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57 ABSTRACT

An image recognition device for recognizing respective types
of display objects appearing in an image is provided, the
image recognition device comprising: a change object select-
ing unit configured to select a change object, a target whose
recognition result is to be modified, from the display objects
and to determine that a type of each determined object is a
type of one of recognition candidates which has the highest
degree of reliability, the determined objects being not the
change object; a pair object selecting unit configured to select
a pair object from the determined objects, the pair object
making a pair with the change object; and a recognition
processing unit configured to modify the recognition result of
the change object and to identify the change object, on the
basis of a pair information list that indicates an object type
associated with a type of the pair object.
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IMAGE RECOGNITION DEVICE,
RECORDING MEDIUM, AND IMAGE
RECOGNITION METHOD

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of priority from
Japanese Patent Application No. 2013-084370, filed on 12
Apr. 2013, the entire contents of which is incorporated herein
by reference for all purposes.

BACKGROUND

[0002] The present invention relates to an image recogni-
tion device, a recording medium storing an image recognition
program, and an image recognition method, which recognize
a type of a display object appearing in an image.

[0003] In general, recognition of objects, letter strings, and
others contained in an image is called image recognition. In
particular, the image recognition that identifies a type of an
object contained in an image on the basis of its shape, color,
behavior or the like is called general object recognition.
[0004] In recent years, many studies have been conducted
on the image recognition, including the general object recog-
nition, and accurate image recognition has been pursued.
However, no image recognition devices that can provide
image recognition that identifies correctly and accurately an
object in an image still have been realized.

[0005] Accordingly, various techniques for improving the
accuracy of the image recognition have been developed.
[0006] To give an example, Japanese Unexamined Patent
Publication No. 2010-9440 (publication date: Jan. 14, 2010)
describes a recognition device that recognizes a letter string
from image information and further modifies the obtained
letter recognition result.

[0007] More specifically, the technique described in the
document above first subjects a letter string contained in
image information to image identification processing, and
thereby estimates the respective candidate letters for letters
making up the letter string. Then, the recognition device
creates a candidate letter string, which is the candidate for the
letter string, by combining the candidate letters. Finally, the
recognition device identifies the letter string contained in the
image information by checking the candidate letter string
against words in word registration information.

[0008] According to the description ofthe document above,
the recognition device can recognize letter strings through
low-load processing.

[0009] To give another example, Japanese Unexamined
Patent Publication No. 2000-11095 (publication date: Jan.
14, 2000) describes a method of modifying a letter recogni-
tion result. In this method, a letter string resulting from the
reading of letters with an OCR is modified in reference to
letter strings contained in a frequently-appearing word list.
Specifically, the method first extracts a part of the OCR read-
ing result as a sample, and then extracts, from this sample, a
letter string which is similar to a prepared word registered in
the frequently-appearing word list. Next, the method creates
an erratum in which the extracted letter string is related to the
prepared word, and finally modifies the OCR reading result
by using this erratum.

[0010] Both of the techniques described in Japanese Unex-
amined Patent Publication No. 2010-9440 and Japanese
Unexamined Patent Publication No. 2000-11095 recognize a
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letter string in an image, and modify the recognized result.
However, no techniques have been disclosed so far, for rec-
ognizing any given display object within an image in addition
to a letter string and modifying the recognized result. The
present invention addresses the above disadvantage and an
object thereof is to provide an image recognition device and
the like which are capable of identifying accurately a type of
a display object appearing in an image.

SUMMARY

[0011] According to at least one embodiment of the present
invention, there is provided an image recognition device for
recognizing respective types of display objects appearing in
an image, and obtains, for each display object, one or more
recognition candidates, each of the one or more recognition
candidates has a degree of reliability that indicates a likeli-
hood as a result of recognizing the types of the display
objects, the image recognition device comprising: a change
object selecting unit configured to select a change object from
the display objects and to determine that a type of each deter-
mined object is a type of one of the one or more recognition
candidates which has the highest degree of reliability, the
change object being a target whose recognition result is to be
modified and the determined objects being not the target
whose recognition result is to be modified; a pair object
selecting unit configured to select a pair object from the
determined objects of the display objects, the pair object
making a pair with the change object; and a recognition
processing unit configured to modify the recognition result of
the change object and to identify the change object, on the
basis of a pair information list that indicates an object type
associated with a type of the pair object.

[0012] According to at least one embodiment of the present
invention, there is provided an image recognition method of
recognizing respective types of display objects appearing in
an image, and obtaining, for each display object, one or more
recognition candidates, each of the one or more recognition
candidates has a degree of reliability that indicates a likeli-
hood as a result of recognizing the types of the display
objects, the image recognition method comprising: selecting
achange object from the display objects and determining that
atype of each determined object is a type of one of the one or
more recognition candidates which has the highest degree of
reliability, the change object being a target whose recognition
result is to be modified and the determined objects being not
the target whose recognition result is to be modified; selecting
a pair object from the determined objects of the display
objects, the pair object making a pair with the change object;
and moditying the recognition result of the change object and
identifying the change object, on the basis of a pair informa-
tion list that indicates an object type associated with a type of
the pair object.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isablockdiagram showing a configuration of
an image recognition device according to Embodiment 1 of
the present invention;

[0014] FIG. 2 shows an exemplary image explaining exem-
plary general object recognition applied to the image;

[0015] FIG. 3 shows an exemplary image explaining the
general object recognition performed by the image recogni-
tion device shown in FIG. 1;
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[0016] FIG. 4 is also used to explain the general object
recognition performed by the image recognition device
shown in FIG. 1; and

[0017] FIG. 5 is a flowchart of the general object recogni-
tion performed by the image recognition device shown in
FIG. 1.

DETAILED DESCRIPTION

Embodiment 1

[0018] Thereinafter, an embodiment of the present inven-
tion will be described in detail with reference to FIGS. 1 to 5.
[0019] A description will be given of a configuration of an
image recognition device 1 according to the present embodi-
ment, with reference to FIG. 1. FIG. 1 is a block diagram
showing a configuration of the image recognition device 1.
[0020] As shown in FIG. 1, the image recognition device 1
includes an image obtaining unit 101, a general object recog-
nition unit 102, a change object identifying unit 10, an output
unit 106, and a storage unit 107.

[0021] Theimage obtaining unit 101 obtains an image from
the exterior of the image recognition device 1, such as an
image photographing device or an image database. The image
obtaining unit 101 then outputs the image obtained in this
manner to the general object recognition unit 102.

[0022] The general object recognition unit 102 subjects the
image received from the image obtaining unit 101 to the
general image recognition. In more detail, the general object
recognition unit 102 recognizes respective types of objects
contained in the image on the basis of their shapes, colors,
behaviors, or the like. Each object recognized by the general
object recognition unit 102 typically has one or more recog-
nition candidates; each recognition candidate for a certain
object has a likelihood that this object is identified as the
recognition candidate, or its degree of reliability.

[0023] FIG. 2 shows an exemplary image, which is a target
to be subjected to the general object recognition by the gen-
eral object recognition unit 102. In FIG. 2, eight objects
housed by ellipses are to be recognized by the general object
recognition unit 102. The general object recognition unit 102
outputs recognition candidates for each of the eight objects.
[0024] The change object identifying unit 10 modifies the
object recognition result received from the general object
recognition unit 102. In more detail, the change object iden-
tifying unit 10 selects an object whose object recognition
result has a low degree of reliability as a change object, and
modifies this object recognition result, thereby identifying
this change object as an object with a higher likelihood.
Details of the change object identifying unit 10 will be
described below.

[0025] The output unit 106 outputs the image processing
result received from the change object identifying unit 10 to
the exterior of the image recognition device 1. For example,
the output unit 106 may output this image processing result to
any given type of image application.

[0026] The storage unit 107 stores a pair information list,
which is a list of pair information associated with an object.
[0027] (Pair Information)

[0028] There is no specific limitation on the pair informa-
tion associated with an object; however, for example, the pair
information may be decided in the following manner.

[0029] After a photographed image stored in a database is
subjected to the general object recognition, two objects, or
two determined objects that would often be present together
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in the same image, are selected from identified objects in the
image, and one of the determined objects is set as pair infor-
mation for the other.

[0030] Note that a high-performance image recognition
device (that has a higher image recognition ability than the
image recognition device 1) is desirably used to subject the
general object recognition to the image in the database. This
is because with a high-performance image recognition
device, an object in the image can be identified more cor-
rectly, and the pair information can be decided using this
object. In this case, since no prompt processing for generating
the pair information is essentially required, a high-perfor-
mance image recognition device, as described above, can be
used.

[0031] Alternatively, two objects that are typically or
empirically used in combination or arranged in a pair may be
selected from the identified objects, and one of the selected
objects may be set as pair information for the other.

[0032] When the configuration above is employed, the pair
information list for a desk contains, for example, a chair and
a person. The pair information list for a personal computer
(PC) contains, for example, a keyboard and a mouse. The pair
information list for a dog contains, for example, foods, a dog
collar and a chain.

[0033] (Change Object Identifying Unit 10)

[0034] As shown in FIG. 1, the change object identifying
unit 10 includes a change object selecting unit 103, a pair
object selecting unit 104, and a recognition processing unit
105.

[0035] Details of the components configuring the change
object identifying unit 10 will be described in order.

[0036] (1. Change Object Selecting Unit 103)

[0037] The change object selecting unit 103 selects, from
objects in the image which have been recognized by the
general object recognition unit 102, one or more objects
(referred to below as change objects) that become targets
whose recognition results are to be changed.

[0038] In FIG. 3, the recognition results that have been
provided by the general object recognition unit 102 for some
objects are shown. For example, the object 5 is indicated with
recognition candidates (“desk,” “cat” and “dog™) and scores
(800, 300 and 300) indicating the degrees of reliability of
these recognition candidates.

[0039] To give a first example, the change object selecting
unit 103 sets a preset threshold, and regards a display object
(an object appearing in an image) with the highest score equal
to or lower than the preset threshold, as a change object; the
highest score is the highest one of scores (see FIG. 3) indi-
cating the degrees of reliability of the recognition candidates.
In the case where the threshold is set to 500 in the example of
the image shown in FIG. 3, the object 4 (highest score: 450)
and the object 6 (400) are regarded as change objects.
[0040] The change object selecting unit 103 then identifies
each of the objects other than the change objects (objects 4
and 6) as its recognition candidate with the highest score. The
identified objects are referred to below as determined objects.
[0041] When there is no display objects having a highest
score exceeding the threshold in the whole image or when no
other display objects are disposed within a preset range of a
distance from a display object having the highest score in the
image, the change object selecting unit 103 may regard only
the display object having the highest score as a determined
object, and the other display objects as change objects.
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[0042] To give a second example, the change object select-
ing unit 103 selects, from the recognition candidates of each
object recognized by the general object recognition unit 102,
one recognition candidate having the highest score for each
object, and compares these highest scores to identify the
recognition candidate having the lowest score. Then the
change object selecting unit 103 regards the object having this
recognition candidate as a change object. If this configuration
is applied to the image shown in FIG. 3, the object 6 having
the highest score of 400 is regarded as the change object.
[0043] (2. Pair Object Selecting Unit 104)

[0044] The pair object selecting unit 104 selects objects
(referred to below as pair objects) that make respective pairs
with change objects selected by the change object selecting
unit 103. The pair object for a certain change object is one or
more selected objects selected from determined objects in an
image in which this change object is present.

[0045] (Concrete Example of Processing for Selecting Pair
Object)
[0046] A description of exemplary processing through

which the pair object selecting unit 104 selects a pair object
will be given below.

Example 1

[0047] InExample 1 of a method of selecting a pair object,
the pair object selecting unit 104 selects, from determined
objects disposed around a change object in an image, one
having the recognition candidate with the highest score, as the
pair object for this change object.

Example 2

[0048] In Example 2 of a method of selecting a pair object,
the pair object selecting unit 104 selects, as a pair object, one
of determined objects which is disposed the closest to a
change object in an image. With this method, a determined
object that is disposed close to a change object and would be
closely related to the change object can be selected as the pair
object, in priority to other determined objects.

[0049] For example, in the case where the object 6 is a
change object in FIG. 3, the object 5 disposed the closest to
the object 6 in the image is selected as the pair object for the
object 6. In this case, if the object 6 is not identified using the
object 5 as the pair object for the object 6, the object 2, which
is disposed the second closest to the object 6 in the image,
may be newly selected as the pair object for the object 6.

Example 3

[0050] InExample 3 of a method of selecting a pair object,
when a plurality of determined objects are present around a
change object, the pair object selecting unit 104 selects one of
the determined objects which belongs to the type for which
the number of the determined objects is the largest, as the pair
object.

[0051] Suppose the objects 1 to 5 are determined objects
and the object 6 is a change object in the image shown in FIG.
3. Further, the objects 1 to 5 are identified as a person, a
person, a desk, a chair and a desk, respectively.

[0052] “Person” corresponds to two (objects 1 and 2) of the
objects 1 to 5; likewise “desk” corresponds to two (objects 3
and 5) of the objects 1 to 5. In other words, the objects 1, 2, 3
and 5 belong to the type for which the number of the deter-
mined objects is the largest. Consequently, the object 1,2, 3 or
5 is regarded as the pair object for the object 6.

Oct. 16,2014

[0053] In the case above, for example, the pair object
selecting unit 104 may refer to the respective degrees of
reliability of the objects 1, 2, 3 and 5, and determine that one
of the objects 1, 2, 3 and 5 which has the highest degree of
reliability is the pair object.

Example 4

[0054] InExample 4 of a method of selecting a pair object,
when a plurality of change objects are present in an image, the
pair object selecting unit 104 selects the respective pair
objects for the change objects, in a decreasing order of highest
score among the recognition candidates of each change
object. Suppose that a first change object and a second change
object are present; a recognition candidate in the first change
object has a higher score than that of a second change object.
The pair object selecting unit 104 first selects the pair object
for the first change object, and then the pair object for the
second change object. A reason for this is as follows.

[0055] First, if the recognition candidate for a change
objecthas a higher score, there is a greater probability that this
change object has been recognized correctly by the general
object recognition unit 102. Since the recognition candidate
of'the first change object which has a higher score than that of
the second change object, there is greater probability that the
first change object will be identified more correctly than the
second change object by the recognition processing unit 105.
[0056] Second, when the pair object selecting unit 104
selects the pair object for the first change object having a
recognition candidate with a higher score, the first change
objecthas been identified before the pair object for the second
change object is selected. In this case, in selecting the pair
object for the second change object, the pair object selecting
unit 104 can use the identified first change object as the pair
object for the second change object.

[0057] As described above, there is a greater probability
that the first change object will be identified more correctly
than the second change object. If the first change object has
been identified correctly, the pair information in the identified
first change object is quite likely to contain information for
identifying the second change object correctly.

[0058] Thus, when the identified first change object has
been selected as the pair object for the selection of the pair
object of the second change object, the recognition process-
ing unit 105 is quite likely to identify the second change
object correctly, on the basis of the pair information of the
identified first change object.

[0059] If the pair object selecting unit 104 selects the pair
object for the second change object whose recognition can-
didate has a lower score before selecting the pair object for the
first change object, there is a greater probability that the
second change object will be identified erroneously. More-
over, (after the second change object is identified errone-
ously,) if the identified second change object is selected as the
pair object for the selection of the pair object of the first
change object, the recognition processing unit 105 will have
difficulty in identifying the first change object correctly, on
the basis of the pair information of the identified second
change object.

[0060] For the reason above, when a plurality of change
objects are present in an image, it is preferable for the recog-
nition processing unit 105 to identify change objects in a
decreasing order of highest score among the recognition can-
didates of each change object.
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[0061] The pair object selecting unit 104 accordingly
selects pair objects for the change objects in a decreasing
order of highest score of their recognition candidates.
[0062] In the example of the image shown in FIG. 3, sup-
pose the objects 4 and 6 are change objects; the highest score
(450) of the object 4 is greater than the highest score (400) of
the object 6.

[0063] First, the pair object selecting unit 104 subjects the
object 4 to the pair object processing. Then, after determining
the object 4, the pair object selecting unit 104 subjects the
object 6 to the pair object processing with or without using the
object 4 as the pair object for the object 6.

[0064] (Recognition Processing Unit 105)

[0065] The recognition processing unit 105 obtains pair
information regarding the pair object for a change object from
the storage unit 107, and identifies this change object by using
the obtained pair information.

[0066] (Concrete Example of Processing for Identifying
Change Object)

[0067] A description of examples of processing through
which the recognition processing unit 105 identifies a change
object will be given below.

Example 1

[0068] InExample 1 of processing foridentifying a change
object, the recognition processing unit 105 refers to the pair
information list of a pair object, and sequentially checks
whether or not each of the recognition candidates of the
change object corresponds to the pair information contained
in the pair information list, in a decreasing order of score of
the recognition candidates. Then, the recognition processing
unit 105 determines that the corresponding recognition can-
didate is the identification result of the change object.
[0069] Example 1 will be described with reference to FIG.
4; objects 5 and 6 in FIG. 4 are identical to those in FIG. 3,
respectively.

[0070] In the example of FIG. 4, suppose the object 6 is a
change object; the object 5 is the pair object. As shown in FIG.
4, the object 5 has a pair information list L. that contains

“chair,” “pencil case,” “pencil” and “eraser” as pieces of pair
information.
[0071] Inthe above configuration, the recognition process-

ing unit 105 checks whether or not “dog,” which is the rec-
ognition candidate having the highest score for the object 6, is
contained in the pair information list L. of the pair object, i.e.
the object 5. When “dog” is contained in the pair information
list L, the recognition processing unit 105 determines that the
change object is a dog.

[0072] When “dog” is not contained in the pair information
list L, the recognition processing unit 105 checks whether or
not “chair,” which is the recognition candidate having the
second highest score for the object 6, is contained in the pair
information list LL in the object 5. The subsequent processing
will be performed likewise.

Example 2

[0073] InExample 2 of processing foridentifying a change
object, the recognition processing unit 105 refers to the pair
information list L of the pair object, and sequentially checks
whether or not each piece of pair information in the pair
information list L is contained in any of the recognition can-
didates in the change object, in an order from the top piece of
pair information to the bottom piece thereof. Then, the rec-
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ognition processing unit 105 identifies the change object as
the contained recognition candidate in the above checking.
[0074] In FIG. 4, for example, suppose the object 6 is a
change object; the object 5 is a pair object. The recognition
processing unit 105 checks whether or not “chair,” which is
the pair information having the highest priority in the pair
information list L of the object 5, is contained in any of the
recognition candidates of the change object, i.e. the object 6.
Since “chair” is contained in one of the recognition candi-
dates of the object 6, the recognition processing unit 105
identifies the object 6 as a chair.

[0075] When “chair” is not contained in any of the recog-
nition candidates of the object 6, the recognition processing
unit 105 checks whether or not “pencil case,” which is the pair
information having the second highest priority in the object 5,
is contained in any of the recognition candidates of the object
6. The subsequent processing will be performed likewise.
[0076] Through the foregoing processing, the change
object, i.e. the object 6, is identified as a chair in the example
shown in FIG. 4. In response to this identification, the recog-
nition result (“dog” having the highest score) of the object 6
that has been provided by the general object recognition unit
102 is modified into “chair.”

[0077] [Modification 1: Weighting of Score]

[0078] After detecting the recognition candidate corre-
sponding to the pair information in Example 1 or 2 above, the
recognition processing unit 105 may make a score change
such that the score of the detected recognition candidate is
increased (e.g., by 50%), instead of identitying the change
object as the detected recognition candidate.

[0079] If the configuration above is employed, the recog-
nition processing unit 105 will identify the change object as
the recognition candidate having the highest score, after mak-
ing the score change.

[0080] In the example shown in FIG. 3, the recognition
processing unit 105 may increase the score of detected
“chair” by 50%, more specifically, change this score from 350
to 525. As aresult, the change object 6 is identified as “chair,”
the score of which has become highest among “dog (score:
400),” “chair (score: 525)” and “person (score: 300).”
[0081] The recognition processing unit 105 may also
decrease the number of recognition candidates for a change
object, before performing the process for identifying the
change object. In more detail, before performing the process
for identifying a change object, the recognition processing
unit 105 may eliminate, from all the recognition candidates
for the change object, one or more that do not exceed a preset
threshold.

[0082] Inthe example shown in FIG. 3, “dog (score: 400),”
“chair (score: 350)” and “person (score: 300)” are shown as
the recognition candidates for the object 6. Assuming that the
threshold for the scores is set to 325, “person” is eliminated,
and “dog” and “chair” are left as recognition candidates for
the object 6. Furthermore, assuming that the threshold for the
scores is set to 375, “person” and “chair” are eliminated, and
only “dog” is left as the recognition candidate for the object 6.

[0083] (Flowchart of Processing for Identifying Change
Object)
[0084] A description of processing for identifying a change

object will be given below with reference to FIGS. 3 and 5;
FIG. 5 is a flowchart of this processing.

[0085] As shown in the flowchart of FIG. 5, first, the image
shown in FIG. 3 externally enters the image obtaining unit
101 (S101). Then, the general object recognition unit 102
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subjects this image to the general object recognition, thereby
obtaining the objects 1 to 6 in the image and their recognition
candidates (5102).

[0086] The change object selecting unit 103 selects one or
more change objects on the basis of the degrees of reliability
(scores) (S103). In more detail, the change object selecting
unit 103 selects, as change objects, one or more of the objects
1 to 6 in the image in which the highest scores of the recog-
nition candidates are equal to or lower than a threshold.
[0087] The change object selecting unit 103 determines
whether or not any change object is present in the image
(S104). When it is determined that no change object is present
in the image (NO in S104), the recognition processing unit
105 identifies each of the display objects, as one of its recog-
nition candidates of each of the display objects which has the
highest score, and then outputs the identification result
(S107).

[0088] When itis determined thatatleast one change object
is present in the image (YES in S104), the pair object select-
ing unit 104 selects the pair object for the change object
(S105).

[0089] Thereafter, the recognition processing unit 105
identifies the change object on the basis of the pair informa-
tion list L. of its pair object and the degrees of reliability
(scores) of its recognition candidates (S106).

[0090] When no change object is left (NO in S104), the
output unit 106 outputs the respective identification results of
the display objects that have been provided by the recognition
processing unit 105, to the exterior (e.g., image application)
(S107).

[0091] According to the above configuration, in order to
modify the recognition result of the change object, the pair
object that makes a pair with this change object is selected
from determined objects. In this case, an arbitrary method
may be employed to select the pair object for a change object.
[0092] The pair object has a pair information list in which
an object is associated with this pair object, for example, on
the basis of a frequency with which the object appears
together with the pair object in the same image.

[0093] Itis thus possible to identify accurately a type of the
change object recognized in an image in which the pair object
for the change object is present, by referring to the pair
information list.

[0094] Intheimage recognition device according to at least
one embodiment of the present invention, the change object
selecting unit may select, as the change object, at least one of
the display objects in which the highest one of the respective
degrees of reliability of the one or more recognition candi-
dates is lower than a preset threshold.

[0095] In the configuration above, when a display object
has one or more recognition candidates, all of which have
degrees of reliability lower than the preset threshold, this
display object is regarded as a change object. In contrast,
when at least one of the one or more recognition candidates in
the display object has a degree of reliability equal to or higher
than the preset threshold, this display object is regarded as a
determined object. The change object is then identified on the
basis of the pair information list in the pair object selected
from the determined objects.

[0096] Herein, the highest degree of reliability refers to the
highest one of the degrees of reliability of one or more rec-
ognition candidates.

[0097] The threshold may be set such that it reduces the
likelihood that the display object is identified as this recog-
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nition candidate if one recognition candidate of a certain
display object has a degree of reliability lower than the thresh-
old.

[0098] Consequently, if a display object has one or more
recognition candidates, all of which have degrees of reliabil-
ity lower than a preset threshold, namely, if a display object
has no potential recognition candidates, this display object is
selected as a change object and its recognition result is modi-
fied.

[0099] In the image recognition device according at least
one embodiment of the present invention, the change object
selecting unit may select, as the change object, one of the
display objects in which the highest one of the respective
degrees of reliability of the one or more recognition candi-
dates is lower than those of the others of the display objects.
[0100] In the configuration above, from one or more rec-
ognition candidates of each display object appearing in an
image, the recognition candidate that has the highest degree
of reliability and the highest likelihood of being each display
object are selected as maximum likelihood recognition can-
didates. Then, these maximum likelihood recognition candi-
dates are compared with one another. Finally, one of the
display objects whose maximum likelihood recognition can-
didate is lower than the others is selected as a change object.
[0101] In the case above, out of all the display objects
appearing in the image, one that is the most difficult to iden-
tify as any recognition candidate can be regarded as a change
object.

[0102] Intheimage recognition device according to at least
one embodiment of the present invention, when the plurality
of'determined objects are present in the image, the pair object
selecting unit may select one of the determined objects which
is disposed the closest to the change object, as the pair object.
[0103] In the configuration above, one of the determined
objects which is disposed the closest to the change object is
regarded as the pair object. The determined object that is
disposed the closest to a change object in an image is expected
to have been in contact with the change object until recently
within a space in which the image was photographed, or to be
disposed adjacent to the change object although having not
been in contact with the change object until recently.

[0104] Therefore, there is a high probability that the above
determined object is closely related to the change object, and
that the pair information list of this determined object thus
contains a correct identification result of the change object.
[0105] In conclusion, by regarding one of determined
objects which is disposed the closest to a change object as the
pair object in the image, the probability that the change object
is identified correctly on the basis of the pair information list
of'this pair object can be increased.

[0106] In the image recognition device according to the at
least one embodiment of the present invention, when the
plurality of determined objects are present in the image, the
pair object selecting unit may select one of the determined
objects which has the highest degree of reliability, as the pair
object.

[0107] In the configuration above, the determined object
that has the highest degree of reliability is selected as the pair
object. In this case, the determined object selected as the pair
object is expected to have been identified correctly with a
greater probability than any other determined objects.
[0108] Therefore, the recognition result of the change
object is modified and the change object is identified, on the
basis of the pair information list of the pair object having been
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identified correctly with the greatest probability. This makes
it possible to increase the probability that the change object
will be identified correctly.

[0109] Intheimage recognition device according to at least
one embodiment of the present invention, when the plurality
of' determined objects are present in the image, the pair object
selecting unit may select one or more of the determined
objects which belongs to the same type for which the number
of'the determined objects is the largest, among the plurality of
determined objects, as the pair object.

[0110] In the configuration above, from the recognition
candidates corresponding to the identification results of one
or more determined objects, one recognition candidate of the
determined objects which belong to the type having largest
the number of the determined objects the is found. Then, any
of the determined objects corresponding to the found recog-
nition candidate is selected as the pair object.

[0111] Out of the recognition candidates corresponding to
the identification results of one or more determined objects,
one of the determined objects which belong to the type having
the largest number of the determined objects becomes the pair
object.

[0112] Therefore, most ofthe largest number of determined
objects above have a high probability of being an object
according to the identification result of the pair object. This
means that there is a high probability that the pair object has
been identified correctly.

[0113] In the case above, the recognition result of the
change object is modified and this change object is identified,
on the basis of the pair information list in the pair object
having been identified correctly with the highest probability.
This makes it possible to increase the probability that the
change object will be identified correctly.

[0114] Intheimage recognition device according to at least
one embodiment of the present invention, the recognition
processing unit may sequentially check whether or not each
of'the one or more recognition candidates of the change object
corresponds to any piece of pair information contained in the
pair information list, in a decreasing order of degree of reli-
ability of the recognition candidates. When a piece of pair
information that corresponds to one of the one or more rec-
ognition candidates is detected, the change object may be
identified as this piece of pair information.

[0115] Inthe configuration above, the recognition process-
ing unit may sequentially check whether or not each of the
recognition candidates corresponds to any piece of pair infor-
mation contained in the pair information list of a pair object,
in a decreasing order of degree of reliability of the recognition
candidates. The detected recognition candidate whose corre-
sponding piece of pair information has been detected has the
highest degree of reliability among all the recognition candi-
dates whose corresponding pairs of pair information are
present in the pair information list.

[0116] Therefore, the change object is identified, as one of
the recognition candidates which has the highest degree of
reliability among all the recognition candidates whose corre-
sponding objects are present in the pair information.

[0117] It is thus possible to identify a change object cor-
rectly with a greater probability than a configuration in which
a change object is identified as one of the recognition candi-
dates which has the second highest or lower degree of reli-
ability among all the recognition candidates whose corre-
sponding pieces of pair information are present in the pair
information.
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[0118] Intheimage recognition device according to at least
one embodiment of the present invention, the recognition
processing unit may sequentially check whether or not each
piece of the pair information in the pair information list cor-
responds to any of the one or more recognition candidates
contained in the change object, in a decreasing order of pri-
ority of the pieces of pair information. When one of the one or
more recognition candidates which corresponds to any piece
of pair information is detected, the change object may be
identified as this piece of pair information.

[0119] The priority of each piece of pair information in the
pair information list may be determined on the basis of a
frequency with which the pair object having this pair infor-
mation list appears together with a corresponding piece of
pair information in the same image within a database.
[0120] Alternatively, the priority of each piece of pair infor-
mation in the pair information list may be determined on the
basis of a frequency with which a corresponding piece of pair
information is empirically or typically disposed in combina-
tion with the pair object having this pair information list.
[0121] Inthe configuration above, the recognition process-
ing unit sequentially checks whether or not each piece of the
pair information in the pair information list corresponds to
any of the recognition candidates contained in the change
object, in a decreasing order of priority of the pieces of pair
information. The detected piece of pair information which
corresponds to any of the recognition candidates of the
change object has the highest priority among pieces of pair
information in the pair information list which corresponds to
any of the recognition candidates of the change object.
[0122] Therefore, the change object is identified, as one of
the pieces of pair information which has the highest priority
among pieces of pair information which correspond to any of
the recognition candidates of the change object.

[0123] It is thus possible to identify a change object cor-
rectly with a greater probability than a configuration in which
a change object is identified as one of the pieces of pair
information which has the second or lower highest priority
among pieces of pair information which correspond to any of
the recognition candidates of the change object.

[0124] Inthe image recognition device according to at least
one embodiment of the present invention, the recognition
processing unit may refer to the pair information list, weight
the respective degrees of reliability of one or more the recog-
nition candidates of the change object so that the respective
degrees of reliability of the one or more recognition candi-
dates which corresponds to any piece of pair information
contained in the pair information list are increased, and then
identify the change object as one of the one or more recogni-
tion candidates of the change object which has the highest
degree of reliability.

[0125] In the configuration above, when one of the recog-
nition candidates which corresponds to any piece of pair
information contained in the pair information list is detected,
the recognition processing unit weights the degree of reliabil-
ity of the detected recognition candidate, instead of identify-
ing the change object as the detected recognition candidate.
[0126] Therefore, by weighting the degree of reliability of
a recognition candidate corresponding to any piece of pair
information contained in the pair information list so that this
degree of reliability increases, the likelihood that the change
object is this recognition candidate can be increased.

[0127] Inthe case above, a weight to be added to the degree
of reliability of a recognition candidate corresponding to any
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piece of pair information in the pair information list may vary
depending on the priority of this pair information. This makes
it possible to increase the degree of reliability of a recognition
candidate whose corresponding pair information in the pair
information list has an increased priority.

[0128] Intheimage recognition device according to at least
one embodiment of the present invention, when the change
object selecting unit selects a plurality of change objects, the
recognition processing unit may identify the change objects
in a decreasing order of the highest degree of reliability of
each recognition candidate.

[0129] In the configuration above, the change objects are
identified in a decreasing order of degree of reliability.
[0130] For example, suppose a first change object has the
highest degree of reliability and a second change object has
the second highest degree of reliability; the recognition pro-
cessing unit identifies the first and second change objects in
this order. In identifying the second change object, the rec-
ognition processing unit can use the identified first change
object as the pair object for the second change object.
[0131] As a change object has an increased degree of reli-
ability, the likelihood increases that this change object is a
recognition candidate having this highest degree of reliabil-
ity. Therefore, a change object that has an increased highest
degree of reliability is identified correctly with an increased
probability. In other words, a change object that has a
decreased highest degree of reliability is identified correctly
with a decreased probability.

[0132] Suppose a third change object has a high probability
of'being identified correctly; a fourth change object has a low
probability of being identified correctly. It is believed to be
possible to identify both the third and fourth change objects
more correctly by first identifying the third change object and
then identifying the fourth change object using this third
object as the pair object than by first identifying the fourth
change object and then identitying the third change object
using this fourth object as the pair object.

[0133] Therefore, the configuration above is believed to be
able to identity correctly a plurality of change objects with a
greater probability than a configuration in which a plurality of
change objects are identified in an increasing order of highest
degree of reliability of each change object.

[0134] Intheimage recognition device according to at least
one embodiment of the present invention, when the deter-
mined objects are not present in the image, the recognition
processing unit may identify the change object as one of the
one or more recognition candidates of the change object
which has the highest degree of reliability.

[0135] Inthe configuration above, a certain change objectis
identified, as one of its recognition candidates which has the
highest degree of reliability. For example, a change object
that has the greatest highest degree of reliability may be
identified and regarded as a determined object.

[0136] Consequently, at least one determined object is con-
tained in an image. Then, by using this determined object as
the pair object, a change object can be identified in the above
manner.

[0137] Two display objects that appear together in a plural-
ity of images photographed in the past with a higher fre-
quency than a preset number may be contained in the pair
information list while being related to each other.

[0138] Inthe configuration above, a plurality of imagesina
database are first subjected to the general object recognition
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by a high-performance image recognition device. Conse-
quently, display objects appearing in the plurality of images
are recognized and identified.

[0139] Then, one or more pairs of display objects that
appear together in the same image are extracted from the
identification result of the display objects. Consequently,
respective frequencies with which the pairs of display objects
appear in the same image can be determined.

[0140] Finally, one or more pairs of display objects that
appear together in a preset number of images are extracted,
and each extracted pair of display objects is contained in the
pair information list while being related to each other.
[0141] Inthe above manner, two display objects that appear
together in the same image with a frequency equal to or higher
than a preset number and would be arranged in a pair or used
in combination can be contained in the pair information list
while being related to each other.

[0142] The image recognition device according to at least
one embodiment of the present invention may be imple-
mented using a computer. In this case, an image recognition
program for the image recognition device which allows a
computer to implement the image recognition device by oper-
ating the computer as the individual units provided in the
image recognition device, as well as a non-transitory com-
puter readable recording medium which stores this image
recognition program also fall into categories of the present
invention.

[0143] According to at least one embodiment of the present
invention, there is provided an image recognition device for
recognizing respective types of display objects appearing in
an image, and obtains, for each display object, one or more
recognition candidates, each of the one or more recognition
candidates has a degree of reliability that indicates a likeli-
hood as a result of recognizing the types of the display
objects, the image recognition device comprising: a change
object selecting unit configured to select a change object from
the display objects and to determine that a type of each deter-
mined object is a type of one of the one or more recognition
candidates which has the highest degree of reliability, the
change object being a target whose recognition result is to be
modified and the determined objects being not the target
whose recognition result is to be modified; a pair object
selecting unit configured to select a pair object from the
determined objects of the display objects, the pair object
making a pair with the change object; and a recognition
processing unit configured to modify the recognition result of
the change object and to identify the change object, on the
basis of a pair information list that indicates an object type
associated with a type of the pair object.

[0144] According to at least one embodiment of the present
invention, there is provided an image recognition method of
recognizing respective types of display objects appearing in
an image, and obtaining, for each display object, one or more
recognition candidates, each of the one or more recognition
candidates has a degree of reliability that indicates a likeli-
hood as a result of recognizing the types of the display
objects, the image recognition method comprising: selecting
achange object from the display objects and determining that
atype of each determined object is a type of one of the one or
more recognition candidates which has the highest degree of
reliability, the change object being a target whose recognition
result is to be modified and the determined objects being not
the target whose recognition result is to be modified; selecting
a pair object from the determined objects of the display
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objects, the pair object making a pair with the change object;
and moditying the recognition result of the change object and
identifying the change object, on the basis of a pair informa-
tion list that indicates an object type associated with a type of
the pair object.

[0145] According to at least one embodiment of the present
invention, an effect of identifying accurately a type of a dis-
play object appearing in an image is produced.

[0146] (Difference from the Invention Described in Japa-
nese Unexamined Patent Publication No. 2010-9440)

[0147] The technique described in Japanese Unexamined
Patent Publication No. 2010-9440 weights candidate letters
for each letter on the basis of the number of its occurrence in
word registration information in which a plurality of words
are registered. Then, the technique eliminates one or more of
the candidate letters, depending on the result.

[0148] The technique described above therefore differs
from the change object identifying unit 10 according to
Embodiment 1 of the present invention in that the technique
does not evaluate recognition candidates by using the degrees
of reliability (scores) and a threshold.

[0149] The change object identifying unit 10 can change
the degree of reliability of each recognition candidate by
adjusting its score, and decrease the number of recognition
candidates by changing a threshold. In contrast, the technique
described in the document above cannot evaluate recognition
candidates on the basis of the degrees of reliability and/or a
threshold.

[0150] The present invention is not limited to the foregoing
embodiment; various modifications thereto are possible
within the scopes of the claims. Any embodiments made by
combining, as appropriate, technical ideas disclosed in dif-
ferent embodiments are also included in the technical scope
of the present invention. A novel technical feature can be
conceived of by combining technical ideas disclosed in dif-
ferent embodiments.

[0151] [Exemplary Implementation Using Software]|
[0152] Each block constituting the image recognition
device 1, in particular, the change object identifying unit 10,
may be implemented using either hardware including a logic
circuit incorporated in an integrated circuit (IC chip) or soft-
ware executable by a central processing unit (CPU).

[0153] Ifthe latter case is employed, the image recognition
device 1 includes: a CPU that executes program commands
for fulfilling various functions; a read only memory (ROM)
that stores programs; a random access memory (RAM) that
expands the programs; a storage device (recording medium),
such as a memory, that stores the programs and various types
of'data; and the like. Objects of the present invention can also
be accomplished by: preparing a recording medium that
stores program codes of control programs (execute-formed,
intermediate code and source programs) for the image recog-
nition device 1 in a computer-readable manner, the control
programs being software for fulfilling the functions above:
supplying the recording medium to the image recognition
device 1; and causing the computer (CPU or MPU) to read
and execute the program codes stored in the recording
medium.

[0154] The recording medium above may be a non-transi-
tory tangible medium. Examples of such a non-transitory
tangible medium includes: a tape material such as a magnetic
or cassette tape; a magnetic disk such as a Floppy™ or hard
disk; a disc material including an optical disc such as CD-
ROM, MO, MD, DVD or CD-R; a card material such as an IC
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card (including a memory card) or an optical card; a semi-
conductor memory material such as a mask ROM, an
EPROM, an EEPROM™ or a flash ROM; and a logic circuit
material such as a programmable logic device (PLD) ora field
programmable gate array (FPGA).

[0155] The image recognition device 1 may be configured
to be connectable to a communication network, and be sup-
plied with the program codes through the communication
network. This communication network is not limited to a
specific one, and may be any network that enables program
codes to be transmitted. For example, an Internet, an intranet,
an extranet, a LAN, an ISDN, a VAN, a CATV communica-
tion network, a virtual private network, a telephone line net-
work, a mobile communication network, and a satellite com-
munication network can be used. A transmission scheme
configuring the communication network is not limited to a
specific configuration or type, and may be any scheme that
enables program codes to be transmitted. The wired transmis-
sion scheme may include IEEE 1394, and use a USB cable, a
power line, a cable TV line, a telephone line, an asymmetric
digital subscriber Line (ADSL), or the like. The wireless
transmission scheme may be infrared transmission scheme
such as IrDA or any given protocol used for a remote control-
ler, or radio transmission scheme such as Bluetooth™, IEEE
802.11, a high data rate (HDR), a near field communication
(NFC), or a digital living network alliance (DLNA). In addi-
tion, the wireless transmission scheme may use a portable
phone network, a satellite line, or a digital terrestrial televi-
sion network. The present invention may be implemented
using a computer data signal that is embodied through the
electrical transmission of the program codes and is embedded
in a carrier.

[0156] The present invention is applicable to, for example,
image recognition devices that recognize a display object
appearing in an image.

1. An image recognition device for recognizing respective
types of display objects appearing in an image, and obtains,
for each display object, one or more recognition candidates,
each of the one or more recognition candidates has a degree of
reliability that indicates a likelihood as a result of recognizing
the types of the display objects, the image recognition device
comprising:

achange object selecting unit configured to select a change

object from the display objects and to determine that a
type of each determined object is a type of one of the one
or more recognition candidates which has the highest
degree of reliability, the change object being a target
whose recognition result is to be modified and the deter-
mined objects being not the target whose recognition
result is to be modified;

a pair object selecting unit configured to select a pair object
from the determined objects of the display objects, the
pair object making a pair with the change object; and

a recognition processing unit configured to modify the
recognition result of the change object and to identify
the change object, on the basis of a pair information list
that indicates an object type associated with a type of the
pair object.

2. The image recognition device according to claim 1,

wherein

the change object selecting unit selects, as the change
object, at least one of the display objects in which the
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highest one of the respective degrees of reliability of the
one or more recognition candidates is lower than a preset
threshold.
3. The image recognition device according to claim 1,
wherein
the change object selecting unit selects, as the change
object, one of the display objects in which the highest
one of the respective degrees of reliability of the one or
more recognition candidates is lower than those of the
others of the display objects.
4. The image recognition device according to claim 1,
wherein
when the determined objects are not present in the image,
the change object selecting unit identifies the change
object as one of the one or more recognition candidates
of the change object which has the highest degree of
reliability.
5. The image recognition device according to claim 1,
wherein
when the plurality of determined objects is present in the
image, the pair object selecting unit selects one of the
determined objects which has the highest degree of reli-
ability, as the pair object.
6. The image recognition device according to claim 1,
wherein
when the plurality of determined objects is present in the
image, the pair object selecting unit selects one of the
determined objects which is disposed the closest to the
change object, as the pair object.
7. The image recognition device according to claim 1,
wherein
when the plurality of determined objects are present in the
image, the pair object selecting unit selects one or more
of'the determined objects which belong to the same type
for which the number of the determined objects is the
largest, among the plurality of determined objects, as the
pair object.
8. The image recognition device according to claim 1
wherein
the recognition processing unit sequentially checks
whether or not each of the one or more recognition
candidates ofthe change object corresponds to any piece
of'pair information contained in the pair information list,
in a decreasing order of degree of reliability of the rec-
ognition candidates, and
when a piece of pair information that corresponds to one of
the one or more recognition candidates is detected, the
change object is identified as the piece of pair informa-
tion.
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9. The image recognition device according to claim 1,
wherein

the recognition processing unit sequentially checks

whether or not each piece of pair information in the pair
information list corresponds to any of the one or more
recognition candidates contained in the change object,
in a decreasing order of priority of the pieces of pair
information, and

when one of the one or more recognition candidates which

corresponds to the pair information is detected, the
change object is identified as the piece of pair informa-
tion.
10. The image recognition device according to claim 1,
wherein
the recognition processing unit refers to the pair informa-
tion list, weights the respective degrees of reliability of
the one or more recognition candidates of the change
object so that the respective degrees of reliability of the
one or more recognition candidates which corresponds
to any piece of pair information contained in the pair
information list are increased, and then identifies the
change object as one of the one or more recognition
candidates of the change object which has the highest
degree of reliability.
11. A non-transitory computer-readable recording medium
storing an image recognition program that causes a computer
to function as the image recognition device according to
claim 1.
12. An image recognition method for recognizing respec-
tive types of display objects appearing in an image, and
obtaining, for each display object, one or more recognition
candidates, each of the one or more recognition candidates
has a degree of reliability thatindicates a likelihood as a result
of recognizing the types of the display objects, the image
recognition method comprising:
selecting at least one change object from the display
objects and determining that a type of each determined
object is a type of one of the one or more recognition
candidates which has the highest degree of reliability,
the change object being a target whose recognition result
is to be modified and the determined objects being not
the target whose recognition result is to be modified;

selecting a pair object from the determined objects of the
display objects, the pair object making a pair with the
change object; and

modifying the recognition result of the change object and

identifying the change object, on the basis of a pair
information list that indicates an object type associated
with a type of the pair object.
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