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CONTROLLER, TEMPERATURE
SENSATION PROVIDING APPARATUS,
TEMPERATURE SENSATION PROVIDING
SYSTEM, CONTROL METHOD, AND
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is based upon and claims
priority to Japanese Patent Application No. 2018-088105,
filed on May 1, 2018, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] An aspect of this disclosure relates to a controller,
a temperature sensation providing apparatus, a temperature
sensation providing system, a control method, and a storage
medium.

2. Description of the Related Art

[0003] There exists a known technology that can provide
a temperature sensation (cold sensation or warm sensation)
to an object (e.g., a finger) contacting a contact surface of a
temperature sensation provider (e.g., a Peltier element) by
driving the temperature sensation provider.

[0004] For example, Japanese Laid-Open Patent Publica-
tion No. 2001-166676 discloses a technology that enables a
tactile sensation providing mechanism, which provides a
tactile sensation to a finger by pressing a palmar surface of
the finger with a tactile sensation providing part, to provide
a temperature sensation. In this technology, a heating ele-
ment or a heat-absorbing element (e.g., a Peltier element) is
provided and positioned in the tactile sensation providing
mechanism to contact a surface of a finger.

[0005] However, there is a case where a user does not feel
an intended temperature sensation even if the temperature of
a contact surface is controlled to a specific temperature to
provide the intended temperature sensation. For example,
there is a case where a user does not readily feel a tempera-
ture of 22° C. in a low temperature environment even if the
temperature of a contact surface is controlled at 22° C. to
provide the user with a temperature sensation of 22° C. That
is, related-art temperature sensation providing apparatuses
are susceptible to environmental temperatures.

SUMMARY OF THE INVENTION

[0006] In an aspect of this disclosure, there is provided a
controller for controlling a temperature sensation provider
that provides temperature sensations to an object contacting
a contact surface of the temperature sensation provider. The
controller includes a database including control information
that associates values of a temperature of the contact surface
with values of a controlled variable of the temperature
sensation provider for each of the temperature sensations,
and a temperature controller that controls the temperature
sensation provider based on a measured temperature of the
contact surface, a temperature sensation to be provided, and
the control information.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a drawing illustrating a configuration of
a temperature sensation providing system according to an
embodiment;

[0008] FIG. 2 is a drawing illustrating a functional con-
figuration of a controller included in the temperature sen-
sation providing system according to the embodiment;
[0009] FIG. 3 is a flowchart illustrating a process per-
formed by the controller included in the temperature sensa-
tion providing system according to the embodiment;
[0010] FIGS. 4A and 4B are graphs illustrating an
example of a control process performed by a temperature
controller included in the temperature sensation providing
system according to the embodiment; and

[0011] FIG. 5 is a drawing illustrating a temperature
sensation providing apparatus according to a variation of the
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0012] The inventors of the present invention conducted a
study to find out causes why related-art temperature sensa-
tion providing apparatuses are susceptible to environmental
temperatures. The results of the study indicate, for example,
that the temperature of a finger when using a temperature
sensation providing apparatus varies, and that the user
becomes sensitive or insensitive to a temperature sensation
depending on the temperature of the finger. For example,
there is a case where the temperature of a finger in a warm
area is about 32° C. while the temperature of a finger is about
27° C. in a cold area. When a temperature of 22° C. is
provided by a Peltier element, a finger with a temperature of
about 32° C. can feel the temperature of about 22° C., but a
finger with a temperature of about 27° C. cannot readily feel
the temperature of about 22° C. because the difference
between the temperatures of 22° C. and 27° C. is small.
Based on these findings, the inventors further conducted a
study to reduce the influence of environmental temperatures.
The results of this study indicate that when providing a
temperature that makes a finger insensitive, it is effective to
provide a stronger temperature sensation.

[0013] Embodiments of the present invention are
described below with reference to the accompanying draw-
ings. Throughout the specification and the drawings, the
same reference number is assigned to components having
substantially the same function and configuration, and
repeated description of those components is omitted.

<Configuration of Temperature
System>

[0014] FIG. 1 is a drawing illustrating a configuration of
a temperature sensation providing system 10 according to an
embodiment. The temperature sensation providing system
10 can provide a cold sensation or a warm sensation to a
finger 12 of a user that is in contact with a Peltier element
104 included in a temperature sensation providing apparatus
100. As illustrated in FIG. 1, the temperature sensation
providing system 10 includes the temperature sensation
providing apparatus 100 and a controller 120. The tempera-
ture sensation providing apparatus 100 and the controller
120 are connected to each other via a communication cable
14. In the descriptions below, for descriptive purposes, it is
assumed that the temperature sensation providing system 10

Sensation Providing



US 2019/0336064 A1

provides a cold sensation. However, the temperature sensa-
tion providing system 10 may be configured to provide a
warm sensation. That is, the temperature sensation providing
system 10 is not limited to a cold sensation providing
system.

[0015] The temperature sensation providing apparatus 100
is fixed to the finger 12 with a fixing part (e.g., a rubber belt)
such that the finger 12 contacts a cooling surface of the
Peltier element 104. The temperature sensation providing
apparatus 100 includes a case 102, the Peltier element 104,
a driver circuit 106, a heat sink 108, a contact sensor 109, a
thermometer 110, and a heater 111,

[0016] The case 102 holds and houses other components.
In the present embodiment, the case 102 has a cuboid shape.
The case 102 is made of a comparatively hard material (e.g.,
a resin or a metal).

[0017] The Peltier element 104 is disposed such that a
cooling surface (an example of a “contact surface”) of the
Peltier element 104 is exposed through a surface of the case
102. The Peltier element 104 is an example of a “tempera-
ture sensation provider”. A surface of the Peltier element 104
located opposite the cooling surface is a radiation surface.
When a driving current is supplied from the driver circuit
106, the cooling surface of the Peltier element 104 is cooled
and the radiation surface radiates heat due to the Peltier
effect. With this configuration, the Peltier element 104 can
provide a cold sensation to the finger 12 contacting the
cooling surface.

[0018] The driver circuit 106 is disposed in the case 102.
The driver circuit 106 controls the Peltier element 104 by
supplying a driving current to the Peltier element 104
according to a control signal supplied from the controller
120.

[0019] The heat sink 108 is a flat-plate shaped component
that is disposed in close contact with the radiation surface of
the Peltier element 104. The heat sink 108 is provided to
release heat, which is generated on the radiation surface of
the Peltier element 104 when the cooling surface of the
Peltier element 104 is cooled, outside of the temperature
sensation providing apparatus 100 (i.e., to the atmosphere).
The heat sink 108 is made of a material (e.g., aluminum)
with a comparatively-high heat radiation property. Also, the
case 102 may be formed of a material (e.g., aluminum) with
a comparatively-high heat radiation property, and the Peltier
element 104 may be disposed to closely contact the case 102
so that the case 102 functions as a heat sink. In this case, the
heat sink 108 of the temperature sensation providing appa-
ratus 100 may be omitted.

[0020] The contact sensor 109 detects contact of the finger
12 with the Peltier element 104 and outputs information
indicating the contact to the controller 120 via the commu-
nication cable 14. The contact sensor 109 is, for example, an
electrostatic sensor capable of detecting a change in capaci-
tance of the Peltier element 104 or a temperature sensor
capable of detecting a change in temperature of the Peltier
element 104.

[0021] The thermometer 110 measures the temperature of
the cooling surface of the Peltier element 104 and outputs
the measured temperature to the controller 120. The heater
111 heats the cooling surface of the Peltier element 104
under the control of the controller 120.

[0022] The controller 120 is provided outside of the tem-
perature sensation providing apparatus 100 and controls the
operation of the Peltier element 104 included in the tem-
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perature sensation providing apparatus 100. Specifically, the
controller 120 supplies a control signal to the driver circuit
106 of the temperature sensation providing apparatus 100. In
response, the driver circuit 106 provides a driving current to
the Peltier element 104 and causes the Peltier element 104
to operate. The controller 120 may be implemented by a
dedicated device or a general-purpose information process-
ing apparatus (e.g., a smartphone or a personal computer).
The controller 120 may be configured to supply a control
signal to the driver circuit 106 of the temperature sensation
providing apparatus 100 via wireless communication (e.g.,
Bluetooth (registered trademark), Wi-Fi, or near field com-
munication (NFC)) instead of wired communication.

<Functional Configuration of Controller>

[0023] FIG. 2 is a drawing illustrating a functional con-
figuration of the controller 120 included in the temperature
sensation providing system 10. As illustrated in FIG. 2, the
controller 120 includes an input unit 121, a temperature
controller 122, and a database 123.

[0024] The input unit 121 inputs information indicating a
temperature to be provided by the temperature sensation
providing apparatus 100. The information may be input by
a user or may be input, in synchronization with an image, by
a virtual reality (VR) display apparatus that functions
together with the temperature sensation providing apparatus
100. For example, when the VR display apparatus displays
an image of a person holding a cup containing a liquid and
having a specific temperature (e.g., 22° C.), the VR display
apparatus may input the specific temperature.

[0025] The database 123 stores control information that
associates temperatures of the cooling surface of the Peltier
element 104 with values of a controlled variable of the
temperature sensation providing apparatus 100 for each
temperature sensation. Table 1 below indicates an example
of control information.

TABLE 1
Cooling
Target Surface Temperature ~ Reached
Temperature  Temperature AT, increment  Temperature
T1 T21 (=T1-T21) AT T22
20° C. 32°C. -12> ¢, -12° C. 20° C.
28° C. -8 C -9° C. 19° C.
25°C. -5 C. -7° C. 18° C.
22° C. 32°C. -10> C.  -10° C. 22° C.
28° C. -6> C -7° C. 21° C.
25°C. -3 C -5° C. 20° C.
[0026] In the example of Table 1, for each target tempera-

ture T1, cooling surface temperatures T21 of the cooling
surface in contact with the finger 12 are associated with
temperature increments AT at a predetermined time t1. The
predetermined time tl1 is, for example, within a range
between 0.3 sec. and 1.0 sec. Here, the cooling surface
temperature T21 of the cooling surface in contact with the
finger 12 does not indicate the temperature of the cooling
surface at the moment when the finger 12 touches the
cooling surface, but indicates the temperature of the cooling
surface in contact with the finger 12 at a time when the
controller 120 starts a control process. Accordingly, the
cooling surface temperature T21 depends not only on the
environmental temperature of the Peltier element 104, but
also on the temperature of the finger 12. In the example of
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Table 1, for the target temperature T1 of 22° C., the cooling
surface temperature T21 of 32° C. is associated with the
temperature increment AT of =10° C., the cooling surface
temperature T21 of 28° C. is associated with the temperature
increment AT of =7° C., and the cooling surface temperature
T21 of 25° C. is associated with the temperature increment
AT of =5° C. That is, when the cooling surface temperature
T21 is 32° C., the actual temperature difference AT, (=T1-
T21) between the target temperature T1 and the cooling
surface temperature T21 is -10° C., and the temperature
increment AT is also —=10° C. When the cooling surface
temperature T21 is 28° C., the actual temperature difference
AT, is -6° C., but the temperature increment AT is -7° C.
When the cooling surface temperature T21 is 25 t, the actual
temperature difference AT, is =3° C., but the temperature
increment AT is -5° C. The actual temperature difference
AT, is an example of a “first temperature difference”, and the
temperature increment AT is an example of a “second
temperature difference”.

[0027] Thus, the control information is configured such
that as the absolute value (IAT,|) of the actual temperature
difference AT, between the cooling surface temperature T21
and the target temperature T1 becomes smaller, the tem-
perature increment AT associated with the cooling surface
temperature T21 as a controlled variable deviates further
from the actual temperature difference AT,,. That is, in the
control information, the deviation of the temperature incre-
ment AT at the predetermined time tl1 from the actual
temperature difference AT, tends to become greater as the
absolute value (IAT,|) of the actual temperature difference
AT, becomes smaller. This tendency need not be present in
all actual temperature differences AT,, and is preferably
present in the absolute values (IAT, ) of actual temperature
differences AT, that are less than or equal to a given value
and at which the user tends to become insensitive. For the
target temperature T1 of 20° C., cooling surface tempera-
tures T21 are associated with temperature increments AT in
a similar manner. The target temperature T1 is an example
of a “temperature sensation” provided by the temperature
sensation providing apparatus 100, and the temperature
increment AT is an example of a “controlled variable”. The
database 123 preferably includes a greater number of target
temperatures T1, and each of the target temperatures T1 is
preferably associated with a greater number of combinations
of cooling surface temperatures T21 and temperature incre-
ments AT. The database 123 may also include information
indicating driving currents corresponding to the temperature
increments AT.

[0028] The temperature controller 122 controls the opera-
tion of the Peltier element 104 of the temperature sensation
providing apparatus 100 by supplying a control signal to the
driver circuit 106 of the temperature sensation providing
apparatus 100 based on control information stored in the
database 123.

[0029] For example, the temperature controller 122 can
drive the Peltier element 104 such that the temperature of the
cooling surface of the Peltier element 104 becomes a target
temperature by supplying a control signal to the driver
circuit 106. More specifically, the temperature controller 122
can lower the temperature of the cooling surface of the
Peltier element 104 by driving the Peltier element 104 with
a higher driving current.

[0030] The above-described functions of the controller
120 are implemented by, for example, executing programs

Nov. 7,2019

stored in a memory (e.g., a read-only memory (ROM) or a
random access memory (RAM)) by a central processing unit
(CPU) (which is an example of a “computer”) of the
controller 120. The programs executed by the CPU may be
pre-installed in the controller 120 or may be obtained from
an external source and installed into the controller 120. In
the latter case, the programs may be provided via an external
storage medium (e.g., a USB memory, a memory card, or a
CD-ROM) or may be downloaded from a server on a
network (e.g., the Internet).

<Control Process>

[0031] In the present embodiment, the controller 120
performs a control process as described below. FIG. 3 is a
flowchart illustrating a process performed by the controller
120. FIGS. 4A and 4B are graphs illustrating an example of
a control process performed by the temperature controller
122. F1G. 4A indicates changes in the driving current of the
Peltier element 104 being controlled by the temperature
controller 122. In FIG. 4A, the vertical axis indicates the
driving current, and the horizontal axis indicates elapsed
time. FIG. 4B indicates changes in the temperature of the
cooling surface of the Peltier element 104 according to
changes in the driving current of the Peltier element 104. In
FIG. 4B, the vertical axis indicates the temperature, and the
horizontal axis indicates elapsed time. In the examples of
FIGS. 4A and 4B, it is assumed that the target temperature
T1 is 22° C. for all three cooling surface temperatures T21
(32° C., 28° C., and 25° C)).

[0032] First, the input unit 121 determines the target
temperature T1 at which a temperature sensation is provided
by the temperature sensation providing apparatus 100 (step
S1). In this example, as described above, the target tem-
perature T1 is 22° C.

[0033] Next, the temperature controller 122 determines,
via the contact sensor 109, whether the finger 12 is in contact
with the Peltier element 104 (step S2). If the finger 12 is in
contact with the Peltier element 104, the thermometer 110
measures the cooling surface temperature T21 of the Peltier
element 104, and the controller 120 determines the cooling
surface temperature T21 (step S3).

[0034] Then, the temperature controller 122 reads a tem-
perature increment AT corresponding to the target tempera-
ture T1 and the cooling surface temperature T21 from the
database 123 (step S4).

[0035] Next, the temperature controller 122 controls the
temperature of the temperature sensation providing appara-
tus 100 based on the temperature increment AT (step S5). As
described above, in the control information included in the
database 123, the deviation of the temperature increment AT
at the predetermined time t1 from the actual temperature
difference AT, tends to become greater as the absolute value
(IAT,l) of the actual temperature difference AT, becomes
smaller. Accordingly, in the example of FIG. 4A, the driving
current is increased as the actual temperature difference AT,
becomes greater (as the cooling surface temperature T21
becomes higher). Also, as indicated in FIG. 4B, the driving
current is adjusted such that the reached temperature T22 at
a time when the predetermined time t1 passes becomes
lower as the absolute value of the actual temperature dif-
ference AT, becomes smaller.

[0036] When the predetermined time t1 passes (step S6),
for example, as illustrated in FIG. 4A, the temperature
controller 122 outputs a constant control signal to the driver
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circuit 106 regardless of the cooling surface temperature
T21 before the start of the control process, and the driver
circuit 106 supplies a constant driving current to the Peltier
element 104 (step S7). As a result, the temperature of the
cooling surface of the Peltier element 104 comes close to the
target temperature T1 of 22° C. The database 123 may also
include controlled variables indicating the control signal and
the driving current after the predetermined time t1.

[0037] When a termination request to stop providing the
temperature sensation is input at a time t2 (step S8), as
illustrated in FIG. 4A, the temperature controller 122 gradu-
ally lowers the driving current and terminates the tempera-
ture control. As a result, as illustrated in FIG. 4B, the
temperature gradually returns to the environmental tempera-
ture at the start of the control process.

[0038] As described above, the controller 120 of the
present embodiment controls the Peltier element 104 based
on the control information where cooling surface tempera-
tures T21 of the cooling surface in contact with the finger 12
are associated with temperature increments AT at the pre-
determined time t1 for each of target temperatures T1. As
illustrated in FIG. 4B, this configuration makes it possible to
appropriately provide a temperature sensation even when the
actual temperature difference AT, is small. That is, even in
a case where an actual temperature difference AT, is small
and a temperature sensation provided by the related-art
temperature sensation providing apparatus is likely to be
influenced by the environmental temperature, the tempera-
ture sensation providing system 10 of the present embodi-
ment can reduce the influence of the environmental tem-
perature.

[0039] If the target temperature T1 to be provided and the
cooling surface temperature T21 measured by the thermom-
eter 110 are not included in the control information, the
target temperature T1 and the cooling surface temperature
T21 may be calculated by interpolating or extrapolating a
target temperature T1 and a cooling surface temperature T21
included in the control information.

[0040] Before the finger 12 contacts the Peltier element
104, the cooling surface of the Peltier element 104 may be
kept at a constant temperature such as 32° C. by using the
heater 111. This configuration makes it possible to make the
cooling surface temperature T21 of the cooling surface in
contact with the finger 12 more stable and enables the
temperature sensation providing system 10 to operate more
stably.

[0041] Also, the cooling surface of the Peltier element 104
may be heated to a predetermined temperature such as 32°
C. by using the heater 111 when the finger 12 contacts the
Peltier element 104, and then a temperature control process
to provide the target temperature T1 may be performed.
[0042] The supply of a driving current to the Peltier
element 104 may be started before the finger 12 contacts the
Peltier element 104. However, power consumption can be
reduced by starting a temperature control process using the
detection of the contact of the finger 12 as a trigger.
[0043] Also, in the control information, the cooling sur-
face temperature T21 of the cooling surface in contact with
the finger 12 may be associated with a time taken to achieve
a predetermined temperature increase instead of the tem-
perature increment AT at the predetermined time tl. For
example, when the target temperature T1 is 22° C., a cooling
surface temperature T21 of 32° C. may be associated with a
time of 0.8 seconds taken to achieve a temperature increase
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of -10° C., and a cooling surface temperature T21 of 28° C.
may be associated with a time of 0.3 seconds taken to
achieve a temperature increase of =10° C.

<Variation of Temperature Sensation Providing Apparatus>

[0044] FIG. 5 is a drawing illustrating a variation of the
temperature sensation providing apparatus 100. A tempera-
ture sensation providing apparatus 100A illustrated in FIG.
5 differs from the temperature sensation providing apparatus
100 in that the temperature sensation providing apparatus
100A includes a controller 120A. The controller 120A
includes functions similar to those of the controller 120.
Thus, the temperature sensation providing apparatus 1004 is
configured such that the driving current for driving the
Peltier element 104 can be controlled by the controller 120A
included in the temperature sensation providing apparatus
100A.

[0045] Embodiments of the present invention are
described above. However, the present invention is not
limited to the specifically disclosed embodiments, and varia-
tions and modifications may be made without departing
from the scope of the present invention.

[0046] Forexample, in the above embodiment, the present
invention is applied to the temperature sensation providing
apparatus 100 capable of providing a cold sensation. How-
ever, the present invention is not limited to this embodiment,
and may also be applied to a temperature sensation provid-
ing apparatus capable of providing a warm sensation. Also,
for example, the present invention may be applied to a
temperature sensation providing apparatus capable of pro-
viding both of a cold sensation and a warm sensation. For
example, the temperature sensation providing apparatus 100
described above may be configured to provide a warm
sensation to the finger 12 of the user contacting a contact
surface (heating surface) of the Peltier element 104 by
supplying an electric current to the Peltier element 104 in a
direction opposite the direction in which an electric current
is supplied to provide a cold sensation and thereby gener-
ating heat on the contact surface. Also in this case, the
influence of the environmental temperature can be reduced
by using control information where contact surface tempera-
tures of a contact surface in contact with a finger are
associated with temperature increments at a predetermined
time for each target temperature. Table 2 below indicates an
example of control information.

TABLE 2
Heating
Target Surface Temperature ~ Reached
Temperature  Temperature ATq increment  Temperature
Tl T31 (=T1-T31) AT T32
40° C. 32°C. +8° C. +10° C. 42° C.
28° C. +12° C. +13° C. 41° C.
25° C. +15° C. +15° C. 40° C.
42° C. 32°C. +10° C. +12° C. 44° C.
28° C. +14° C. +15° C. 43° C.
25° C. +17° C. +17° C. 42° C.
[0047] In the example of Table 2, for each target tempera-

ture T1, heating surface temperatures T31 of the heating
surface in contact with the finger 12 are associated with
temperature increments AT at the predetermined time t1. In
the example of Table 2, for the target temperature T1 of 40°
C., the heating surface temperature T31 of 32° C. is asso-
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ciated with the temperature increment AT of +10° C., the
heating surface temperature T31 of 28° C. is associated with
the temperature increment AT of +13° C., and the heating
surface temperature T31 of 25° C. is associated with the
temperature increment AT of +15° C. That is, when the
heating surface temperature T31 is 32° C., the actual tem-
perature, difference AT, (=T1-T31) between the target tem-
perature T1 and the heating surface temperature T31 is +8°
C., but the temperature increment AT is +10° C. When the
heating surface temperature T31 is 28° C., the actual tem-
perature difference AT® is +12° C., but the temperature
increment AT is +13° C. When the heating surface tempera-
ture T31 is 25° C,, the actual temperature difference AT, is
+15° C., and the temperature increment AT is also +15° C.
[0048] Thus, the control information is configured such
that as the absolute value (IAT,|) of the actual temperature
difference AT, between the heating surface temperature T31
and the target temperature T1 becomes smaller, the tem-
perature increment AT associated with the heating surface
temperature T31 as a controlled variable deviates further
from the actual temperature difference AT,,. That is, in the
control information, the deviation of the temperature incre-
ment AT at the predetermined time t1 from the actual
temperature difference AT, tends to increase as the absolute
value (IAT,l) of the actual temperature difference AT,
becomes smaller. This tendency need not be present in all
actual temperature differences AT, and is preferably present
in the absolute values (IAT,]) of actual temperature differ-
ences AT, that are less than or equal to a given value and at
which the user tends to become insensitive. For the target
temperature T1 of 42° C., heating surface temperatures T31
are associated with temperature increments AT in a similar
manner.

[0049] 1In a control process based on the control informa-
tion described above, the driving current is increased as the
actual temperature difference AT, becomes greater (as the
heating surface temperature T31 becomes lower), and the
driving current is adjusted such that the reached temperature
T32 at a time when the predetermined time tl passes
becomes higher as the absolute value of the actual tempera-
ture difference AT, becomes smaller.

[0050] Also, in the above-described embodiment, after a
cold sensation is provided, temperatures in a range between
a cooling temperature and an initial skin temperature may be
presented. Providing such temperature sensations makes it
possible to give the user an illusion of moving a finger away
from an object.

[0051] In the above embodiment, the present invention is
applied to the temperature sensation providing apparatus
100 including the Peltier element 104. However, the present
invention is not limited to this embodiment, and may also be
applied to a temperature sensation providing apparatus
including the Peltier element 104 (or another type of tem-
perature sensation provider) and a tactile sensation provider
(e.g., a vibration generator).

[0052] An aspect of this disclosure makes it possible to
provide a controller, a temperature sensation providing
apparatus, a temperature sensation providing system, a con-
trol method, and a storage medium that are less susceptible
to environmental temperatures.

What is claimed is:

1. A controller for controlling a temperature sensation
provider that provides temperature sensations to an object
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contacting a contact surface of the temperature sensation
provider, the controller comprising:

a database including control information that associates
values of a temperature of the contact surface with
values of a controlled variable of the temperature
sensation provider for each of the temperature sensa-
tions; and

a temperature controller that controls the temperature
sensation provider based on a measured temperature of
the contact surface, a temperature sensation to be
provided, and the control information.

2. The controller as claimed in claim 1, wherein the
control information further includes driving currents that are
associated with the values of the controlled variable and to
be supplied to the temperature sensation provider.

3. The controller as claimed in claim 1, wherein the
control information is configured such that as an absolute
value of a first temperature difference between the tempera-
ture of the contact surface and a target temperature corre-
sponding to the temperature sensation to be provided
becomes smaller, a second temperature difference associated
with the temperature of the contact surface as the controlled
variable deviates further from the first temperature differ-
ence.

4. A temperature sensation providing apparatus, compris-
ing:

the controller of claim 1,

the temperature sensation provider that is controlled by
the controller; and

a thermometer that measures the temperature of the
contact surface.

5. The temperature sensation providing apparatus as

claimed in claim 4, further comprising:

a heater that heats the contact surface.

6. The temperature sensation providing apparatus as
claimed in claim 4, further comprising:

a contact sensor that detects contact of the object with the

temperature sensation provider,

wherein the temperature controller starts providing the
temperature sensation in response to the detection of
the contact of the object by the contact sensor.

7. The temperature sensation providing apparatus as
claimed in claim 6, wherein the contact sensor is an elec-
trostatic sensor.

8. The temperature sensation providing apparatus as
claimed in claim 6, wherein the contact sensor is a tempera-
ture sensor.

9. A temperature sensation providing system, comprising:

the controller of claim 1,

a temperature sensation providing apparatus including the
temperature sensation provider that is controlled by the
controller; and

a thermometer that measures the temperature of the
contact surface.

10. A method for controlling a temperature sensation
provider that provides temperature sensations to an object
contacting a contact surface of the temperature sensation
provider, the method comprising:

referring to a database including control information that
associates values of a temperature of the contact sur-
face with values of a controlled variable of the tem-
perature sensation provider for each of the temperature
sensations; and
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controlling the temperature sensation provider based on a
measured temperature of the contact surface, a tem-
perature sensation to be provided, and the control
information.

11. A non-transitory computer-readable storage medium
that stores a program for causing a computer to execute a
process for controlling a temperature sensation provider that
provides temperature sensations to an object contacting a
contact surface of the temperature sensation provider, the
process comprising:

referring to a database including control information that
associates values of a temperature of the contact sur-
face with values of a controlled variable of the tem-
perature sensation provider for each of the temperature
sensations; and

controlling the temperature sensation provider based on a
measured temperature of the contact surface, a tem-
perature sensation to be provided, and the control
information.
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