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IMAGE PROCESSING DEVICE, IMAGE
PROCESSING METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to an image process-
ing device, an image processing method, and a program.

BACKGROUND ART

[0002] In recent years, a technology for controlling a
cutaneous sensation has been developed as a technology for
delivering information to a user. In particular, it is possible
to achieve smooth information delivery to elderly people
and the like whose visual functions have diminished by
controlling a cutaneous sensation while displaying an image.
[0003] For example, Patent Literature 1 discloses a tech-
nology for adding a function of controlling a tactile sensa-
tion through electrical stimulation by controlling a voltage to
be applied to counter electrodes arranged in a grid shape in
a display apparatus that displays images.

[0004] Also, Patent Literature 2 discloses a technology for
controlling a temperature sensation through temperature
stimulation by controlling a current to be applied to Peltier
devices arranged in a grid shape.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP 2014-130525A
[0006] Patent Literature 2: JP 2011-180678A
DISCLOSURE OF INVENTION
Technical Problem
[0007] However, it is difficult for the technology for

controlling a cutaneous sensation while displaying an image
to reduce a human load for a cutaneous sensation control
setting corresponding to displayed images. For example, the
technology disclosed in Patent Literature 1 requires a volt-
age value to be manually set corresponding to the displayed
images.

[0008] Thus, the present disclosure proposes a novel and
improved image processing device, an image processing
method, and a program capable of reducing a human load for
a cutaneous sensation control setting corresponding to an
image.

Solution to Problem

[0009] According to the present disclosure, there is pro-
vided an image processing device including: an infrared
image acquisition unit that acquires an infrared image of an
imaged object; a visible light image acquisition unit that
acquires a visible light image of the imaged object; a
generation unit that generates cutaneous sensation control
parameters on the basis of the infrared image acquired by the
infrared image acquisition unit; and a data processing unit
that associates the visible light image acquired by the visible
light image acquisition unit with the cutaneous sensation
control parameters generated by the generation unit.

[0010] Further, according to the present disclosure, there
is provided an image processing method including: acquir-
ing an infrared image of an imaged object by an image
processing device; acquiring a visible light image of the
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imaged object; generating cutaneous sensation control
parameters on the basis of the acquired infrared image; and
associating the acquired visible light image with the gener-
ated cutaneous sensation control parameters.

[0011] Further, according to the present disclosure, there is
provided a program causing a computer that controls an
image processing device to function as: an infrared image
acquisition unit that acquires an infrared image of an imaged
object; a visible light image acquisition unit that acquires a
visible light image of the imaged object; a generation unit
that generates cutaneous sensation control parameters on the
basis of the infrared image acquired by the infrared image
acquisition unit; and a data processing unit that associates
the visible light image acquired by the visible light image
acquisition unit with the cutaneous sensation control param-
eters generated by the generation unit.

Advantageous Effects of Invention

[0012] According to the present disclosure, it is possible to
reduce a human load for a cutaneous sensation control
setting corresponding to an image.

[0013] Note that the effects described above are not nec-
essarily limitative. With or in the place of the above effects,
there may be achieved any one of the effects described in
this specification or other effects that may be grasped from
this specification.

BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is an explanatory diagram illustrating vari-
ous purposes of infrared (IR) images that depend on wave-
lengths.

[0015] FIG. 2 is an explanatory diagram illustrating a
specific example of a hardware configuration of an image
processing device according to an embodiment of the pres-
ent disclosure.

[0016] FIG. 3 is an explanatory diagram illustrating spe-
cific examples of a plurality of infrared ray irradiation angles
with respect to an imaged object.

[0017] FIG. 4 is an explanatory diagram illustrating a
specific example of a logical functional configuration of the
image processing device according to the embodiment of the
present disclosure.

[0018] FIG. 5 is an explanatory diagram illustrating a
specific example of a reflected light intensity property of
each substance with respect to each light irradiation angle.

[0019] FIG. 6 is an explanatory diagram illustrating a
specific example of division into pixel regions in an esti-
mation of a surface roughness of a substance.

[0020] FIG. 7 is an explanatory diagram illustrating a
specific example of a correlation model between a dynamic
range of pixel values at a plurality of infrared ray irradiation
angles and a surface roughness of the object.

[0021] FIG. 8 is an explanatory diagram illustrating a
specific example of division into pixel regions in an esti-
mation of density of texture boundaries.

[0022] FIG. 9 is an explanatory diagram illustrating a
specific example of a correlation model between a disper-
sion of surface roughnesses of an object and a density of
texture boundaries.

[0023] FIG. 10 is an appearance diagram illustrating a first
example of a tactile sensation presenting display.
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[0024] FIG. 11 is an explanatory diagram illustrating a
specific example of a data table in which visible light images
and tactile sensation control parameters are associated.
[0025] FIG. 12 is a flowchart illustrating a specific
example of a flow of processing performed by the image
processing device according to the embodiment of the
present disclosure.

[0026] FIG. 13 is an appearance diagram illustrating a
second example of the tactile sensation presenting display.
[0027] FIG. 14 is an appearance diagram illustrating a
specific example of the temperature sensation presenting
display.

[0028] FIG. 15 is an explanatory diagram illustrating a
specific example of a correlation model between a tempera-
ture of an object and a current value.

[0029] FIG. 16 is a flowchart illustrating a specific
example of a flow of processing performed by an image
processing device according to an application example.

MODE(S) FOR CARRYING OUT THE
INVENTION

[0030] Hereinafter, (a) preferred embodiment(s) of the
present disclosure will be described in detail with reference
to the appended drawings. In this specification and the
appended drawings, structural elements that have substan-
tially the same function and structure are denoted with the
same reference numerals, and repeated explanation of these
structural elements is omitted.

[0031] The description will be given in the following
order.

[0032] 1. Introduction

[0033] 2. Image processing device according to embodi-

ment of present disclosure

[0034] 2-1. Hardware configuration
[0035] 2-2. Functional configuration
[0036] 2-3. Operations

[0037] 2-4. Advantages

[0038] 2-5. Modification example
[0039] 2-6. Application example
[0040] 3. Conclusion

<1. Introduction>

[0041] FIG. 1 is an explanatory diagram illustrating vari-
ous purposes of infrared (IR) images depending on wave-
lengths. The horizontal direction in FIG. 1 corresponds to a
wavelength of an infrared ray, and the wavelength increases
from the left side to the right side. A light beam with a
wavelength of equal to or less than 0.7 um is a visible light
beam, and human vision senses this visible light beam. An
infrared ray with a wavelength within a range from 0.7 pm
to 1.0 82 m is classified into a near infrared ray (NIR). The
near infrared ray can be used for night vision, fluoroscopy,
optical communication, and ranging. An infrared ray with a
wavelength within a range from 1.0 pm to 2.5 pm is
classified into a short wavelength infrared ray (SWIR). The
short wavelength infrared ray can also be used for night
vision and fluoroscopy. A night vision device that uses a near
infrared ray or a short wavelength infrared ray emits an
infrared ray to the vicinity first, and receives reflected light
thereof, thereby obtaining an infrared image. An infrared ray
with a wavelength within a range from 2.5 pm to 4.0 um is
classified into a middle wavelength infrared ray (MWIR).
Since an absorption spectrum unique to a substance appears
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within the wavelength range of the middle wavelength
infrared ray, the middle wavelength infrared ray can be used
for identifying substances. The middle wavelength infrared
ray can also be used for thermography. An infrared ray with
a wavelength of equal to or greater than 4.0 pm is classified
into a far infrared ray (FIR). The far infrared ray can be used
for night vision, thermography, and heating. An infrared ray
emitted by black-body radiation from a substance corre-
sponds to the far infrared ray. Therefore, a night vision
device that uses a far infrared ray can obtain an infrared
image by capturing black-body radiation from a substance
without emitting an infrared ray. The boundary values of the
ranges of the wavelengths illustrated in FIG. 1 are only
examples. There are various definitions for boundary values
of classifying the infrared rays, and advantages of the
technology according to the present disclosure, which will
be described later, can be achieved under any definitions.
[0042] As described above, in particular, an infrared cam-
era that captures an NIR image or an SWIR image typically
emits infrared rays for capturing images. Here, it is known
that reflected light intensity properties of a surface of an
object with respect to angles of light emitted toward the
surface of the object depend on a surface roughness of the
object. In this specification, a mechanism capable of reduc-
ing a human load for a cutaneous sensation control setting
corresponding to an image by, for example, utilizing such
properties of light will be described in detail.

<2. Image Processing Device According to Embodiment of
Present Disclosure>

[0043] First, an image processing device 10 according to
an embodiment of the present disclosure will be described.

[2-1. Hardware Configuration]

[0044] FIG. 2 is an explanatory diagram illustrating a
specific example of a hardware configuration of the image
processing device 10 according to the embodiment of the
present disclosure. As illustrated in FIG. 2, the image
processing device 10 includes an infrared camera 102, a
visible light camera 104, an input interface 106, a memory
108, a display 110, a communication interface 112, a storage
114, a processor 116, and a bus 118.

(Infrared Camera)

[0045] The infrared camera 102 is an imaging module that
performs image capturing by using infrared rays and obtains
an infrared image. The infrared camera 102 has an array of
imaging elements that sense infrared rays. If the infrared
camera 102 obtains an NIR image or an SWIR image by
image capturing, the infrared camera 102 may have a light
emitting element that emits infrared rays with wavelengths
corresponding to the NIR image or the SWIR image. For
example, the infrared camera 102 obtains infrared images by
emitting infrared rays periodically or in response to a trigger
such as a user input and capturing infrared rays reflected by
an imaged object or a background thereof. A series of
infrared images obtained by the infrared camera 102 may
form a movie image. The imaging elements may be able to
detect visible light in addition to the infrared rays, and in
such a case, the visible light camera 104 can be omitted from
the configuration of the image processing device 10.

[0046] Also, a position of the light emitting element in the
infrared camera 102 is variably controlled by the processor
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116. Therefore, it is possible to obtain a plurality of infrared
images at different infrared ray irradiation angles with
respect to an imaged object. For example, it is possible to
obtain a plurality of infrared images at different infrared ray
irradiation angles with respect to an imaged object by
controlling the position of the light emitting element in the
infrared camera 102 to be at a preset position for each frame.
As illustrated in FIG. 3, for example, an infrared ray
irradiation angle corresponding to an infrared ray .1 emitted
from the light emitting element toward an imaged object S1
in a certain frame is an angle 71, an infrared ray irradiation
angle corresponding to an infrared ray L2 emitted from the
light emitting element toward the imaged object S1 in the
following frame is an angle 72, and an infrared ray irradia-
tion angle corresponding to an infrared ray L3 emitted from
the light emitting element toward the imaged object S1 in the
frame after that is an angle Z3. The technical scope of the
present disclosure is not limited to an example in which the
position of the light emitting element in the infrared camera
102 is automatically controlled, and for example, the posi-
tion of the light emitting element in the infrared camera 102
may be manually controlled.

(Visible Light Camera)

[0047] The visible light camera 104 is an imaging module
that performs image capturing by using visible light and
obtains visible light images. The visible light camera 104
has an array of imaging elements that sense visible light with
different wavelengths. For example, the visible light camera
104 may have an alignment of imaging elements that have
sensitivity ranges in a red region, a green region, and a blue
region.

(Input Interface)

[0048] The input interface 106 is used by a user to operate
the image processing device 10 or input information to the
image processing device 10. For example, the input interface
106 may include an input device such as a touch sensor, a
button, or a switch. The input interface 106 may include a
microphone for sound input and sound recognition module.
The input interface 106 may include a remote control
module that receives commands selected by the user from a
remote device.

(Memory)

[0049] The memory 108 is a storage medium that can
include a random access memory (RAM) and a read only
memory (ROM). The memory 108 is coupled to the pro-
cessor 116 and stores a program and data for processing
executed by the processor 116.

(Display)

[0050] The display 110 is a display module that has a
screen for displaying an image. For example, the display 110
may be a liquid crystal display (LCD), an organic light-
emitting diode (OLED), or a cathode ray tube (CRT).

(Communication Interface)

[0051] The communication interface 112 is a module that
relays communication between the image processing device
10 and other devices. The communication interface 112
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establishes communication connection in accordance with
an arbitrary wireless communication protocol or a wired
communication protocol.

(Storage)

[0052] The storage 114 is a storage device that accumu-
lates image data that can include infrared images and visible
light images or stores a database that can be used in infrared
image processing. The storage 114 embeds a storage
medium such as a semiconductor memory or hard disk
therein. The program and the data described in the specifi-
cation may be acquired from a data source (a data server, a
network storage, or an external memory, for example)
outside the image processing device 10.

(Processor)

[0053] The processor 116 is a processing module such as
a central processing unit (CPU) or a digital signal processor
(DSP). The processor 116 causes a function for reducing a
human load in a cutaneous sensation control setting corre-
sponding to an image to operate by executing a program
stored in the memory 108 or another storage medium.

(Bus)

[0054] The bus 118 connects the infrared camera 102, the
visible light camera 104, the input interface 106, the
memory 108, the display 110, the communication interface
112, the storage 114, and the processor 116 to each other.

[2-2. Functional Configuration]

[0055] In the previous section, the hardware configuration
of the image processing device 10 according to the embodi-
ment of the present disclosure was described. Next, a logical
functional configuration of the image processing device 10
according to the embodiment of the present disclosure will
be described with reference to FIG. 4.

[0056] FIG. 4 is a block diagram illustrating an example of
a configuration of a theoretical function realized by compo-
nents in the image processing device 10 illustrated in FIG.
2 being in cooperation with each other. As illustrated in FIG.
4, the image processing device 10 includes an infrared image
acquisition unit 152, a visible light image acquisition umit
154, a storage unit 156, a generation unit 158, and a data
processing unit 160.

(Infrared Image Acquisition Unit)

[0057] The infrared image acquisition unit 152 acquires an
infrared image of an imaged object at each of a plurality of
infrared ray irradiation angles with respect to the imaged
object and outputs the acquired infrared image to the gen-
eration unit 158. For example, the infrared image acquisition
unit 152 may acquire an infrared image obtained by the
infrared camera 102. The infrared image acquisition unit 152
may acquire an infrared image stored in the storage 114. The
infrared image acquisition unit 152 may acquire an infrared
image from another device via the communication interface
112. The infrared image acquired by the infrared image
acquisition unit 152 may be an image that has undergone
preliminary processing such as signal amplification and
noise removal. The infrared image acquisition unit 152 may
decode an infrared image from a coded stream compressed
and encoded.
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(Visible Light Image Acquisition Unit)

[0058] The visible light image acquisition unit 154
acquires a visible light image of an imaged object and
outputs the acquired visible light image to the data process-
ing unit 160. For example, the visible light image acquisition
unit 154 may acquire a visible light image obtained by the
visible light camera 104. Also, the visible light image
acquisition unit 154 may acquire a visible light image stored
in the storage 114. The visible light image acquisition unit
154 may acquire a visible light image from another appa-
ratus via the communication interface 112. The visible light
image acquired by the visible light image acquisition unit
154 may be an image that has undergone preliminary
processing such as signal amplification and noise removal.
The visible light image acquisition unit 154 may decode a
visible light image from a compressed coded stream. If the
infrared camera 102 includes an imaging element capable of
detecting visible light and can capture a visible light image,
the visible light image acquisition unit 154 may acquire the
visible light image obtained by the infrared camera 102.

(Storage Unit)

[0059] The storage unit 156 stores data to be referred to by
the generation unit 158 for cutaneous sensation control
parameter generation processing as well as visible light
images and cutaneous sensation control parameters associ-
ated with the data processing unit 160.

(Generation Unit)

[0060] The generation unit 158 generates cutaneous sen-
sation control parameters on the basis of an infrared image
input from the infrared image acquisition unit 152, and
outputs the generated cutaneous sensation control param-
eters to the data processing unit 160. The cutaneous sensa-
tion control parameters are parameter used for controlling a
cutaneous sensation. For example, the cutaneous sensation
control parameters generated by the generation unit 158
include tactile sensation control parameters. Furthermore,
the tactile sensation control parameters generated by the
generation unit 158 include a parameter for controlling a
tactile sensation corresponding to a surface roughness of an
object and a parameter for controlling a tactile sensation
corresponding to a density of texture boundaries on a surface
of the object.

[0061] Generally, it is difficult to let a human perceive the
presence of a texture boundary on a surface of an object in
a section having a density of the texture boundaries on the
surface of the object equal to or greater than a specific value
merely by letting the person perceive a surface roughness of
the object for each texture. Therefore, it is possible to let a
human sense the presence of the texture boundary on the
surface of the object without depending on the density of the
texture boundaries on the surface of the object by controlling
a tactile sensation corresponding to the density of the texture
boundaries on the surface of the object.

[0062] Here, it is known that reflected light intensity
properties of a surface of an object with respect to angles of
light emitted toward the surface of the object depends on a
surface roughness of the object. The graph in FIG. 5
illustrates a reflected light intensity properties of each of
plastic, paper, fiber, and wood in a normal direction of a
surface of an object with respect to a light irradiation angle
in one example. As illustrated in FIG. 5, a change in a
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reflected light intensity in the normal direction of the surface
of the object that accompanies a change in the irradiation
angle increases as a surface roughness of a substance
decreases. For example, since a surface roughness of a
plastic object is smaller than a surface roughness of a wood
object, a dynamic range QP of a reflected light intensity of
the plastic at a plurality of irradiation angles is greater than
a dynamic range QW of a reflected light intensity of the
wood at the plurality of irradiation angles.

[0063] The generation unit 158 in the embodiment of the
present disclosure utilizes such properties of light, and
generates tactile sensation control parameters on the basis of
pixel values of the infrared image acquired by the infrared
image acquisition unit 152. For example, the generation umt
158 generates the tactile sensation control parameters on the
basis of a plurality of infrared images that are obtained at a
plurality of infrared ray irradiation angles with respect to an
imaged object.

[0064] Specifically, the generation unit 158 estimates a
surface roughness of the object on the basis of the plurality
of infrared images that are obtained at the plurality of
infrared ray irradiation angles. Also, the generation unit 158
estimates a density of texture boundaries on a surface of the
object on the basis of the estimated surface roughness of the
object. Then, the generation unit 158 generates a parameter
for controlling a tactile sensation corresponding to the
estimated surface roughness of the object and a parameter
for controlling a tactile sensation corresponding to the
estimated density of the texture boundaries on the surface of
the object. Hereinafter, a specific example of the tactile
sensation control parameter generation processing per-
formed by the generation unit 158 will be described.
[0065] The generation unit 158 estimates a surface rough-
ness of an object for each pixel region of an infrared image.
FIG. 6 is an explanatory diagram illustrating a specific
example of division into pixel regions in an estimation of a
surface roughness of an object. In the estimation of the
surface roughness of the object, an infrared image acquired
by the infrared image acquisition unit 152 is divided into, for
example, 3x3 pixel regions as illustrated in FIG. 6. FIG. 6
illustrates pixel regions Al to A4 obtained by dividing the
infrared image in one example. In one example of process-
ing in the estimation of the surface roughness of the object,
the generation unit 158 first determines a pixel region of
interest and estimates a surface roughness of the object in the
determined pixel region of interest. Then, the generation unit
158 determines a pixel region for which the estimation of the
surface roughness of the object is not completed as the pixel
region of interest. The generation unit 158 estimates the
surface roughness of the object in all of the pixel regions by
repeating a determination of a pixel region of interest and
estimation of surface roughness of the object as described
above.

[0066] Specifically, the generation unit 158 first deter-
mines a pixel region Al as a pixel region of interest and
estimates a surface roughness of the object in the pixel
region Al. The generation unit 158 estimates the surface
roughness of the object in the pixel region Al on the basis
of a distribution of pixel values corresponding to the pixel
region Al at a plurality of infrared ray irradiation angles. For
example, the generation unit 158 estimates the surface
roughness of the object in the pixel region Al on the basis
of a dynamic range of an average pixel value in the pixel
region Al at the plurality of infrared ray irradiation angles.
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[0067] FIG. 7 is an explanatory diagram illustrating a
specific example of a correlation model 20 between a
dynamic range of pixel values at a plurality of infrared ray
irradiation angles and a surface roughness of an object. FIG.
7 illustrates a surface roughness corresponding to each of
dynamic ranges of pixel values at a plurality of infrared ray
irradiation angles. The generation unit 158 acquires the
correlation model 20 stored in the storage unit 156 and
estimates the surface roughness of the object in the pixel
region Al corresponding to a dynamic range Q1 of an
average pixel value in the pixel region A1 at the plurality of
infrared ray irradiation angles as roughness R1 by using the
acquired correlation model 20. Similarly, the generation unit
158 estimates a surface roughness of the object in pixel
regions A2 to Ad and pixel regions other than Al to A4 in
FIG. 6. The generation unit 158 may estimate a surface
roughness of the object for each pixel of the infrared image.

[0068] Also, the generation unit 158 estimates a density of
texture boundaries on a surface of the object for each pixel
region of the infrared image. In the estimation of the density
of the texture boundaries, the infrared image acquired by the
infrared image acquisition unit 152 is divided into a plurality
of pixel regions that are obtained by dividing the infrared
image in the estimation of the surface roughness of the
object. FIG. 8 is an explanatory diagram illustrating a
specific example of division into pixel regions in an esti-
mation of a density of texture boundaries. In the estimation
of the density of the texture boundaries, the infrared image
acquired by the infrared image acquisition unit 152 is
divided into, for example, 6x6 pixel regions as illustrated in
FIG. 8. FIG. 8 illustrates a pixel region Bl obtained by
dividing an infrared image in one example. The pixel region
B1 illustrated in FIG. 8 includes the pixel regions Al to A4
obtained by dividing the infrared image in the estimation of
the surface roughness of the object as illustrated in FIG. 6.
In one example of processing in the estimation of the density
of the texture boundaries on the surface of the object, the
generation unit 158 first determines a pixel region of interest
and estimates a density of texture boundaries in the deter-
mined pixel region of interest. Then, the generation unit 158
determines a pixel region for which the estimation of the
density of the texture boundaries is completed as a pixel
region of interest. The generation unit 158 estimates the
density of the texture boundaries on the surface of the object
in all of the pixel regions by repeating the determination of
the pixel region of interest and the estimation of the density
of the texture boundaries.

[0069] Specifically, the generation unit 158 first deter-
mines the pixel region B1 as the pixel region of interest and
estimates a density of the texture boundaries in the pixel
region B1. The generation unit 158 estimates the density of
the texture boundaries on the surface of the object on the
basis of a dispersion of estimated surface roughnesses of the
object. For example, the generation unit 158 estimates the
density of the texture boundaries on the surface of the object
in the pixel region B1 on the basis of a dispersion of
estimated surface roughnesses of the object in the pixel
region B1.

[0070] FIG. 9 is an explanatory diagram illustrating a
specific example of a correlation model 30 between a
dispersion of surface roughnesses of an object and a density
of texture boundaries. FIG. 9 illustrates the density of the
texture boundaries corresponding to the dispersion of the
surface roughnesses of the object. The generation unit 158
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acquires the correlation model 30 stored in the storage unit
156 and estimates that a density of texture boundaries in the
pixel region B1 corresponding to a dispersion RV1 of
surface roughnesses of the object in the pixel region B1 is a
density D1 by using the acquired correlation model 30.
Similarly, the generation unit 158 estimates a density of
texture boundaries in pixel regions other than the pixel
region B1 in FIG. 8.

[0071] Here, a technology for controlling a tactile sensa-
tion through an oscillation stimulation by controlling oscil-
lations that are caused in oscillators arranged in a grid shape
is known. FIG. 10 is an appearance diagram illustrating a
specific example of a tactile sensation presenting display 40
that uses such a technology. As illustrated in FIG. 10, the
tactile sensation presenting display 40 includes a tactile
sensation presenting unit 410 that includes oscillators 412
arranged in a grid shape and a display unit 420 that displays
an image. An occurrence of oscillations and a stoppage of
the oscillations by the oscillators 412 are periodically
repeated. Also, the tactile sensation presenting unit 410
causes the oscillator 412 to periodically oscillate. The tactile
sensation presenting unit 410 is laminated on the display
unit 420 so that the tactile sensation presenting display 40
can control a tactile sensation while displaying an image.
Also, it is known that a frequency of oscillations that are
caused in the oscillators 412 is correlated with a tactile
sensation corresponding to a surface roughness of an object
and that a duration time of the oscillations caused in the
oscillators 412 is correlated with the tactile sensation cor-
responding to a density of texture boundaries on a surface of
the object in the tactile sensation presenting display 40.
[0072] In the example of the present disclosure, the gen-
eration unit 158 generates, for example, a value indicating a
frequency of oscillations that are caused in the target as a
parameter for controlling a tactile sensation corresponding
to a surface roughness of an object estimated by the gen-
eration unit 158. Also, the generation unit 158 generates, for
example, a value indicating a duration time of the oscilla-
tions that are caused in the target as a parameter for
controlling a tactile sensation corresponding to the density
of the texture boundaries on the surface of the object
estimated by the generation unit 158. The generation unit
158 may generate the tactile sensation control parameters for
each pixel region of an infrared image. For example, the
generation unit 158 generates a value indicating the fre-
quency of the oscillations that are caused in the target for
each pixel region obtained by the division in the estimation
of the surface roughness of the object as illustrated in FIG.
6, and generates a value indicating the duration time of the
oscillations that are caused in the target for each pixel region
obtained by the division in the estimation of the density of
the texture boundaries as illustrated in FIG. 8.

(Data Processing Unit)

[0073] The data processing unit 160 associates a visible
light image acquired by the visible light image acquisition
unit 154 with cutaneous sensation control parameters gen-
erated by the generation unit 158. For example, the data
processing unit 160 performs association by assigning the
cutaneous sensation control parameters to pixels of the
visible light image corresponding to each pixel region of the
infrared image. Also, the data processing unit 160 causes the
storage unit 156 to store the associated visible light image
and the cutaneous sensation control parameters. FIG. 11 is
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an explanatory diagram illustrating a specific example of a
data table 50 in which visible light images and tactile
sensation control parameters are associated.

[0074] Specifically, the value indicating the frequency of
the oscillations generated for each pixel region obtained by
the division in the estimation of the surface roughness of the
object is assigned to the pixels of the visible light image
corresponding to each pixel region obtained by the division
in the estimation of the surface roughness of the object. For
example, if a value F1 indicating a frequency of oscillations
is generated for the pixel region Al in FIG. 6 and pixels C1
to C9 of the visible light image correspond to the pixel
region Al, the value F1 indicating the frequency of the
oscillations is assigned to the pixels C1 to C9 of the visible
light image. Specifically, values F1 to F8 indicating frequen-
cies of oscillations generated for the pixel regions obtained
by the division in the estimation of the surface roughness of
the object are respectively assigned to pixels C1 to C9, C10
to C18, C19 to C27, C28 to C36, C37 10 C45, C46 to C54,
C55 to C63, and C64 to C72 of the visible light image in the
data table 50 illustrated in FIG. 11.

[0075] Also, the value indicating the duration time of the
oscillations generated for each pixel region obtained by the
division in the estimation of the density of the texture
boundaries is assigned to the pixels of the visible light image
corresponding to each pixel region obtained by the division
in the estimation of the density of the texture boundaries on
the surface of the object. For example, if a value T1
indicating a duration time of oscillations is generated for the
pixel region B1 in FIG. 8 and pixels C1 to C36 of the visible
light image correspond to the pixel region B1, the value T1
indicating the duration time of the oscillations is assigned to
the pixels C1 to C36 of the visible light image. Specifically,
values T1 and T2 indicating a duration time of oscillations
generated for the pixel regions obtained by the division in
the estimation of the density of the texture boundaries are
respectively assigned to the pixels C1 to 36 and C37 to C72
of the visible light image in the data table 50 illustrated in
FIG. 11.

[0076] The data processing unit 160 may associate a
visible light image obtained at the same timing as a timing
of capturing any of the plurality of infrared images used in
the tactile sensation control parameter generation processing
by the generation unit 158 with the generated tactile sensa-
tion control parameters. If, for example, three infrared
images obtained by image capturing being performed three
times are used in the tactile sensation control parameter
generation processing, the data processing unit 160 may
associate a visible light image captured at the same timing
as a timing at which the second infrared image is captured
with the generated tactile sensation control parameters.

[2-3. Operations]

[0077] In the previous section, the configuration of a
theoretical function of the image processing device 10
according to the embodiment of the present disclosure was
described. Next, a flow of processing performed by the
image processing device 10 according to the embodiment of
the present disclosure will be described with reference to
FIG. 12.

[0078] FIG. 12 is a flowchart illustrating a specific
example of a flow of processing performed by the image
processing device 10 according to the embodiment of the
present disclosure. As illustrated in FIG. 12, the infrared
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image acquisition unit 152 first acquires infrared images at
a plurality of infrared ray irradiation angles (Step S102) and
then outputs the acquired plurality of infrared images to the
generation unit 158. Then, the visible light image acquisition
unit 154 acquires a visible light image (Step S103) and
outputs the acquired visible light image to the data process-
ing unit 160. Next, the generation unit 158 estimates a
surface roughness of an object on the basis of the plurality
of infrared images obtained at the plurality of infrared ray
irradiation angles (Step S104). Subsequently, the generation
unit 158 estimates a density of texture boundaries on a
surface of the object on the basis of the estimated surface
roughness of the object (Step S106). Next, the generation
unit 158 generates a parameter for controlling a tactile
sensation corresponding to the estimated surface roughness
of the object (Step S108) and generates a parameter for
controlling a tactile sensation corresponding to the estimated
density of the texture boundaries on the surface of the object
(Step S110). The generated tactile sensation parameters are
output to the data processing unit 160. Then, the data
processing unit 160 associates the visible light image and the
tactile sensation control parameters (Step S112). Then, the
processing illustrated in FIG. 12 is completed.

[2-4. Advantages]

[0079] According to the aforementioned embodiment, the
generation unit 158 generates cutaneous sensation control
parameters on the basis of an infrared image input from the
infrared image acquisition unit 152, and the data processing
unit 160 associates a visible light image acquired by the
visible light image acquisition unit 154 with the cutaneous
sensation control parameters generated by the generation
unit 158. Therefore, it is possible to reduce manual opera-
tions in a cutaneous sensation control setting corresponding
to images. Therefore, it is possible to reduce a human load
in the cutaneous sensation control setting corresponding to
images.

[0080] Further, according to the aforementioned embodi-
ment, the generation unit 158 generates the cutaneous sen-
sation control parameters for each pixel region of an infrared
image, and the data processing unit 160 performs associa-
tion by assigning the cutaneous sensation control parameters
to pixels of a visible light image corresponding to each of the
pixel regions of the infrared image. Therefore, it is possible
to reduce the cutaneous sensation control parameter genera-
tion processing. Therefore, it is possible to increase a speed
of the cutaneous sensation control setting.

[0081] Further, according to a certain embodiment, the
generation unit 158 generates a parameter for controlling a
tactile sensation corresponding to a surface roughness of an
object and a parameter for controlling a tactile sensation
corresponding to a density of texture boundaries on a surface
of the object as the tactile sensation control parameters on
the basis of pixel values of an infrared image input from the
infrared image acquisition unit 152. In this manner, it is
possible to reduce a human load in s control setting for the
tactile sensation corresponding to the surface roughness of
the object and the tactile sensation corresponding to the
density of the texture boundaries on the surface of the object
corresponding to images.

[0082] Further, according to a certain embodiment, the
infrared image acquisition unit 152 acquires infrared images
at a plurality of infrared ray irradiation angles with respect
to an imaged object, and the generation unit 158 generates
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tactile sensation control parameters on the basis of the
plurality of infrared images acquired by the infrared image
acquisition unit 152. In this manner, it is possible to generate
a likely tactile sensation control parameter corresponding to
images by utilizing reflected light intensity properties of a
surface of the object with respect to angles of light emitted
toward the surface of the object.

[0083] Further, according to a certain embodiment, the
generation unit 158 generates a parameter for controlling a
tactile sensation corresponding to a surface roughness of an
object by estimating a surface roughness of the object in
each pixel region on the basis of a distribution of pixel
values corresponding to the pixel region at a plurality of
infrared ray irradiation angles, and generates a parameter for
controlling a tactile sensation corresponding to a density of
texture boundaries on a surface of the object by estimating
the density of the texture boundaries on the surface of the
object on the basis of a dispersion estimated surface rough-
nesses of the object. In this manner, it is possible to generate
a likely parameter for controlling a tactile sensation corre-
sponding to the surface roughness of the object and a likely
parameter for controlling a tactile sensation corresponding
to the density of the texture boundaries on the surface of the
object corresponding to images by utilizing reflected light
intensity properties of the surface of the object with respect
to angles of light emitted toward the surface of the object.
[0084] Further, according to a certain embodiment, the
generation unit 158 generates a value indicating a frequency
of oscillations that are caused in a target as a parameter for
controlling a tactile sensation corresponding to a surface
roughness of the object, and generates a value indicating a
duration time of the oscillations that are caused in the target
as a parameter for controlling a tactile sensation correspond-
ing to a density of texture boundaries on a surface of the
object on the basis of pixel values of an infrared image input
from the infrared image acquisition unit 152. In this manner,
it is possible to reduce a human load in a tactile sensation
control setting corresponding to images by utilizing oscil-
lation stimulation.

[2-5. Modification Example]

[0085] The example in which a value indicating a fre-
quency of oscillations that were caused in the target was
generated as a parameter for controlling a tactile sensation
corresponding to a surface roughness of the object and a
value indicating a duration time of the oscillations that were
caused in the target was generated as a parameter for
controlling a tactile sensation corresponding to a density of
texture boundaries on a surface of the object was described
hitherto. The technical scope of the present disclosure is not
limited to such an example, and for example, a value of a
voltage to be applied to targets is generated as the parameter
for controlling a tactile sensation corresponding to the
surface roughness of the object, and a value indicating an
interval of the targets to which the voltage is applied is
generated as the parameter for controlling tactile sensation
corresponding to the density of the texture boundaries on the
surface of the object in a modification example that will be
described below.

[0086] Here, a technology for applying a function of
controlling a tactile sensation through electrical stimulation
by controlling a voltage to be applied to counter electrodes
arranged in a grid shape in a display apparatus that displays
images is known (for example, Patent Literature 1). FIG. 13
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is an appearance diagram illustrating a specific example of
a tactile sensation presenting display 60 using such a tech-
nology. As illustrated in FIG. 13, the tactile sensation
presenting display 60 includes a tactile sensation presenting
unit 610 that includes counter electrodes 612 arranged in a
grid shape and a display unit 620 that displays images. The
tactile sensation presenting display 60 can control a tactile
sensation while displaying images due to the tactile sensa-
tion presenting unit 610 being laminated on the display unit
620. Also, it is known that a value of a voltage to be applied
to the counter electrodes 612 is correlated with a tactile
sensation corresponding to a surface roughness of an object
and that an interval of the counter electrodes 612 to which
the voltage is applied is correlated with a tactile sensation
corresponding to a density of texture boundaries on a surface
of the object in the tactile sensation presenting display 60.

[0087] In the modification example, the generation unit
158 generates a value of a voltage to be applied to the
targets, for example, as the parameter for controlling a tactile
sensation corresponding to a surface roughness of the object
estimated by the generation unit 158. Also, the generation
unit 158 generates a value indicating an interval of the
targets to which the voltage is applied, for example, as the
parameter for controlling a tactile sensation corresponding
to a density of texture boundaries on a surface of the object
estimated by the generation unit 158. The generation umit
158 may generate tactile sensation control parameters for
each pixel region of an infrared image.

[0088] According to the aforementioned certain modifica-
tion example, the generation unit 158 generates the value of
the voltage to be applied to the targets as the parameter for
controlling a tactile sensation corresponding to the surface
roughness of the object and generates the value indicating
the interval of the targets to which the voltage is applied as
the parameter for controlling a tactile sensation correspond-
ing to the density of the texture boundaries on the surface of
the object. In this manner, it is possible to reduce a human
load in a tactile sensation control setting corresponding to
images by utilizing electrical stimulation.

[2-6. Application Example]

[0089] The example in which tactile sensation control
parameters were generated as cutaneous sensation control
parameters was described hitherto. The technical scope of
the present disclosure is not limited to such an example, and
for example, temperature sensation control parameters are
generated as cutaneous sensation control parameters in an
application example that will be described below.

[0090] The generation unit 158 estimates a temperature of
an object on the basis of pixel values of infrared image
acquired by the infrared image acquisition unit 152. Then,
the generation unit 158 generates temperature sensation
control parameters on the basis of the estimated temperature
of the object.

[0091] Specifically, the generation unit 158 estimates the
temperature of the object on the basis of pixel values of an
infrared image acquired by the infrared image acquisition
unit 152 by utilizing a relationship between the temperature
of the object and energy of infrared rays emitted from the
object. In the application example, the infrared image
acquired by the infrared image acquisition unit 152 is mainly
an MWIR image or an FIR image. Since emission of
infrared rays is not required for capturing an MWIR image
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or an FIR image, a light emitting element can be omitted
from a configuration of the infrared camera 102 according to
the application example.

[0092] Here, a technology of controlling a temperature
sensation through temperature stimulation by controlling a
current to be applied to Peltier devices arranged in a grid
shape is known (for example, Patent Literature 2). FIG. 14
is an appearance diagram illustrating a specific example of
a temperature sensation presenting display 70 that uses such
a technology. As illustrated in FIG. 14, the temperature
sensation presenting display 70 includes a temperature sen-
sation presenting unit 710 that includes Peltier devices 712
arranged in a grid shape and a display unit 720 that displays
images. The temperature sensation presenting display 70 can
control a temperature sensation while displaying images due
to the temperature sensation presenting unit 710 being
laminated on the display unit 720. Also, it is known that an
absolute value and a direction of a current applied to the
Peltier devices 712 are correlated with a temperature sen-
sation in the temperature sensation presenting display 70.
Specifically, a degree of heating or cooling by the Peltier
devices 172 is controlled by the absolute value of the current
applied to the Peltier devices 712, and whether to heat or
cool the Peltier devices 712 is controlled by a direction of
the current applied to the Peltier devices 712.

[0093] In the application example, the generation unit 158
generates values indicating the absolute value and the direc-
tion of the current to be applied to the target, for example,
as the temperature sensation control parameters. FIG. 15 is
an explanatory diagram illustrating a specific example of a
correlation model 80 between a temperature of an object and
a value of a current. FIG. 15 illustrates a current value
corresponding to each temperature of the object. The gen-
eration unit 158 acquires the correlation model 80 stored in
the storage unit 156 and specifies a current value Cl1
corresponding to an estimated temperature T1 of the object
by using the acquired correlation model 80. Then, the
generation unit 158 generates values indicating an absolute
value and a direction of the specified current value C1 as
temperature sensation control parameters.

[0094] Next, a flow of processing performed by the image
processing device 10 according to the application example
will be described with reference to FIG. 16.

[0095] FIG. 16 is a flowchart illustrating a specific
example of the flow of the processing performed by the
image processing device 10 according to the application
example. As illustrated in FIG. 16, the infrared image
acquisition unit 152 output an infrared image to the genera-
tion unit 158, and the generation unit 158 then estimates a
temperature of an object on the basis of the infrared image
input from the infrared image acquisition unit 152 (Step
S204). Subsequently, the generation unit 158 generates
parameters for controlling a temperature sensation on the
basis of the estimated temperature of the object (Step S206)
and outputs the generated temperature sensation control
parameter to the data processing unit 160. Then, the data
processing unit 160 associates a visible light image and the
temperature sensation control parameter (Step S208). Then,
the processing illustrated in FIG. 16 is completed.

[0096] According to the aforementioned certain applica-
tion example, the generation unit 158 generates temperature
sensation control parameters on the basis of pixel values of
an infrared image acquired by the infrared image acquisition
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unit 152. In this manner, it is possible to reduce a human
load in temperature sensation control setting corresponding
to images.

[0097] According to the aforementioned certain applica-
tion example, the generation unit 158 generates the values
indicating the absolute value and the direction of the current
to be applied to the target as the temperature sensation
control parameters. In this manner, it is possible to reduce a
human load in temperature sensation control setting corre-
sponding to images by utilizing the current.

<3. Conclusion>

[0098] According to the embodiment of the present dis-
closure, cutaneous sensation control parameters are genet-
ated on the basis of an acquired infrared image, and an
acquired visible light image is associated with the generated
cutaneous sensation control parameters as described above.
Therefore, it is possible to reduce manual operations in a
cutaneous sensation control setting corresponding to images.
Therefore, it is possible to reduce a human load in the
cutaneous sensation control setting corresponding to images.
[0099] Also, the cutaneous sensation control parameters
are generated for each pixel region of an infrared image, and
association is performed by assigning the cutaneous sensa-
tion control parameters to pixels of a visible light image
corresponding to each of the pixel regions of the infrared
image according to the embodiment of the present disclo-
sure. Therefore, it is possible to reduce cutaneous sensation
control parameter generation processing. Therefore, it is
possible to increase a speed of the cutaneous sensation
control setting.

[0100] Further, according to a certain embodiment, a
parameter for controlling a tactile sensation corresponding
to a surface roughness of an object and a parameter for
controlling a tactile sensation corresponding to a density of
texture boundaries on a surface of the object are generated
as tactile sensation control parameters on the basis of pixel
values of an acquired infrared image. In this manner, it is
possible to reduce a human load in a control setting for a
tactile sensation corresponding to the surface roughness of
the object and a tactile sensation corresponding to the
density of the texture boundaries on the surface of the object
corresponding to images.

[0101] Further, according to a certain embodiment, infra-
red images are acquired at a plurality of infrared ray irra-
diation angles with respect to an imaged object, and tactile
sensation control parameters are generated on the basis of
the acquired plurality of infrared images. In this manner, it
is possible to generate likely tactile sensation control param-
eters corresponding to the images by utilizing reflected light
intensity properties of a surface of the object with respect to
angles of light emitted toward the surface of the object.

[0102] Further, according to a certain embodiment, a
parameter for controlling a tactile sensation corresponding
to a surface roughness of an object and a parameter for
controlling a tactile sensation corresponding to a density of
texture boundaries on a surface of the object are generated
on the basis of pixel values of an acquired infrared image.
In this manner, it is possible to reduce a human load in a
control setting for a tactile sensation corresponding to the
surface roughness of the object and a tactile sensation
corresponding to the density of the texture boundaries on the
surface of the object corresponding to images.
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[0103] Further, according to a certain embodiment, a
parameter for controlling a tactile sensation corresponding
to a surface roughness of an object is generated by estimat-
ing the surface roughness of the object in a pixel region on
the basis of a distribution of pixel values corresponding to
the pixel region at a plurality of infrared ray irradiation
angles, and a parameter for controlling a tactile sensation
corresponding to a density of texture boundaries on a surface
of the object is generated by estimating the density of the
texture boundaries on the surface of the object on the basis
of a dispersion of estimated surface roughnesses of the
object. In this manner, it is possible to generate a likely
parameter for controlling a tactile sensation corresponding
to the surface roughness of the object and a likely parameter
for controlling a tactile sensation corresponding to the
density of the texture boundaries on the surface of the object
corresponding to images by utilizing reflected light intensity
properties of the surface of the object with respect to angles
of light emitted toward the surface of the object.

[0104] Further, according to a certain embodiment, a value
indicating a frequency of oscillations that are caused in a
target is generated as a parameter for controlling a tactile
sensation corresponding to a surface roughness of the object,
and a value indicating a duration time of the oscillations that
are caused in the target is generated as a parameter for
controlling a tactile sensation corresponding to a density of
texture boundaries on a surface of the object on the basis of
pixel values of an acquired infrared image. In this manner,
it is possible to reduce a human load in a tactile sensation
control setting corresponding to images by utilizing oscil-
lation stimulation,

[0105] Further, according to a certain modification
example, a value of a voltage to be applied to targets is
generated as a parameter for controlling a tactile sensation
corresponding to a surface roughness of the object, and a
value indicating an interval of the targets to which the
voltage is applied is generated as a parameter for controlling
a tactile sensation corresponding to a density of texture
boundaries on a surface of the object. In this manner, it is
possible to reduce a human load in a tactile sensation control
setting corresponding to images by utilizing electrical stimu-
lation.

[0106] Further, according to a certain application example,
temperature sensation control parameters are generated on
the basis of pixel values of an acquired infrared image. In
this manner, it is possible to reduce a human load in a
temperature sensation control setting corresponding to
images.

[0107] Further, according to a certain application example,
values indicating an absolute value and a direction of a
current to be applied to a target are generated as temperature
sensation control parameters. In this manner, it is possible to
reduce a human load in a temperature sensation control
setting corresponding to images by utilizing a current.

[0108] The series of control processes carried out by each
apparatus described in the present specification may be
realized by software, hardware, or a combination of software
and hardware. Programs that compose such software may be
stored in advance for example on a storage medium (non-
transitory medium) provided inside or outside each of the
apparatus. As one example, during execution by a computer,
such programs are written into RAM (Random Access
Memory) and executed by a processor such as a CPU.
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[0109] Note that it is not necessary for the processing
described in this specification with reference to the flowchart
to be executed in the order shown in the flowchart. Some
processing steps may be performed in parallel. Further, some
of additional steps can be adopted, or some processing steps
can be omitted.
[0110] The preferred embodiment(s) of the present disclo-
sure has’have been described above with reference to the
accompanying drawings, whilst the present disclosure is not
limited to the above examples. A person skilled in the art
may find various alterations and modifications within the
scope of the appended claims, and it should be understood
that they will naturally come under the technical scope of the
present disclosure.
[0111] Further, the effects described in this specification
are merely illustrative or exemplified effects, and are not
limitative. That is, with or in the place of the above effects,
the technology according to the present disclosure may
achieve other effects that are clear to those skilled in the art
from the description of this specification.
[0112] Additionally, the present technology may also be
configured as below.
M)
[0113] An image processing device including:
[0114] an infrared image acquisition unit that acquires
an infrared image of an imaged object;
[0115] a wvisible light image acquisition unit that
acquires a visible light image of the imaged object;
[0116] a generation unit that generates cutaneous sen-
sation control parameters on the basis of the infrared
image acquired by the infrared image acquisition unit;
and
[0117] a data processing unit that associates the visible
light image acquired by the visible light image acqui-
sition unit with the cutaneous sensation control param-
eters generated by the generation unit.

)
[0118] The image processing device according to (1),
[0119] in which the generation unit generates the cuta-

neous sensation control parameters for each pixel
region of the infrared image, and

[0120] the data processing unit performs the association
by assigning the cutaneous sensation control param-
eters to pixels of the visible light image that correspond
to each pixel region of the infrared image.

@)
[0121] The image processing device according to (2),
[0122] in which the cutaneous sensation control param-

eters include tactile sensation control parameters, and

[0123] the generation unit generates the tactile sensa-
tion control parameters on the basis of pixel values of
the infrared image acquired by the infrared image
acquisition unit.

Q)
[0124] The image processing device according to (3),
[0125] in which the infrared image acquisition unit

acquires infrared images at a plurality of infrared ray
irradiation angles with respect to the imaged object,
and

[0126] the generation unit generates the tactile sensa-
tion control parameters on the basis of the plurality of
infrared images acquired by the infrared image acqui-
sition unit.
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)
[0127] The image processing device according to (4),
[0128] in which the tactile sensation control parameters

include a parameter for controlling a tactile sensation
corresponding to a surface roughness of an object and
a parameter for controlling a tactile sensation corre-
sponding to a density of texture boundaries on a surface
of the object.

(6)

[0129] The image processing device according to (5),

[0130] in which the generation unit generates the

parameter for controlling a tactile sensation corre-
sponding to the surface roughness of the object by
estimating a surface roughness of the object in the pixel
region on the basis of a distribution of pixel values
corresponding to the pixel region at the plurality of
infrared ray irradiation angles, and generates the
parameter for controlling a tactile sensation corre-
sponding to the density of the texture boundaries on the
surface of the object by estimating the density of the
texture boundaries on the surface of the object on the
basis of a dispersion of estimated surface roughnesses
of the object.

%)
[0131] The image processing device according to (5) or
(6),

[0132] in which the parameter for controlling a tactile

sensation corresponding to the surface roughness of the
object includes a value indicating a frequency of an
oscillation that is caused in a target, and

[0133] the parameter for controlling a tactile sensation
corresponding to the density of the texture boundaries
on the surface of the object includes a value indicating
a duration time of the oscillation.

(®)
[0134] The image processing device according to (5) or
(6).

[0135] in which the parameter for controlling a tactile

sensation corresponding to the surface roughness of the
object includes a value of a voltage applied to targets,
and
[0136] the parameter for controlling a tactile sensation
corresponding to the density of the texture boundaries
on the surface of the object includes a value indicating
an interval of the targets to which the voltage is applied.
©)
[0137] The image processing device according to (2),
[0138] in which the cutaneous sensation control param-
eters include temperature sensation control parameters,
and
[0139] the generation unit generates the temperature
sensation control parameters on the basis of pixel
values of the infrared image acquired by the infrared
image acquisition unit.

(10)
[0140] The image processing device according to (9),
[0141] in which the temperature sensation control

parameters include an absolute value of a current
applied to a target and a value indicating a direction of
the current.
(11)
[0142] An image processing method including:
[0143] acquiring an infrared image of an imaged object
by an image processing device;
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[0144] acquiring a visible light image of the imaged
object;
[0145] generating cutaneous sensation control param-

eters on the basis of the acquired infrared image; and
[0146] associating the acquired visible light image with
the generated cutaneous sensation control parameters.
(12)
[0147] A program causing a computer that controls an
image processing device to function as:
[0148] an infrared image acquisition unit that acquires
an infrared image of an imaged object;
[0149] a visible light image acquisition unit that
acquires a visible light image of the imaged object;
[0150] a generation unit that generates cutaneous sen-
sation control parameters on the basis of the infrared
image acquired by the infrared image acquisition unit;
and
[0151] a data processing unit that associates the visible
light image acquired by the visible light image acqui-
sition unit with the cutaneous sensation control param-
eters generated by the generation unit.

REFERENCE SIGNS LIST

[0152] 10 image processing device

[0153] 40 tactile sensation presenting display
[0154] 60 tactile sensation presenting display
[0155] 70 temperature sensation presenting display
[0156] 102 infrared camera

[0157] 104 visible light camera

[0158] 106 input interface

[0159] 108 memory

[0160] 112 communication interface

[0161] 114 storage

[0162] 116 processor

[0163] 118 bus

[0164] 152 infrared image acquisition unit
[0165] 154 visible light image acquisition unit
[0166] 156 storage unit

[0167] 158 generation unit

[0168] 160 data processing unit

[0169] 410, 610 tactile sensation presenting unit
[0170] 412 oscillator

[0171] 420, 620, 720 display unit

[0172] 612 counter electrode

[0173] 710 temperature sensation presenting unit
[0174] 712 Peltier device

1. An image processing device comprising:

an infrared image acquisition unit that acquires an infra-
red image of an imaged object;

a visible light image acquisition unit that acquires a
visible light image of the imaged object;

a generation unit that generates cutaneous sensation con-
trol parameters on the basis of the infrared image
acquired by the infrared image acquisition unit; and

a data processing unit that associates the visible light
image acquired by the visible light image acquisition
unit with the cutaneous sensation control parameters
generated by the generation unit.

2. The image processing device according to claim 1,

wherein the generation unit generates the cutaneous sen-
sation control parameters for each pixel region of the
infrared image, and

the data processing unit performs the association by
assigning the cutaneous sensation control parameters to
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pixels of the visible light image that correspond to each
pixel region of the infrared image.

3. The image processing device according to claim 2,

wherein the cutaneous sensation control parameters
include tactile sensation control parameters, and

the generation unit generates the tactile sensation control
parameters on the basis of pixel values of the infrared
image acquired by the infrared image acquisition unit.

4. The image processing device according to claim 3,

wherein the infrared image acquisition unit acquires infra-
red images at a plurality of infrared ray irradiation
angles with respect to the imaged object, and

the generation unit generates the tactile sensation control
parameters on the basis of the plurality of infrared
images acquired by the infrared image acquisition unit.

5. The image processing device according to claim 4,

wherein the tactile sensation control parameters include a
parameter for controlling a tactile sensation corre-
sponding to a surface roughness of an object and a
parameter for controlling a tactile sensation corre-
sponding to a density of texture boundaries on a surface
of the object.

6. The image processing device according to claim 5,

wherein the generation unit generates the parameter for
controlling a tactile sensation corresponding to the
surface roughness of the object by estimating a surface
roughness of the object in the pixel region on the basis
of a distribution of pixel values corresponding to the
pixel region at the plurality of infrared ray irradiation
angles, and generates the parameter for controlling a
tactile sensation corresponding to the density of the
texture boundaries on the surface of the object by
estimating the density of the texture boundaries on the
surface of the object on the basis of a dispersion of
estimated surface roughnesses of the object.

7. The image processing device according to claim 5,

wherein the parameter for controlling a tactile sensation
corresponding to the surface roughness of the object
includes a value indicating a frequency of an oscillation
that is caused in a target, and the parameter for con-
trolling a tactile sensation corresponding to the density
of the texture boundaries on the surface of the object
includes a value indicating a duration time of the
oscillation.
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8. The image processing device according to claim 5,

wherein the parameter for controlling a tactile sensation
corresponding to the surface roughness of the object
includes a value of a voltage applied to targets, and

the parameter for controlling a tactile sensation corre-
sponding to the density of the texture boundaries on the
surface of the object includes a value indicating an
interval of the targets to which the voltage is applied.

9. The image processing device according to claim 2,

wherein the cutaneous sensation control parameters
include temperature sensation control parameters, and

the generation unit generates the temperature sensation
control parameters on the basis of pixel values of the
infrared image acquired by the infrared image acqui-
sition unit.

10. The image processing device according to claim 9,

wherein the temperature sensation control parameters
include an absolute value of a current applied to a target
and a value indicating a direction of the current.

11. An image processing method comprising:

acquiring an infrared image of an imaged object by an
image processing device;

acquiring a visible light image of the imaged object;

generating cutaneous sensation control parameters on the
basis of the acquired infrared image; and

associating the acquired visible light image with the
generated cutaneous sensation control parameters.

12. A program causing a computer that controls an image

processing device to function as:

an infrared image acquisition unit that acquires an infra-
red image of an imaged object;

a visible light image acquisition unit that acquires a
visible light image of the imaged object;

a generation unit that generates cutaneous sensation con-
trol parameters on the basis of the infrared image
acquired by the infrared image acquisition unit; and

a data processing unit that associates the visible light
image acquired by the visible light image acquisition
unit with the cutaneous sensation control parameters
generated by the generation unit.
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