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EMOTION ESTIMATING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
under 35 USC 119 from Japanese Patent Application No.
2016-207696 filed Oct. 24, 2016.

BACKGROUND

Technical Field

[0002] The present invention relates to an emotion esti-
mating system.

SUMMARY

[0003] According to an aspect of the invention, there is
provided an emotion estimating system including a learning
model and an estimation unit. The learning model accepts
external information and biological information as input,
and outputs an emotion of a user. The estimation unit
changes a weighting applied to external information about
the user detected by a first detector and a weighting applied
to biological information about the user detected by a second
detector in accordance with a situation around the user, and
estimates the emotion output as a result of inputting external
information and biological information changed by the
respective weightings into the learning model as the emotion
of the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] An exemplary embodiment of the present inven-
tion will be described in detail based on the following
figures, wherein:

[0005] FIG. 1 is an explanatory diagram illustrating an
example of an emotion estimating system 10 according to an
exemplary embodiment of the present invention;

[0006] FIG. 2 is a hardware configuration diagram of an
interactive robot 20 according to an exemplary embodiment;
[0007] FIG. 3 is a function block diagram of an interactive
robot 20 according to an exemplary embodiment;

[0008] FIG. 4 is a hardware configuration diagram of a
control server 40 according to an exemplary embodiment;
[0009] FIG. 5 is a function block diagram of a control
server 40 according to an exemplary embodiment;

[0010] FIG. 6 is a conceptual diagram of a learning model
generated for each environment around a user 70;

[0011] FIG. 7 is a conceptual diagram of a learning model
in a case of inputting external information, biological infor-
mation, and environmental information for a user 70,
[0012] FIG. 8 is a flowchart illustrating a flow of a
learning model creation process in an emotion estimating
system 10 according to an exemplary embodiment;

[0013] FIG. 9 is a flowchart illustrating an example of an
emotion estimation process in an emotion estimating system
10 according to an exemplary embodiment;

[0014] FIG. 10 is a flowchart illustrating an example of an
emotion estimation process in an emotion estimating system
10 according to an exemplary embodiment; and

[0015] FIG. 11 is a flowchart illustrating another example
of an emotion estimation process in an emotion estimating
system 10 according to an exemplary embodiment.
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DETAILED DESCRIPTION

[0016] An emotion estimating system 10 according to an
exemplary embodiment of the present invention will be
described with reference to FIG. 1. The emotion estimating
system 10 according to the present exemplary embodiment
is provided with an interactive robot 20 placed in a certain,
comparatively large area such as a floor of an office building
(hereinafter called the workplace) 100, multiple environ-
mental sensors 30 placed on the ceiling and walls of the
workplace 100, and a control server 40. The control server
40 is connected to the interactive robot 20 and the environ-
mental sensors 30 by a network 50. Particularly, the control
server 40 and the interactive robot 20 are connected wire-
lessly via an access point 60 placed on a wall or the like of
the workplace 100. Furthermore, a user 70 is present in the
workplace 100, a biosensor 80 is attached to the wrist or arm
of the user 70, and the biosensor 80 and the control server
40 are connected wirelessly via the access point 60.
[0017] The environmental sensors 30 detect external infor-
mation such as the expression, posture, and complexion of
the user 70, and additionally detect information about the
situation of the user 70. The situation of the user 70 includes,
for example, whether the user 70 is sitting, standing, par-
ticipating in a conference, or engaged in conversation. Also,
the information detected by the environmental sensors 30
also includes information by which to infer who the user 70
is.

[0018] The biosensor 80 is worn on the wrist or arm of the
user 70, and detects biological information about the user
70. The biological information includes data related to the
skin resistance, heart rate, and body temperature of the user
70, for example. The information related to the skin resis-
tance includes not only the current skin resistance value, but
also data about the change in the skin resistance value
compared to normal, and the variation in the skin resistance
value per unit time. Similarly, the information related to the
heart rate includes not only the current heart rate, but also
data about the change in the heart rate compared to normal,
and the variation in the heart rate per unit time. Also, the data
related to the body temperature includes, in addition to the
current body temperature, the change in the body tempera-
ture compared to normal, and the change in the body
temperature per unit time.

[0019] First, the interactive robot 20 according to the
present exemplary embodiment will be described with ref-
erence to FIGS. 2 and 3. FIG. 2 is a hardware configuration
diagram of the interactive robot 20. As illustrated in FIG. 2,
the interactive robot 20 is provided with a control micro-
processor 211, memory 212, a storage device 213 such as a
hard disk drive (HDD) or a solid-state drive (SSD), a
communication interface 214, a camera 215, a microphone
216, a speaker 217, a motor 218, and a current position
detecting device 219, which are respectively connected to a
control bus 220.

[0020] The control microprocessor 211 centrally controls
the operation of each component of the interactive robot 20
on the basis of a control program stored in the storage device
213. The memory 212 temporarily stores data such as the
speech of a dialogue when the interactive robot 20 interacts
with a user, the dialogue content, and an image of the
expression, behavior, and body state of a user 50 captured by
the camera 215. The storage device 213 stores a control
program for controlling each component of the interactive
robot 20. The communication interface 214 conducts com-
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munication control by which the interactive robot 20 com-
municates with the control server 40 via the access point 60.
[0021] The camera 215 captures, and stores in the memory
212, changes in the user’s expression, behavior, body state,
and the like. When the interactive robot 20 interacts with a
user, the user’s speech is detected and stored in the memory
212, or in other words recorded, by the microphone 216.
Instead of recording the speech directly, the dialogue content
after interpreting the speech content, as well as the pitch and
speed of the words may be stored in the memory 212. The
speaker 217 outputs speech generated by a dialogue control
unit discussed later of the interactive robot 20. The motor
218 causes the interactive robot 20 to move to a certain
position on the basis of movement control information
generated in a movement control unit discussed later. The
current position detecting device 219 includes components
such as an acceleration sensor, a GPS signal reception
device, or a position information signal reception device.
The current position detecting device 219 specifies the
current position of the interactive robot 20, and temporarily
stores the current position in the memory 212.

[0022] FIG. 3 is a function block diagram of the interac-
tive robot 20. By having the control microprocessor 211
execute a control program stored in the storage device 213,
the interactive robot 20 functions as a sensor information
transmission unit 221, a dialogue control unit 222, a move-
ment control unit 223, and a recognition information recep-
tion unit 224, as illustrated in FIG. 3.

[0023] The sensor information transmission unit 221
transmits, to the control server 40, external information
about the user 70 detected by the camera 215 and the
microphone 216 of the interactive robot 20. External infor-
mation includes data about the expression and behavior of
the user 70 captured by the camera 215, and data about the
pitch and speed of the words spoken by the user 70 detected
by the microphone 216.

[0024] The dialogue control unit 222 controls dialogue
that the interactive robot 20 conducts with the user 70, and
also generates the content of responses to the user. For
example, the dialogue control unit 222 generates a response
message according to dialogue content stored in the memory
212, and outputs the generated response message to the
speaker 217. At this time, the dialogue control unit 222
adjusts the volume and speed of the output speech of the
message according to an emotion of the user 70 received by
the recognition information reception unit 224 discussed
later.

[0025] The movement control unit 223 controls the move-
ment of the interactive robot 20. When the position of the
user 70 is known, and there is a movement instruction from
the control server 40, the movement control unit 223 gen-
erates movement control information by which to move
from the current position to a destination position, controls
the operation of the motor 218 while referring to information
about the current position detected by the current position
detecting device 219, and thereby causes the interactive
robot 20 to move.

[0026] The recognition information reception unit 224
receives an emotion of the user 70 estimated by the control
server 40, and temporarily stores the emotion in the memory
212.

[0027] Next, the control server 40 according to the present
exemplary embodiment will be described with reference to
FIGS. 4 and 5. FIG. 4 is a hardware configuration diagram
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of the control server 40. As illustrated in FIG. 4, the control
server 40 is provided with a CPU 401, memory 402, a
storage device 403, a communication interface 404, and a
user interface 405, which are respectively connected to a
control bus 406. The CPU 401 centrally controls the opera-
tion of each component of the control server 40 on the basis
of a control program stored in the storage device 403. The
memory 402 stores position information about the user 70
transmitted from the environmental sensors 30, position
information about the interactive robot 20 and external
information about the user 70 transmitted from the interac-
tive robot 20, and biological information about the user 70
transmitted from the biosensor 80 attached to the user 70.

[0028] The storage device 403 is a device such as a hard
disk drive (HDD) or a solid-state drive (SSD), and stores a
control program for controlling the control server 40. Addi-
tionally, although discussed later, the storage device 403 also
stores a learning model used when the control server 40
estimates the emotion of the user 70.

[0029] The communication interface 404 conducts com-
munication control by which the control server 40 transmits
and receives various types of data to and from the interactive
robot 20, the environmental sensors 30, and the user 70
attached to the user 70, via the access point 60. The user
interface 405 is made up of a display device, such as a liquid
crystal display, and an input device, such as a keyboard or
a mouse. The user interface 405 is used by an administrator
to adjust the control program stored in the storage device
403 or the like.

[0030] FIG. 5 illustrates a function block diagram of the
control server 40. By having the CPU 401 execute the
control program stored in the storage device 403, the control
server 40 functions as a sensor information acquisition unit
411, a feature extraction unit 412, a situation specification
unit 413, a learning model generation unit 414, a learning
model selection unit 415, an emotion estimation unit 416, a
recognition information transmission unit 417, and a learn-
ing model storage unit 418, as illustrated in FIG. 5.

[0031] The sensor information acquisition unit 411
receives external information about the user 70 transmitted
from the interactive robot 20 and the environmental sensors
30, as well as biological information about the user 70
transmitted from the biosensor 80 worn by the user 70, and
stores the received information in the memory 402.

[0032] From the external information and biological infor-
mation acquired by the sensor information acquisition unit
411, the feature extraction unit 412 extracts features and
their values used to determine the emotion of the user 70.
These features may be extracted by machine learning from
the acquisition of large amounts of external information and
biological information by the sensor information acquisition
unit 411, or may be specified by an administrator of the
control server 40. For example, the features may include the
expression of the user 70, or more particularly, the change
compared to normal or the variation per unit time in the
corners of the mouth, the change compared to normal or the
variation per unit time in the pitch of the voice of the user
70, the change compared to normal or the variation per unit
time in the skin potential of the user 70, and the change
compared to normal or the variation per unit time in the heart
rate. The value of a feature is a numerical quantification of
the feature.

[0033] The situation specification unit 413 specifies the
situation of the user 70, such as whether the user 70 is
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participating in a conference, engaged in conversation in an
office, or chatting in a hallway, for example, on the basis of
the current position of the user 70 and information about the
current situation of the user 70 detected by the environmen-
tal sensors 30, and information about the current position of
the user 70 acquired by the current position detecting device
219 of the interactive robot 20. Additionally, the situation
specification unit 413 may also be configured to determine
whether the specified situation is a public situation or a
situation that tends to induce nervousness or stress, or
alternatively, a private situation or a situation that tends to
induce relaxation or relief. Furthermore, the situation speci-
fication unit 413 determines whether the natural personality
of the user 70 is a type in which emotion is readily exhibited
in expression and behavior, or a type in which emotion is not
readily exhibited in expression and behavior.

[0034] The learning model generation unit 414 acquires
large amounts of external information and biological infor-
mation about the user 70 from the sensor information
acquisition unit 411, and conducts machine learning to
thereby generate a characteristic learning model for each
emotion according to the features extracted by the feature
extraction unit 412. Herein, a learning model is a definition
associating a specific region containing multiple values
determined by at least two features with a specific emotion.
Furthermore, the learning model is also taken to include a
process that, when a certain value determined by at least two
features is input, determines whether or not that value is
included in the specific region above, and thereby deter-
mines whether or not the value applies to the specific
emotion above. For example, on a two-dimensional plane
expressed by taking one feature based on external informa-
tion about the user 70 as the horizontal axis and by taking
one feature based on biological information about the user
70 as the vertical axis, if a certain feature acquired by the
sensor information acquisition unit 411 exists inside a region
specified by the curve of a certain function, the user 70 is
defined to be in the state of a certain emotion. The defining
of emotions may be conducted by machine learning using
teaching data, or by some other method. Additionally,
machine learning may also be conducted until a unique
emotion is defined for a region specified by the curve of a
certain function. The generated learning model is stored in
the learning model storage unit 418. The learning model
generation unit 414 may also generate a different learning
model for individual situations of the user 70 specified by
the situation specification unit 413. Additionally, a different
learning model may also be generated for each user 70.
Obviously, a different learning model may also be generated
for each user 70 and each sitvation of the user 70.

[0035] The learning model selection unit 415 references
the learning model storage unit 418 and selects a learning
model to apply, in accordance with the current situation of
the user 70 specified by the situation specification unit 413.

[0036] The emotion estimation unit 416 varies the weight-
ing of the external information and the weighting of the
biological information according to the current situation of
the user 70 specified by the situation specification unit 413,
on the basis of the external information and the biological
information of the user 70 acquired by the sensor informa-
tion acquisition unit 411, and in addition, applies the learn-
ing model selected by the learning model selection unit 415,
and thereby estimates the current emotion of the user 70.
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[0037] The recognition information transmission unit 417
transmits the emotion of the user 70 estimated by the
emotion estimation unit 416 to the interactive robot 20 via
the access point 60. The learning model storage unit 418
stores the learning model for each situation of the user 70
generated by the learning model generation unit 414.
[0038] At this point, the learning model generated by the
learning model generation unit 414 and stored in the learn-
ing model storage unit 418 will be described with reference
to FIGS. 6 and 7. FIG. 6 is a conceptual diagram of a
learning model generated for each environment around the
user 70. In the learning model illustrated in FIG. 6, the
horizontal axis represents a feature E of external informa-
tion, while the vertical axis represents a feature 1 of bio-
logical information. The feature constituting the external
information is actually made up of multiple elements, such
as expression and pitch, and likewise the feature constituting
the biological information is actually made up of multiple
elements, such as skin potential and heart rate. Conse-
quently, since the actual learning model is difficult is illus-
trate with a two-dimensional drawing as illustrated in FIG.
6, in the present exemplary embodiment, the learning model
is expressed in a simplified manner with a two-dimensional
drawing for the sake of simplicity.

[0039] In the learning model of FIG. 6, for example, a first
region 601 is defined to be “positive”, a second region 602
1s defined to be “normal”, and a third region 603 is defined
to be “negative”. At this point, if a value El of the feature of
the external information and a value II of the feature of the
biological information are input into the learning model, an
emotion P1 of the user 70 expressed by a vector made up of
the value of the feature of the external information and the
value of the feature of the biological information is included
inside the first region 601, and thus the emotion of the user
70 is estimated to be “positive”. Similarly, if a value E2 of
the feature of the external information and a value 12 of the
feature of the biological information are input into the
learning model, the emotion of the user 70 is estimated to be
“normal”, whereas if a value E3 of the feature of the external
information and a value I3 of the feature of the biological
information are input into the learning model, the emotion of
the user 70 is estimated to be “negative”. Also, the regions
601 to 603 in the learning model of FIG. 6 respectively
correspond to a region specified by the curve of a certain
function generated by the learning model generation unit
414. In the case in which machine learning is conducted
until a unique emotion is defined for respective regions, for
example, the regions 601 to 603 do not overlap with each
other on the two-dimensional plane expressed by the axis
based on the external information and the axis based on the
biological information of the user 70, as illustrated in FIG.
6. Since the regions do not overlap with each other, a
predefined emotion is specified uniquely with respect to the
input of external information and biological information
about the user 70.

[0040] Note that the learning model in FIG. 6 is generated
for each environment around the user 70, and the learning
model] selection unit 415 discussed earlier selects the learn-
ing model into which to input a value of the feature of the
external information and a value of the feature of the
biological information, in accordance with the environment
around the user 70.

[0041] FIG. 7 is a conceptual diagram of a learning model
in a case of inputting external information, biological infor-
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mation, and environmental information for a user 70. The
learning model in FIG. 7 is expressed in a three-dimensional
space by adding a value of a feature of environmental
information about the environment around the user 70 as a
third axis to the learning model expressed in two dimensions
described in FIG. 6. In this learning model, certain regions
of the three-dimensional space expressed by the feature E of
the external information, the feature I of the biological
information, and the feature A of the environmental infor-
mation are defined to be “positive”, “normal”, and “nega-
tive”, respectively. When a value of the feature of the
external information, a value of the feature of the biological
information, and a value of the feature of the environmental
information (for example, E1, I1, A1) are input into the
learning model, the emotion estimation unit 416 determines
which region corresponds to an emotion of the user 70
expressed by the vector P1 made up of those values, and
outputs the corresponding emotion.

[0042] Next, a learning model creation process by the
emotion estimating system 10 will be described with refer-
ence to FIG. 8. FIG. 8 is a flowchart illustrating a flow of a
learning model creation process in the emotion estimating
system 10 according to the present exemplary embodiment.
In step S801, the microphone 216 of the interactive robot 20
detects the speech of the user 70. and the sensor information
transmission unit 221 transmits the detected speech data to
the control server 40. The speech data transmitted to the
control server 40 may be data converted into a digital signal
by sampling the speech of the user 70, or data related to the
pitch and speed of the words. The sensor information
acquisition unit 411 of the control server 40 stores the speech
data received from the interactive robot 20 in the memory
402, and the flow proceeds to step S803.

[0043] In step S802, which is conducted in parallel with
step S801, the camera 215 of the interactive robot 20
captures the expression and behavior of the user 70, and the
sensor information transmission unit 221 transmits the cap-
tured data to the control server 40. The captured data
transmitted to the control server 40 may be a face image or
a body image of the user 70, or may be information obtained
by analyzing a face image, such as information about
changes in the corners of the mouth and the angle of the
eyebrows. In addition to the camera 215 of the interactive
robot 20, the environmental sensors 30 may also capture the
expression and behavior of the user 70, and transmit the
captured data to the control server 40. The sensor informa-
tion acquisition unit 411 of the control server 40 stores the
image data received from the interactive robot 20 and the
environmental sensors 30, and the flow proceeds to step
S803.

[0044] In step S803, the feature extraction unit 412 of the
control server 40 extracts a feature for determining the
emotion of the user 70 from the external information
acquired by the sensor information acquisition unit 411,
namely the data about the expression and behavior of the
user 70 captured by the interactive robot 20 and the envi-
ronmental sensors 30, and the speech data of the user 70
detected by the interactive robot 20. This feature may be
extracted by machine learning from the acquisition of large
amounts of external information, or may be consciously
decidedly by an administrator of the control server 40. The
extracted feature of the external information is, for example,
the change compared to normal or the variation per unit time
in the corners of the mouth, the change compared to normal
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or the variation per unit time in the pitch of the voice of the
user 70. The process subsequently proceeds to step S806.
[0045] In step 3804, which is conducted in parallel with
steps S801 to S803, the biosensor 80 worn by the user 70
detects biological information about the user 70. The bio-
logical information is, for example, the skin resistance
value, heart rate, and body temperature of the user 70. The
detected biological information is transmitted to the control
server 40. The sensor information acquisition unit 411 of the
control server 40 stores the speech data received from the
biosensor 80 in the memory 402, and the flow proceeds to
step S805.

[0046] In step S805, the feature extraction unit 412 of the
control server 40 extracts a feature for determining the
emotion of the user 70 from the biological information
acquired by the sensor information acquisition unit 411,
namely the biological data such as the skin resistance value,
heart rate, and body temperature of the user 70 detected by
the biosensor 80. This feature may be extracted by machine
learning from the acquisition of large amounts of biological
information, or may be consciously decidedly by an admin-
istrator of the control server 40. The extracted feature of the
biological information is, for example, changes in the skin
resistance value compared to normal, or changes in the heart
rate compared to normal. The process subsequently pro-
ceeds to step S806.

[0047] In step S806. the learning model generation unit
414 of the control server 40 acquires large amounts of
external information and biological information about the
user 70 from the sensor information acquisition unit 411, and
conducts machine learning to thereby generate a character-
istic learning model for each emotion according to the
features extracted by the feature extraction unit 412. The
generated learning models are stored in the learning model
storage unit 418, and the process ends. The learning model
generation unit 414 may also generate a different learning
model for individual situations of the user 70 specified by
the situation specification unit 413.

[0048] Next, an example of a process of estimating the
emotion of the user 70 in the emotion estimating system 10
according to the present exemplary embodiment will be
described with reference to FIG. 9. FIG. 9 is a flowchart
illustrating an example of an emotion estimation process in
the emotion estimating system 10 according to the present
exemplary embodiment. In step S901, the microphone 216
of the interactive robot 20 detects the speech of the user 70,
and the sensor information transmission unit 221 transmits
the detected speech data to the control server 40. The sensor
information acquisition unit 411 of the control server 40
stores the received speech data in the memory 402, and the
flow proceeds to step S906.

[0049] In step S902, which is conducted in parallel with
step S901, the camera 215 of the interactive robot 20
captures the expression and behavior of the user 70, and the
sensor information transmission unit 221 transmits the cap-
tured data to the control server 40. The sensor information
acquisition unit 411 of the control server 40 stores the
received image data in the memory 402, and the flow
proceeds to step S906.

[0050] In step S903, which is conducted in parallel with
steps S901 and S902, the biosensor 80 worn by the user 70
detects biological information about the user 70. The bio-
logical information is, for example, the skin resistance
value, heart rate, and body temperature of the user 70. The
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detected biological information is transmitted to the control
server 40. The sensor information acquisition unit 411 of the
control server 40 stores the received biological information
in the memory 402, and the flow proceeds to step S907.

[0051] In step S904, which is conducted in parallel with
steps S901 to S903, the environmental sensors 30 detect
information about the situation of the user 70, and transmit
this information to the control server 40. In step S905, the
situation specification unit 413 of the control server 40
specifies the identity of the user 70 and the situation of the
user 70, on the basis of the information about the situation
of the user 70 acquired by the sensor information acquisition
unit 411. Next, the flow proceeds to steps S906 and S907.
The identity of the user 70, such as the name, company 1D,
or official position of the user 70, for example, is specified
by querying a server in which information about each user
is stored. Also, information such as the personality type of
the user 70 may also be specified. For example, information
indicating whether the user 70 has a personality type in
which emotion is readily exhibited in expression and behav-
ior, or a personality type in which emotion is not readily
exhibited in expression and behavior, may be specified. The
situation of the user 70 is, for example, a public situation
(such as a situation of talking to multiple people or a
situation of participating in a conference), a private situation
(such as a situation in which, other than the robot, the user
is the only person in the room or nearby), a situation that
tends to induce nervousness or stress (such as a situation of
talking to someone in a senior position over the user 70 in
the company hierarchy), or a situation that tends to induce
relaxation or relief (such as a situation in which the user 70
is eating something).

[0052] For these situations, conditions for satisfying each
situation are stored in the storage device 403 in advance as
atable, and by referencing this table, the situation of the user
70 is specified. For example, a condition that “the user 70 is
talking to multiple people” or “the user 70 is participating in
a conference” is stored in the table in association with
“public situation”. A condition that “no one else is in the
room” or “no one else is within a predetermined distance
(such as a radius of 5, for example)” is stored in the table
in association with “private situation”. A condition that “the
user 70 is talking to someone in a senior position over the
user 70 in the company hierarchy” is stored in the table in
association with “a situation that tends to induce nervous-
ness or stress”. Also, a condition that “the user 70 is eating
something” or “the user 70 is drinking something” is stored
in the table in association with “a situation that tends to
induce relaxation or relief”.

[0053] Subsequently, on the basis of information obtained
from the sensor information acquisition unit 411, the situa-
tion specification unit 413 determines which condition in the
above table is applicable, and specifies the situation associ-
ated with the condition determined to be applicable as the
situation of the user 70. In the determination of which
condition in the above table is applicable, the situation
specification unit 413 may additionally acquire information
indicating the number of people that the user 70 is talking to,
who the user 70 is talking to (such as the official position,
gender, age, or name), the behavior of the user 70, and the
like from the sensor information acquisition unit 411, and
use this information to make the determination. Note that the
information related to an individual person the user 70 is
talking to is acquired as follows. An individual is specified
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by conducting face recognition on the basis of information
related to the person’s face obtained from the sensor infor-
mation acquisition unit 411, and information about that
individual stored in the storage device 403 in advance is
acquired.

[0054] Instep S906, the emotion estimation unit 416 of the
control server 40 computes the value of an external feature
on the basis of the speech data of the user 70 and the image
data of the expression and behavior of the user 70 acquired
by the sensor information acquisition unit 411. At this point,
the emotion estimation unit 416 applies a weight to the
computed value of the external feature in accordance with
the situation of the user 70 specified in step S905 above, and
the flow proceeds to step S908. Note that the computed
external feature may be a single value determined by a single
external feature, or multiple values determined by multiple
external features.

[0055] In step S907, which is conducted in parallel with
step S906, the emotion estimation unit 416 of the control
server 40 computes the value of a biological feature on the
basis of the biological information of the user 70 acquired by
the sensor information acquisition unit 411. At this point, the
emotion estimation unit 416 applies a weight to the com-
puted value of the biological feature in accordance with the
situation of the user 70 specified in step S905 above, and the
flow proceeds to step S908. Note that the computed bio-
logical feature may be a single value determined by a single
biological feature, or multiple values determined by multiple
biological features. Note that in the respective weighting of
the value of the external feature and the value of the
biological feature in steps S906 and S907 above, the weight-
ing applied to the value of the biological feature is made to
be larger than the weighting applied to the value of the
external feature in a public situation or a situation that tends
to induce nervousness or stress, for example. Conversely, the
weighting applied to the value of the biological feature is
made to be smaller than the weighting applied to the value
of the external feature in a private situation or a situation that
tends to induce relaxation or relief.

[0056] As another example, if the situation of the user 70
is specified to be a conference, the weighting applied to the
value of the biological feature is made to be larger than the
weighting applied to the value of the external feature.
Conversely, if the situation of the user 70 is specified to be
having a conversation in an office or chatting in a hallway,
the weighting applied to the value of the biological feature
is made to be smaller than the weighting applied to the value
of the external feature.

[0057] In addition, the emotion estimation unit 416 may
also change the weighting applied to the value of the
external feature and the value of the biological feature in
accordance with the specified personality type of the user 70.
For example, if the personality of the user 70 is specified to
be a type in which emotion is not readily exhibited in
expression and behavior, the weighting applied to the value
of the biological feature is made to be larger than the
weighting applied to the value of the external feature.
Conversely, if the personality of the user 70 is specified to
be a type in which emotion is readily exhibited in expression
and behavior, the weighting applied to the value of the
biological feature is made to be smaller than the weighting
applied to the value of the external feature.

[0058] In step S908, the emotion estimation unit 416
inputs the value of the external feature and the value of the
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biological feature computed in steps S906 and S907 above
into the learning model stored in the learning model storage
unit 418. Subsequently, in step S909, the emotion estimation
unit 416 estimates the emotion output from the learning
model as the emotion of the user. The estimated emotion is
transmitted to the interactive robot 20 by the recognition
information transmission unit 417. The recognition infor-
mation reception unit 224 of the interactive robot 20
receives the information about the emotion of the user 70
transmitted from the control server 40, the dialogue control
unit 222 modifies the dialogue content and dialogue method
to match the emotion and conduct a dialogue with the user
70, and the process ends.

[0059] Next, another example of a process of estimating
the emotion of the user 70 in the emotion estimating system
10 according to the present exemplary embodiment will be
described with reference to FIG. 10. FIG. 10 is a flowchart
illustrating another example of an emotion estimation pro-
cess in the emotion estimating system 10 according to the
present exemplary embodiment. Note that the process from
steps S1001 to S1005 in the emotion estimation process of
FIG. 10 is the same as the process from steps S901 to S905
in the emotion estimation process of FIG. 9, and thus
description thereof will be reduced or omitted.

[0060] In step S1006, the emotion estimation unit 416 of
the control server 40 computes the value of an external
feature on the basis of the speech data of the user 70 and the
image data of the expression and behavior of the user 70
acquired by the sensor information acquisition unit 411.
Note that the computed external feature may be a single
value determined by a single external feature, or multiple
values determined by multiple external features. The process
subsequently proceeds to step S1009.

[0061] In step S1007, which is conducted in parallel with
step S1006, the emotion estimation unit 416 of the control
server 40 computes the value of a biological feature on the
basis of the biological information of the user 70 acquired by
the sensor information acquisition unit 411. Note that the
computed biological feature may be a single value deter-
mined by a single biological feature, or multiple values
determined by multiple biological features. The process
subsequently proceeds to step S1009.

[0062] Also, in step S1008, which is conducted next after
step S1005, the learning model selection unit 415 selects a
learning model to use from among multiple learning models
stored in the learning model storage unit 418, in accordance
with factors such as the situation of the user 70 estimated in
step S1005, the particular user 70, or the personality type of
the user 70. The flow then proceeds to step S1009.

[0063] In step S1009, the emotion estimation unit 416
inputs the value of the external feature and the value of the
biological feature computed in steps S1006 and S1007
above into the learning model stored in the learning model
storage unit 418.

[0064] In step S1010, the emotion estimation unit 416
estimates the emotion output from the learning model as the
emotion of the user. The estimated emotion is transmitted to
the interactive robot 20 by the recognition information
transmission unit 417. The recognition information recep-
tion unit 224 of the interactive robot 20 receives the infor-
mation about the emotion of the user 70 transmitted from the
control server 40, the dialogue control unit 222 modifies the
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dialogue content and dialogue method to match the emotion
and conduct a dialogue with the user 70, and the process
ends.

[0065] Note that above examples describe a case of com-
puting the values of respective features for external infor-
mation and biological information, and weighting the
respective values in accordance with the situation of the user
70, or applying a learning model depending on the situation
of the user 70. However, the values of respective features for
external information and biological information as well as
environmental information, or in other words the situation of
the user 70, may also be computed, a vector corresponding
to these three elements may be computed, and a certain
learning model may be applied to estimate the emotion of
the user 70 that corresponds to the vector in the learning
model. The flow of the process in this case will be described
with reference to FIG. 11. FIG. 11 is a flowchart illustrating
another example of an emotion estimation process in the
emotion estimating system 10 according to the present
exemplary embodiment.

[0066] The process from steps S1101 to S1104 in the
emotion estimation process of FIG. 11 is the same as the
process from steps S901 to S904 in the emotion estimation
process of FIG. 9, and thus description thereof will be
reduced or omitted. In step S1105, the emotion estimation
unit 416 of the control server 40 computes the value of an
external feature on the basis of the speech data of the user
70 and the image data of the expression and behavior of the
user 70 acquired by the sensor information acquisition unit
411, and the flow proceeds to step S1108. In step S1106,
which is conducted in parallel with step S1105, the emotion
estimation unit 416 of the control server 40 computes the
value of a biological feature on the basis of the biological
information of the user 70 acquired by the sensor informa-
tion acquisition unit 411, and the flow proceeds to step
S1108.

[0067] In step S1107, which is conducted in parallel with
steps S1105 and S1106, the situation specification unit 413
of the control server 40 computes the value of an environ-
mental feature on the basis of the environmental information
about the environment around the user 70 acquired by the
sensor information acquisition unit 411, and the flow pro-
ceeds to step S1108. In step S1108, the emotion estimation
unit 416 inputs the value of the external feature, the value of
the biological feature, and the value of the environmental
feature computed in steps S1105 to S1107 above into the
learning model stored in the learning model storage unit 418.
Subsequently, in step S1109, the emotion estimation unit
416 estimates the emotion output from the learning model as
the emotion of the user. The estimated emotion is transmit-
ted to the interactive robot 20 by the recognition information
transmission unit 417. The recognition information recep-
tion unit 224 of the interactive robot 20 receives the infor-
mation about the emotion of the user 70 transmitted from the
control server 40, the dialogue control unit 222 modifies the
dialogue content and dialogue method to match the emotion
and conduct a dialogue with the user 70, and the process
ends.

[0068] Note that the learning model used in the above
example is one that outputs an emotion of the user 70 when
a feature of external information, a feature of biological
information, and a feature of environmental information are
input, as illustrated in FIG. 7.



US 2018/0114125 Al

[0069] [Exemplary Modifications]

[0070] The above example thus describes an example of
estimating the emotion of the user 70 in the control server
40, but the present invention is not limited to a method in
which the control server 40 estimates the emotion of the user
70, and by taking a configuration in which the interactive
robot 20 is provided with the respective components of the
present exemplary embodiment, the interactive robot 20
may be configured to estimate the emotion of the user 70.
[0071] In this case, the interactive robot 20 moves to the
location of the user 70 and acquires biological information
and external information about the user 70, on the basis of
an image of the user 70 captured by the camera 215 and
speech of the user 70 detected by the microphone 216. The
biological information includes information about the heart
rate and body temperature of the user 70, for example, while
the external information includes information about the
expression of the user 70, for example. In addition, the
interactive robot 20 acquires information about the situation
of the user 70 from the environmental sensors 30 installed
near the movement destination.

[0072] At this point, in order to acquire information about
the situation of the user 70 from the environmental sensors
30, it may be configured so that the interactive robot 20
transmits position information about the movement destina-
tion of the interactive robot 20 detected by the current
position detecting device 219 of the interactive robot 20 to
the control server 40, and the control server 40 replies to the
interactive robot 20 with information detected by the envi-
ronmental sensors 30 corresponding to the position infor-
mation, for example. If information corresponding to the
position information is not acquired in the control server 40,
the control server 40 drives the environmental sensors 30
existing near the position specified by the position informa-
tion (in other words, the control server 40 instructs the
relevant environmental sensors 30 to acquire environmental
information), and thereby causes the environmental sensors
30 to detect information about the situation of the user 70.
After the detected information is acquired by the control
server 40, the detected information is transmitted to the
interactive robot 20,

[0073] The interactive robot 20 computes the value of the
external feature on the basis of the acquired external infor-
mation, computes the value of the biological feature on the
basis of the acquired biological information, applies a
weight to each value on the basis of the information about
the situation of the user 70, inputs the weighted values into
the learning model, and thereby estimates the emotion of the
user 70. Alternatively, the interactive robot 20 selects a
learning model to apply on the basis of the information about
the situation of the user 70, inputs the value of the external
feature and the value of the biological feature into the
selected learning model, and thereby estimates the emotion
of the user 70. Alternatively, the interactive robot 20 com-
putes the value of a feature based on the environmental
information, on the basis of the information about the
situation of the user 70, inputs the computed value, the value
of the external feature, and the value of the biological feature
into the learning model, and thereby estimates the emotion
of the user 70.

[0074] The foregoing description of the exemplary
embodiments of the present invention has been provided for
the purposes of illustration and description. It is not intended
to be exhaustive or to limit the invention to the precise forms
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disclosed. Obviously, many modifications and variations
will be apparent to practitioners skilled in the art. The
embodiments were chosen and described in order to best
explain the principles of the invention and its practical
applications, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
the various modifications as are suited to the particular use
contemplated. It is intended that the scope of the invention
be defined by the following claims and their equivalents.

What is claimed is:
1. An emotion estimating system, comprising:

a learning model that accepts external information and
biological information as input, and outputs an emotion
of a user; and

an estimation unit that changes a weighting applied to
external information about the user detected by a first
detector and a weighting applied to biological infor-
mation about the user detected by a second detector in
accordance with a situation around the user, and esti-
mates the emotion output as a result of inputting
external information and biological information
changed by the respective weightings into the learning
model as the emotion of the user.

2. The emotion estimating system according to claim 1,
wherein

the situation around the user is determined on a basis of
environment information detected by a third detector
that detects environmental information about an envi-
ronment around the user.

3. The emotion estimating system according to claim 2,
wherein

if the estimation unit determines that the situation around
the user is a public situation or a situation that tends to
induce nervousness or stress, the estimation unit makes
the weighting with respect to the biological information
larger than the weighting with respect to the external
information.

4. The emotion estimating system according to claim 2,
wherein

if the estimation unit determines that the situation around
the user is a private situation or a situation that tends to
induce relaxation or relief, the estimation unit makes
the weighting with respect to the biological information
smaller than the weighting with respect to the external
information.

5. The emotion estimation system according claim 1,
wherein

if the estimation unit determines that the user has a
personality type in which emotion is not readily exhib-
ited in expression and behavior, the estimation unit
makes the weighting with respect to the biological
information larger than the weighting with respect to
the external information.

6. The emotion estimating system according to claim 1,
wherein

if the estimation unit determines that the user has a
personality type in which emotion is readily exhibited
in expression and behavior, the estimation unit makes
the weighting with respect to the biological information
smaller than the weighting with respect to the external
information.
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7. An emotion estimating system, comprising:

a plurality of learning models, each of which accepts
external information and biological information as
input, and outputs an emotion of a user;

a selector that selects a learning model to use, in accor-
dance with a situation around the user; and

an estimation unit that estimates the emotion output as a
result of inputting external information about the user
detected by a first detector and biological information
about the user detected by a second detector into the
selected learning model as the emotion of the user.

8. The emotion estimating system according to claim 7,

further comprising:

a third detector that detects environmental information
about an environment around the user, wherein

the selector determines the situation around the user on a
basis of the environmental information detected by the
third detector.

9. An emotion estimating system, comprising:

a learning model that accepts external information, bio-
logical information, and environmental information
about an environment around a user as input, and
outputs an emotion of the user; and

an estimation unit that estimates the emotion output as a
result of inputting external information about the user
detected by a first detector, biological information
about the user detected by a second detector, and
environmental information about the environment
around the user detected by a third detector into the
learning model as the emotion of the user.

10. The emotion estimating system according to claim 1,

wherein
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the first detector detects at least one of an expression and
speech of the user as the external information, and
the second detector detects at least one of skin potential
and heart rate of the user as the biological information.
11. The emotion estimating system according to claim 1,
wherein
the first detector and the second detector are provided in
an interactive robot.
12. The emotion estimating system according to claim 11,
wherein
environmental information about an environment around
the user is detected by an environmental sensor
installed near where the interactive robot is present.
13. The emotion estimating system according to claim 12,
wherein
the emotion estimating system includes a control server,
the interactive robot transmits current position infor-
mation to the control server, and
the control server transmits, to the interactive robot,
environmental information about the environment
around the user acquired from an environmental
sensor installed at a position corresponding to the
current position information acquired from the inter-
active robot.
14. The emotion estimating system according to claim 13,
wherein
the control server requests the environmental sensor
installed at a position corresponding to the current
position information acquired from the interactive
robot to acquire the environmental information about
the environment around the user.
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