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DEVICE AND METHOD TO ACQUIRE
TIMING OF BLINK MOTION PERFORMED
BY A DIALOGUE DEVICEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2018-0535033, filed on Mar. 22, 2018, the prior Japanese
Patent Application No. 2018-055034, filed on Mar. 22, 2018,
and PCT Application No. PCT/JP2019/009115 filed on Mar.
7, 2019, the entire contents of which are incorporated herein
by reference.

FIELD

The present disclosure relates to a technique for utilizing
a human blinking behavior to monitor human interest and
enhance communication with artificial agents.

BACKGROUND

People spontaneously blink their eves every 3 seconds on
average. Currently, elucidation of this spontaneous blinks
underway. The paper: Tamami Nakano, Yoshiharu Yama-
moto, Keuchi Kitajo, Toshimitsu Takahashi and Shigeru
Kitazawa, “Synchronization of spontaneous eyeblinks while

viewing video stories”, Proceedings of the Royal Society B:
Biological Sciences, 276 (1673), p 3635-3644, [online],

[Searched on Mar. 12, 2018], Internet <URL: http://rsp-
b.royalsocietypublishing.org/content/royprsb/early/2009/
07/24/rspb 2009.0828. full.pdf>, (2009) reveals that blink
timings are synchronized between peoples while watching a
video story, and those are not synchronized while watching,
an environmental video or listening to voice.

SUMMARY

An embodiment of the present disclosure provides a
processing device including a first acquisition unit config-
ured to acquire timing of blink motion performed by a
dialogue device, a second acquisition unit configured to
acquire blink timing by user of the dialogue device, and a
processing unit configured to perform processing according,
to diflerence between the timing of blink motion performed
by the dialogue device and the blink timing by the user.

In the processing device, the processing unit may perform
processing according to index based on the diflerence.

In the processing device, the processing unit may perform
a processing according to the degree to which the blink
timing by the user 1s included within a predetermined period
after the timing of the blink motion.

In the processing device, the predetermined period may
include a time point of 500 milliseconds or less from the
timing of the blink motion performed by the dialogue
device.

In the processing device, the processing unit may perform
the processing according to the difference between the blink
timing by the user and the timing of blink motion performed
by the dialogue device arranged 1n time order on a prede-
termined time axis and difference between the blink timing,
by the user and the timing of blink motion performed by the
dialogue device when the order of at least one of the blink
of the user and the blink motion 1s changed on the prede-
termined time axis.
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In the processing device, the processing unit may cause
the dialogue device to perform dialogue processing accord-
ing to the difference.

In the processing device, the processing unit may output
evaluation data according to the difference i1n association
with 1dentifier of the dialogue device.

The processing device further may include an environ-
ment information acquisition unit configured to acquire
environment information indicating peripheral environment
of the dialog device, and a blink motion control unit con-
figured to cause the dialogue device to perform blink motion
at first timing according to the environment information.

The processing device further may include a storage
control unit configured to store 1n a storage device data
associating the blink timing by the user with the environ-
ment. The blink motion control unit may set the first timing
to a timing according to data accumulated in the storage
device and the environment information.

In the processing device, the blink motion control unit
further may cause the dialogue device to perform a blink
motion at second timing different from the first timing.

The processing device further may include an eyelid unit
corresponding to eyelid and a blink motion control unit
configured to control the blink motion performed by the
eyelid unit by opening and closing the eyelid unit. The first
acquisition unit may acquire timing of the blink motion
performed by the eyelid unait.

The processing device according further may include a
display umt, and a blink motion control unit configured to
control blink motion performed by object displayed on the
display unit. The first acquisition unit may acquire timing of
the blink motion performed by the object.

An embodiment of the present disclosure provides a
processing method including acquiring timing of blink
motion performed by a dialogue device and blink timing by
user of the dialogue device, and processing according to
difference between the timing of the blink motion performed
by the dialogue device and the blink timing by the user.

An embodiment of the present disclosure provides a
non-transitory computer readable storage medium storing
program for causing a computer to execute acquiring timing
of blink motion performed by a dialogue device and blink
timing by user of the dialogue device and processing accord-
ing to the diflerence between the timing of the blink motion
performed by the dialogue device and the blink timing by the
user.

An embodiment of the present disclosure provides a data
processing device including an acquisition unit configured to
acquire data indicating blink timing by user, a calculation
unit configured to calculate an index according to synchro-
nization degree of blink timings of a plurality of users based
on the difference between the blink timings of the plurality
of users, and an output unit configured to output data
according to the mdex.

An embodiment of the present disclosure provides a data
processing system including a blink detection unit config-
ured to detect blink of user, and the data processing device.

An embodiment of the present disclosure provides a data
processing method including acquiring data indicating blink
timing by user, and calculating an index according to syn-
chronization degree of blink timings of a plurality of users
based on difference 1n blink timings of the plurality of users.

An embodiment of the present disclosure provides a
non-transitory computer readable storage medium storing
program for causing a computer to execute acquiring data
indicating blink timings of user, and calculating an index
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according to synchronization degree of blink timings of a
plurality of users based on difference 1n blink timings of the
plurality users.

According to an embodiment of the present disclosure, it
1s possible to provide an applied technique using a blink
motion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating an external configuration
of a dialogue device according to first embodiment of the

present disclosure;

FIG. 2 1s a diagram illustrating the blink motion per-
tormed by the dialogue device according to the first embodi-
ment of the present disclosure;

FIG. 3 1s a block diagram illustrating a hardware con-
figuration of the dialogue device according to the first
embodiment of the present disclosure;

FIG. 4 1s a block diagram illustrating a functional con-
figuration of the dialogue device according to the first
embodiment of the present disclosure;

FIG. 5 15 a flowchart illustrating a processing executed by
the dialogue device according to the first embodiment of the
present disclosure;

FIG. 6 1s a flowchart illustrating an index calculation
processing according to the first embodiment of the present
disclosure:

FIG. 7 1s a diagram 1llustrating a method of calculating a
timing difference according to the first embodiment of the
present disclosure;

FIG. 8 1s a graph 1llustrating a frequency distribution of
the timing difference according to the first embodiment of
the present disclosure.

FI1G. 9 1s a diagram 1llustrating an example of random data
according to the first embodiment of the present disclosure;

FIG. 10 1s a diagram illustrating an example of an
evaluation value according to the first embodiment of the
present disclosure;

FIG. 11 1s a graph 1illustrating the frequency distribution
of the blink of a listener according to the verification of the
first embodiment of the present disclosure;

FIG. 12 1s a graph 1llustrating the frequency distribution
of the blink of the listener for each answer result according
to the verification of the first embodiment of the present
disclosure:

FI1G. 13 1s a graph 1llustrating evaluation values according
to the verification of the first embodiment of the present
disclosure by gender and product;

FIG. 14 1s a graph illustrating interest level to a product
according to the verification of the first embodiment of the
present disclosure by gender and product;

FIG. 15 1s a block diagram illustrating the functional
configuration of the dialogue device according to second
embodiment of the present disclosure;

FIG. 16 1s a flowchart illustrating a learning processing,
executed by the dialogue device according to the second
embodiment of the present disclosure;

FI1G. 17 1s a flowchart illustrating a processing relating to
the blink motion executed by the dialogue device according
to the second embodiment of the present disclosure;

FIG. 18 1s a block diagram illustrating a hardware con-
figuration of the dialogue device according to third embodi-
ment of the present disclosure;

FIG. 19 1s a block diagram illustrating a functional
configuration of the dialogue device according to the third
embodiment of the present disclosure;
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FIG. 20 1s a flowchart illustrating a processing executed
by the dialogue device of according to the third embodiment
of the present disclosure;

FIG. 21 1s a block diagram illustrating a functional
configuration of a processing device according to an
embodiment of the present disclosure;

FIG. 22 1s a block diagram illustrating an overall con-
figuration of a data processing system according to fourth
embodiment of the present disclosure;

FIG. 23 1s a block diagram illustrating a hardware con-
figuration of a server device according to the fourth embodi-
ment of the present disclosure;

FIG. 24 1s a block diagram illustrating a hardware con-
figuration of a terminal device according to the fourth
embodiment of the present disclosure;

FIG. 25 1s a block diagram illustrating a functional
configuration of a data to processing system according to the
fourth embodiment of the present disclosure;

FIG. 26 1s a flowchart illustrating a processing executed
by a data processing system according to the fourth embodi-
ment of the present disclosure;

FIG. 27 1s a flowchart illustrating an imndex calculation
processing according to the fourth embodiment of the pres-
ent disclosure:

FIG. 28 1s a diagram for illustrating a method of calcu-
lating a timing diflerence of the blink motion according to
the fourth embodiment of the present disclosure;

FIG. 29 15 a diagram 1llustrating a frequency distributions
of the timing difference according to the fourth embodiment
of the present disclosure.

FIG. 30 1s a diagram 1llustrating an example of random
data according to the fourth embodiment of the present
disclosure;

FIG. 31 1s a diagram illustrating an example of an
evaluation value according to the fourth embodiment of the
present disclosure;

FIG. 32 1s a diagram 1illustrating an example of a data
output 1n step S17 according to the fourth embodiment of the
present disclosure

FIG. 33 1s a graph illustrating frequency distribution of
the blink motion performed by test subjects according to the
verification of the fourth embodiment of the present disclo-
SUre;

FIG. 34 1s a graph 1llustrating a temporal variation of the
number of blinks per minute of test subjects according to the
verification of the fourth embodiment of the present disclo-
SUre;

FIG. 35 1s a graph illustrating relationship between ques-
tionnaire results and the number of blinks after viewing
videos according to the verification of the fourth embodi-
ment of the present disclosure;

FIG. 36 1s a graph 1llustrating a calculation result of the
evaluation values according to the verification of the fourth
embodiment of the present disclosure;

FIG. 37 1s graphs 1llustrating results of calculating evalu-
ation values when viewing each video for each test subject
with different interest according to the verification of the
fourth embodiment of the present disclosure;

FIG. 38 1s graphs 1llustrating relationships between ques-
tionnaire results and evaluation values after watching the
videos for all test subjects according to the verification of the
fourth embodiment of the present disclosure;

FIG. 39 1s graphs illustrating relationships between the
impression and the evaluation value after viewing the videos
according to the verification of the fourth embodiment of the
present disclosure;
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FIG. 40 1s a diagram 1llustrating an example of a data
output 1n step S17 according to a modification of the fourth
embodiment of the present disclosure;

FIG. 41 1s a block diagram 1illustrating an overall con-
figuration of a data processing system according to fifth
embodiment of the present disclosure;

FIG. 42 1s a block diagram illustrating a functional
configuration of a data processing system according to the
fifth embodiment of the present disclosure;

FIG. 43 1s a flowchart illustrating a processing executed
in the data processing system according to the fifth embodi-
ment of the present disclosure;

FIG. 44 1s a graph illustrating a calculated evaluation
value for a video lecture according to the verification of the
fifth embodiment of the present disclosure;

FIG. 45 1s a graph illustrating the relationship between
questions and the timings of blinking according to the
verification of the fifth embodiment of the present disclo-
SUre;

FIG. 46 1s graphs illustrating relationships between a
correct answer rate of questions, an understanding degree of
questions and evaluation values according to the fifth
embodiment of the present disclosure;

FI1G. 47 1s a graph 1llustrating a relationship between the
correct answer rate of questions and evaluation values
according to the fifth embodiment of the present disclosure;

FIG. 48 1s a block diagram illustrating a functional
configuration of a data processing system according to sixth
embodiment of the present disclosure;

FIG. 49 1s a flowchart illustrating a processing executed
by a data processing system according to the sixth embodi-
ment of the present disclosure;

FIG. 350 1s a block diagram illustrating an overall con-
figuration of a data processing system according to seventh
embodiment of the present disclosure;

FIG. 51 1s a block diagram illustrating a hardware con-
figuration of a terminal device according to the seventh
embodiment of the present disclosure;

FIG. 32 1s a block diagram illustrating a functional
configuration of a data processing system according to the
seventh embodiment of the present disclosure;

FIG. 53 1s a flowchart illustrating a processing executed
by a data processing system according to the seventh
embodiment of the present disclosure;

FIG. 54 1s a diagram 1illustrating a processing executed by
a data processing system according to the seventh embodi-
ment of the present disclosure;

FIG. 55 1s a diagram 1illustrating a processing executed by
a data processing system according to the seventh embodi-
ment of the present disclosure;

FIG. 36 1s a diagram illustrating an example of a data
output 1n step S48 according to a modification of the seventh
embodiment of the present disclosure;

FIG. 57 1s a schematic front view of an imaging unit
according to a modification of the present disclosure;

FIG. 58 1s a block diagram illustrating a hardware con-
figuration of a terminal device according to a modification of
the present disclosure;

FIG. 59 1s a block diagram illustrating a functional
configuration of a data processing system according to a
modification of the present disclosure;

FIG. 60 1s a flowchart illustrating a processing executed
by a data processing system according to a modification of
the present disclosure; and

FIG. 61 1s a block diagram illustrating a functional
configuration of a data processing device according to the
present disclosure.
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DESCRIPTION OF EMBODIMENTS

Hereinaiter, an embodiment of the present disclosure will
be described in detail with reference to the drawings. The
embodiments 1llustrated below are examples of embodi-
ments of the present disclosure, and the present disclosure 1s
not limited to these embodiments. In the drawings retferred
to 1n the present embodiment, the same portions or portions
having similar functions are denoted by the same reference
numerals or similar reference numerals (only A, B, etc. are
denoted after numerals), and a repetitive description thereof
may be omitted.

On the other hand, the application of the blinking phe-
nomenon 1s at the examination stage at present, and 1t has not
yet reached the practical application.

It 1s therefore an object of the present disclosure to
provide an applied technique using a blink motion.

First Embodiment

Techniques for realizing pseudo-communication between
people and a dialogue device (heremnatter, simply referred to
as “communication”) have been proposed from the past.
Japanese Laid-Open Patent Application Publication No.
2010-523848 discloses a dialogue type toy. A dialogue
device which performs motion that imitates the blink of an
eye has been proposed. Japanese Patent. No. 5,639,440
discloses that the eyes of a CG character are opened and
closed at a predetermined blink 1nterval. Japanese Unexam-
ined Patent Application Publication No. 2000-349920 dis-
closes a robot that performs blink motion at a timing that 1s
exponentially distributed over time, with a timing of a head
nod motion as a starting point. With respect to blinks of
speaker and listener, the mventors disclose the following
matters in papers 1 (Tamami Nakano and Shigeru Kitazawa,
“Eyeblink entrainment at breakpoints of speech,” Experi-
mental Brain Research, 205(4), p. 577-81, [online],
[Searched on Mar. 12, 2018], Internet <URL: https://
www.ncbi.nlm.nih.gov/pubmed/20700731>, (2010)) and
paper 2 (Kyohe1 Tatsukawa, Tamami Nakano, Hiroshi Ishig-
uro and Yuichiro Yoshikawa, “Eyeblink Synchrony in Mul-
timodal Human-Android Interaction,” Scientific Reports, 6:
39718, [online], [Searched on Mar. 12, 2018], Internet
<URL: https://www.nature.com/articles/srep39718>,
(2016).

Paper 1 discloses that blinks of a speaker and a listener are
synchronized with a time delay. Paper 1 discloses that the
blink of the speaker increases at the end of the story or
between utterances. Paper 2 discloses that blinking 1s syn-
chronized with a time delay between a speaker who 1s a
robot and a listener who 1s a human.

In this case, regardless of the communication between the
user and the dialogue device, even 1t the dialogue device
performs blink motions, 1t may be dithicult to contribute to
an 1mprovement of quality of communication.

In the first to third embodiments, examples of supporting,
communications between the dialogue device and the user
using a blink motion will be described.

The inventors have got the knowledge that differences 1n
the timing of the blinks of a speaker and a listener can be
used to evaluate the quality of the communication performed
by the speaker and the listener. For example, 11 the synchro-
nization degree of the timing of blinks by the speaker and the
listener 1s high, 1t can be inferred that the listener shows high
interest 1n the speaker’s speech. On the other hand, when the
synchronization degree 1s low, it can be inferred that the
listener 1s not so interested in the speech of the speaker.
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Verfication leading to such knowledge will be described
later. Embodiments in which such knowledge 1s applied to
a technique for realizing communications between the dia-
logue device and 1its users will be described below.

FIG. 1 1s a diagram 1illustrating an exemplary external
configuration of a dialogue device 10 according to {irst
embodiment of the present disclosure. The dialogue device
10 1s a processing device that perform the dialogue with user
U. The user U 1s a user of the dialogue device 10. The user
U faces the dialogue device 10 and communicate with the
dialogue device 10 by dialogue.

The dialogue device 10 1s a robot having an appearance
imitating living things. The dialogue device 10 has, for
example, an appearance imitating a human or another animal
(c.g., a dog or a cat) or an 1maginary person (e.g., an
ammated character). The external appearance of the dia-
logue device 10 1s not Iimited.

The dialogue device 10 includes a face unit 101 and an
eyelid unit 102. The face unit 101 1s a part corresponding to
the face. The eyelid unit 102 1s a part arranged on the face
unit 101 and corresponds to the eyelid of the eye. The eyelid
unit 102 performs a motion imitating the blink of the eyes by
opening and closing (hereimnafter referred to as “blink
motion”). In the present embodiment, two eyelid units 102
perform the same motion.

FIG. 2 1s a diagram illustrating the blink motion per-
formed by the dialogue device 10. The dialogue device 10
keeps the eyelid unmit 102 opens in normal times. The
dialogue device 10 causes the eyelid unit 102 to transit from
an open state to a closed state (arrow Al) and from the
closed state to the open state (arrow A2) at the timing of
blink motion. Timing of transition of the eyelid part 102
from the open state to the closed state and from the closed
state to the open state 1s predetermined so that the eyelid unit
102 makes motion imitating the blink of the eye.

The dialogue device 10 may have a mouth, a nose, and
other parts on the face unit 101. The dialogue device 10 may
turther perform motion of these parts arranged 1n the face
unit 101, but explains thereof are omitted i1n the present
embodiment.

The location and an application of the dialogue device 10
are not particularly limited. The dialogue device 10 may be
located, for example, 1n a commercial facility, such as a
store, a public facility, or another facility. In this case, the
user U 1s a user of the facility. The dialogue device 10 may
be used 1n a medical, toy, or other applications.

FIG. 3 1s a block diagram illustrating a hardware con-
figuration of the dialogue device 10. The dialogue device 10
has a control umt 11, a voice mput unit 12, a voice output
unit 13, a storage unit 14, an imaging unit 15, and the eyelid
unit 102. The control unit 11 controls each unit of the
dialogue device 10. The control unmit 11 includes, for
example, calculation processing devices exemplified by
CPUs, and memories. The memory includes, for example, a
RAM used by a calculation processing device as a work area
and a ROM for storing a control program.

The voice 1input umt 12 receives voice inputs. The voice
input unit 12 converts the received sound into a sound
signal, and supplies the sound signal to the control unit 11.
The voice input unit 12 includes, for example, a microphone,
A (Analog)/D (Digital) converter circuit, and filters.

The voice output unit 13 outputs voice. The voice output
unit 13 outputs the converted sound from the voice signal
supplied from the control unit 11. The voice output unit 13
includes, for example, D/A converter circuit, and a speaker.

The storage unit 14 stores a data. The storage unit 14
stores, for example, a program 141 and a dialogue data 142.
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The program 141 1s a program for causing the control unit
11 to realize a predetermined function.

The dialogue data 142 1s a data for the dialogue device 10
to perform a dialogue with the user U. The dialogue data 142
stores, for example, a plurality of data associated with an
input data and an output data. The input data 1s data
representing the contents of the utterance assumed to be
uttered by the user U in a character string. The output voice
1s data representing the contents of the response to the
utterance 1n a character string. For example, when the input
data 1s “Name?”, the output data associated with the mput
data 1s “My name 1s XX (“XX” 1s the name of the dialogue
device 10).

The dialogue data 142 may include an identifier that
identifies the topic 1n association with the mput and output
data. For example, the first identifier “ID001” 1s associated
with the input data and the output data used for speech
related to soccer. The second 1dentifier “ID002” 1s associated
with the mnput data and output data used for speech related
to meals.

The dialogue data 142 may be another type of data. The
storage unit 14 may include any type of recording medium
(storage device), for example, an optical recording media, a
magnetic recording media, and a semiconductor recording
media.

The 1imaging unit 135 captures an 1image of a subject, and
generates an 1maging data indicating the captured image.
The subject 1s the user U. The imaging unit 15 includes, for
example, an 1imaging device exemplified by a CCD (Charge
Coupled Device) image sensor, and lenses. The lenses of the
imaging unit 15 are provided, for example, 1n the vicimity of
the eyelid unit 102 in the face umt 101, but may be provided
in other positions 1n the face unit 101 or 1n positions except
the face umt 101.

The eyelid unit 102 1s opened and closed according to the
control of the control unit 11. The eyelid umt 102 1ncludes,
for example, an opening and closing mechanism (e.g., a
diaphragm and a cylinder), and a driving circuit for driving
the opening and closing mechanism. Various known tech-
niques can be applied to the mechanisms for realizing the
blink motion.

FIG. 4 1s a block diagram 1llustrating a functional con-
figuration of the dialogue device 10. The control unit 11 of
the dialogue device 10 includes a blink motion control unit
111, a first acquisition umt 112, a blink detection umt 113,
a second acquisition unit 114, and a processing unit 115. The
control unit 11 realizes a function corresponding to the blink
motion control unit 111, the first acquisition unit 112, the
blink detection unit 113, the second acquisition unit 114, and
the processing unit 115 by executing the program 141. The
control unit corresponds to the above-mentioned processor.

The blink motion control unit 111 controls the blink
motion performed by the dialogue device 10 by opening and
closing the eyelid unit 102. The blink motion control unit
111 outputs, for example, a blink control data for blink
motion to the eyelid unit 102. The eyelid unit 102 opens and
closes according to the blink control data. The blink motion
control unit 111 may not necessarily be included i the
control unait.

The first acquisition umt 112 acquires the timing of the
blink motion performed by the dialogue device 10 (eyelid
umt 102). The first acquisition unit 112 acquires, for
example, a data indicating the timing of blink motion from
the blink motion control unit 111.

The blink detection unit 113 detects the blink of the user
U. Specifically, the blink detection unit 113 detects the blink

of the user U based on an imaging data generated by the
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imaging unit 15. The blink detection unit 113 may not
necessarily be included 1n the control unit 11.

The second acquisition unit 114 acquires a timing of the
blink by the user U. In the present embodiment, the second
acquisition unit 114 acquires a data indicating the timing of
the blink by the user U (hereimnafter referred to as “blink
data”). The blink data 1s a data (first data) of the time at
which the blink 1s detected, arranged 1n the order of the time.
The second acquisition unit 114 generates the blink data
based on, for example, a result of the blink data detected by
the blink detection unit 113.

The processing unit 115 processes according to the dif-
ference between the timing of the blink motion performed
by the dialogue device 10 and the blink timing by the user
U. In the present embodiment, the processing unit 115
performs a dialogue processing. The dialogue processing 1s
a processing for perform a dialogue using the dialogue data
142. Specifically, the dialogue processing includes a pro-
cessing of recognizing a voice input through the voice mput
unit 12 and converting 1t into mput data. The dialogue
processing includes a processing of converting the output
data associated with the mnput data into speech and output-
ting it through the voice mput umt 12.

Next, a motion of the dialogue device 10 will be
described. FIG. 5 1s a flowchart illustrating a processing
executed by the dialogue device 10.

In motion S1, the processing unit 1135 starts a dialogue
processing. The opportunity to start the dialog processing 1s
not limited. The processing unit 115 may be timing when the
presence of the user U 1s recognized. The user of the
dialogue device 10 1s, for example, a person recognized
from an i1mage indicated by the imaging data, a person
located 1n an 1maging direction of the imaging unit 15, or a
person located 1n a position corresponding to a position of
the imaging unit 15. The user of the dialogue device 10 may
be a person who has logged in to the dialogue device 10. The
processing unit 115 may imitiate the dialogue processing
when a predetermined voice (e.g., a voice indicating a
greeting) 1s recognized from the voice entered via the voice
mmput unit 12 or when a predetermined processing 1s
accepted.

Next, in step S2, the processing umt 115 causes the
imaging umt 15 to start imaging. When the 1imaging starts,
the dialogue device 10 performs a processing described
below.

First, the processing relating to the blink motion will be
described. In step S11, the blink motion control umt 111
determines whether to perform blink motion. For example,
the blink motion control umt 111 determines that the blink
motion 1s to be performed during the utterance of the
dialogue device 10 or when the utterance 1s completed. The
timing at which the utterance ends 1s, for example, the
timing at which the speech is interrupted. The timing of the
blink motion may include a random timing.

If “YES” 1s determined 1n the step S11, the blink motion
control unit 111 causes the dialogue device 10 to perform the
blink motion (step S12). If “NO” 1s determined 1n step S11,
the blink motion control unit 111 does not perform the blink
motion. Then, the processing of the dialogue device 10
proceeds to S3.

Next, a processing of evaluating the quality of commu-
nications between the dialogue device 10 and the user 1s
described.

The first acquisition unit 112 acquires the timing of the
blink motion performed by the dialogue device 10 (step
S21). Next, the blink detection unit 113 detects the blink of

the user U based on the imaging data supplied from the
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imaging unit 15 (step S22). Various known techniques may
be applied to the blink detection algorithm. For example, the
blink detection unit 113 extracts a plurality of characteristic
points along the periphery of the eye of the user U from the
image indicated by a captured imaging data. The blink
detection unit 113 extracts a characteristic point based on,
for example, Haar-like. The blink detection unit 113 detects
a presence or absence of blink of the user U by specitying
a direction of movement of an extracted feature point and a
temporal change of 1ts velocity based on the imaging data of
a plurality of frames. For example, due to human blinking,
a rapid change in the velocity of the feature point occurs
between approximately 0 to 300 milliseconds. Therefore, the
blink detection umt 113 detects that there 1s a blink of the
user U when the velocity change within a predetermined
period becomes equal to or greater than the threshold value.

Next, the second acquisition unit 114 acquires a blink data
indicating the blink timing by the user U based on a result

of detecting a blink (step S23).
Next, the processing unit 1135 performs an index calcula-

tion processing (step S24). The index calculation processing
1s a processing of calculating an index of the quality of
communications between the dialogue device 10 and the
user U.

FIG. 6 1s a flowchart illustrating the index calculation
processing. Hereinafter, the index calculation processing
will be described with reference to specific examples.

First, the processing unit 1135 calculates the difference
between the blink timing by the user U and the timing of the
blink motion performed by the dialogue device 10 (step
S241). For example, the processing unit 115 calculates a
difference (hereinafter, referred to as “timing difference”
between all combinations of the blink timing by the user U
and the timing of the blink motion performed by the eyelid
umt 102 in a predetermined period. The predetermined
period 1s, for example, 30 seconds, but may be less than 30
seconds or longer than 30 seconds. For example, the pre-
determined period 1s the entire period or a part of the period
traced back a predetermined time period from the timing
when the utterance of the dialogue device 10 ends.

FIG. 7 1s a diagram 1llustrating a method of calculating a
timing difference. The timing chart in FIG. 7 illustrates the
blink timing by the user U and the timing of the blink motion
performed by the dialogue device 10. As illustrated in FIG.
7, the blink timing by the user U 1s represented by tll,
t12, . . ., t1B 1n the order of time. The timing of the blink
motion performed by the dialogue device 10 1s represented
by 121, 122, . . ., 127 1n the order of the time. In this case,
for each of t11, t12, . . . , t1B, the processing unit 115
calculates the difference from each of 121, 122, .. ., t127. The
difference timing which 1s difference between the timing t1;
of the blink and the timing t2; of the blink motion 1is
hereinafter referred to as “Atiy”. In this case, the processing

unit 115 calculates the timing difference TD{Atll,
At12, . . ., At17, At21, At22, . . ., At27, . . ., AtBI,
AtB2, , AtB7}.

FIG 8 1s a graph DG illustrating of the frequency distri-
bution of the tlmlng difference. In the graph DG of FIG. 8,
the horizontal axis corresponds to the timing difference, and
the vertical axis corresponds to the degree of appearance
(1.€. frequency) of each timing difference. In the example
111ustrated in FIG. 8, the frequency of appearance i1s high
within a certain time range T.

Incidentally, 1t 1s considered that the frequency distribu-
tions 1llustrated in the graphs DG are caused not only by
communications between the user U and the dialogue device
10 but also by the blink characteristics (for example, the
number and frequency) of the user U and the blink motion
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characteristics (for example, the number and frequency) of
the dialogue device 10. For example, when the frequency of
blink of the user U and the frequency of the blink motion
performed by the dialogue device 10 are higher, the fre-
quency of appearance of a smaller timing difference tends to
be higher. Therefore, 1t 1s necessary to clarily to what extent
the timing difference TD 1s caused by the communication
between the dialog device 10 and the user U. The processing,
unit 115 analyzes the frequency distributions based on the
surrogate data method.

The processing unit 115 generates random data (second
data) (step S242). The random data includes data in which
the order of the blinking intervals of the dialogue device 10
1s randomly changed on the time axis.

FIG. 9 1s a diagram 1illustrating an example of the random
data R1 to RK. The processing unit 115 generates K (e.g.,
1000) pieces of the random data R1 to RK. In the random
data R1 to RK 1illustrated in FIG. 9, the order of interval of
the blink motion performed by the dialogue device 10 1s
changed, and the order of interval of the blink of the user U
1s not changed. The timing “t2;” 1illustrated in FIG. 7
corresponds to the timing “t2ja” 1llustrated in FIG. 9.

Next, the processing unit 115 calculates the timing dif-
terence, which 1s the diflerence between the blink timing by
the user U and the timing of the blink motion performed by
the dialogue device 10, for each of the generated random
data (step S243). The timing difference may be calculated 1n
the same manner as 1n step S241. The timing difference,
which 1s the difference between the blink timing tlia and the
timing t27a of the blink motion, 1s hereinafter referred to as
“Atga”. In FIG. 9, the processing unit 115 calculates the
timing difference TR {Atlla, Atl5a, . . ., Atl3a, At2la,
At25a, ..., At23a, . . ., AtBla, AtB5a, . AtB3a} based
on the randem data. The frequency of the tlmmg difference
in the random data 1s 1indicated by, for example, the graph
RG 1n FIG. 8. The graph RG 1llustrates the mean frequency
of the timing differences of the random data R1-RK.

Next, the processing unit 115 calculates the evaluation
value according to the timing difference based on the blink
data and the timing difference based on the random data
(step S244). The evaluation value 1s an index that 1s an index
of the quality of communications between the dialogue
device 10 and the user U. The random data 1s data obtained
by randomly changing interval of the blink motion per-
formed by the dialogue device 10. Therefore, the random
data can be regarded as data in which time series data 1s lost
while maintaining the number of times and interval of the
blink motion performed by the dialogue device 10. That 1s,
by comparing the distribution of the timing difference TDs
with the distribution of the random data R1 to RK, 1t 1s
possible to understand the degree to which the distribution
of the appearance of the timing difference indicated by the
blink data of the user U appears due to the communications
between the dialogue device 10 and the user U.

The processing unit 115 calculates the evaluation value by
the Z score. That 1s, the processing unit 115 subtracts the
mean of the timing difference at random data R1-RK from
each of timing difference TDs {At11, At12, . . ., At17, At21,
At22, ..., At27, ..., AtB1, AtB2, . . ., AtB7} indicated by
the bhnk data In addltlen the preeessmg unit 115 divides
the resulting value by the standard-deviation of the timing
difference 1n the random data R1-RK. Hereby, the process-
ing unit 115 calculates the evaluated values. For example, 1f
the distribution of the timing difference TDs 1s the same as
the distribution of the random data, the evaluation value 1s
“0”. In this 1nstance, it 1s assumed that the blink of the user
U 1s not aflected by the communications between the dia-
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logue device 10 and the user U. On the other hand, when the
evaluation value 1s large and the difference between the
distribution of the timing difference TDs and the distribution
of the random data 1s large, it 1s assumed that the blink of the
user U 1s aflected by the communications between the
dlalegue device 10 and the user U. With reference to FIG. 8,
it 1s assumed that the larger the difference A 1n the frequency
ol appearance 1s, the stronger the influence of communica-
tion 1s. Therefore, the evaluation value becomes large.

FIG. 10 1s a graph 1llustrating an example of an evaluation
value. In the graph illustrated in FIG. 10, the horizontal axis
corresponds to the timing difference, the vertical axis cor-
responds to the evaluation value. It the timing difference 1s
positive, 1t means that the blink timing by the user U 1s
behind the timing of the blink motion performed by the
dialogue device 10. If the timing difference 1s negative, 1t
means that the blink timing by the user U 1s earlier than the
timing of the blink motion performed by the dialogue device
10. The timing difference is represented here 1 250 milli-
second increments. In FIG. 10, the timing difference “0”
millisecond indicates that timing difference 1s greater than or
equal to 0 millisecond and less than 250 millisecond. The
timing difference “+250” millisecond and “-250” millisec-
ond indicate that the timing difference i1s greater than or
equal to 250 millisecond and less than 500 millisecond. In
this embodiment, the processing umit 115 calculates an
evaluation value of the quality of communications between
the dialogue device 10 and the user U based on the degree
that the blink timing by the user U 1s included within a
predetermined period after the timing of the blink motion
performed by the dialogue device 10. Specifically, the
processing unit 115 calculates an evaluation value corre-
sponding to the timing difference “+250”” milliseconds as an
evaluation value of the quality of communications between
the dialogue device 10 and the user U. That 1s, the processing
umt 115 calculates the evaluation value based on the fre-
quency of blinks 1n which the blink timing by the user U 1s
delayed more than the timing of the blink motion performed
by the dialogue device 10 and the timing difference 1s 250
milliseconds or more and less than 500 milliseconds. In the
example 1llustrated 1n FIG. 10, the evaluation value 1s “0.4”.
The index calculation processing has been described above.

The random data may be data 1n which the order of the
interval of the blink motion as to the dialogue device 10 1s
not changed, and the order of the interval of the blink as to
the user U 1s changed. The random data may be data in
which the order of interval of the blink motion as to the
dialogue device 10 and the order of interval of the blink as
to the user U are changed. When the index calculation
processing 1s completed, the processing of the dialogue
device 10 proceeds to step S3.

Next, returning to FIG. 5, a processing relating to the
dialog processing will be described. The processing unit 115
determines whether the evaluation value calculated 1n the
index calculation processing in step S24 1s equal to or
greater than the threshold (step S31). Here, the evaluation
value 1s an evaluation value corresponding to the most
recent period. The threshold 1s the index at which 1t 1s
determined i1f the user U 1s interested in performing a
dialogue with the dialogue device 10. The threshold 1s, for
example, a predetermined value.

If “YES” 1s determined 1n the step S31, the processing
unmit 115 performs a first dialogue processing (step S32). 1T
“NO” 15 determined 1n the step S32, the preeessmg unit 115
performs a second dlalegue processing that differs from the
first dialog processing (step S33). In other words, the
processing unit 115 performs various dialog processing
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depending on whether or not the evaluation value 1s equal to
or larger than the threshold. When the evaluation value 1s
equal to or greater than the threshold value, 1t 1s assumed that
the user U 1s highly iterested 1n communicating with the
dialogue device 10. That 1s, the processing unit 115 per-
forms, for example, the first dialogue processing that does
not change the present topic. For example, if the processing,
unit 115 was having a dialogue with the user U about soccer,
the processing unit 115 continues to have a dialogue about
the soccer. In this case, the processing unit 115 performs the
first dialogue processing based on the mput data and the
output data associated with i1dentifier “ID001” included 1n
the dialogue data.

On the other hand, when the evaluation value 1s less than
the threshold, it can be inferred that the degree of interest in
communication with the dialogue device 10 of the user U 1s
low. Theretore, the processing unit 115 performs the second
dialogue processing 1n which the present topic 1s changed.
For example, if the processing umt 115 was performing a
dialogue with the user U about soccer, the processing unit
115 changes to perform a dialogue about today’s lunch. In
this case, the preeessmg unit 115 performs the second
dialogue processing based on the input data and the output
data associated with identifier “ID002” included 1in the
dialogue data.

As described above, the processing unit 115 performs a
processing according to the index (in this embodiment, the
evaluation value) based on the difference between the timing
ol the blink motion performed by the dialogue device 10 and
the blink timing by the user U. However, the first dialog
processing and the second dialog processing described
above are examples, and various modifications are possible.
The processing unit 115 may continue the first dialog
processing without performing the second dialog processing,
in which the topic of the dialog i1s changed as soon as the
evaluation value becomes less than the threshold. In this
case, when the period 1n which the evaluation value 1s less
than the threshold continues for a predetermined period, or
when the number of times 1 which the evaluation value
becomes less than the threshold becomes equal to or more
than a predetermined number of times, the processing unit
115 may change from the first dialogue processing to the
second dialogue processing. Then, the processing of the
dialogue device 10 may proceed to the step S3.

In the step S3, the processing unit 1135 determines whether
or not to terminate the dialogue preeessmg For example, 1f
the processing unit 115 no lenger recognizes the presence of
the user U based on the imaging data supplied from the
imaging unit 15, the processing unit 115 may determines that
the dialogue processing 1s terminated. When the processing,
unit 115 recognizes a predetermined voice (for example, a
voice mdicating a farewell greeting) from the voice input
through the voice input unit 12 or when the processing unit
115 receives a predetermined motion, the processing unit
115 may determine that the dialogue processing i1s termi-
nated.

When the processing unit 115 determines to continue the
dialogue processing (step S3; NO), the processing of the
dialogue device 10 1s returned to steps S11, S21, and S31. If
the processing unit 115 determines that the dialogue pro-
cessing 1s terminated (step S3; YES), the processing umt 1135
terminates the dialogue processing.

According to the dialogue device 10, the degree of interest
in communicating with the dialogue device 10 of the user U
can be quantitatively evaluated according to the diflerence
between the blink timing by the user U and the timing of the
blink motion performed by the dialogue device 10. In
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addition, the dialogue device 10 can support communica-
tions between the dialogue device 10 and the user U by
reflecting this assessment in the dialogue processing. The
dialogue device 10 can evaluate the quality of communica-
tions based on the natural motion of blink of the user U.
Theretfore, according to the dialogue device 10, the evalu-
ation can be performed without requesting the user U to
perform motion required for the evaluation.

Here, the basis on which the difference between the blink
timing by the user U and the timing of the blink motion
performed by the dialogue device 10 can be used to evaluate
the quality of communications will be explained. The mven-
tors verified that the timing difference between the blink
timing of the speaker and the blink timing of the listener 1s
an 1ndex of the degree of interest in communicating between
the speaker and the listener, 1n the manner described below.

The speaker 1s a demonstrator who 1s engaged in the
performance sale of goods. The demonstrator introduced
four products, “a hair dryer for wemerf’ “cosmetics for
wemerr” “a wristwatches for men™, and “electric shavers for
men”’. The introduction time of eaeh product 1s about 3
minutes. The listener 1s a total of 38 university students, 18
males and 20 females. Thirty-eight listeners responded to
whether they are interested 1n each of found product intro-
duction after watching a video in which the speaker intro-
duced the product. The timing difference of between the
blink of the speaker and the blink of the listener was detected
from videos of the speaker and the listener captured respec-
tively. This allowed us to analyze the blink timing of the
listener before and after the blink timing of the speaker.

FIG. 11 1s a graph illustrating the frequency distribution
of the blink of 38 listeners. In the graph illustrated 1n FIG.
11, the horizontal axis corresponds to the time, the vertical
axis corresponds to the evaluation value (7 score). For the
time, the blink timing of the speaker is set to “0”. The blink
timing of the listener earlier than “0” 1s indicated by a
negative value. The blink timing of the listener later than “0”
1s indicated by a positive value. That 1s, the horizontal axis
of the graph of FIG. 11 1llustrates the timing difference. In
FIG. 11, smmilarly to FIG. 10, the timing difference 1is
represented 1 250 milliseconds increments. In this verifi-
cation, random data 1s used 1n such a manner that the order
of interval of the blink of the speaker 1s changed and the
order of interval of the blink of the listener 1s not changed
in the calculation of the evaluation value. As 1illustrated 1n
FIG. 11, the blink of the listener increased with a delay
within a time range of +250 milliseconds or more and less
than +500 milliseconds from the blink of the speaker, and
the evaluation value increased. The p value 1s 0.000001.

FIG. 12 1s a graph illustrating the frequency distribution
of the blink of the listener according the listeners” interest.
In the graph 1llustrated in FIG. 12, sitmilarly to FIG. 11, the
horizontal axis corresponds to the time, the vertical axis
corresponds to the evaluation value. The solid line graph
illustrates the evaluation value of the listener who answered
that the product introduction was interesting. The dashed
line graph illustrates the evaluation value of the listener who
answered that the product introduction was not interesting.

As 1llustrated 1n FIG. 12, for the listener who answered
that the product introduction was interesting, the blink
increased with a delay within a time range of +250 mulli-
seconds or more and less than +500 milliseconds from the
blink of the speaker, and the evaluation value increased. On
the other hand, for the listener who answered that the
product introduction was not interesting, such an increase in
blinking and an increase 1n evaluation value was not con-

firmed. The p value 1s 0.004.
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FIG. 13 1s a graph illustrating evaluation values by gender
of the listener and product. As illustrated 1n FIG. 13, the

evaluation value for “cosmetics for women” 1s high for
female listeners, but the evaluation value for male listeners
1s low. The evaluation values for “wristwatches for men”
and “electric shavers for men” are high for male listeners,
while the evaluation values for female listeners are low.

FIG. 14 1s a graph illustrating the interest level of a
product by gender of the listener and product. The interest
level for the product illustrated in FIG. 14 1s the mean
interest level for men and women. The degree of interest
when the subject answers “very boring” 1s “1”. The degree
ol interest when the subject answers “slightly boring™ 1s “2”.
The degree of interest when the subject answers “slightly
interesting” 1s “3”. The degree of interest when the subject
answers “‘very interesting” 1s “4””. The higher interest level,
the more interesting the listener was 1n the product intro-
duction. Comparing FIG. 13 and FIG. 14, it was confirmed
that the evaluation values and the interest level to the
product introduction correlated with each other for each
product.

Through these verifications, the mventors were able to
obtain the finding that the timing difference of blink between
the speaker and the listener correlates with the degree of
interest in the listener’s dialogue with the speaker.

Second Embodiment

The second embodiment controls the timing of the blink
motion performed by the dialogue device 10 based on the
surrounding environment of the dialogue device 10. In the
following description, the same elements as those of the first
embodiment described above are denoted by the same
reference numerals. The hardware configuration of the dia-
logue device 10 of the present embodiment may be the same
as that of the first embodiment described above.

FIG. 15 1s a block diagram illustrating a functional
configuration of the dialogue device 10 according to the
present embodiment. The control unit 11 of the dialogue
device 10 realizes functions corresponding to a blink motion
control unit 111, the first acquisition unit 112, the blink
detection umit 113, the second acquisition unit 114, the
processing unit 115, an environmental information acquisi-
tion unit 116, and a storage control unit 117 by executing the
program 141.

The environmental information acquisition unit 116
acquires an environmental information indicating the
peripheral environment of the dialogue device 10. The
environmental mmformation here denotes the environment
when the dialogue device 10 1s being used by the user U, in
other words the environment when the dialogue device 10 1s
performing a dialogue with the user U. The environmental
information includes, for example, one or more of voice
information, sound pressure information, prosody, motion
information, and peripheral information. The voice infor-
mation includes information indicating voice input via the
voice mput unit 12, information indicating voice output via
the voice output unit 13, or both. The sound pressure
information indicates the sound pressure at a predetermined
frequency band (e.g., audible range) of the sound 1informa-
tion. The prosody shows the phonetic properties that appear
in speech. The prosody 1s, for example, intonation. The
motion information shows the body motion of the user U
(e.g., the motion information 1s a motion of a face, body, or
tacial expression). The peripheral information indicates the
environment around the user U (e.g., the brightness of the
space 1 which the user U 1s located). The sound informa-
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tion, the sound pressure information, and the prosody are
specified based on the sound input through the voice 1nput
unmt 12 and the sound signals supplied to the sound output
umt 13. The motion information and the peripheral infor-
mation are specified using the imaging unit 15. The envi-
ronmental information may be obtained using another
metrology device. The environmental information may fur-
ther include information about the assumed age, gender,
occupation of the dialogue device 10 and user U.

The storage control unit 117 causes the storage unit 14 to
store data indicating that the timing at which the user U
blinks and the environment in which the dialog device 10 1s
used are associated each other as learning data 143. That 1s,
the learning data 143 1s the data indicating the result of
learning the relation between the peripheral environments of
the dialogue device 10 and the actual blink timings of the
user U. The storage control unit 117 may store the learning
data 143 1n a memory device other than the storage unit 14,
such as a memory device associated with a cloud storage
service.

The blink motion control unit 111 causes the dialogue
device 10 to perform the blink motion at a timing (first
timing) corresponding to the environmental information
acquired by the environmental information acquisition unit
116. Specifically, the blink motion control unit 111 causes
the dialogue device 10 to perform a blink motion at a timing
corresponding to the learning data 143 stored in the storage
umt 14 and the environmental information data acquired by
the environmental information acquisition umt 116. For
example, the blink motion control umt 111 controls the
timing ol causing the dialogue device 10 to perform the
blink motion, the frequency of the blink motion, and both.

Next, a motion of the dialogue device 10 will be
described. FIG. 16 1s a flowchart illustrating a learning
processing executed by the dialogue device 10. The learning
processing 1s performed in parallel with the dialogue pro-
cessing.

The environmental information 116 acquires the environ-
mental information (step S41). Next, the second acquisition
umt 114 acquires the blink timing by the user U (step S42).
Next, the storage control unit 117 causes the storage unit 14
to store data indicating that the environment indicated by the
environmental information acquired 1n step S41 1s associ-
ated with the blink timing acquired 1n step S42, as the
learning data 143 (step S43). The above 1s the description of
the learning processing.

FIG. 17 1s a flowchart illustrating a processing relating to
the blink motion performed by the dialogue device 10. The
processing of FIG. 17 1s executed 1n place of the processing
of the steps S11 and S12 described with reference to FIG. 5.

The environmental information acquisition unit 116
acquires environmental iformation (step S51). Next, the
blink motion control unit 111 determines whether or not to
perform the blink motion (step S52). Here, the blink motion
control unit 111 determines whether or not to perform the
blink motion based on the environmental information
acquired 1n the step S51 and the learning data 143. The blink
motion control unit 111 determines, for example, the pres-
ence or the absence of the blink motion and the timing of
blink motion by a machine learning. The algorithm of the
machine learning 1s, for example, a neural network, but other
algorithms may be used. Until the learning data 143 is stored
and accumulated by a predetermined amount, the blink
motion control unit 111 may determine whether or not to
perform the blink motion in the same manner as in the step
S11 of the first embodiment described above.
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If The blink motion control umt 111 determine that the
dialogue device 10 performs the blink motion (step S32;

YES), the blink motion control unit 111 causes the dialogue
device 10 to perform the blink motion (step S53). If the blink
motion control unit 111 determines the dialogue device 10
does not perform the blink motion (step S52; NO), the blink
motion control unit 111 does not cause the dialogue device
10 to perform the blink motion. The blink processing unit
115 learns a relationship between peripheral environment
surrounding the dialogue device 10 and a blink performed
by a person in the environment, and causes the dialogue
device 10 to perform the blink motion according to the
relationship. For example, the blink motion control unit 111
may increase the frequency of the blink motion when 1t 1s
determined that the story became a surprising topic. The
processing related to the blink motion 1s described above.

According to the dialogue device 10 of the present
embodiment, 1n addition to the effects equivalent to those of
the first embodiment described above, the dialogue device
10 can perform the blink motion at a more natural time by
using the learning data 143. As a result, the quality of
communications between the dialogue device 10 and the
user U can be expected to be improved.

The blink motion control unit 111 may cause the dialogue
device 10 to blink motion at another timing (second timing),
in addition to the timing corresponding to the environmental
information. The blink motion control umt 111, for example,
causes the dialogue device 10 to perform the blink motion by
a predetermined number of times within a predetermined
period (e.g., 20 times per minute) at random timing. The
blink motion control unit 111 may cause the dialogue device
10 to blink motion according to predetermined rules. As a
result, the dialogue device 10 can perform the blink motion
at a more natural time.

The storage control unit 117 may store the learning data
143 while the evaluation value 1s equal to or larger than the
threshold. This allows the dialogue device 10 to perform the
blink motion 1n accordance with the blinks performed by
humans when good quality communications are being per-
formed.

When the learning data 143 1s stored in the storage unit 14
in advance, the dialogue device 10 may not have a function
of storing the learning data (i.e., storage control unit 117).

Third E

Embodiment

The third embodiment differs from the dialogue device of
the first embodiment described above 1n that the dialogue
device functions as a display device. In the following
description, elements 1dentical to those of the first embodi-
ment described above are denoted by the same reference
numerals, and elements corresponding to elements of the
first embodiment described above are denoted by the same
reference numerals followed by “A”.

FIG. 18 1s a diagram 1llustrating an exemplary external
configuration of a dialogue device 10A which 1s a third
embodiment of the present disclosure. The dialogue device
10 A has a display region 161. The display region 161 1s a
region on which the images are displayed. The display
region 161 displays an object 20. The objects 20 are 1images
similar to appearance of the dialogue device 10 described 1n
the first embodiment. The object 20 included a face unit 201
and an eyelid unit 202. The face unit 201 1s a part corre-
sponding to the face. The eyelid umt 202 1s disposed on the
tace 201 and corresponds to the eyelid of the eye. The eyelid
unit 202 performs blink motion by opening and closing. The
blink motion performed by the present embodiment differs
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from that of the first embodiment described above 1n that the
blink motion 1s performed by displaying images on the
display region 161. The object 20 1llustrated 1n FIG. 18 1s a
merely example, and may include images representing at
least a blink motion 1n the present embodiment. For
example, the object 20 may include at least one eyelid unait.
Instead of the eyelid umt 102 of the dialogue device 10
illustrated 1n FIG. 1, a display unit may be provided, and
objects corresponding to the eyelid umt 202 may be dis-
played on the display unait.

The user U 1s a person who communicates with the
dialogue device 10A. The user U faces the dialogue device
10A and observe and perform a dialogue with the object 20
which displayed on the display region 161.

FIG. 19 1s a block diagram illustrating the hardware
configuration of the dialogue device 10A. The dialogue
device 10 includes a control unit 11, a voice mput umt 12,
a voice output umt 13, a storage unit 14, an 1maging unit 15,
and a display unit 16. The storage unit 14 stores programs
141 A for causing the control unit 11 to execute predeter-
mined functions. The display unit 16 has a display region
161 for displaying images. The display umt 16 1is, for
example, a liquid crystal display, an organic electrolumines-
cence display or another display device.

FIG. 20 1s a diagram 1llustrating a functional configura-
tion of the dialogue device 10A. The control unit 11 of the
dialogue device 10 executes the programs 141A to realize
functions corresponding to a blink motion unit 111A, the
first acquisition unit 112, the blink detection unit 113, the
second acquisition unit 114, and the processing unit 115. The
blink motion control unit 111 A causes the object 20 dis-
played on the display region 161 of the display umt 16 to
perform the blink motion. The blink motion control umit
111 A supplies the blink control data for the blink motion, for
example, to the display unit 16. The blink control data 1s data
for controlling the displaying of the display unit 16. The
display unit 16 causes the objects 20 to perform the blink
motion according to the blink control data. The first acqui-
sition umt 112 acquires the timings of the blink motion
performed by the objects 20 (the evelid unit 202).

The motion of the dialogue device 10A 1s the same as the
first embodiment described above, except that the blink
motion 1s performed under the control of the display unit 16.

The configuration of the present embodiment can also be
applied to the dialogue device 10 of the second embodiment
described above.

[Modification]

The present disclosure 1s not limited to the above-de-
scribed embodiments, and can be appropriately modified
within a range not departing from the spirit thereof.
Although a modification of the dialogue device 10 of the first
embodiment will be described below, the present disclosure
can also be applied to the dialogue device 10 of the second
embodiment and the dialogue device 10A of the third
embodiment.

The methods of calculating the evaluation values of the
processing unit 115 1n the above-described embodiment are
only examples. For example, the processing unit 115 may
count the number of blinks of the user U and the number of
blink motions of the dialogue device 10 1n time series, and
calculate the evaluated value based on the number of blink
and the blink motion 1n a particular period (scene). In this
instance, the processing unit 115 calculates an evaluation
value that indicates that the greater the number of blink and
blink motion, the greater the degree of interest 1n commu-
nicating with the dialogue device 10 of the user U. This 1s
because the timing difference between the blink timing by
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the user U and the timing of the blink motion of the dialogue
device 10 1s considered to be smaller in the period in which
the blink and the blink motion are greater than 1n the other
periods. The processing unit 115 does not calculate the
evaluated value, but 1t may process according to the difler-
ence between the timing of the blink motion and the blink
timing by the user.

The processing corresponding to the difference between
the blink timing by the user U and the timing of the blink
motion performed by the dialogue device 10 1s not limited
to the utterance processing. The processing unit 115 may, for
example, perform a processing of evaluating the dialogue
device 10. In this case, the processing umt 115 outputs the
evaluation data in association with the identifier of the
dialogue device 10. The evaluation data indicates the evalu-
ation data of the dialogue device 10. The evaluation data
may be data indicating an evaluation value or data generated
using the evaluation value. The evaluation data may be
output, for example, by transmission, printing, displaying, or
other methods. According to this modification, the quality of
communications performed by the dialogue device 10 can be
evaluated.

The detection of blink may be performed by a method
other than the method using the imaging data. As the
method, there 1s a method of using a non-contact sensor such
as a radio wave sensor (e.g., 4 GHz radio wave sensor
module), an 1inirared sensor, or a Doppler sensor. Also, there
1s a method of using a sensor that detects blink based on the
motion of the muscular force of a face.

Some or all of the functions implemented by the control
unit 11 described in the above-described embodiments may
be included 1n a processor external to a dialogue device. In
this case, for example, the processing device controls a
dialogue device by communication (for example, commu-
nication via a public communication line). This control may
include control of the blink motion and/or control of the
dialogue processing. The processing device may control a
plurality of dialogue device. In short, as illustrated 1n FIG.
21, the processing device according to the present embodi-
ment includes a first acquisition unit 301 configured to
acquire the timing of the blink motion performed by a
dialogue device, a second acquisition unit 302 configured to
acquire the blink timing by the user of the dialogue device
and a processing unit 303 configured to perform the pro-
cessing according to the diflerence between the timing of the
blink motion and the timing of the blink by the user.

Part of the configuration and motion of the embodiment
described above may be omitted. The configuration and the
motion described 1n the above embodiment may be added.
The order of the execution of the processes described in the
above embodiment 1s merely an example, and may be
changed as appropriate.

The tunctions realized by the control unit 11 can be
realized by combinations of a plurality of programs or by
coordination of a plurality of hardware resources. If the
function of the control unit 11 is realized using the program,
the program 141, 141A to realize this function may be
provided 1 the state memorized 1 computer-readable
recording media such as various magnetic recording media,
various optical recording media, various optical magnetic
recording media, and a semiconductor memory. The pro-
gram may be distributed over a network. It 1s possible to
understand that the present disclosure 1s as a processing

method.

Fourth Embodiment

Techniques for estimating the degree of interest in the
visual information a person observed based on the uncon-
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scious motion performed by the person have been proposed
in the past. Japanese Patent. No. 5,771,127 discloses that the
degree of attention to an 1mage 1s estimated based on change
of visual line of the person and the interval of blink.
Japanese Unexamined Patent Application Publication No.
2009-267445 discloses selecting a satisfaction calculation
method corresponding to a genre of a content to calculate a
satisfaction degree of the content of the user. Japanese
Unexamined Patent Application Publication No. 2005-
142975 discloses generating viewing quality data based on
the terminal operation data and the body data including
blinks. Re-publication of PCT International Publication No.
2008-727739 discloses calculating the interest level for the
content based on the eye motion of the viewer. With respect
to the blinks of test subjects viewing the same i1mage, the
inventors herein disclose that the blinks of a plurality of test
subject when viewing a manual 1image are synchronized 1n
the paper 3, Richard J. Wiseman and Tamami Nakano,
“Blink and you’ll miss 1t: the role of blink in the perception
of magic tricks, “Peerl, e1873, [online]”, [Searched on Mar.
12, 2018], Internet <URL: https://peerj.com/articles/
1873/7utm#source=TrendMD&utm#campaign=PeerJ#
TrendMD#1 &utm#medium=TrendMD=>, (2016).

On the other hand, the number and frequency of human
blinks differ greatly among individuals. Therefore, 1t 1s
difficult to use the number and frequency of blinks as an
objective mdex such as the degree of interest.

The inventors have found that differences in the timings
of blinks of a plurality of users can be used as an index of
the degree of interest 1n visual data observed by the plurality
of users. For example, 1t can be inferred that in a period 1n
which the synchromization degree in the timing of the blinks
of the plurality of users 1s high, the plurality of users show
strong interest 1n the visual information observed during the
period. On the other hand, 1t can be inferred that in the period
in which the synchronization degree 1s low, the plurality of
users do not show strong interest in the visual information
observed 1n the period. Verification leading to such knowl-
edge will be described later. Based on these findings, in the
fourth to seventh embodiments, data processing system 1s
described, which performs processing according to the syn-
chronization degree of blinks of a plurality of users as
techniques for using blinks of persons as an objective index.

FIG. 22 1s a block diagram illustrating an overall con-
figuration of a data processing system 1001 according to a
fourth embodiment of the present disclosure. The data
processing system 1001 evaluates the visual information
based on blinks of a plurality of users observing predeter-
mined visual information. Visual information collectively
refers to the imformation that a person obtains through
vision. In the present embodiment, the visual information 1s
a video. In the video, information that a person can recog-
nize visually changes with time. The video may further
include information (i.e., sound) that the person can recog-
nize through hearing. The video of the present embodiment
1s, for example, a video related to television broadcasting,
such as a television program or a commercial message.

The data processing system 1001 includes a server device
1010 and a plurality of terminal device 1020 (1020-1,

1020-2, .. .,1020-N). The server device 1010 acquires data
indicating the blink timing by the user from each of a
plurality of terminal device 1020, and evaluates the video
based on the acquired data. The server device 1010 1s
managed and operated by, for example, a business operator
who performs aggregation and analysis of viewing tenden-
cies of videos by users. The server device 1010 communi-
cates with each of the plurality of terminal devices 1020
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through the communication line NW. The communication
line NW 1s, for example, a public communication line
exemplified by the Internet or a private line. The server
device 1010 1s an example of a device having a data
processing device according to the present disclosure.

The plurality of the terminal devices 1020 are used by the
user viewing the video. In FIG. 22, terminal device 1020-1,
1020-2, . .., 1020-N (where N 1s a natural number of 2 or
more) are 1illustrated as a plurality of the terminal device
1020. The user of the terminal device 1020-i (where 1<I<N)
1s referred to as “user U1” in the following description. The
user Ui uses a video reproduction device 1030-i to observe
the video. The video reproduction device 1030-1 through
1030-N are, for example, television.

The terminal device 1020 1s, for example, a portable
terminal device exemplified by a smart phone, a tablet
terminal, and a wearable computer. Alternatively, the termi-
nal device 1020 may be a fixed terminal device installed in
a viewing space of a video (for example, a room 1n which the
video reproduction device 1030-1 to 1030-N 1s installed).
The terminal device 1020 1s provided at a position where a
blink of a user who observes a video can be detected. For
example, the terminal device 1020 1s provided in the vicinity
of the video reproduction device 1030-1 to 1030-N.

FIG. 23 1s a block diagram illustrating a hardware con-
figuration of the server device 1010. The server device 1010
includes a control unit 1011, a communication unit 1012,
and a storage unit 1013. The control unit 1011 controls each
unit of the server device 1010. The control unit 1011
includes, for example, a calculation processing device exem-
plified by CPU, and a memory. The memory includes, for
example, a RAM used by the calculation processing device
as a work area and a ROM for storing a control program.

The communication unit 1012 communicates with each of
the plurality of terminal devices 1020 by wire or wirelessly
via communication line NW. The communication unit 1012
includes, for example, a communication circuit and an
antenna.

The storage unit 1013 stores data. The storage unit 1013
stores, for example, a program 1131. The program 1131 1s a
program for causing the control unit 1011 to execute a
predetermined function. The storage unit 1013 may include
any kind of recording medium exemplified by, for example,
an optical recording medium, a magnetic recording medium,
and a semiconductor recording medium.

FIG. 24 1s a block diagram illustrating the hardware
configuration of the terminal device 1020. The terminal
device 1020 includes a control unit 1021, a user interface
1022, a communication unit 1023, a storage unit 1024, and
an 1maging unit 10235. The control unit 1021 controls each
unit of the terminal device 1020. The control unit 1021
includes, for example, a calculation processing devices
exemplified by CPUs, and a memory. The memory includes,
for example, a RAM used by the CPU as a work area and a
ROM for storing a control program. The control unmit 1021
turther includes a clocking unit for measuring a time defined
on a predetermined time base. The time axis defines, for
example, an absolute time or a playback position of a video
(c.g., a relative time based on a playback start time of the
video).

The user interface 1022 1s an interface configured to
perform a dialogue with a user. The user interface 1022
includes, for example, an operation unit (e.g., physical keys
or touch sensors) configured to accept operation and a
display unit (e.g., a liqud crystal display) configured to
display information. The communication umt 1023 commu-
nicates with the server device 1010 through the communi-
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cation line NW. The communication unit 1023 includes, for
example, a communication circuit and an antenna. The
storage unit 1024 stores data. The storage unit 1024 stores,
for example, the program 1241. The program 1241 1s a
program for causing the control unit 1021 to realize a
predetermined function. The storage unit 1024 may include
any kind of recording medium exemplified by, for example,
an optical recording media, a magnetic recording media, and
a semiconductor recording media.

The imaging unit 1025 captures an 1image of the subject,
and generates 1maging data indicating the captured 1mage.
The subject includes at least a face of the user, more
particularly eyes of the user. The imaging unit 1025
includes, for example, an 1maging device exemplified by a
CCD (Charge Coupled Device) image sensor, and lenses.

FIG. 25 1s a block diagram illustrating a functional
configuration of the data processing system 1001. The
control unit 1011 of the server device 1010 corresponds to
a data processing device. The control unit 1011 includes an
acquisition unit 1111, a calculation unit 1112, and an output
umt 1113. The control unit 1011 realizes function corre-
sponding to the acquisition unit 1111, the calculation unit
1112, and the output unmit 1113 by executing the program
1131. Each of the control unit 1021 of the plurality of the
terminal device 1020 realizes a function corresponding to
the blink detection unit 1211 and the transmission unit 1212
by executing the program 1241.

In the terminal device 1020, the blink detection unit 1211
detects the blink of the user. Specifically, the blink detection
umt 1211 detects the blinking of the user based on the
imaging data generated by the mmaging unit 1025. The
transmission umt 1212 transmits data indicating the blink
timing by the user (hereinafter referred to as “blink data™) to
the server device 1010 using the communication unit 1023.
The blink data of the present embodiment 1s data (first data)
in which the times at which blinks are detected are arranged
in the order of the times.

In the server device 1010, the acquisition unit 1111
acquires the blink data from each of the plurality of the
terminal device 1020 using the communication unit 1012,

The calculation unit 1112 calculates the 1ndex according
to the synchromization degree of the blink timings of the
plurality of users based on the difference in the blink timings
of the plurality of users. The calculation unit 1112 calculates
the index based on the blink data acquired by the acquisition
umt 1111. In the present embodiment, the index 1s an
evaluation value of the degree of the interest in videos of a
plurality of users.

The output unit 1113 outputs the data corresponding to the
index calculated by the calculation unit 1112. In the present
embodiment, the output unit 1113 may output the index
itself, or may output data (e.g., contents) directly or 1ndi-
rectly specified from the index.

Next, the motion of the data processing system 1001 will
be described. FIG. 26 1s a flowchart illustrating processing
executed by the data processing system 1001.

In the terminal device 1020, the blink detection unit 1211
causes the 1maging unit 1025 to 1image the eyes of the user
(step S11). The blink detection unit 1211 detects the blink of
the user based on the 1maging data generated by the imaging
umt 1025 (step S12). Various known techniques may be
applied to the blink detection algorithm. For example, the
blink detection unit 1211 extracts a plurality of characteristic
points along the periphery of the user’s eye from the image
showed by the imaging data. The blink detection unit 1211
extracts the characteristic point based on, for example,
Haar-like. The blink detection unit 1211 detects the presence
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or absence of a blink of a user by specitying the direction of
the movement of the extracted feature points and the tem-
poral change of 1ts velocity based on the imaging data of a
plurality of frames. For example, due to the blink of a
person, a rapid change in the moving velocity of the feature
point occurs between approximately 0 and 300 milliseconds.
Therefore, when the velocity change within the predeter-
mined period becomes equal to or greater than the threshold,
the blink detection unit 1211 detects that the user blinks.
The blink detection unit 1211 detects blink 1n real time,
for example, based on the 1maging data supplied from the
imaging unit 1025. Alternatively, the blink detection unit
1211 may cause the storage unit 1024 to store the imaging
data, and reads the imaging data at a predetermined timing

to detect a blink.

The transmission unit 1212 transmaits the blink data indi-
cating the blink timing by the user to the server device 1010
using the communication umt 1023 (step S13). Furthermore,
the transmission unit 1212 may transmit the video identifi-
cation mnformation to the server device 1010 1n association
with the blink data. The video identification information
identifies the video viewed by the user. The video 1dentifi-
cation miformation includes, for example, 1dentifying infor-
mation for identifying a video, broadcast date and time
information indicating the broadcast date and time of the
video, and channel information indicating the broadcast
channel of the video. The timing of the transmission of the
blink data 1s not limited. The transmission timing i1s, for
example, a predetermined timing (e.g., a predetermined time
once a day) or a timing at which a request 1s provided from
the server device 1010.

The acquisition unit 1111 of the server device 1010
acquires the blink data from each of the plurality of the
terminal device 1020 using the communication unit 1012
(Step S14). When the terminal device 1020 transmits a video
identification information, the acquisition unit 1111 further
acquires the video identification information.

The calculation unit 1112 performs the index calculation
processing based on the blink data acquired by the acquisi-
tion unit 1111 (step S15).

FIG. 27 1s a flowchart illustrating the index calculation
processing. Heremafter, the index calculation processing
will be described with reference to specific examples.

The calculation unit 1112 selects two users from among N
number of users, Ul to UN (step S151). The two selected
users are heremafter referred to as “first user” and “second

user’, respectively. Here, 1t 1s assumed that the calculation
unit 1112 selects the user Ul and the user U2.

Next, the calculation unit 1112 calculates a difference
between the blink timing of the first user and the blink
timing of the second user. (step S152). The calculation unit
1112 calculates the difference in timing (hereinafter referred
to as “timing difference™) for all combinations of the blink
timing of the first user and the blink timing of the second
user.

FIG. 28 1s a diagram illustrating a method of calculating,
a difference in the blink timing. FIG. 28 1s a timing chart
showing the timing at which blink 1s detected. As illustrated
in FI1G. 28, the blink timing by the user U1 1s represented by
t11, t12, . . ., t1B 1n the order of time. The blink timing by
the user U2 is represented by 21, 122, . . ., 127 1n the order
of the time. In this case, the calculation unit 1112 calculates
the difference from each of t21, 122, . . ., 127 for each of t11,
t12, ..., t1B. The timing difference between the blink timing,
t1i (where 1=i=m) and the blink timing t2; (where 1=<j=n) 1s
hereinafter referred to as “At1;”. In this case, the calculation
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unit 1112 calculates the timing difference TD {Atll,
At12, . . ., Atl7, A21, At22, . . ., At27, . . ., AtBI,
AtB2, . . ., AtBn}.

FIG. 29 1s a graph illustrating the frequency of the timing,
difference. In the graph DG of FIG. 29, the horizontal axis
corresponds to the timing difference, and the vertical axis
corresponds to the degree of appearance (1.e., frequency) of
cach timing difference. In the case illustrated in FIG. 29, the
frequency 1s high within the time range T in which the
timing difference 1s relatively low.

By the way, 1t 1s considered that the distribution of the
frequency 1illustrated by the graph DG i1s caused by the
observation of the video by the first user and the second user,
and the blinking characteristics of the first user and the
second user, for example, the number of times and the
frequency. Therefore, 1n order to clarify that the blinks of the
first user and the second user indicated by the timing
difference TDs are caused by observing the video to what
extent, the calculation unit 1112 analyzes the frequency
distributions using the surrogate data method.

That 1s, the calculation unit 1112 generates random data
based on the blink data acquired 1n the step S13 (step S153).
The random data here includes K random data R1-RK
(second data) in which the order of interval of blinks on the
time-axis 1s changed randomly (e.g., 1000 ways) for one or
both of the two users selected 1n the step S151.

FIG. 30 1s a diagram illustrating an example of the
random data R1 to RK. The random data R1 to RK 1llus-
trated in FIG. 30 are random data in which the order of
interval of blink has not been changed for the user Ul and
the order of interval of blinking has been changed for the

user U2. In the random data R1 to RK, the blink timing by
the user U2 1s represented as t21a, 254, *** t23a 1n the order
of the time. The timing “t2;” 1llustrated in FI1G. 28 corre-
sponds to the timing “t2ja” illustrated in FIG. 30.

Next, the calculation unit 1112 calculates the timing
difference, which 1s the diflerence between the blink timing
of the first user and the blink timing of the second user, for
cach of the K pieces of random data R1 to RK (step S154).
The timing difference calculation method may be the same
as the step S152. In other words, the calculation unit 1112
calculates the timing difference for all combinations of the
blink timing of the first user and the blink timing of the
second user for each of the random data R1 to RK. The
timing diflerence, which 1s the difference between the blink
timing tlia (where 1=1=m) and the blink timing t2ja (where
1=1=n), 1s hereinaiter referred to as “Atija”. In this instance,
the calculation unmit 1112 calculates the timing difference TR
{Atlla, Atl5a, . . . , Atl3a, At2la, At25aq, . . .
At23a, . . ., AtBla, AtB5a, . . AtB3a} The frequency of
appearance of the timing di:Terence in the random data R1
to RK 1s 1llustrated in, for example, the graph RG of FIG. 29.
The graph RG 1illustrates the mean frequency of appearance
of the timing difference of the random data R1-RK.

Next, the calculation unit 1112 calculates the evaluation
value based on the timing difference based on the blinking
data and the timing difference based on the random data
(step S155). The random data 1s data obtained by randomly
changing 1nterval of the blink of the user U2, and can be said
to be data 1n which time series data 1s collapsed while
maintaining the number and interval of the blink of the user
U2. Theretfore, by comparing the blink data with the random
data, it 1s possible to understand the degree to which the
appearance distributions of the timing difference indicated
by the blink data appeared due to observing the video.

Specifically, the calculation unit 1112 calculates the
evaluation value by the Z score. That 1s, the calculation unit
1112 subtracts the mean of the timing difference in the
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random data R1 to RK from each of the timing difference TD
A1, At12, ..., At17, At21, A22, . . ., At27, . .., AtB1,

AtB2, . .., AtBn} indicated by the blinking data. Further, the

calculation unit 1112 calculates the evaluation value Z by
dividing the obtained value by the standard deviation of the
timing difference in the random data R1 to RK. For example,
if the blink data 1s the same as the random data, the
evaluation value Z 1s 0. In this case, 1t can be inferred that
the blink timings between peoples are not synchromized due
to the observation of the video. On the other hand, when the
evaluation value Z 1s large and the difference between the
blink data and the random data 1s large, 1t can be 1nferred that
the blink timings between peoples are synchronized due to
the observation of the video. Referring to FIG. 29, the larger
the difference A 1n the frequency of appearance, the larger
the evaluation value Z 1s.

FIG. 31 1s a graph 1llustrating an example of the evalu-
ation value Z. In the graph illustrated i FIG. 31, the
horizontal axis corresponds to the timing difference, the
vertical axis corresponds to the evaluated value. Here, the
timing diflerence 1s represented by the values of a bin. The
bin number “7” indicates that the timing difference 1s treated
as “0”. The time range between bins 1s 300 milliseconds. It
means that the timing difference 1s larger in the positive
direction, 1in the direction 1n which the value of the bin
number 1ncreases. For example, the bin number “8” means
there 1s a difference of +300 milliseconds and the bin
number “9” means there 1s a diflerence of +600 millisec-
onds. On the contrary, it means that the timing difference 1s
large 1n the negative direction, in the direction in which the
value of the bin number decreases. For example, the bin
number “6” means there 1s a diflerence of —300 millisec-
onds. The bin number “5” means there 1s a diflerence of
—600 milliseconds. If the timing difference 1s positive, 1t
means that the blink timing of the second user 1s earlier than
the blink timing of the first user. If the timing diflerence 1s
negative, 1t means that the blink timing of the first user 1s
carlier than the blink timing of the second user. In the present
embodiment, the frequency of appearance of blinks 1n which
the timing difference 1s 300 milliseconds or less indicates the
evaluation value Z of the bin number “7”. In other words, the
frequency of appearance corresponding to a number other
than the bin number “7” 1s not used for calculating the
evaluation value Z. In the example 1llustrated 1n FIG. 31, the
evaluation value Z 1s “0.4”. The calculation unit 1112 may
calculate one evaluation value for the entire playback period
of the video, or may divide the playback period imto a
plurality of unit periods, for example, a period of 30 sec-
onds, and calculate the evaluation value for each unit period.

The calculation unit 1112 may perform the imndex calcu-
lation processing based on the video 1dentification informa-
tion 1n addition to the blink data. In this instance, the
calculation umit 1112 specifies the videos viewed by each of
the N users based on the video identification information,
and calculates the index based on the blink timings of the N
users on the common time axis.

Next, the calculation unit 1112 determines whether or not
evaluation values have been calculated for all the combina-
tions of users (step S156). When the calculation unit 1112
determines “NO” 1n step S156, the calculation unit 1112
returns to the processing of the step S151. Then, the calcu-
lation unit 1112 changes the combinations of the two users
to be selected, and calculates the evaluation values (steps
S151~5154). 11 the calculation unit 1112 determines “YES”
in step S156, the calculation unit 1112 ends the index
calculation processing.

10

15

20

25

30

35

40

45

50

55

60

65

26

The random data may be data 1n which interval order of
the blink has not been changed for the user U2 and interval
order of the blink has been changed for the user Ul. The
random data may be data in which interval order of the blink
of two users (e.g., the user Ul and the user U2) selected 1n
the step S151 has been changed.

When the index calculation processing 1s completed, the
output unit 1113 generates and outputs data corresponding to
the calculated evaluation values (steps S16 and S17 1n FIG.
26).

FIG. 32 1s a diagram 1llustrating an example of data output
in step S17. In this case, the output unit 1113 outputs an
evaluation value associated with the time. Specifically, the
output unit 1113 makes the horizontal axis correspond to the
time, and the vertical axis correspond to the evaluation
value. Theretore, the output unit 1113 generates a graph ZG
indicating temporal changes in the evaluation values. The
cvaluation value on the vertical axis indicates, for example,
the mean value of the evaluation values calculated according
to ,C, ways for each unit period. The graph ZG 1s a graph
that quantitatively represents the temporal change of the
evaluation value for the video of N users. For example, the
output unit 1113 calculates the evaluation value for the entire
playing period of the video, for example, the broadcasting
period of the program, but may calculate the evaluation
value for a part of the playing period.

The output unit 1113 may provide moving average of the
evaluation values of the N users. The method of outputting
the data in the step S17 1s not limited. For example, the
method of outputting data may be performed by communi-
cation, printing, or displaying.

Usually, the audience rating of television broadcasting 1s
measured based on the channel selected at each time.
Therefore, 1t 1s i1mpossible to quantitatively understand
whether or not the viewer 1s interested 1n the program being
tuned, and the degree of the interest. On the other hand,
according to the data processing system 1001, the degree of
interest 1 a video can be quantitatively evaluated according
to the timing difference of blinks of a plurality of users. This
evaluation result can be used for analysis of viewing trends,
marketing, efc.

Here, the basis for using the difference 1n the blink timing,
of a plurality of users for objective evaluation of visual
information will be described. The mventors of the present
disclosure performed the verification described below.

The mventors created the following three types of videos
(video 1), (video 2), and (video 3) with 39 university
students as test subjects. Then, the inventors reproduced the
video for test subjects in the order of (video 1):—(video
2):—>(video 3).—(video 1):—=(video 2):—=(video 3):—
(video 1):—=(video 2):—(video 3). The play time of each
video 1s 3 minutes and the total play time of the videos 1s 27
minutes. The inventors of the present disclosure detected the
blink of test subjects for observing these videos.

(Video 1) Shogi game explanation
(Video 2) Soccer game
(Video 3) Television Interview with Idol Singer A

FIG. 33 1s a graph illustrating the frequency distributions
of blinks of 59 test watching a video. As illustrated 1n FIG.
33, the frequency of test subjects blinks ranged from 5 to 50
blinks/min, indicating that there were large diflerences
among individuals. That 1s, 1t 1s diflicult to infer whether the
blink of a certain number of blinks or frequency 1s caused by
observing a video or 1s caused by a characteristic of the blink
of the person.

FIG. 34 1s a graph 1llustrating the temporal variation of the
number ol blinks per minute of test subjects. FIG. 34
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illustrates the average number of test subjects blinks of eight
shogi fans, the average number of test subjects blinks of
nineteen soccer fans, and the average number of test subjects
blinks of eighteen 1dol singers A fans (denoted as “A fans”™
in FIGS. 34, 37 and 38), respectively. Among the 39 test
subject, there were 12 test subjects responded that they were
tans of two or more subjects, shogi and soccer, or soccer and
1idol singer A (denoted as “A” 1 FIGS. 34, 37 and 39) 1n a
preliminary questionnaire. For this reason, the 12 test sub-
jects were excluded from test subjects, which are the fans of
multiple subjects. As illustrated 1n FIG. 34, the number of
blinks tends to change according to the video. However, no
correlations could be identified between the subject of
interest and the number of blinks for each subject. FIG. 35
1s a graph 1illustrating the relationship between the result of
the poll after watching the video and the number of blinks.
As 1llustrated 1 FIG. 35, the correlation between the degree
ol interest 1n the video and the number of blinks could not
be confirmed.

Next, the index calculation processing described above
was used to calculate an evaluation value based on the
timing difference of test subjects blinks. That 1s, two users
selected from 59 test subjects. The processing of calculating
the evaluation value by calculating the timing difference
between the blinks of the two selected users was performed
for all combinations of users (1.e., as 5902 ways) and the
average was calculated. The random data was 1000 ways.

FIG. 36 15 a graph illustrating the calculation result of the
evaluation value according to the present verification. In the
graph 1llustrated in FIG. 36, the horizontal axis corresponds
to the timing difference, the vertical axis corresponds to the
evaluated value. The timing difference 1s represented here by
the values of the bin. FIG. 36 illustrates graphs in which the
time range ol the bin number 1s 150 ms, 200 ms, 250 ms, 300
ms, and 500 ms, respectively. As illustrated 1n FIG. 36, when
the time range of the bin number was any of 150 ms, 200 ms,
250 ms, 300 ms, and 500 ms, it was confirmed that the
appearance frequency was locally increased at the bin num-
ber *““7”” where the timing difference of blinks was treated as
0.

FIG. 37 1s a graph illustrating the results of calculation of
the evaluation values when each video 1s viewed for each
test subject whose object of interest differs. In the graph
illustrated 1n FIG. 37, the horizontal axis corresponds to the
video, the vertical axis corresponds to the evaluation value.
As 1llustrated 1n FIG. 37, 1t can be seen that the evaluation
value of each of shogi, soccer, and 1dol singer A 1s high when
the video of the target of interest 1s observed.

FIG. 38 1s a graph illustrating the relation between the
questionnaire results and the evaluated values after viewing
the respective videos for all test subject. In the graph
illustrated 1n FIG. 38, the horizontal axis corresponds to the
timing difference (the value of the bin), the vertical axis
corresponds to the evaluation value. As illustrated 1n FIG.
38, 1t was found that the degree of increase in the evaluation
value was larger 1n the case of test subject, which felt that the
video was interesting, than in the case of test subject, which
telt that the evaluation value was boring.

FI1G. 39 1s a graph 1llustrating a relationship between the
impression and the evaluation value after watching a video.
In the graph illustrated in FIG. 39, the horizontal axis
corresponds to the degree of interest, the vertical axis
corresponds to the evaluation value. The degree of interest
means that the larger the numerical value i1s, the more
interesting the video 1s. “r” illustrated i FIG. 39 i1s the
correlation coeflicient, and “p™ 1s the probability. Here, for
cach test subject, the evaluation value 1s respectively calcu-
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lated by selecting two persons of test subjects and all other
test subjects, the average value of the calculated evaluation
value 1s the evaluation value of test subjects. Also, 1n this
evaluation value, the higher the number of subjects who are
interested in the video, the higher the value. From the graphs
illustrated 1n FIG. 39, 1t was also found that test subjects
with the impression that the video 1s interesting tend to have
a higher evaluation value.

As a result of the above verifications, the inventors of the
present disclosure were able to obtain the knowledge that the
evaluation value corresponding to the timing difference of
the blinks of a plurality of users becomes the index of the

degree of interest 1n the video.
<Modifications of the Fourth Embodiment>

(1) The calculation unit 1112 may calculate an evaluation
value for each group in which a plurality of users are
classified according to a predetermined rule. The rule 1s a
rule that defines a combination of users to calculate an
cvaluation value. For example, the rule 1s a user attribute.
The user attribute 1s, for example, a gender, an age, a hobby,
a genre ol a favorite video of the user, or a combination
thereof. The user attributes may be attributes of users other
than these attributes. The user attribute may be registered in
advance 1n the server device 1010 and stored 1n the storage
umt 1013. A user of the terminal device 1020 operates the
user interface 1022 to enter the user attributes and store them
in the storage unit 1024. The transmission unit 1212 may
transmit the user attributes to the server device 1010 in
association with the blinking data.

The output unit 1113 may further output the data corre-
sponding to the evaluation values for each of the groups. For
example, the output unit 1113 may output the data corre-
sponding to the evaluation values for each of the user
attributes. FIG. 40 1s a diagram 1llustrating an example of the
data output 1n step S17 of this modification. Here, the output
unmt 1113 outputs the evaluation values associated with the
time for each of the user attributes. In this case, the output
umt 1113 generates graphs G1 to G3 1n which the horizontal
axis corresponds to the time and the vertical axis corre-
sponds to the evaluation value, and the evaluation value
changes with time. For example, the graph G1 indicates an
evaluation value of a user belonging to “Attribute 1”. For
example, the graph G2 indicates an evaluation value of a
user belonging to “Afttribute 2”. For example, the graph G3
indicates an evaluation value of a user belonging to “Aftri-
bute 3”. Therefore, it 1s possible to understand the temporal
change of the evaluation value during watching the video for
cach user attribute.

(2) The output unit 1113 may output the data for speci-
tying a video whose evaluation value satisfies a predeter-
mined condition. For example, the output unit 1113 may
output the data for specilying a video 1 which many users
are interested. The predetermined condition 1n this case 1s,
for example, that the evaluation value exceeds the threshold
or that the evaluation value i1s the maximum among a
plurality of videos. The output unit 1113 may output the data
for specitying a period in which the evaluation value satis-
fies a predetermined condition, among the videos. The
predetermined condition 1n this case is, for example, that the
evaluation value exceeds the threshold or that the evaluation
value 1s the maximum among a plurality of videos.

Fitth Embodiment

In the fifth embodiment, a case 1n which the data pro-
cessing system according to the present disclosure 1s applied
to a data processing system that performs video lectures 1s

described.
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FIG. 41 1s a diagram 1illustrating the overall configuration
of the data processing system 1001 A. The data processing
system 1001A 1ncludes a server device 1010A and a plural-
ity of the terminal device 1020A. The server device 1010A
distributes videos related to lectures such as school lessons,
acquires data indicating the blink timing of a user (1.e., a
student) from each of the plurality of the terminal device
1020A, and evaluates the videos based on the acquired data.
The server device 1010A 1s managed and operated by, for
example, a business person who conducts lectures. The
server device 1010A commumnicates with each of the plural-
ity of the terminal device 1020A via a communication line
NW.

The plurality of the terminal device 1020A 1s used by a
user who views videos related to video lectures. Each of the
plurality of the terminal device 1020A 1s pre-installed 1n a
user’s seat 1040. The terminal device 1020A 1s provided at
a position where a blink of a user who 1s watching a video
can be detected. In FIG. 41, a plurality of terminal devices
1020A are illustrated as the terminal device 1020A-1, 20
A-2, ..., 20 A-N, (N 1s a natural number greater than or
equal to 2). For convenience of explanation, the user of the
terminal device 1020 A-1 (where 1=1=N) will be referred to
below as “user Ui1”.

The hardware configuration of the server device 1010A
and the hardware configuration of the terminal device
1020A may be the same as the hardware configuration of the
server device 1010 and the hardware configuration of ter-
minal device 1020 of the fourth embodiment described
above, respectively. However, the storage unit 1013 of the
server device 1010A may store the video data indicating the
video data when the lecture 1s performed by playing the
video data recorded in advance.

FIG. 42 1s a block diagram illustrating a functional
configuration of the data processing system 1001A. The
control unit 1011 of the server device 1010A executes the
programs 1131 to realize functions corresponding to the
acquisition umt 1111, the calculation unit 1112, the output
unit 1113, and the distribution unit 1114. The distribution
unit 1114 distributes a video to each of the plurality of the
terminal device 1020A via the communication unit 1012.

The control unit 1021 of each of the plurality of the
terminal device 1020 A implements functions corresponding
to the blink detection unit 1211, the transmission unit 1212,
and the reproduction unit 1213 by executing the programs
1241. The reproduction unit 1213 receives a video from the
server device 1010A using the communication unit 1023,
and reproduces the received video. The reproduced video 1s
displayed to the user via the user interface 1022.

Next, the motion of the data processing system 1001A
will be described. FIG. 43 1s a flowchart illustrating pro-
cessing executed by the data processing system 1001A.

The distribution unit 1114 of the server device 1010A
starts distribution of a video relating to the video lecture
(step S21). In the terminal device 1020A, the reproduction
unit 1213 receives the video using the communication unit
1023, and starts reproducing the received video (step S22).
The blink detection unit 1211 causes the 1imaging unit 1025
to start imaging (step S23). The blink detection unit 1211
starts detecting a blink of the user based on the image data
(step S24). Here, the detection of the blink 1s started simul-
taneously with the start of the reproduction of the video, but
may be started before the reproduction of the video. The
algorithm of the blink detection may be the same as that of
the fourth embodiment described above.

The transmission unit 1212 transmits the blink data to the
server device 1010A using the communication unit 1023
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based on the detection result of the blink (step S25). The
timing of the transmission of the blinking data 1s not limaited.
The transmission timing may be, for example, a predeter-
mined timing (e.g., after the end of the video lecture) or a
timing requested by the server device 1010A.

The acquisition unit 1111 of the server device 1010
acquires the blink data from each of the plurality of the
terminal device 1020A (step S26). The calculation unit 1112
performs the index calculation processing based on the blink
data acquired by the acquisition unit 1111 (step S27). The
index calculation processing may be the same as in the
fourth embodiment described above.

The output unit 1113 generates the data corresponding to
the evaluation value and outputs the generated data (steps
S28 and S29). The output unit 1113 outputs the evaluation
value associated with the time. In this case, 1t 1s possible to
specily a scene that attracts particular interest in the video
lecture. The output unit 1113 may output a mean of the
evaluation value for the entire duration of the video lecture.
The output unit 1113 may generate and output the video data
obtained by extracting a scene whose evaluation value
satisfies a predetermined condition (e.g., a scene whose
evaluation value 1s equal to or greater than a threshold). This
makes 1t possible to perform school management such as
analyzing the content of lectures, and preparing and select-
ing educational materials. The output unit 1113 may output
the evaluation value of the mstructor 1n charge of the video
lecture based on the evaluation value. In this case, the output
umt 1113 may output the mstructor and the evaluation value
in association with each other, or may output the nstructor
by ranking according to the evaluation value.

In the present embodiment, when the instructor and the
users Ul to UN are in the same space and the lecture 1s
performed, the control unit 1011 may not have a function
corresponding to the distribution unit 1114. The control unit
1021 may not have a function corresponding to the repro-
duction unit 1213.

The reason why the evaluation value 1s the mndex of the
degree of interest has been described in the fourth embodi-
ment described above. Furthermore, the inventors verified
the visual information as a video relating to the video lecture
of the preliminary school. In this verification, 86 high school
students were regarded as test subjects, and preliminary tests
for solving eight problems handled in video lectures, view-
ing of videos related to video lectures, and post-test were
successively carried out. The post-test 1s a test for solving
cight problems having diflerent conditions such as numbers
from the pre-test.

FIG. 44 1s a graph illustrating the evaluation value 1n
video lectures. In the graph illustrated in FIG. 44, the
horizontal axis corresponds to the timing difference, the
vertical axis corresponds to the evaluated value. As 1illus-
trated i FIG. 44, 1t was confirmed that the frequency of
appearance ol the timing difference within a period of
approximately 0.25 seconds was locally increased.

FIG. 45 1s a graph 1llustrating evaluation values for each
problem. The inventors were able to confirm that the syn-
chronization of the blink timing 1s slightly different between
the problems.

FIG. 46 1s a graph showing the relationship between the
change of the correct and incorrect answers of the problem
and the evaluation value. As illustrated in FIG. 46, the
present mventors were unable to confirm the correlation
between the correct answer rate and the evaluation value.

FIG. 47 1s a graph 1llustrating the relationship between the
correct and 1ncorrect answer of the problem and the evalu-
ation value. As 1illustrated in FIG. 47, The evaluation value
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1s higher 1n the order of the test subject of correct answers
in the preliminary test and the post-test (O—0), the test

subject of correct answers 1n only the post-test (X—0), and
the test subject of 1ncorrect answers 1n the preliminary test
and the post-test (X—=X). It 1s considered that the test subject
who correctly answered 1n the post-test was have recerved
video lectures with more interest than the test subject who
gave the wrong answer. Therefore, 1t can be inferred that the
higher the degree of interest in the video, the higher the
evaluation value tends to be.

Sixth Embodiment

In the sixth embodiment, the case 1n which the terminal
device of the data processing system according to the
present disclosure reproduces a video related to television
broadcasting will be described.

The overall configuration of the data processing system
1001B 1s the same as that of the data processing system 1001
of the fourth embodiment described above. However, the
data processing system 1001B includes a server device
1010B and a plurality of terminal devices 1020B. The
hardware configuration of the server device 1010B and the
hardware configuration of terminal device 1020B may be the
same as the hardware configuration of the server device
1010 and the hardware configuration of the terminal device
1020 of the fourth embodiment described above, respec-
tively.

FIG. 48 1s a block diagram illustrating a functional
configuration of the data processing system 1001B. The
control unit 1011 of the server device 1010B executes the
programs 1131 to realize functions corresponding to the
acquisition umt 1111, the calculation umt 1112, and the
output unit 1113.

The control unit 1021 of each of the plurality of the
terminal devices 1020B implements functions correspond-
ing to the blink detection unit 1211, the transmaission unit
1212, and the reproduction unit 1214 by executing the
program 1241. The reproducing unit 1214 reproduces a
video related to television broadcasting based on the broad-
cast signal received via the communication unit 1023. The
reproduced video 1s displayed to the user via the user
interface 1022.

Next, the motion of the data processing system 1001 waill
be described. FIG. 49 1s a flowchart illustrating processing
executed by the data processing system 1001B.

In the terminal device 1020B, the reproduction unit 1214
receives the broadcast signal using the communication unit
1023, and starts reproduction of a video based on the
received broadcast signal (step S31). The blink detection
unit 1211 causes the imaging unit 10235 to 1mage the user’s
eyes and detects the user’s blinks based on the imaging data
(steps S11 and S12). Here, the detection of the blink 1s
started simultaneously with the start of the reproduction of
the video, but may be started before the reproduction of the
video. The algorithm of the blink detection may be the same
as that of the fourth embodiment described above.

The transmission unit 1212 transmaits the blink data indi-
cating the timing of the user’s blink to the server device
10108 using the communication unit 1023 (step S32). The
transmission unit 1212 may further transmit the video iden-
tification information to the server device 10108 in associa-
tion with the blinking data. The timing of the transmission
of the blinking data 1s not limited. The transmission timing
may be, for example, a predetermined timing (e.g., after the
end of the television program) or a timing at which a request
1s recerved from the server device 10108.
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The acquisition unit 1111 of the server device 10108
acquires the blink data from each of the plurality of the

terminal device devices 1020B. The calculation unit 1112
performs the index calculation processing based on the blink
data acquired by the acquisition unit 1111 (step S15). The
index calculation processing in the present embodiment may
be the same as the index calculation processing in the fourth
embodiment described above. When the terminal device
1020 transmits the video i1dentification information, the
acquisition unit 1111 further acquires the video i1dentification
information. In addition, the calculation unit 1112 may
perform the index calculation processing based on the video
identification information 1n addition to the blink data. The
output unit 1113 generates the data corresponding to the

cvaluation value and outputs the generated data (steps S16
and S17).

Seventh Embodiment

In the fourth to sixth embodiments described above, the
visual information 1s a video. On the other hand, the visual
information of the present embodiment 1s visual information
of the outside world. The visual information 1s, for example,
an 1nstallation such as an advertisement or a traflic sign. The
data processing system of the present disclosure can also be
applied to estimate the degree of interest in the wvisual
information of the outside world.

FIG. 50 1s a diagram 1llustrating the overall configuration
of the data processing system 1001C. The data processing
system 1001C 1ncludes a server device 1010C and a plural-
ity of the terminal devices 1020C. The terminal device
1020C 1s, for example, an in-vehicle device, and 1s 1nstalled
in the vehicle 1050 1n the present embodiment. The terminal
device 1020C may be mtegrated with in-vehicle equipment
such as a car navigation system. The vehicle 1050 1s here a
four-wheeled vehicle (e.g., an automobile), but may also be
a two-wheeled vehicle (e.g., a motorcycle) or another
vehicle. The terminal device 1020C 1s provided at a position

where the blink of a user, for example, a driver, can be
detected. In FIG. 50, the terminal device 1020C-1, 1020

C-2, ..., 1020C-N (where N 1s a natural number of 2 or
more) 1s 1illustrated as a plurality of the terminal device
1020C. For convenience of explanation, a user of the
terminal device 1020C-1 (where 1=1=N) will be referred to
below as “user U1”.

The hardware configuration of the server device 1010C
may be the same as that of the server device 1010 of the
fourth embodiment described above.

FIG. 51 1s a block diagram illustrating the hardware
configuration of the terminal device 1020C. The terminal
device 1020 C diflers from the terminal device 1020 of the
fourth embodiment described above in that 1t has a posi-
tioning unit 1026. The positioning unit 1026 measures the
position of the terminal device 1020C and generates location
information. For example, the positioming unit 1026
includes a reception circuit and antennas for positioning in
a GPS (Global Positioning System) manner. In this case, the
positioning unit 1026 generates a location information
including latitude information and longitude information.
However, the positioming unit 1026 may perform positioning
using methods other than GPS, such as base station posi-
tioning.

FIG. 52 1s a block diagram illustrating a functional
configuration of the data processing system 1001C. The
control unit 1011 of the server device 1010C executes the
programs 1131 to realize functions corresponding to the
acquisition umit 1111, the calculation umt 1112, and the
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output unit 1113. The control umt 1021 of each of the
plurality of the terminal device 1020C implements functions
corresponding to the blink detection umit 1211 and the
transmission unit 1212 by executing the programs 1241. The
transmission unit 1212 transmits the blink data indicating
the blink timing and the location information indicating the
position of the terminal device 1020C when the blink 1s
detected to the server device 1010C. The calculation unit
1112 calculates an evaluation value for each position at
which a plurality of users blink. The output unit 1113 outputs
the data corresponding to the evaluated data 1n association
with the position.

Next, the processing of the data processing system 1001C
will be described. FIG. 53 1s a flowchart illustrating pro-
cessing executed by the data processing system 1001C.

The positioning unit 1026 starts positioning (step S41).
The blink detection unit 1211 causes the imaging unit 10235
to 1mage, and detects the blink of the user (steps S42 and
S43). For example, the blink detection unit 1211 detects the
blink of the user while the vehicle 1050 running or while the
vehicle navigation device 1s being used.

The transmission unit 1212 associates the location infor-
mation generated by the positioning unit 1026 with the blink
data indicating the timing of the user’s blink, and transmits
them to the server device 1010C using the communication
unit 1023 (step S44). For example, the blink data indicates
the timing of the blink on the time axis at which the time
when the terminal device 1020C (1.e., the vehicle 1050)
enters a certain region 1s set as the starting point of the blink
data. The location information and the blink data may be
transmitted at any timings. For example, the transmission
timing may be a predetermined timing (e.g., every prede-
termined period) or a timing at which a request 1s recerved
from the server device 1010C.

The acquisition unit 1111 of the server device 1010C
acquires the location information and the blink data from
cach of the plurality of terminal devices 1020C (step S45).
The calculation unit 1112 performs the index calculation
processing based on the blink data acquired by the acquisi-
tion unit 1111 (step S46). In the present embodiment, the
calculation unit 1112 calculates an evaluation value based on
a timing difference of blink of a plurality of users according
to positions.

FIG. 54 1s a diagram 1illustrating processing executed by
the data processing system 1001C. As illustrated in FIG. 54,
the calculation unmit 1112 calculates an evaluation value
based on, for example, a detection result of blinks of a
plurality of users within a predetermined region Y. This
makes 1t possible to evaluate the degree of the interest about
whether the visual information which the user interest 1s
high exists within the region Y1, which can be observed
from the region Y. The positions and ranges of the region Y
and Y1 may be predetermined. The region Y may be
determined with reference to the position of a user.

The output unit 1113 generates the data corresponding to
the evaluation value and outputs the generated data (steps
S47 and S48). As illustrated in FIG. 55, for example, the
output unit 1113 outputs the data DO which associates
location information with an evaluation value. As a result, 1t
1s possible to understand that the location of the visual
information that the user 1s interested i during riding the
vehicle 1050. For example, i1 the degree of the interest level
to the signboard B 1s high, the evaluation value associated
with location information indicating the position in the
region Y will be high. Therelfore, the advertising effect of the
signboard B can be quantitatively grasped. The positions
with high evaluation values may have causes of obstruction
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of tratlic. Therefore, the evaluation value can also be used
for grasping the cause. If the evaluation value 1s low 1n a
region where advertisements or tratlic signs can be observed,
it can also be used to review the 1nstallation location. The
output unit 1113 may provide information according to the
location mformation and the evaluation value to a user who
1s an occupant (here, a driver) of the vehicle 1050. For
example, the output unit 1113 associates the position infor-
mation indicating the position of the vehicle 1050 with the
evaluation value, and stores the evaluation value in the
storage unit 1013. Then, the output unit 1113 identifies a
target in which a plurality of users are interested based on the
correlation between the evaluation value stored 1n the stor-
age unit 1013 and the location information, and transmits the
information corresponding to the target to the terminal
device 1020C. In this case, the output unit 1113 may specity
the terminal device 1020C of the vehicle 1050 existing at the
position corresponding to the target vehicle as the destina-
tion. For example, 11 it 1s found that a plurality of users are
focusing on the same store (e.g., a convenience store), the
output unit 1113 transmits the imnformation about the store
(e.g., store mformation and contents exemplified by cou-
pons) to the terminal device 1020C of the vehicles 10350
present 1n the vicinity of the store. This allows other users to
share information about the target of the interest from a
plurality of users.

The calculation unit 1112 may generate a group of users
to be used for the calculation of the evaluation value based
on the blink data of the plurality of users and the visual line
direction of the plurality of users. The control unit 1011, for
example, based on the 1maging data of the imaging unit
1025, detects the visual line direction of the user. The
plurality of users whose positions and visual line directions
are comncident or similar may be observing the same visual
information. Therefore, by using the blink data and the
visual line direction in combination, a plurality of users who
observe the same visual information can be easily classified
into the same group. As a result, as illustrated 1n FIG. 36, 1t
can also be inferred that the visual data that attracts the
user’s interest exists in region Y2 that 1s narrower than
region Y1.
|[Modification]

The present disclosure 1s not limited to the above-de-
scribed embodiments, and can be appropriately modified
within a range not departing from the spirit thereof. The
following modifications can be applied to the configurations
of the fifth to seventh embodiments unless otherwise speci-
fied.

(1) The wvisual information may not be a video. For
example, the visual information may be contents including
visually recognizable information, such as letters, graphics,
photographs, etc. such as news articles. The visual informa-
tion 1n this case, for example, the mmformation that can be
recognized through the vision changes according to the
operation of the user. In this variant, the calculation unit
1112, based on the visual information displayed on the
terminal device 1020 and the blink detected during display-
ing the visual information, the calculation unit 1112 calcu-
lates the evaluation value for the visual imformation. This
allows content providers to understand the degree of interest
in content based on their evaluation values.

(2) When the user 1s imaged by the imaging unit 1025, the
user may feel resistance to 1t. Therefore, a member that
prevents the imaging unit 10235 from being visually recog-
nized by the user may be provided. FIG. 57 i1s a schematic
front view of the imaging unit 1025 according to this
modification. In this embodiment, the one-way mirror 1060
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1s provided so as to cover the imaging lens 1251 provided on
the 1maging unit 1025. The one-way mirror 1060 1s a
member that transmits light from the user side to the imaging
lens 1251, but does not transmit light from the imaging lens
1251 side to the user side. This reduces the resistance feeling
ol the user.

(3) In the embodiment described above, the blink is
detected based on the imaging data of the imaging umt 1025,
but other methods may be used. As illustrated 1n FIG. 58, for
example, the terminal device 1020 may detect blinks using
a non-contact sensor 1027, such as a radio sensor (e.g., a 4
GHz radio sensor module), an infrared sensor, a Doppler
sensor, 1n place of the imaging unit 1025. It the terminal
device 1020 1s a terminal device installed on the face or the
head of a user, such as a spectacle-type wearable computer,
the sensor 1027 may be a sensor that detects blink based on
the motion of muscle strength, etc.

(4) In the embodiment described above, the terminal
device 1020 detects a blink, but 1t may be executed by the
server device 1010. FIG. 59 1s a block diagram illustrating
a functional configuration of a data processing system
according to this modification. In the terminal device 1020,
the transmission unit 1212 transmits the imaging data of the
imaging unit 1025 to the server device 1010 using the
communication unit 1023. In the server device 1010, the
control umt 1011 realizes functions corresponding to the
acquisition unit 1111, the blink detection unit 1115, the
calculation unit 1112, and the output unit 1113. The acquir-
ing unit 1111 acquires the imaging data from the terminal
device 1020. The imaging data 1s a data indicating the blink
timing by the user. The blink detection unit 1115 detects t

he
blink of the user based on the imaging data acquired by the
acquisition unit 1111.

FIG. 60 1s a flowchart 1llustrating a processing performed
by the data processing system 1001. In the terminal device
1020, the transmission unit 1212 transmits the 1imaging data
obtained by the image capturing to the server device 1010
using the communication unit 1023 (steps S11 and S351). The
acquisition umt 1111 of the server device 1010 acquires the
imaging data as the data indicating blink timing by the user
(step S52). The blink detection unit 1115 detects a blink of
the user based on the acquired imaging data (step S33). The
calculation unit 1112 performs the index calculation pro-
cessing based on the blink data corresponding to the detec-
tion result of the blink detection unit 1115 (step S15). The
output umt 1113 generates and outputs the data correspond-
ing to the calculated evaluation values (steps S16 and S17).

A the s described above, the data indicating the timing of
the blink of the user acquired by acquisition umt 1111 may
be the blink data described above, or may be the data for
specilying the blink data exemplified by the imaging data.

(5) The calculation method of the evaluation value of the
calculation unit 1112 of the embodiment described above 1s
merely an example. For example, the calculation unit 1112
may count the number of blinks 1n time series and calculate
the evaluation value based on the number of blinks in a
specific period (scene). In this case, the calculation unit 1112
calculates an evaluation value indicating that the degree of
interest 1 the visual information 1s higher in the period 1n
which the number of blinks of the plurality of users 1s larger.
This 1s because 1t 1s considered that the timing difference of
blink 1s smaller 1n the period 1n which the number of blinks
of the plurality of users 1s larger than 1n other periods.

In short, as illustrated in FIG. 61, the data processing
device according to the present disclosure may include an
acquisition unit 1101 configured to acquire data indicating
blink timing of a user, a calculation unit 1102 configured to
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calculate index according to the synchronization degree of
the blink timing of a plurality of users based on the differ-
ence 1n the blink timing of the plurality of users, and an
output unit 1103 configured to output data according to the
index.

(6) The functions realized by the control unit 1011 of the
servers 1010, 1010A, 10108, and 1010C and the terminal
device 1020, 1020A, 1020B, and 1020C may be realized by
combinations of a plurality of programs or by coordination
of a plurality of hardware resources. When the functions of
the control unit 1011 or the control unit 1021 are realized
using a program, a program 1131 or a program 1241 for
executing this function may be provided in a state stored 1n
a computer-readable recording medium such as various
magnetic recording media, optical recording media, optical
magnetic recording media, semiconductor memory, etc. The

program may be distributed over a network. The present

disclosure can also be understood as a data processing
method.

What 1s claimed 1s:

1. A processing device comprising:

a memory configured to store executable instructions; and
processing circuitry Conﬁgured to execute the executable
instructions stored in the memory to thereby realize:

a {irst acquisition unit configured to acquire a timing of a
blink motion performed by a dialogue device, the
timing of the blink motion being data, that controls the
timing of the blink motion performed by the dialogue
device, stored 1n the memory;

a second acquisition unit configured to acquire a blink
timing by a user performing a dialogue with the dia-
logue device, the blink timing by the user being data
related to times when the user blinks, detected using
image data generated by an imaging unit, arranged 1n
time order; and

a processing unit configured to perform data processing
according to a difference between the timing of the
blink motion performed by the dialogue device and the
blink timing by the user,

wherein the processing unit causes the dialogue device to
perform dialogue data processing to change dialogue
content according to the difference between the timing
of the blink motion performed by the dialogue device
and the blink timing by the user.

2. The preeessmg device according to claim 1, wherein

the processing unit performs the dialogue processing
according to index based on the difference.

3. The processing device according to claim 1, wherein

the processing unit performs the dialogue processing
according to a degree, and

the degree indicates how much the blink timing by the
user 1s 1ncluded 1n a predetermined period based on the
timing of the blink motion.

4. The processing device according to claim 3, wherein

the predetermined period includes a time range of £500
milliseconds or less based on the timing of the blink
motion performed by the dialogue device.

5. The processing device according to claim 3, wherein

the processing unit performs the dialogue processing
according to a first diflerence between the blink timing
by the user and the timing of the blink motion per-
formed by the dialogue device, the first difference bemg
arranged 1n time order on a predetermined time axis,
and a second difference between the blink timing by the
user and the timing of the blink motion performed by
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the dialogue device when the order of at least one of the
blink of the user and the blink motion 1s changed on the
predetermined time axis.

6. The processing device according to claim 1, wherein

the processing unit outputs evaluation data according to
the diflerence 1n association with an identifier of the
dialogue device.

7. The processing device according to claim 1, wherein

the processing circuitry 1s configured to execute the
executable 1nstructions stored 1n the memory to further
realize an environment information acquisition unit
configured to acquire environment information includ-
ing mformation indicating a peripheral environment of
the dialog device, and

a blink motion control unit configured to cause the
dialogue device to perform the blink motion at a first
timing according to the environment information.

8. The processing device according to claim 7, wherein

the processing circuitry 1s configured to execute the
executable 1nstructions stored 1n the memory to further
realize a storage control unit configured to

store data associating the blink timing by the user with the
peripheral environment 1n a storage device, and

the blink motion control unit sets the first timing to timing
according to data accumulated 1n the storage device and
the environment information.

9. The processing device according to claim 8, wherein

the blink motion control unit further causes the dialogue
device to perform the blink motion at a second timing
different from the first timing.

10. The processing device according to claim 1, further

comprising:

an eyelid unit corresponding to an eyelid that performs the
blink motion; wherein

the processing circuitry 1s configured to execute the
executable 1nstructions stored 1n the memory to further
realize a blink motion control unit configured to control
the blink motion performed by the eyelid unit by
opening and closing the eyelid unit, and

the first acquisition unit acquires the timing of the blink
motion performed by the eyelid unit.

11. The processing device according to claim 1, further

comprising;

a display unit configured to display an object that per-

forms the blink motion; wherein
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the processing circuitry 1s configured to execute the
executable 1nstructions stored 1n the memory to further
realize a blink motion control unit configured to control
the blink motion performed by the object displayed on
the display unit, and

the first acquisition unmt acquires the timing of the blink
motion performed by the object.

12. A processing method comprising:

acquiring a timing of a blink motion performed by a
dialogue device, the timing of the blink motion being
data, that controls the timing of the blink motion
performed by the dialogue device, stored in a memory;

acquiring a blink timing by a user performing a dialogue
with the dialogue device, the blink timing by the user
being data related to times when the user blinks,
detected using image data generated by an 1maging
unit, arranged 1n time order; and

performing data processing according to a difference
between the timing of the blink motion performed by
the dialogue device and the blink timing by the user,

wherein performing the data processing includes performs-
ing dialogue data processing to change dialogue con-
tent according to the difference between the timing of
the blink motion performed by the dialogue device and
the blink timing by the user.

13. A non-transitory computer readable storage medium

storing program for causing a computer to execute:

acquiring a timing of a blink motion performed by a
dialogue device, the timing of the blink motion being
data, that controls the timing of the blink motion
performed by the dialogue device, stored in a memory;

acquiring a blink timing by a user performing a dialogue
with the dialogue device, the blink timing by the user
being data related to times when the user blinks,
detected using 1image data generated by an 1maging
unit, arranged in time order; and

performing data processing according to a difference
between the timing of the blink motion performed by
the dialogue device and the blink timing by the user,

wherein performing the data processing includes performs-
ing dialogue data processing to change dialogue con-
tent according to the difference between the timing of
the blink motion performed by the dialogue device and
the blink timing by the user.
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