located at the focus point P2 with the
relatively narrow range of the field of view (namely, with the relatively narrow angle of view).
Moreover, when the focal length of the optical system including the zoom lens is set to be the first
distance from the second distance, the state of the common camera 7a is switched from the iris
imaging state to the wide imaging state.

[0076]
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In the first modified example, an operation including a process of setting, on the basis of
the image captured by the common camera 7a in the wide imaging state, the region of interest
(ROI: Region of Interest) IA that defines the image part, which is actually obtained (namely, read)
for performing the iris authentication, of the image captured by the common camera 7a in the iris
imaging state and a process of performing the authentication of the authentication target person T
on the basis of the image captured by the common camera 7a in the iris imaging state, is performed
as the iris authentication operation, for example. Next, the iris authentication operation in the
first modified example will be described in more detail. Incidentally, in the below described
description, the image captured by the common camera 7a in the wide imaging state is referred to
as the “wide image 200” for convenience of description, because the image captured by the
common camera 7a in the wide imaging state is substantially equivalent to the wide image 200
captured by the wide camera 2. Moreover, the image captured by the common camera 7a in the
iris imaging state is referred to as the “iris image 300" for convenience of description, because the
image captured by the common camera 7a in the iris imaging state is substantially equivalent to
an image that is obtained by combining the plurality of iris images 300 captured by the plurality
of iris cameras 3, respectively.

[0077]
(4-1-2) Flow of Iris Authentication Operation in First Modified Example

Next, with reference to FIG. 10, a flow of the operation (namely, the iris authentication
operation) of the iris authentication system la in the first modified example will be described.
FIG. 10 is a flow chart that illustrates the flow of the operation (namely, the iris authentication
operation) of the iris authentication system 1la in the first modified example. Note that a detailed
description of a process that is same as a process described in the above described FIG. 5 is omitted
by assigning the same step number thereto.

[0078]

As illustrated in FIG. 10, in the first modified example, when it is determined that the
authentication target person T is located at the trigger point P1 (the step S11: Yes), the imaging
control unit 615 controls the common camera 7a to capture the image of the authentication target
person T located at the trigger point P1 (a step S12a). In this case, the imaging control unit 615
controls the common camera 7a so that the state of the common camera 7a becomes the wide
imaging state before controlling the common camera 7a to capture the image of the authentication
target person T located at the trigger point P1. For example, when the common camera 7a is
provided with the optical system including the zoom lens as described above, the imaging control

unit 615 controls the zoom lens (for example, moves a movable lens included in the zoom lens) so
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that the focal length of the optical system including the zoom lens is set to be the relatively short
first distance. Then, the imaging control unit 615 controls the common camera 7a to capture the
image of the authentication target person T located at the trigger point P1. As a result, the
common camera 7a captures the image of the authentication target person T located at the trigger
point P1 (the step S12a). The wide image 200(P1) captured by the common camera 7a is obtained
by the image obtaining unit 611 (the step S12a).

[0079]

Then, the area detection unit 612 detects, as the target area TA, an image part of the wide
image 200(P1) in which the target portion TP is included by performing the image processing on
the wide image 200(P1) obtained at the step S12a (the step S21). Furthermore, the area detection
unit 612 calculates the position coordinate C of the detected target area TA in the wide image
200(P1) (the step S21).

[0080]

Then, the coordinate estimation unit 613 estimates, on the basis of the position coordinate
C(wide:P1) of the target area TA that is calculated at the step S21, the position coordinate
C(wide:P2) of the target area TA in the wide image 200(P2) that is expected to be obtained under
the assumption that the common camera 7a in the wide imaging state has captured the image of
the authentication target person T that has moved from the trigger point P1 to the focus point P2
(astep S22a). Note that the coordinate estimation unit 613 may estimate the position coordinate
C(wide:P2) from the position coordinate C(wide:P1) by using the first correspondence information
that indicates the correspondence between the object included in the wide image 200(P1) and the
same object included in the wide image 200(P2) at the step S22a, as with the above described step
S22. However, the first correspondence information in the first modified example is different
from the above described first correspondence information in that it is information targeting at the
common camera 7a.

[0081]

Then, the coordinate estimation unit 613 estimates, on the basis of the position coordinate
C(wide:P2) that is estimated at the step S22, the position coordinate C(iris:P2) of the target area
TA in the iris image 300 that is expected to be obtained under the assumption that the common
camera 7a in the iris imaging state has captured the image of the authentication target person T
that has moved from the trigger point P1 to the focus point P2 (a step S23a). Note that the
coordinate estimation unit 613 may estimate the position coordinate C(iris:P2) from the position
coordinate C(wide:P2) by using the second correspondence information that indicates the

correspondence between the object included in the wide image 200(P2) and the same object
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included in the iris image 300(P2) at the step S23a, as with the above described step S23.
However, the second correspondence information in the first modified example is different from
the above described second correspondence information targeting at the wide camera 2 and the iris
cameras 3 in that it is information targeting at the common camera 7a in the wide imaging state
and the common camera 7a in the iris imaging state (especially, the common camera 7a in the iris
imaging state that is configured to capture the image of the target portion TP of the authentication
target person T located at the focus point P2). Incidentally, in the first modified example, since
the common camera 7a is used instead of the plurality of iris cameras 3, the coordinate estimation
unit 613 estimates, on the basis of the position coordinate C(wide:P2), the position coordinate
C(iris:P2) of the target area TA in the iris image 300(P2) without performing a process of
determining one iris image 300(P2) in which the target area TA is expected to be included from
the plurality of iris images 300(P2).

[0082]

Then, the camera set unit 614 sets, on the basis of the position coordinate C(iris:P2) that
is estimated at the step S23, the region of interest (ROI: Region of Interest) IA that defines the
image part, which is actually obtained (namely, read) for performing the iris authentication, of the
iris image 300 captured by one common camera 7a in the iris imaging state (a step S32a). Note
that the process at the step S32a may be same as the process at the above described step S32 that
targets the iris camera 3, except that it targets at the common camera 7a.

[0083]

Then, when it is determined that the authentication target person T is located at the focus
point P2 (the step S41: Yes), the imaging control unit 615 controls the common camera 7a to
capture the image of the authentication target person T located at the focus point P2 (a step S42a).
In this case, the imaging control unit 615 controls the common camera 7a so that the state of the
common camera 7a is switched from the wide imaging state to the iris imaging state before
controlling the common camera 7a to capture the image of the authentication target person T
located at the focus point P2.  Specifically, the imaging control unit 615 controls the common
camera 7a so that the state of the common camera 7a is switched from the wide imaging state to
the iris imaging state before the iris image 300 is obtained at the step S42a after the wide image
200 is obtained at the step S12a. When the common camera 7a is provided with the optical
system including the zoom lens as described above, the imaging control unit 615 controls the zoom
lens (for example, moves the movable lens included in the zoom lens) so that the focal length of
the optical system including the zoom lens is set to be the relatively long second distance.

Namely, the imaging control unit 615 changes the focal length of the optical system including the
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zoom lens from the relatively short first distance to the relatively long second distance. As a
result, the state of the common camera 7a is switched from the wide imaging state to the iris
imaging state. Then, the imaging control unit 615 controls the common camera 7a to capture the
image of the authentication target person T located at the focus point P2.  As a result, the common
camera 7a captures the image of the authentication target person T located at the focus point P2
(the step S42a). The iris image 300 captured by the common camera 7a (especially, the image
part of the iris image 300 in the region of interest IA) is obtained by the image obtaining unit 611
(the step S42a).

[0084]

Then, the authentication unit 616 performs the iris authentication by using the iris image
300 obtained at the step S42 (the step S51).

[0085]

The iris authentication system la in the first modified example described above is able to
achieve an effect that is same as an effect achievable by the above described iris authentication
system 1.

[0086]

(4-2) Other Modified Example

In the above described description, the coordinate estimation unit 613 estimates the
position coordinate C(wide:P2) from the position coordinate C(wide:P1) and then estimates the
position coordinate C(iris:P2) from the position coordinate C(wide:P2) by using two
correspondence information, the first and second correspondence information. However, the
coordinate estimation unit 613 may estimate the position coordinate C(iris:P2) directly from the
position coordinate C(wide:P1) by using single correspondence information to which both of the
first and second correspondence information are reflected (for example, single transformation
matrix that corresponds to the first transformation matrix H1 x the second transformation matrix
H2. Eveninthis case, an operation for estimating the position coordinate C(iris:P2) directly from
the position coordinate C(wide:P1) is equivalent to an operation for estimating the position
coordinate C(wide:P2) from the position coordinate C(wide:P1) and then estimating the position
coordinate C(iris:P2) from the position coordinate C(wide:P2), as long as the firs correspondence
information is reflected to the single correspondence information.

[0087]

In the above described description, single trigger point P1 is set. However, a plurality

of trigger points P1 distances from the reference point PO of which are different from each other

may be set. In this case, the wide camera 2 may capture the image of the authentication target
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person T located at at least one trigger point P1 of the plurality of trigger points P1.  Alternatively,
the iris authentication system 1 may be provided with a plurality of wide cameras 2 that correspond
to the plurality of trigger points P1, respectively. Moreover ,when the plurality of trigger points
P1 are set, the iris authentication system 1 may be provided with a plurality of human detection
sensors 4 that correspond to the plurality of trigger points P1, respectively.

[0088]

The iris authentication system 1 may be provided with single iris camera 3. In this case,
the range of the field of view of the iris camera 3 may be set to be a proper range so that the iris
camera 3 is configured to capture the image of the target portion TP of the authentication target
person T located at the focus point P2 regardless of the height of the authentication target person
T. Moreover, when the iris authentication system 1 is provided with single iris camera 3, the
camera set unit 614 may not perform the process at the step S31 of FIG. 5 (namely, the process of
selecting one iris camera 3 that captures the image of the authentication target person T).

[0089]

The camera set unit 614 may not perform the process of setting the region of interest IA
(the process corresponding to the step S32 of FIG. 5 or the step S32a of FIG. 10). In this case,
the iris authentication system 1 may not operates in the region of interest mode. Specifically, the
image obtaining unit 611 may obtain whole of the iris image 300 captured by the iris camera 3 or
the common camera 7a. The authentication unit 616 may perform the iris authentication by using
whole of the iris image 300 captured by the iris camera 3 or the common camera 7a.

[0090]

In the above described description, the iris authentication apparatus 6 is provided with the
image obtaining unit 611, the area detection unit 612, the coordinate estimation unit 613, the
camera set unit 614, the imaging control unit 615 and the authentication unit 616. However, as
illustrated in FIG. 11 that is a block diagram illustrating a modified example of the iris
authentication apparatus 6, the iris authentication apparatus 6 may not be provided with at least
one of the area detection unit 612, the coordinate estimation unit 613 and the camera set unit 614.
In this case, the imaging control unit 615 may perform the process that is performed by each of
the area detection unit 612, the coordinate estimation unit 613 and the camera set unit 614.
Alternatively, an apparatus outside the iris authentication apparatus 6 may perform the process that
is performed by each of the area detection unit 612, the coordinate estimation unit 613 and the
camera set unit 614. Moreover, as illustrated in FIG. 11, the iris authentication apparatus 6 may
not be provided with the authentication unit 616. In this case, an apparatus outside the iris

authentication apparatus 6 may perform the process that is performed by the authentication unit
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616.
[0091]

In the above described description, the iris authentication system 1 is provided with the
human detection sensor 4. However, the iris authentication system 1 may not be provided with
the human detection sensor 4. In this case, the wide camera 2 or the common camera 7a may
keep capturing the image of the scene in the range of the field of view at a predetermined frame
rate (namely, an imaging rate) regardless of whether the authentication target person T is located
at the trigger point P1. Typically, the wide camera 2 or the common camera 7a may keep
capturing the image of the scene in the range of the field of view at the predetermined frame rate
during at least a period when the authentication target person T passes through the trigger point
P1. As a result, even when the iris authentication system 1 is not provided with the human
detection sensor 4, the wide camera 2 or the common camera 7a is able to capture the image of the
authentication target person T at a timing when the authentication target person T reaches the
trigger point P1. Namely, even when the iris authentication system 1 is not provided with the
human detection sensor 4, the image obtaining unit 611 is able to obtain the wide image 200
including the authentication target person T located at the trigger point P1.

[0092]

When the iris authentication system 1 is not provided with the human detection sensor 4,
the iris authentication apparatus 6 (for example, the area detection unit 612) may determine
whether or not the wide image 200 including the authentication target person T located at the
trigger point P1 is obtained by performing an image analysis on the wide image 200. Namely,
the iris authentication apparatus 6 may determine whether or not the authentication target person
T is located at the trigger point P1 by performing the image analysis on the wide image 200.
When it is determined that the authentication target person T is located at the trigger point P1
(namely, the wide image 200 including the authentication target person T located at the trigger
point P1 is obtained), the iris authentication apparatus 6 performs the process of selecting one iris
camera 3 for capturing the image of the authentication target person T located at the focus point
P2 (specifically, a series of processes from the step S21 to the step S32 of FIG. 5 or FIG. 10) on
the basis of the wide image 200. On the other hand, when it is determined that the authentication
target person T is not located at the trigger point P1, the iris authentication apparatus 6 does not
start a series of processes from the step S21 to the step S32 of FIG. 5 or FIG. 10. Note that the
iris authentication apparatus 6 may use an existing method as a method for the image analysis for
determining whether or not the authentication target person T is located at the trigger point P1.

For example, the iris authentication apparatus 6 may determine whether or not the authentication
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target person T is located at the trigger point P1 by estimating a depth from the wide image 200.
For example, the iris authentication apparatus 6 may determine whether or not the authentication
target person T is located at the trigger point P1 by detecting a foot of the authentication target
person T included in the wide image 200 and determining whether or not the detected foot is
located at the trigger point P1. For example, the iris authentication apparatus 6 may determine
whether or not the authentication target person T is located at the trigger point P1 by determining
whether or not an interval between both eyes of the authentication target person T included in the
wide image 200 is a predetermined value.

[0093]

In the above described description, the iris authentication system 1 is provided with the
human detection sensor 5. However, the iris authentication system 1 may not be provided with
the human detection sensor 5. In this case, the iris camera 3 on which the region of interest IA is
already set may keep capturing the image of the scene in the range of the field of view at a
predetermined frame rate (namely, an imaging rate) regardless of whether the authentication target
person T is located at the focus point P2 after the region of interest IA of the iris camera 3 is set at
the step S32 of FIG. 5. Alternatively, the common camera 7a on which the region of interest IA
is already set may keep capturing the image of the scene in the range of the field of view at a
predetermined frame rate (namely, an imaging rate) regardless of whether the authentication target
person T is located at the focus point P2 after the region of interest IA of the common camera 7a
is set at the step S32a of FIG. 10. Typically, the iris camera 3 or the common camera 7a may
keep capturing the image of the scene in the range of the field of view at the predetermined frame
rate (namely, the imaging rate) during at least a period when the authentication target person T
passes through the focus point P2.  As a result, even when the iris authentication system 1 is not
provided with the human detection sensor 5, the iris camera 3 or the common camera 7a is able to
capture the image of the authentication target person T at a timing when the authentication target
person T reaches the focus point P2 from the trigger point P1. Namely, even when the iris
authentication system 1 is not provided with the human detection sensor 5, the image obtaining
unit 611 is able to obtain the iris image 300 including the authentication target person T located at
the focus point P2.

[0094]

In the above described description, the example embodiment of the imaging system, the
imaging method, the control apparatus, the computer program and the recording medium is applied
to the iris authentication system 1. However, the example embodiment of the imaging system,
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be applied to any authentication system that performs an authentication of the authentication target
person T on the basis of a feature of a predetermined part of the authentication target person T that
is different from the iris. Namely, the iris authentication system 1 may be modified to be any
authentication system that performs any authentication operation. A face authentication system
that performs the authentication of the authentication target person T on the basis of a feature of a
face of the authentication target person T is one example of any authentication system.
Alternatively, the example embodiment of the imaging system, the imaging method, the control
apparatus, the computer program and the recording medium may be applied to any imaging system
that controls the iris camera 3 (alternatively, a second imaging apparatus) to capture an image of a
moving imaging target person on the basis of an image of the imaging target person captured by
the wide camera 2 (alternatively, a first imaging apparatus). Namely, the iris authentication
system 1 may be modified to be any imaging system that captures the image of the imaging target
person at the above described trigger point P1 and the focus point P2 by using at least two types
of imaging apparatuses, respectively.

[0095]

The iris authentication system 1 may authenticate the authentication target person T by
using any part of the authentication target person T in addition to or instead of authenticating the
authentication target person T by using the iris of the authentication target person T. Namely, any
authentication system that authenticates the authentication target person T by using any part of the
authentication target person T may have a configuration and performs an operation that are same
as those of the iris authentication system 1. A face authentication system that authenticates the
authentication target person T by using the face of the authentication target person T is one example
of any authentication system.

[0096]

(5) Supplementary Note

With respect to the example embodiments described above, the following Supplementary

Notes will be further disclosed.

[0097]

(5-1) Supplementary Note 1

An imaging system according to a supplementary note 1 is an imaging system that is
provided with:

a first imaging apparatus that captures an image of an imaging target that is located at a
first point;

asecond imaging apparatus a focus position of which is set at a second point that is located
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at a forward side along a moving direction of the imaging target than the first point; and

a control apparatus that controls the second imaging apparatus to capture an image of the
imaging target that is located at the second point on the basis of the image captured by the first
imaging apparatus.
[0098]

(5-2) Supplementary Note 2

An imaging system according to a supplementary note 2 is the imaging system according
to the supplementary note 1 that is further provided with:

a first detection apparatus that detects whether or not the imaging target is located at the
first point; and

a second detection apparatus that detects whether or not the imaging target is located at
the second point.
[0099]

(5-3) Supplementary Note 3

An imaging system according to a supplementary note 3 is the imaging system according
to the supplementary note 2, wherein

the first imaging apparatus captures the image of the imaging target that is located at the
first point when the first detection apparatus detects that the imaging target is located at the first
point,

the second imaging apparatus captures the image of the imaging target that is located at
the second point when the second detection apparatus detects that the imaging target is located at
the second point.
[0100]

(5-4) Supplementary Note 4

An imaging system according to a supplementary note 4 is the imaging system according
to the supplementary note 1, wherein

the second imaging apparatus keeps capturing the image at a desired imaging rate during
a period when the imaging target passes through the second point.
[0101]

(5-5) Supplementary Note 5

An imaging system according to a supplementary note 5 is the imaging system according
to the supplementary note 1 or 4 that is further provided with a first detection apparatus that detects
whether or not the imaging target is located at the first point,

the first imaging apparatus captures the image of the imaging target that is located at the
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first point when the first detection apparatus detects that the imaging target is located at the first
point.
[0102]

(5-6) Supplementary Note 6

An imaging system according to a supplementary note 6 is the imaging system according
to any one of the supplementary notes 1 to 5, wherein

the control apparatus (i) determines, on the basis of the image captured by the first
imaging apparatus, a first position that is a position of the imaging target located at the first point
in the image captured by the first imaging apparatus, (ii) estimates, on the basis of the first position,
a second position that is a position of the imaging target in the image captured by the second
imaging apparatus under the assumption that the second imaging apparatus has captured the image
of the imaging target that has moved from the first point to the second point, and (iii) controls, on
the basis of the second position, the second imaging apparatus to capture the image of the imaging
target that is located at the second point.
[0103]

(5-7) Supplementary Note 7

An imaging system according to a supplementary note 7 is the imaging system according
to the supplementary note 6, wherein

in order to estimate the second position on the basis of the first position, the control
apparatus (i) estimates, on the basis of the first position, a third position that is a position of the
imaging target in the image captured by the first imaging apparatus under the assumption that the
first imaging apparatus has captured the image of the imaging target that has moved from the first
point to the second point, and (ii) estimates the second position on the basis of the third position.
[0104]

(5-8) Supplementary Note 8

An imaging system according to a supplementary note 8 is the imaging system according
to any one of the supplementary notes 1 to 7 that is provided with a plurality of second imaging
apparatuses,

the control apparatus determines, from the image captured by the first imaging apparatus,
a position of the imaging target in the image, and selects, on the basis of the determined position,
one second imaging apparatus that captures the image of the imaging target that is located at the
second point.

[0105]

(5-9) Supplementary Note 9
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An imaging system according to a supplementary note 9 is the imaging system according
to the supplementary note 7, wherein

the control apparatus estimates the third position on the basis of the first position and
information relating to the moving direction of the imaging target.
[0106]

(5-10) Supplementary Note 10

An imaging system according to a supplementary note 10 is the imaging system according
to any one of the supplementary notes 1 to 9, wherein

the control apparatus controls the second imaging apparatus to capture the image of the
imaging target that is located at the second point on the basis of the image captured by the first
imaging apparatus and information relating to the moving direction of the imaging target.
[0107]

(5-11) Supplementary Note 11

An imaging system according to a supplementary note 11 is the imaging system according
to the supplementary note 9 or 10, wherein

the information relating to the moving direction of the imaging target includes a
correspondence relationship between a position of an object in the image captured by the first
imaging apparatus under the assumption that the first imaging apparatus has captured the image
of the object that is located at the first point and a position of the object in the image captured by
the first imaging apparatus under the assumption that the first imaging apparatus has captured the
image of the object that is located at the second point.
[0108]

(5-12) Supplementary Note 12

Animaging system according to a supplementary note 12 is the imaging system according
to any one of the supplementary notes 1 to 11 that is provided with a plurality of second imaging
apparatuses,

the control apparatus selects, on the basis of the image captured by the first imaging
apparatus, one second imaging apparatus that should capture the image of the imaging target that
is located at the second point among the plurality of second imaging apparatuses, and controls the
selected one second imaging apparatus to captures the image of the imaging target that is located
at the second point
[0109]

(5-13) Supplementary Note 13

Animaging system according to a supplementary note 13 is the imaging system according
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to any one of the supplementary notes 1 to 12, wherein

a plurality of first points are set,

the first imaging apparatus captures the image of the imaging target that is located at at
least one of the plurality of first points.
[0110]

(5-14) Supplementary Note 14

An imaging system according to a supplementary note 14 is an imaging system that is
provided with:

an imaging apparatus a state of which is switchable between a first state and a second
state, that captures an image of an imaging target that is located at a first point in the first state,
and that captures an image of the imaging target that is located at a second point, which is located
at a forward side along a moving direction of the imaging target than the first point, in the second
state; and

a control apparatus that switches the imaging apparatus from the first state to the second
state by controlling the imaging apparatus on the basis of the image captured by the imaging
apparatus in the first state.
[0111]

(5-15) Supplementary Note 15

Animaging system according to a supplementary note 15 is the imaging system according
to the supplementary note 14, wherein

the imaging apparatus sets a focus position in an area including the first point in the first
state and sets the focus position in an area including the second point in the second state.
[0112]

(5-16) Supplementary Note 16

Animaging system according to a supplementary note 16 is the imaging system according
to the supplementary note 14 or 15 that is further provided with:

a first detection apparatus that detects whether or not the imaging target is located at the
first point; and

a second detection apparatus that detects whether or not the imaging target is located at
the second point.
[0113]

(5-17) Supplementary Note 17

An imaging system according to a supplementary note 17 is the imaging system according

to the supplementary note 16, wherein
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the imaging apparatus in the first state captures the image of the imaging target that is
located at the first point when the first detection apparatus detects that the imaging target is located
at the first point,

the imaging apparatus in the second state captures the image of the imaging target that is
located at the second point when the second detection apparatus detects that the imaging target is
located at the second point.
[0114]

(5-18) Supplementary Note 18

Animaging system according to a supplementary note 18 is the imaging system according
to any one of the supplementary notes 14 to 17, wherein

the imaging apparatus keeps capturing the image at a desired imaging rate during a period
when the imaging target passes through the second point.
[0115]

(5-19) Supplementary Note 19

Animaging system according to a supplementary note 19 is the imaging system according
to the supplementary note 14, 15 or 18 that is further provided with a first detection apparatus that
detects whether or not the imaging target is located at the first point,

the imaging apparatus captures the image of the imaging target that is located at the first
point when the first detection apparatus detects that the imaging target is located at the first point.
[0116]

(5-20) Supplementary Note 20

Animaging system according to a supplementary note 20 is the imaging system according
to any one of the supplementary notes 14 to 19, wherein

the control apparatus (i) determines, on the basis of the image captured by the imaging
apparatus in the first state, a first position that is a position of the imaging target located at the first
point in the image captured by the imaging apparatus in the first state, (ii) estimates, on the basis
of the first position, a second position that is a position of the imaging target in the image captured
by the imaging apparatus in the second state under the assumption that the imaging apparatus in
the second state has captured the image of the imaging target that has moved from the first point
to the second point, and (iii) controls, on the basis of the second position, the imaging apparatus
in the second state to capture the image of the imaging target that is located at the second point.
[0117]

(5-21) Supplementary Note 21

Animaging system according to a supplementary note 21 is the imaging system according
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to the supplementary note 20, wherein

in order to estimate the second position on the basis of the first position, the control
apparatus (i) estimates, on the basis of the first position, a third position that is a position of the
imaging target in the image captured by the imaging apparatus in the first state under the
assumption that the imaging apparatus in the first state has captured the image of the imaging
target that has moved from the first point to the second point, and (ii) estimates the second position
on the basis of the third position.
[0118]

(5-22) Supplementary Note 22

An imaging system according to a supplementary note 22 is the imaging system according
to the supplementary note 21, wherein

the control apparatus estimates the third position on the basis of the first position and
information relating to the moving direction of the imaging target.
[0119]

(5-23) Supplementary Note 23

An imaging system according to a supplementary note 23 is the imaging system according
to any one of the supplementary notes 13 to 22, wherein

the control apparatus controls the imaging apparatus in the second state to capture the
image of the imaging target that is located at the second point on the basis of the image captured
by the imaging apparatus in the first state and information relating to the moving direction of the
imaging target.
[0120]

(5-24) Supplementary Note 24

Animaging system according to a supplementary note 24 is the imaging system according
to the supplementary note 22 or 23, wherein

the information relating to the moving direction of the imaging target includes a
correspondence relationship between a position of an object in the image captured by the imaging
apparatus in the first under the assumption that the imaging apparatus in the first state has captured
the image of the object that is located at the first point and a position of the object in the image
captured by the imaging apparatus in the first state under the assumption that the imaging apparatus
in the first state has captured the image of the object that is located at the second point.
[0121]

(5-25) Supplementary Note 25

Animaging system according to a supplementary note 25 is the imaging system according
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to any one of the supplementary notes 14 to 24, wherein

a plurality of first points are set,

the imaging apparatus in the first state captures the image of the imaging target that is
located at at least one of the plurality of first points.
[0122]

(5-26) Supplementary Note 26

An imaging method according to a supplementary note 26 is an imaging method
including:

an obtaining step that obtains an image captured by a first imaging apparatus that captures
an image of an imaging target that is located at a first point; and

a controlling step that controls, on the basis of the image obtained at the obtaining step, a
second imaging apparatus a focus position of which is set at a second point to capture an image of
the imaging target located at the second point that is located at a forward side along a moving
direction of the imaging target than the first point.
[0123]

(5-27) Supplementary Note 27

An imaging method according to a supplementary note 27 is an imaging method
including:

an obtaining step that obtains an image captured by an imaging apparatus in a first state
from the imaging apparatus a state of which is switchable between the first state and a second state,
that captures an image of an imaging target that is located at a first point in the first state, and that
captures an image of the imaging target that is located at a second point, which is located at a
forward side along a moving direction of the imaging target than the first point, in the second state;
and

a controlling step that switches the imaging apparatus from the first state to the second
state by controlling the imaging apparatus on the basis of the image obtained at the obtaining step.
[0124]

(5-28) Supplementary Note 28

A control apparatus according to a supplementary note 28 is a control apparatus that is
provided with:

an obtaining unit that obtains an image captured by a first imaging apparatus that captures
an image of an imaging target that is located at a first point; and

a controlling unit that controls, on the basis of the image obtained by the obtaining unit,

a second imaging apparatus a focus position of which is set at a second point to capture an image
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of the imaging located at the second point that is located at a forward side along a moving direction
of the imaging target than the first point.
[0125]

(5-29) Supplementary Note 29

A control apparatus according to a supplementary note 29 is a control apparatus that is
provided with:

an obtaining unit that obtains an image captured by an imaging apparatus in a first state
from the imaging apparatus a state of which is switchable between the first state and a second state,
that captures an image of an imaging target that is located at a first point in the first state, and that
captures an image of the imaging target that is located at a second point, which is located at a
forward side along a moving direction of the imaging target than the first point, in the second state;
and

a controlling unit that switches the imaging apparatus from the first state to the second
state by controlling the imaging apparatus on the basis of the image obtained by the obtaining unit.
[0126]

(5-30) Supplementary Note 30

A computer program described in a Supplementary Note 30 is a computer program that
allows a computer to execute the imaging method described in the Supplementary Note 26 or 27.
[0127]

(5-31) Supplementary Note 31

A recording medium described in a Supplementary Note 31 is a recording medium on
which the computer program described in the Supplementary Note 30 is recorded.
[0128]

This disclosure is allowed to be changed, if desired, without departing from the essence
or spirit of the invention which can be read from the claims and the entire specification., and an
imaging system, an imaging method, a control apparatus, a computer program and a recording
medium, which involve such changes, are also intended to be within the technical scope of this

disclosure.

Description of Reference Codes

[0129]
1 iris authentication system
2 wide camera

200 wide image
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4,5

61
611
612
613
614
615
616
Ta
P1
P2

iris camera

iris image

human detection sensor
iris authentication apparatus
CPU

image obtaining unit

area detection unit
coordinate estimation unit
camera set unit

imaging control unit
authentication unit
common camera

trigger point

focus point
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Claims

1. An imaging system comprising:

a first imaging apparatus that captures an image of an imaging target that is located at a
first point;

a second imaging apparatus a focus position of which is set at a second point that is located
at a forward side along a moving direction of the imaging target than the first point; and

a control apparatus that controls the second imaging apparatus to capture an image of the
imaging target that is located at the second point on the basis of the image captured by the first
imaging apparatus, wherein

the control apparatus (i) determines, on the basis of the image captured by the first
imaging apparatus, a first position that is a position of the imaging target located at the first point
in the image captured by the first imaging apparatus, (ii) estimates, on the basis of the first position,
a second position that is a position of the imaging target in the image captured by the second
imaging apparatus under the assumption that the second imaging apparatus has captured the image
of the imaging target that has moved from the first point to the second point, and (iii) controls, on
the basis of the second position, the second imaging apparatus to capture the image of the imaging

target that is located at the second point.

2. The imaging system according to claim 1 further comprising:

a first detection apparatus that detects whether or not the imaging target is located at the
first point; and

a second detection apparatus that detects whether or not the imaging target is located at

the second point.

3. The imaging system according to claim 2, wherein

the first imaging apparatus captures the image of the imaging target that is located at the
first point when the first detection apparatus detects that the imaging target is located at the first
point,

the second imaging apparatus captures the image of the imaging target that is located at
the second point when the second detection apparatus detects that the imaging target is located at

the second point.

4. The imaging system according to claim 1, wherein
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the second imaging apparatus keeps capturing the image at a desired imaging rate during

a period when the imaging target passes through the second point.

5. The imaging system according to claim 1 or 4 further comprising a first detection
apparatus that detects whether or not the imaging target is located at the first point,

the first imaging apparatus capturing the image of the imaging target that is located at the
first point when the first detection apparatus detects that the imaging target is located at the first

point.
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6. The imaging system according to claim 1, wherein

in order to estimate the second position on the basis of the first position, the control
apparatus (i) estimates, on the basis of the first position, a third position that is a position of the
imaging target in the image captured by the first imaging apparatus under the assumption that the
first imaging apparatus has captured the image of the imaging target that has moved from the first
point to the second point, and (ii) estimates, on the basis of the third position, the second position
that is the position of the imaging target in the image captured by the second imaging apparatus
under the assumption that the second imaging apparatus has captured the image of the imaging

target that has moved from the first point to the second point.

7. The imaging system according to any one of claims 1 to 6 comprising a plurality of second
imaging apparatuses,

the control apparatus determining, from the image captured by the first imaging apparatus,
a position of the imaging target in the image and, selects, on the basis of the determined position,
one second imaging apparatus that captures the image of the imaging target that is located at the

second point.

8. An imaging method comprising:

obtaining an image captured by a first imaging apparatus that captures an image of an
imaging target that is located at a first point; and

controlling, on the basis of the obtained image, a second imaging apparatus a focus
position of which is set at a second point to capture an image of the imaging target located at the

second point that is located at a forward side along a moving direction of the imaging target than
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the first point, wherein

the controlling (i) determines, on the basis of the image captured by the first imaging
apparatus, a first position that is a position of the imaging target located at the first point in the
image captured by the first imaging apparatus, (ii) estimates, on the basis of the first position, a
second position that is a position of the imaging target in the image captured by the second imaging
apparatus under the assumption that the second imaging apparatus has captured the image of the
imaging target that has moved from the first point to the second point, and (iii) controls, on the
basis of the second position, the second imaging apparatus to capture the image of the imaging

target that is located at the second point.
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9. A recording medium on which a computer program that allows a computer to execute the

imaging method according to claim 8§ is recorded.





