US 20170105662A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2017/0105662 A1

SILAWAN et al. 43) Pub. Date: Apr. 20, 2017
(34) EMOTION ESTIMATING METHOD, AG61B 5/00 (2006.01)
EMOTION ESTIMATING APPARATUS, AND A61B 5/08 (2006.01)
RECORDING MEDIUM STORING AG6IB 5/145 (2006.01)
PROGRAM A61B 5/11 (2006.01)
AG6IB 5/053 (2006.01)
(71) Applicant: Panasonic Intellectual Property A61B 5/16 (2006.01)
Corporation of Ame, Torrance, CA A61B 5/021 (2006.01)
(Us) (52) US. CL
. CPC ............ A61B 5/1171 (2016.02); A61IB 5/165
KOICHI KUSUKAME, Nara (JP); 30476 (2013.01); A61B 5/026 (2013.01);
SHINJI UCHIDA, Osaka (JP); AGIB 5/021 (2013.01); AGIB 5/02108
SHINICHI SHIKIL, Nara (JP); AKI (2013.01); A6IB 5/0816 (2013.01); A61B
YONEDA, Hyogo (JP); TATSUO 5/14542 (2013.01); A61B 5/11 (2013.01);
ITOH, Osaka (JP) AGIB 5/053 (2013.01); A6IB 5/4803
(1) Appl. No.: 15/288,866 (2013.01); GI0OL 25/63 (2013.01)
(22) Filed:  Oct.7, 2016 (7) ABSTRACT
Related U.S. Application Data An emotion estimating method includes: acquiring first data
. o and second data from the subject, the first data correspond-
(60) Provisional application No. 62/241,374, filed on Oct. ing to physiology data, and the second data corresponding to
14, 2015. one of physiology data different from the first data and
. L L non-physiology data; calculating a first value and a second
(30) Foreign Application Priority Data value based on the acquired first data and second data, the
first value indicating a degree of arousal of the subject and
Feb. 18,2016  (JP) wrocevericecrcrcrcenne 2016-029363 the second value indicating a degree of valence of the
. . o e subject; estimating the emotion of the subject, by using the
Publication Classification calculated first value and second value and based on a
(51) Int. CL predetermined association of people’s emotions with a
A61B 5/1171 (2006.01) degree of arousal and a degree of valence of the people, the
A61B 5/0205 (2006.01) predetermined association being pre-stored in a memory;
A61B 5/0476 (2006.01) and outputting information indicating the estimated emo-
AG6IB 5/026 (2006.01) tion.
o
20 30 40
y ——————== N S e =
| ACQURER| | 31 ESTUATOR || OUTPUTTER |
|
| 21| [AROUSALCOMPONENT <38 FLI
-] |DATAACQUIRER] Aj 11| ARAIETER ESTMATOR || i |
i 2 | 4wl PARMMETER] | | | |
¥ : ~ } | PR ; I | |
-™{DATAACQUIRER || | |!~ [VALENCE-COMPONENT| | 36 | } }
i |1l CALCULATOR 35! | |
| ; | el PARAMETER | i |
| S/ ¥ | |
| } ~ I I ¥ o3 I | I
i biewy T i i |
-+#= DATA ACQUIRER — I I L-1 CORRECTCR }-------- ! N |
| : ' | |
| | |



Patent Application Publication  Apr. 20,2017 Sheet 1 of 24 US 2017/0105662 A1

FIG. 1
Arousal Level
Arousal
AA d
Fear rouse
Angry Surprised
itated Happy | Valence Level
Unpleasant Neutral . Pleasant
(Negative) (Positive)
Sad
Boring Relaxed
Drowsy
Slegpiness
FIG. 2
10
f_/
" " EMOTION ESTIMATING
_ H APPARATUS
CPU MEMORY
¢ 13 14 ¢ 15
= DISPLA§(J OPERATI6N/
SENfOR DEVICE | | INPUTIF

U



US 2017/0105662 A1

Patent Application Publication

_I ||||||| ] _I ||||||||||||||||||| e |
[T |
| | | oo | HOLORWOD -~ | RINDOY YLV
2 _ s e I
S | _ | = REEEE -t : |
5 | i (196 worvinotwo L |
7 | R @% m Hzm%%oomozﬂg m _ _4mmm_3oo<<zoL_
= | ] : | CE m
= | 1| [ I |
s | || uoLvILS3 A SFENEVE (=1 | 1y Pymuinooy vival
= | [ UNAVIdSIO == NOLOWS [<[VE_ S01vInoT AOOTOISAH [~
2 e e INNONOOIYSIodY] |11 7> |
| ¥31LNdLNO | | MOLYWILS3 T | | ¥3INOOY |
_|\|.\| ||||| = T T T T
oF 0¢ 0¢
0l
€ Old

RN ——
R T DD |
1



Patent Application Publication  Apr. 20,2017 Sheet 3 of 24 US 2017/0105662 A1

FIG. 4
/go
33
f_/
31 THROUSH (EVELAR EMOTION ESTIMATOR
AROUSALOOMPONENT| [ | | ESTMATEEMOTION |
CALCULATOR | |
| AROUSHLLEVEL i
| HAPPY |
I_ ___________________ | : mk :
32 { VALENCELEVELVA | | JVALENCE |
T T | VA" LEVEL
VALENCE-COMPONENT ; N K/ :
CALCULATOR ; ;
FIG. 5
14
/_/
51 53
FACIAL COLOR EMOTION.
(PHYSIOLOGY DATA) ARQUSED
A HAPPY
FACIAL EXPRESSION:
N UNPLEASANT PLEASANT
SLEEPINESS




US 2017/0105662 A1

_ 1
| a
| N
| N
| N
3 | |
= | |
< | | |
5 |
53 _ | _
2 | HOLYINOTY) YFAINDOY YLYG
% | | INENOANOD3ONETHA [T T " [ASOTOSAHANON
= | R vze~ o vee?
g | | |
: | [ yovmisy | HOLYINO YD | [ y3wnoov viva
& I e NOTLOW ININOJNODTWSRoRY [T | AS0TOISAH:
W oge” Vg~ o vizT
| 43LLNALNO 11 yoLymILS3 | 43anooy
.|\|I\| ||||||| \lLl ||||||||||||||||||| Ul |||||||
o woe w0z
ol 9Ol

Patent Application Publication



US 2017/0105662 A1

Apr. 20,2017 Sheet 5 of 24

Patent Application Publication

Ly~

| 3LLNdLN0
Bmno
07

N

a0l

LINNAVISI] |e————]  dOLVILLSS

|||||||||| irr
|| [—— IR
N | ¥OYINOTYO || ¥3MINDOvYLYa
| | | INSNOJWOO-3ONT A ATTW_ T AS0T0ISAH-NON
B | gz~ _ _ | |gee”
| ] _ _
| ¥0IVINOTY) |
| | | LININOIWOO-JONI WA [~ 1
_ B ||
_ _ et || _
i T i
HOLYINOVO |
| " ANaNOHOO TvSONY [~ 1Y
| _me | | |
|
HOLYINOYO | gl || ] HAMINDOYYLva
B NOILOI3 ([ LNBNOWOT-TYSNONY [ =T AD0T0ISAHd
1 gee” lvie” R E-TF
| 1€ |
| _moz_\,_:wm I | _mm%oﬁ
o s
g0¢ 80z
L Old



US 2017/0105662 A1

Apr. 20,2017 Sheet 6 of 24

Patent Application Publication

e - ‘ 401¥IN0IYD
.............................. o v’ + € con T 7 |LNINOGWOOFONI VA
- CVAX 04+ TVA X € 7 >H_.__m<_._m_m mmm\m\
\ / L maimonawado A EAIINEWA Y s
3] =T i FOVINVEIHOEM = ;i LNENOGIOT TN Wi
SANE Y AT yge
AddvH ¥ | LIYA 13N 1 3ONTTVA!
T “ 401¥IN0IVD
ATIVENOEY 2+ 1 cwv 7 ININOJOO TYSNOYY
NOLLOWIILVWILST e CHV X T/ T TV X m ﬂ--.m.g.ﬁj._m«_ﬂ.m:-m e
.............................. P 1337 T¥SNOYY 40 || 1Y 3] I¥SN0dY | SOLVINO Y0
S 2= = A AE i L S ;i ININOJIOD-T¥SNOYY
HOLVILST NOLLOWS TR ey
afe 4 LY AT 1 1SN0V
g0¢
8 9Old




US 2017/0105662 A1
|
|
|
|
|
|
|
|
|
|

-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

_l

1
|
|
|
|
|
|
|
|

_ i . I
| | 1 HOLYINOTYO || 434INDOV ¥L¥d
| | " LNNOAHO 30N WA ~T " |A0T0ISAHANON
| B | gz o aee”
3 | | [ wovmnowo ol [usummovvive
= | | T LNINOJNOI3ONI WA [T [ASOTORAHANON
~ = | | =
3 | i e e
% | || e 4_ |
= | | [ womowd |1l [u3unoovviva
S | | " IN3NOJHOO-T¥SNOYY [~ 71T~ | AD0TOISARd
> | | _m;s | | | Q1724
=5 _ _
= . HOLYWILS3 HOLYINOTD | 434INDOY Y1¥0
_ | LINA AY1dSIO . === NOILOW3 N LNENOJNOO TYSNONY [ T T T |_AO0TOISAR
2 | T 1 gee” lvie” b v’
s _ | ] \o~___ _ _ _
ke 4311NdLNO | | HOLYWILS3 || 43uIn0oY
= L~ T S~ L~
£ 0 g0¢ 002
2
E A :
.IW 301 6 9Old
-
E
=
=™



US 2017/0105662 A1

Apr. 20,2017 Sheet 8 of 24

Patent Application Publication

NOLLYIWYOAN| SINIOd IHNLY34 40

TIAT13ONTTVA NOISSIUAXT T¥IO¥4  NOILYWHOANI NOILISOd
_| ||||| TN -~

I
| | JOLYINOTYO NEEIE] YOLOVIL
| | ININOWOOJONTTVA [ NOISSTHAXT TWiov4 [ |INIO FdNiva4
| I ace-” __ 69—~ 79~
| I

1IN JOLVINIIS3 JOLYINOTYO [ 93dInooy L.
| Lav1asia [™H] "NOLLONZ [7] LNaNOdHoOTvShosy [l Ly38IavaH IZATYNY VadivO [
| e~ aie” __ €9~ 29~ 19~
[43LLNALNO  |j HOLYNILS3 | 43N0 |
— \ll\l - - - — - - 7 - — — - \||\| 2
0 aoe ade
AT WSNOYY LYY L4YaH VLY JONYNINNT  ¥1¥Q FOYNI-ONIAOK
A SIS INIL
i
Ol Ol




Patent Application Publication  Apr. 20,2017 Sheet 9 of 24 US 2017/0105662 A1

FIG. 11
'/\1/0
START
e St
I ACQUIRE PHYSIOLOGY DATA I
o v 5102 |
- ADJUST PARAMETER 34 |
_____________________________________ |
| ! L8103 |
| CALCULATE AROUSAL LEVEL J|
R | oST0d | 82
| ACQUIRE PHYSIOLOGY DATA F’
I OR NON-PHYSIOLOGY DATA I
o v 5105 |
L ADIUSTRARAIETERS |
| | 5106 |
I CALCULATE VALENCE LEVEL |
T o 5107
IDIUSTRARAWETER® |
! 5108

ESTIMATE EMOTION OF SUBJECT U, BASED
ON AROUSAL LEVEL AND VALENCE LEVEL

v 5109
OUTPUT ENOTION OF SUBJECT U

END



Patent Application Publication  Apr. 20,2017 Sheet 10 of 24  US 2017/0105662 A1

FIG. 12

Selection of Sensor or Data Type

(Sensor) (Data Type)
Facial Cdor ~ J~1122A

HeatRele 11228122
Blood Pressure ]v-122C

121912184 Wioophone
121C \/{ Infrared Camera }

[ Touch ]
)

Facial Expression

o N e Y e N e N e S

]
Voice ]




Patent Application Publication  Apr. 20,2017 Sheet 11 of 24  US 2017/0105662 A1

FIG. 13
14
Selection of Qutput Information
(For General User) (For Developer)

(131 A\W/E/mgti/qn ///// Special Output 1 }/-1 32A

131B \f%//(réﬂéeﬂ/(férﬁﬁén/e/n/t% Special Qutput 2 }/-1 32B 3132
B 131C \% Valence Component% Special Output 3 }/-1 32C

131D \/{ Happy Level r ]




Patent Application Publication

Apr. 20,2017 Sheet 12 of 24  US 2017/0105662 A1
FIG. 14
14
Setting of Sensor
. Touch-Type 141
Sensor Type: Hearthen) Sensor
Hardware State: Connected Stale 142
1143
Relabiy: housalLevel | 70% | | Adust {144
Valence Level 65% [Adjust j
) )
( (
145 146
FIG. 15
A4
Adjustment of Sensor Reliability
152 /151 153
Arousal Level: ?} 70%
156

Valence Level:

{; 65%
)
\

155 154



Patent Application Publication  Apr. 20,2017 Sheet 13 of 24

FIG. 16

US 2017/0105662 A1

4

Setting of Calculation Expression for Special Qutput 1

Output = ...

161

162

-1 x| /7 |i vV ||Powerofy

arctan exp 1fy

Enter

~163




Patent Application Publication  Apr. 20,2017 Sheet 14 of 24  US 2017/0105662 A1

FIG. 17

4

Calculation Expression for Special Qutput 1

Format 1

Output = €, + 8,(AR = ¢! + 8,(AR - C,)? + ... a (AR - )"
+ b (VA-d) +b(VA-d) + ... b(VA-d)

Format 2
Qutput = ...

Format N
Qutput = ...




Patent Application Publication  Apr. 20,2017 Sheet 15 of 24  US 2017/0105662 A1

FIG. 18

Setting of Emotion to be Qutput

181417 Qutput Happy Level” / Output Sadness Level

182w[ Output Surprised Level Output Boring Level

183«{ Output Angry Level Output Relaxed Level

Qutput Fear Level Output Drowsy Level

Quiput Imitated Level Output Arousal Level

: Qutput Romantic Level Qutput Sexy Fegling

FIG. 19
4

Setting of Facial Expression

Happy Level: V////%/I-/Iap/py/%///%\/-1 91
[ Delghed 1192
Joyous ]\/*1 93
Pleased 194




Patent Application Publication  Apr. 20,2017 Sheet 16 of 24  US 2017/0105662 A1

FIG. 20
14
/_/
Selection for Input 203 Selection for Qutput
f 7,
. Facdl Color | housal Level 205 204
? Aroused »~
201 206
| 00 Valence Level
Facial Expression Unpleasant Pleasant
Sle;-;ﬂ]ess
FIG. 21
14
/_/
Selection for Input Selection for Qutput
Facial Color Arousal Level~215 214
=Y Aroused e 216
. 212 13 Valence (ovel
. Facial 538 B
ression ( @ Unpleasant — - Pleasant
Sleepingss




Patent Application Publication  Apr. 20,2017 Sheet 17 of 24  US 2017/0105662 A1

FIG. 22

14
/_/
Selection for Output

226~ housd Level] 7 Emolion " 1~ 228

Selection for Input

(7 Z
7 acial Colo

223

[
Z 225 Aroused
221 e A Happy —~ 1229
,2/22 224 Vdence Level4 227
%ﬁacia[% Unpleasant Pleasant
Expression @
Sleepiness
FIG. 23
14
/_J
Selection for Input Selection for Qutput
Fae oo Pioisdlleel) [ Emoton
Aroused
A
ldence [eve /
Facial Unpleasant Pleasant
Expression”” @
Sleepiness
Adjustment of Reiiabilty of Input Data 930 231943
Reliabilty of Facial Color: 70% -
Relabilty of Facial Expression: g} 55% |1
]

235 234



Patent Application Publication  Apr. 20,2017 Sheet 18 of 24  US 2017/0105662 A1

FIG. 24
14
/_J
Selection for Input Selection for Qutput
Fai Io housal Level 4 Emotion
J Aroused
A
\ dence Level7
Facial Expression Unpleasant 1> Ploagant
Sleepiness
FIG. 25
14
f_/
Selection for Input 252 Selection for Output
= 7
Heathes! / housal Leve 7 | Emotion
) Aroused
251 (\/\N\ A
\ Naence Level’
Facia[ Unpleasant Pleasant
Expression 77 @
Sleepiness




Patent Application Publication  Apr. 20,2017 Sheet 19 of 24  US 2017/0105662 A1

FIG. 26A

14
/_/

Selection for Input Selection for Qutput

% ;
Arousal Leve | Emotion
Y,

Aroused
A

(2717,
Facial Colo

%
Valence Level
%

261 263
%Voice % >>>>> Unpleasant Pleasant
262 .
i S
it “ | 204 eepiness
Representation
FIG. 26B
14
,_/
Selection for Input 266 Selection for Output
/_/

Aroused
A

% 1 -
Heartbeat . (\/\/V\ Arousal Leve | Emotion

265

( 261 1263
>>>>> Unpleasant
262

it 1%4,;,44]4(26,4 Sleepiness
Representation’

%
Valence Level
%

4> Pleasant




Patent Application Publication  Apr. 20,2017 Sheet 20 of 24  US 2017/0105662 A1

FIG. 27
4
Registration of Subject Information
Minimum: Maximum:
Nationaltty: | | Blood Pressure: | 60 120
Gender: Skin Color. [/
Age: | 33 | Chronic Disease:
Average Heart Rate; | 70
FIG. 28
4
Registration of Face of Subject
4 | @ Average 20 282
281 g \ Heart Rate:
Average 283
Respiratior%J Rate; | 0-88 d

. For face registration, please
i # make a normal facial expression.

J Enter 284




Patent Application Publication  Apr. 20,2017 Sheet 21 of 24  US 2017/0105662 A1
FIG. 29
14
Registration of Face of Subject 292
4 ! @ For face registration, please
make an angry facial expression.
Enter 1 293
( Example \
294
~
B
by
/N
" J

FIG. 30

14

301+,

Selection of Area for Facial-Expression Detection

303302A 028 s0c

304




Patent Application Publication  Apr. 20,2017 Sheet 22 of 24  US 2017/0105662 A1

FIG. 31

14

Selection of Area for Facial-Expression Detection

s i @ 302A 303 302B 3000
311

Enter 304

W,




Patent Application Publication  Apr. 20,2017 Sheet 23 of 24  US 2017/0105662 A1

Wrinkle Mode

FIG. 32

J

Wrinkle Mode Selection
[ Non Wrinkle Mode




Patent Application Publication  Apr. 20,2017 Sheet 24 of 24  US 2017/0105662 A1
FIG. 33
10E
/_/
y 9 EMOTION ESTIMATING
_ _ APPARATUS
CPU MEMORY
# 16 ¢ 14 # 15
Yot — ~
SENSOR | | DISPLAY | | OPERATION
INPLAT IF DEVICE INPUT IF
17
SENSOR [~
A

U



US 2017/0105662 A1

EMOTION ESTIMATING METHOD,
EMOTION ESTIMATING APPARATUS, AND
RECORDING MEDIUM STORING

PROGRAM
BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure relates to an emotion esti-

mating method, an emotion estimating apparatus, and a
recording medium storing a program.

[0003] 2. Description of the Related Art

[0004] Japanese Patent No. 5768667 discloses an analyz-
ing apparatus that evaluates, based on a person’s facial
expression or the like acquired by a sensor, information
indicating a possibility that the facial expression or the like
is a natural expression of the emotion of the person.

SUMMARY

[0005] Inone general aspect, the techniques disclosed here
feature an emotion estimating method for an emotion esti-
mating apparatus for estimating an emotion of a subject. The
emotion estimating method includes: acquiring first data and
second data from the subject, the first data corresponding to
physiology data, and the second data corresponding to one
of physiology data different from the first data and non-
physiology data; calculating a first value and a second value
based on the acquired first data and second data, the first
value indicating a degree of arousal of the subject and the
second value indicating a degree of valence of the subject;
estimating the emotion of the subject, by using the calcu-
lated first value and second value and based on a predeter-
mined association of people’s emotions with a degree of
arousal and a degree of valence of the people, the predeter-
mined association being pre-stored in a memory; and out-
putting information indicating the estimated emotion.
[0006] In the emotion estimating method in the present
disclosure, it is possible to estimate various emotions felt by
a person.

[0007] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a computer-readable
storage medium such as a compact disc read-only memory
(CD-ROM), or any selective combination thereof.

[0008] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a diagram illustrating one example of a
two-dimensional model of human emotions;

[0010] FIG. 2 is a block diagram illustrating the hardware
configuration of an emotion estimating apparatus according
to an embodiment;

[0011] FIG. 3 is a block diagram illustrating the functional
configuration of the emotion estimating apparatus according
to the embodiment;

[0012] FIG. 4 is a schematic diagram illustrating an emo-
tion estimating method executed by the emotion estimating
apparatus according to the embodiment;

Apr. 20,2017

[0013] FIG. 5 is a schematic diagram illustrating an emo-
tion output method executed by the emotion estimating
apparatus according to the embodiment;

[0014] FIG. 6 is a block diagram illustrating a first specific
example of the functional configuration of the emotion
estimating apparatus according to the embodiment;

[0015] FIG. 7 is a block diagram illustrating a second
specific example of the functional configuration of the
emotion estimating apparatus according to the embodiment;
[0016] FIG. 8 is a block diagram illustrating emotion
estimation processing in the second specific example of the
functional configuration of the emotion estimating apparatus
according to the embodiment;

[0017] FIG. 9 is a block diagram illustrating a third
specific example of the functional configuration of the
emotion estimating apparatus according to the embodiment;
[0018] FIG. 10 is a block diagram illustrating a fourth
specific example of the functional configuration of the
emotion estimating apparatus according to the embodiment;
[0019] FIG. 11 is a flow diagram illustrating an estimation
method by which the emotion estimating apparatus accord-
ing to the embodiment estimates an emotion;

[0020] FIG. 12 is a schematic view of an image for
receiving, from a user, a selection of a sensor that an acquirer
according to the embodiment uses for data acquisition and a
selection of data to be acquired,

[0021] FIG. 13 is a schematic view of an image for
receiving, from the user, a selection of information to be
output from an outputter according to the embodiment;
[0022] FIG. 14 is a schematic view of an image for
receiving, from the user, settings of the sensor according to
the embodiment;

[0023] FIG. 15 is a schematic view of an image for
receiving, from the user, an adjustment of the reliability of
the sensor according to the embodiment;

[0024] FIG. 16 is a schematic view of an image for setting
a calculation expression regarding output information
according to the embodiment;

[0025] FIG. 17 is a schematic view of an image for
checking a calculation expression regarding output informa-
tion according to the embodiment;

[0026] FIG. 18 is a schematic view of an image for
selecting an output of information indicating an emotion
according to the embodiment;

[0027] FIG. 19 is a schematic view of an image for setting
a representation of information indicating an emotion
according to the embodiment;

[0028] FIG. 20 is a schematic view of a first example of an
image including information indicating an emotion esti-
mated by an estimator according to the embodiment;
[0029] FIG. 21 is a schematic view of a second example
of the image including the information indicating the emo-
tion estimated by the estimator according to the embodi-
ment;

[0030] FIG. 22 is a schematic view of a third example of
the image including the information indicating the emotion
estimated by the estimator according to the embodiment;
[0031] FIG. 23 is a schematic view of a fourth example of
the image including the information indicating the emotion
estimated by the estimator according to the embodiment;
[0032] FIG. 24 is a schematic view of a fifth example of
the image including the information indicating the emotion
estimated by the estimator according to the embodiment;
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[0033] FIG. 25 is a schematic view of a sixth example of
the image including the information indicating the emotion
estimated by the estimator according to the embodiment;
[0034] FIG. 26A is a schematic view of a seventh example
of the image including the information indicating the emo-
tion estimated by the estimator according to the embodi-
ment;

[0035] FIG. 26B is a schematic view of an eighth example
of the image including the information indicating the emo-
tion estimated by the estimator according to the embodi-
ment;

[0036] FIG. 27 is a schematic view of an image for
registering subject information according to the embodi-
ment;

[0037] FIG. 28 is a schematic view of a first example of an
image for registering the face of the subject according to the
embodiment;

[0038] FIG. 29 is a schematic view of a second example
of an image for registering the face of the subject according
to the embodiment;

[0039] FIG. 30 is a schematic view of a first example of an
image for selecting an area for detecting a facial expression
from the face of the subject according to the embodiment;
[0040] FIG. 31 is a schematic view of a second example
of an image for selecting an area for detecting a facial
expression from the face of the subject according to the
embodiment;

[0041] FIG. 32 illustrates an example of a screen for
prompting the user to select whether or not information
regarding wrinkles of the face is to be used when the
emotion estimating apparatus makes a facial-expression or
emotion determination; and

[0042] FIG. 33 is a block diagram illustrating the hard-
ware configuration of an emotion estimating apparatus
according to a modification of the embodiment.

DETAILED DESCRIPTION

(Knowledge Underlying Present Disclosure)

[0043] The technology disclosed in Japanese Patent No.
5768667 has a problem in that various emotions, such as
happiness and surprise, felt by people cannot be evaluated.
[0044] Accordingly, the present disclosure provides an
emotion estimating apparatus and so on that estimate various
emotions felt by people.

[0045] An emotion estimating method according to one
aspect of the present disclosure is directed to an emotion
estimating method for an emotion estimating apparatus for
estimating an emotion of a subject. The emotion estimating
method includes: acquiring first data and second data from
the subject, the first data corresponding to physiology data,
and the second data corresponding to one of physiology data
different from the first data and non-physiology data; cal-
culating a first value and a second value based on the
acquired first data and second data, the first value indicating
a degree of arousal of the subject and the second value
indicating a degree of valence of the subject; estimating the
emotion of the subject, by using the calculated first value
and second value and based on a predetermined association
of people’s emotions with a degree of arousal and a degree
of valence of the people, the predetermined association
being pre-stored in a memory; and outputting information
indicating the estimated emotion.

Apr. 20,2017

[0046] According to the above-described aspect, the emo-
tion estimating apparatus in an embodiment can estimate an
emotion of a subject on the basis of the predetermined
association and through use of two or more pieces of data
including physiology data acquired from the subject and
physiology data different from that physiology data or
non-physiology data acquired from the subject. Through use
of the two or more pieces of data, the emotion estimating
apparatus disclosed herein calculates two indicators, that is,
a first value (an arousal level) and a second value (a valence
level) of a subject, thereby making it possible to appropri-
ately estimate various emotions felt by the subject.

[0047] For example, the second data may be non-physi-
ology data.
[0048] According to the above-described aspect, through

use of the physiology data and non-physiology data acquired
from the subject and based on the predetermined associa-
tion, the emotion estimating apparatus can estimate an
emotion of the subject. The physiology data has a relatively
high correlation with the arousal level, and the non-physi-
ology data has a relatively high correlation with the valence
level. Hence, when the physiology data and the non-physi-
ology data are used, the arousal level and the valence level
can be more accurately calculated, and thus, the emotion of
the subject can be estimated with higher accuracy.

[0049] Forexample, in the calculating, the first value may
be calculated based on the first data, and the second value
may be calculated based on the second data.

[0050] According to the above-described aspect, the emo-
tion estimating apparatus calculates an arousal level having
a relatively high correlation with the physiology data
through use of the physiology data acquired from the
subject, and calculates a valence level having a relatively
high correlation with the non-physiology data through use of
the non-physiology data. Hence, the arousal level and the
valence level can be more accurately calculated, and thus,
the emotion of the subject can be estimated with higher
accuracy.

[0051] For example, the emotion estimating apparatus
may comprise a camera that captures an image of the
subject’s face to generate moving-image data; and in the
acquiring, a heart rate of the subject may be acquired as the
first data, based on the moving-image data generated by the
camera, and a facial expression of the subject may be
acquired as the second data, the facial expression being
identified based on a position of a feature point on the
subject’s face in the moving-image data generated by the
camera.

[0052] According to the above-described aspect, the emo-
tion estimating apparatus obtains both the heart rate, which
is physiology data, of the subject and a facial expression,
which is non-physiology data. by using a camera and
estimates the emotion of the subject. Thus, when both the
physiology data and the non-physiology data are obtained
using one device, which is a camera, to estimate the emo-
tion, the amount of burden on the subject is reduced, and
convenience improves.

[0053] For example, in the outputting, a point in a plane
with two coordinate axes indicating the first value and the
second value may be output on a display screen of a display
device as information indicating the emotion of the subject,
the display device being included in the emotion estimating
apparatus.
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[0054] According to the above-described aspect, the emo-
tion estimating apparatus outputs the arousal level and the
valence level of the subject by representing the arousal level
and the valence level as a point in a plane. This allows the
user or the subject to intuitively know which of various
possible subject emotions the emotion of the subject corre-
sponds and also the intensity of the emotion of the subject.
[0055] For example, in the outputting, at least one of the
first value and the second value may be output on a display
screen of a display device as information indicating the
emotion of the subject, the display device being included in
the emotion estimating apparatus.

[0056] According to the above-described aspect, the emo-
tion estimating apparatus outputs at least one of the arousal
level and the valence level of the subject. As a result of the
outputting, the user or the subject can know not only the
emotion of the subject but also the arousal level and/or the
valence level felt by the subject.

[0057] For example, in the outputting, a value indicating
an intensity of a predetermined emotion of the subject may
be output on a display screen of a display device as infor-
mation indicating the emotion of the subject, the display
device being included in the emotion estimating apparatus.
[0058] According to the above-described aspect, the emo-
tion estimating apparatus outputs the intensity of a particular
emotion (e.g., happiness) of the subject (in other words, the
degree of an emotion). For example, the emotion estimating
apparatus outputs not only an emotion “happiness” but also
the degree of happiness. This allows the user or the subject
to know not only the emotion of the subject but also the
intensity or degree of the emotion.

[0059] For example, in the calculating, a first reliability
that is an indicator indicating correctness of an emotion of
the subject, the emotion being estimated based on the first
value, may be calculated, and a second reliability that is an
indicator indicating correctness of an emotion of the subject,
the emotion being estimated based on the second value, may
be calculated; and in the outputting, information indicating
at least one of the first reliability and the second reliability
may be output together with the information indicating the
estimated emotion.

[0060] According to the above-described aspect, the emo-
tion estimating apparatus outputs, as reliabilities, the level of
correctness at which the estimated emotion represents the
emotion of the subject. This allows the user or the subject to
know not only the emotion of the subject but also the level
of correctness at which the emotion represents the emotion
of the subject.

[0061] Forexample, the first data acquired in the acquiring
may include one or more pieces of first data, and the second
data acquired in the acquiring may include one or more
pieces of second data; and in the calculating, a first value and
a first reliability may be calculated for each of the acquired
one or more pieces of first data, the first value may be a value
resulting from weighted average using the first reliability for
the first value as a weight, a second value and a second
reliability may be calculated for each of the acquired one or
more pieces of second data, and the second value may be a
value resulting from weighted average using the second
reliability for the second value as a weight.

[0062] According to the above-described aspect, when the
arousal level or the valence level can be obtained from a
plurality of pieces of physiology data and non-physiology
data, the emotion estimating apparatus can estimate an
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emotion of the subject by appropriately evaluating the
plurality of pieces of physiology data and non-physiology
data on the basis of the reliabilities.

[0063] Forexample, in the outputting, when at least one of
the first reliability and the second reliability is smaller than
a predetermined threshold, a warning may be output.

[0064] According to the above-described aspect, the emo-
tion estimating apparatus outputs a warning when the esti-
mated emotion does not so correctly represent the emotion
of the subject. This allows the user or the subject to clearly
know that the estimated emotion does not so correctly
represent the emotion of the subject.

[0065] For example, in the calculating, the first data may
be compared with a predetermined first reference value to
calculate the first value, and the second data may be com-
pared with a predetermined second reference value to cal-
culate the second value; and the emotion estimating method
may further include: obtaining information relevant to a
physical characteristic of the subject, and adjusting the
predetermined first reference value or the predetermined
second reference value, based on the obtained information
relevant to the physical characteristic of the subject.

[0066] According to the above-described aspect, by vary-
ing the reference values for the arousal level and the valence
level on the basis of information (e.g., the gender or age)
relevant to a physical characteristic of the subject, the
emotion estimating apparatus can adjust the arousal level
and the valence level in accordance with the physical
characteristic of the subject and can more appropriately
estimate the emotion.

[0067] For example, the emotion estimating method may
further include receiving, from a user, a selection of an area
included in a plurality of predetermined areas of a human
face and used for acquiring a facial expression that is the
second data. In the acquiring, a feature point included in the
area of the subject’s face may be acquired as the second
data; and in the calculating, the second value may be
calculated based on the feature point included in the area of
the subject’s face.

[0068] According to the above-described aspect, upon
receiving a setting for the face area for acquiring a facial
expression of the subject, the emotion estimating apparatus
acquires a facial expression of the subject by using the
received setting. For example, when the subject wears
sunglasses, the portion of the eyes of the subject is hidden
by the sunglasses, and thus information regarding a facial
expression cannot be obtained from the eye portion. In such
a case, the emotion estimating apparatus is adapted to obtain
a facial expression of the subject from a portion other than
the eye portion of the subject to thereby make it possible to
more appropriately detect the facial expression.

[0069] For example, the physiology data may include at
least one of face color, a heart rate, a heart rate variation, the
low frequency/high frequency (LF/HF) of a heart rate varia-
tion, an R wave to R wave (R-R) interval, a pulse wave, a
pulse variation, a brain wave, a respiration rate, a respiratory
volume, a blood flow, a blood flow variation, a blood
pressure, a blood pressure variation, an oxygen saturation
level, movement of a part of a human body, movement of a
muscle of a human body, movement of a muscle of a face,
a body temperature, a skin temperature, a skin conductance,
a skin resistance, an amount of sweat, and a perspiration
rate.
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[0070] According to the above-described aspect, by using
the physiology data, such as facial color, the emotion
estimating apparatus can more specifically estimate an emo-
tion felt by the subject.

[0071] For example, the non-physiology data may include
at least one of a facial expression, an emotion, a touch input
signal, voice, a linguistic representation, a sentence, and
body motion.

[0072] According to the above-described aspect, by using
the non-physiology data, such as a facial expression, the
emotion estimating apparatus can more specifically estimate
an emotion felt by the subject.

[0073] For example, the predetermined first reference
value or the predetermined second reference value may be
calculated based on at least one of a gender, nationality, age,
and skin color of the subject.

[0074] According to the above-described aspect, by using
the information, such as gender, the emotion estimating
apparatus can more specifically estimate an emotion felt by
the subject.

[0075] Also, a processor may perform at least one of the
acquiring, the calculating, the estimating, and the outputting.

[0076] An emotion estimating apparatus according to one
aspect of the present disclosure is directed to an emotion
estimating apparatus including: an acquirer that acquires
first data and second data from a subject, the first data
corresponding to physiology data, and the second data
corresponding to one of physiology data and non-physiol-
ogy data and being different from the first data; an estimator
(1) that calculates a first value and a second value based on
the acquired first data and second data, the first value
indicating a degree of arousal of the subject and the second
value indicating a degree of valence of the subject, and (ii)
estimates the emotion of the subject, by using the calculated
first value and second value and based on a predetermined
association of people’s emotions with a degree of arousal
and a degree of valence of the people, the predetermined
association being pre-stored in a memory; and an outputter
that outputs information indicating the estimated emotion.

[0077] At least one of the acquirer, the estimator, and the
outputter may include a processor.

[0078] The above-described aspect offers advantages that
are analogous to those of the above-described emotion
estimating apparatus.

[0079] Also, a recording medium according to one aspect
of the present disclosure is directed to a non-transitory
recording medium storing a computer program. The pro-
gram causes a computer to execute: acquiring first data and
second data from a subject, the first data corresponding to
physiology data, and the second data corresponding to one
of physiology data and non-physiology data and being
different from the first data; calculating a first value and a
second value based on the acquired first data and second
data, the first value indicating a degree of arousal of the
subject and the second value indicating a degree of valence
of the subject; estimating the emotion of the subject, by
using the calculated first value and second value and based
on a predetermined association of people’s emotions with a
degree of arousal and a degree of valence of the people, the
predetermined association being pre-stored in a memory;
and outputting information indicating the estimated emo-
tion.
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[0080] The above-described aspect offers advantages that
are analogous to those of the above-described emotion
estimating apparatus.

[0081] It should be noted that general or specific embodi-
ments may be implemented as a system, a method, an
integrated circuit, a computer program, a computer-readable
storage medium such as a CD-ROM, or any selective
combination thereof.

[0082] Embodiments will be described below in detail
with reference to the accompanying drawings.

[0083] The embodiments described below each represent
a general or specific example. Numerical values, shapes,
materials, constituent elements, the arrangement and con-
nection of constituent elements, steps, the order of steps, and
so on described in the embodiments below are examples,
and are not intended to limit the present disclosure. Of the
constituent elements in the embodiments described below,
the constituent elements not set forth in the independent
claims that represent the broadest concept will be described
as optional constituent elements.

Embodiments

[0084] In the present embodiment, a description will be
given of an emotion estimating apparatus for estimating
various emotions felt by a person and an emotion estimating
method for the emotion estimating apparatus. In the follow-
ing description, a person whose emotion is to be estimated
by an emotion estimating apparatus is referred to as a
“subject”, and a person who operates the emotion estimating
apparatus is referred to as a “user”. The subject and the user
may be the same person.

[0085] FIG. 1 is a diagram illustrating one example of a
two-dimensional model of human emotions. More specifi-
cally, the two-dimensional emotion model illustrated in FIG.
1 is called Russell’s circumplex model.

[0086] People feel various emotions, including happiness
and surprise. In FIG. 1, various emotions felt by people are
arranged in a plane with two axes indicating an arousal level
representing a degree of arousal and a valence level repre-
senting a degree of valence. It has been known that, as
illustrated in FIG. 1, various emotions felt by people can be
arranged in a circular ring in the plane.

[0087] The present inventors have obtained a result indi-
cating that an estimation result and an actual emotion do not
match well when emotion estimation based on Russell’s
circumplex model is performed using only a facial expres-
sion of a subject. As a result of a great deal of consideration
in this respect, the present inventors have found that non-
physiology data, particularly a facial expression, has a high
correlation with the valence level in Russell’s circumplex
model and has a small correlation with the arousal level. The
inventors also have found that the arousal level in Russell’s
circumplex model has a high correlation with physiology
data, such as a heart rate.

[0088] On the basis of the above-described findings, the
inventors made this disclosure by paying attention to the
idea that emotion estimation using Russell’s circumplex
model can be performed with higher accuracy through
appropriate use of non-physiology data and physiology data.
[0089] The emotion estimating apparatus according to the
present embodiment estimates various emotions felt by a
subject, by using physiology data or non-physiology data
and based on the above-described correlation. The configu-
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ration and the operation of the emotion estimating apparatus
will be described below in order.

[0090] FIG. 2 is a block diagram illustrating the hardware
configuration of an emotion estimating apparatus 10 accord-
ing to the present embodiment.

[0091] As illustrated in FIG. 2, the emotion estimating
apparatus 10 includes a central processing unit (CPU) 11, a
memory 12, a sensor 13, a display device 14, and an
operation input interface (IF) 15.

[0092] The CPU 11 is a processor for executing a control
program stored in the memory 12. The CPU 11 executes the
control program to thereby realize each functional block
(described below) in the emotion estimating apparatus 10.
[0093] The memory 12 is a storage device and includes a
volatile storage area used as work area when the CPU 11
executes the control program and a nonvolatile storage area
in which the control program and so on are held.

[0094] The sensor 13 is a sensor for acquiring physiology
data or non-physiology data of a human subject U from the
subject U. The sensor 13 includes a plurality of sensor
elements. Each of the sensor elements acquires the physi-
ology data or non-physiology data by detecting the physi-
ology data or non-physiology data from the subject U. At
least one of the sensor elements is a sensor element (a
physiology sensor) for acquiring physiology data. Each
sensor element other than the at least one sensor element
may be a physiology sensor or may be a sensor element (a
non-physiology sensor) for acquiring non-physiology data.
[0095] The physiology data is data related to a biological
function and includes at least one of, for example, face color,
a heart rate, a heart rate variation, the low frequency/high
frequency (LF/HF) of a heart rate variation, an R wave to R
wave (R-R) interval, a pulse wave, a pulse variation, a brain
wave, a respiration rate, a respiratory volume, a blood flow,
a blood flow variation, a blood pressure, a blood pressure
variation, an oxygen saturation level (SO2), movement of a
part of a human body, movement of a muscle of a human
body, movement of a muscle of a face, a body temperature,
a skin temperature, a skin conductance, a skin resistance, a
skin roughness, a skin shininess, an amount of sweat, and a
perspiration rate. Examples of the movement of the parts of
the human body include the frequency of blinking, and the
speed of blinking. The physiology data is also referred to as
“non-face-expression data”, in contrast to “facial expression
data”.

[0096] The physiology sensor includes at least one of, for
example, a camera (a visible light camera or a camera
having a particular electromagnetic wave filter), an electro-
cardiogram sensor (EKG or ECG), a photoplethysmographic
sensot, an electroencephalogram device (EEG), a spirom-
eter, a respiratory activity measuring instrument, a time-of-
flight (TOF) sensor, a millimeter-wave sensor, a millimetet-
wave radar, a pulse oximeter, a thermographer, a thermal
imager, an infrared imager, a detector for face muscle
movement, a skin temperature conductance sensor, a skin
resistance sensor, an amount-of-sweat sensor, a near-infra-
red spectrometer, and a computed tomography (CT) appa-
ratus.

[0097] The non-physiology data is data that is related to a
biological body and that is not physiology data. The non-
physiology data includes at least one, of, for example, a
facial expression, an emotion, a touch input signal, voice, a
linguistic representation, a sentence, and body motion (a
gesture). An emotion acquired as non-physiology data is not
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an emotion estimated by the emotion estimating apparatus
10 and is an emotion acquired from another method, and, for
example, is input by the subject U as his or her emotion. Of
the non-physiology data, for example, data used for esti-
mating a facial expression, such as information (the position
and/or the shape of the mouth, an eye, or an eyebrow) that
can be read from an image of the face, is referred to as
“facial expression data”.

[0098] The non-physiology sensor includes, for example,
at least one of a camera, an emotion detecting device, a
touch input unit (a touch screen), a microphone, a TOF
sensor, a millimeter-wave sensor, a millimeter-wave radar, a
keyboard for inputting a word or sentence, and a gait sensor.

[0099] The display device 14 is one example of a device
for outputting various types of information and has a display
screen for displaying various types of information as
images. The display device 14 is, for example, a display
portion of a touch panel display.

[0100] The operation input IF 15 receives a user’s opera-
tion on the emotion estimating apparatus 10. The operation
input IF 15 is, for example, a touch panel portion of a touch
panel display.

[0101] FIG. 3 is a block diagram illustrating the functional
configuration of the emotion estimating apparatus 10
according to the present embodiment. FIG. 4 is a schematic
diagram illustrating an emotion estimating method executed
by the emotion estimating apparatus 10 according to the
embodiment. FIG. 5 is a schematic diagram illustrating an
emotion output method executed by the emotion estimating
apparatus 10 according to the embodiment. The functions of
the emotion estimating apparatus 10 will now be described
with reference to FIGS. 3 to 5.

[0102] As illustrated in FIG. 3, the emotion estimating
apparatus 10 includes, an acquirer 20, an estimator 30, and
an outputter 40 as functional blocks.

[0103] The acquirer 20 is a processor for acquiring physi-
ology data and so on from the subject U. Specifically, the
acquirer 20 acquires physiology data (corresponding to first
data) and also acquires physiology data different from that
physiology data or non-physiology data (corresponding to
second data). The acquirer 20 includes a physiology data
acquirer 21 and a data acquirer 22. The acquirer 20 may
include one or more data acquires 22 (e.g., data acquires 27).

[0104] The first data, the second data, and so on that the
acquirer 20 acquires from the subject U are output to the
estimator 30.

[0105] The physiology data acquirer 21 is a processor for
acquiring the physiology data of the subject U from the
subject U. The physiology data acquirer 21 acquires the
physiology data of the subject U by using the physiology
sensor included in the sensor 13. The physiology data
acquirer 21 may also acquire the physiology data of the
subject U, the data being held by another apparatus.

[0106] The data acquirer 22 is a processor for acquiring
the physiology data or non-physiology data of the subject U
from the subject U. The data acquirer 22 acquires the
physiology data or non-physiology data of the subject U by
using the physiology sensor or the non-physiology sensor
included in the sensor 13. The data acquirer 22 may also
acquire the physiology data or non-physiology data of the
subject U, the data being held by another apparatus.
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[0107] The physiology data acquirer 21 and the data
acquirer 22 substantially simultaneously acquire the physi-
ology data and the non-physiology data from the same
subject U.

[0108] When there are a plurality of data acquires 22, each
of the data acquires 22 independently acquires the physiol-
ogy data or non-physiology data. Hence, at least one of a
plurality of pieces of data acquired by the acquirer 20 is
physiology data, and the other piece(s) of data is (are)
physiology data or non-physiology data. For example, there
is a case in which the acquirer 20 acquires one piece of
physiology data and one piece of non-physiology data or a
case in which the acquirer 20 acquires two pieces of physi-
ology data (and does not acquire any non-physiology data).
[0109] The estimator 30 is a processor for estimating the
emotion of the subject U which is estimated based on the
data acquired by the acquirer 20. The estimator 30 includes
an arousal-component calculator 31, a valence-component
calculator 32, and an emotion estimator 33. The estimator 30
may also include a corrector 37.

[0110] The arousal-component calculator 31 is a processor
for calculating an arousal level AR (see FIG. 4) indicating
the degree of arousal of the subject U on the basis of the data
acquired by the acquirer 20. More specifically, the arousal-
component calculator 31 obtains each of the physiology data
and the non-physiology data acquired by the physiology data
acquirer 21 and the data acquirer 22 and calculates the
arousal level AR on the basis of the obtained pieces of data.
The arousal-component calculator 31 holds a parameter 34
that serves as a reference value for the physiology data and
the non-physiology data, and calculates the arousal level AR
by comparing the data acquired by the acquirer 20 with the
reference value. The “physiology data and the non-physiol-
ogy data acquired by the physiology data acquirer 21 and the
data acquirer 22" as used herein may refer to data that does
not include non-physiology data, as described above. The
arousal level corresponds to a first value.

[0111] The arousal-component calculator 31 may also
calculate the arousal level AR by excluding, of the physi-
ology data and the non-physiology data, data determined to
have a relatively small correlation with the arousal level.
[0112] For example, when the arousal-component calcu-
lator 31 calculates the arousal level AR on the basis of facial
color which is physiology data, the arousal-component
calculator 31 compares, for example, a luminance value of
red of the facial color of the subject U, the facial color being
acquired by the physiology data acquirer 21, with the
reference value for the luminance value of red of the facial
color, the reference value being held as the parameter 34.
When the luminance value of red of the facial color of the
subject U is equal to the reference value, the arousal level
AR is calculated as being zero, and a higher arousal level AR
is calculated for a larger luminance value of red of the facial
color of the subject U (in other words, a smaller arousal level
AR is calculated for a smaller luminance value).

[0113] The valence-component calculator 32 is a proces-
sor for calculating a valence level VA (see FIG. 4) indicating
the degree of valence of the subject U on the basis of the data
acquired by the acquirer 20. More specifically, the valence-
component calculator 32 obtains each of the physiology data
and the non-physiology data acquired by the physiology data
acquirer 21 and the data acquirer 22 and calculates the
valence level VA on the basis of the obtained pieces of data.
The valence-component calculator 32 holds a parameter 35
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that serves as a reference value for the physiology data and
the non-physiology data, and the acquirer 20 calculates the
valence level VA by comparing the acquired data with the
reference value. The valence level corresponds to a second
value.

[0114] The valence-component calculator 32 may calcu-
late the valence level VA by excluding, of the physiology
data and the non-physiology data, data determined to have
a relatively small correlation with the valence level.

[0115] For example, when the valence-component calcu-
lator 32 calculates the valence level VA on the basis of a
facial expression which is non-physiology data, the valence-
component calculator 32 identifies, for example, a facial
expression from feature points of facial parts from the
subject U, the feature points being acquired by the data
acquirer 22, and calculates the valence level VA for the
identified facial expression on the basis of a predetermined
association.

[0116] The emotion estimator 33 is a processor for esti-
mating an emotion of the subject U on the basis of the
arousal level AR calculated by the arousal-component cal-
culator 31 and the valence level VA calculated by the
valence-component calculator 32. For example, the emotion
estimator 33 pre-holds, in a memory, a predetermined asso-
ciation (e.g., Russell’s circumplex model illustrated in FIG.
1) between the arousal level and the valence level of people.
This memory may be the memory 12 illustrated in FI1G. 2 or
may be a memory different from the memory 12 included in
the emotion estimating apparatus 10. The different memory
may be, for example, a storage device (which may also be
referred to as an “external storage device”) provided in a unit
different from the emotion estimating apparatus 10. As long
as the emotion estimating apparatus 10 has a configuration
that can read information regarding the aforementioned
predetermined association from the memory and can write
information to the memory, the memory in which the
predetermined association is stored may or may not be
included in the emotion estimating apparatus 10.

[0117] The emotion estimator 33 estimates an emotion of
the subject U by obtaining the arousal level AR calculated by
the arousal-component calculator 31 and the valence level
VA calculated by the valence-component calculator 32 and
selecting an emotion that is associated with the obtained
arousal level AR and valence level VA by the predetermined
association.

[0118] When Russell’s circumplex model is used as the
predetermined association, the emotion estimator 33 plots
points corresponding to the obtained arousal level AR and
valence level VA against a plane with a horizontal axis
indicating a valence level and a vertical axis indicating an
arousal level and estimates, as the emotion of the subject U,
an emotion allocated to the points in Russell’s circumplex
model (see FIG. 4).

[0119] The emotion estimator 33 holds a parameter 36 that
serves as a reference for estimating an emotion on the basis
of the arousal level AR and the valence level VA. The
parameter 36 is, for example, a reference value representing
a rate indicating which of the arousal level AR and the
valence level VA is to be given a weight. On the basis of the
arousal level AR and the valence level VA, the emotion
estimator 33 estimates an emotion of the subject U with
reference to the parameter 36.

[0120] The corrector 37 is a processor for correcting the
parameter 34 held by the arousal-component calculator 31,
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the parameter 35 held by the valence-component calculator
32, and the parameter 36 held by the emotion estimator 33.
The corrector 37 corrects the parameters 34, 35, and 36 by
adjusting them on the basis of information regarding a
physical characteristic of the subject U, more specifically,
information such as the gender, nationality, age, skin color,
or the like. For example, for calculating the arousal level AR
on the basis of the heart rate, which is physiology data, the
corrector 37 sets a reference value for the heart rate to a
relatively small value when the subject U is a male. With this
setting, the arousal-component calculator 31 calculates the
arousal level of a male subject as being a larger value than
the arousal level of a female subject, even when the heart
rate is the same. This is because the heart rate of the male
during a normal state is generally lower than the heart rate
of the female during a normal state, and thus the male has
a larger difference in the heart rate relative to a normal state
when the heart rate is the same.

[0121] The estimator 30 outputs information indicating
the estimated emotion to the outputter 40.

[0122] The outputter 40 is a processor for outputting
information indicating the emotion estimated by the estima-
tor 30. The outputter 40 includes a display unit 41. The
display unit 41 is a processor for displaying the information
indicating the emotion estimated by the estimator 30 on a
display screen of the display device 14 as an image.

[0123] For example, the outputter 40 displays, on the
display device 14, an image in which the data acquired by
the acquirer 20 and the information indicating the emotion
estimated by the estimator 30 are arranged, as illustrated in
FIG. 5. The image illustrated in FIG. 5 includes an image 51
indicating the facial color of the subject U, the facial color
being acquired by the physiology data acquirer 21 as physi-
ology data, an image 52 indicating a facial expression of the
subject U, the facial expression being acquired by the data
acquirer 22 as non-physiology data, and an image 53 indi-
cating the emotion of the subject U, the emotion being
estimated by the estimator 30. The image 53 is one example
of an image indicating the emotion of the subject U by using
a point in a plane with two coordinate axes indicating a
valence level and an arousal level. The image 53 may
indicate at least one of the valence level and the arousal
level. The image 53 may indicate a value representing the
intensity of a predetermined emotion (e.g., happiness) of the
subject U. The image 53 may also indicate at least one of the
reliability of the arousal level of the subject U and the
reliability of the valence level thereof.

[0124] A method for the output performed by the outputter
40 is not limited to the method illustrated in F1G. 5 and can
take a variety of variations including, for example, output-
ting only the arousal level and outputting the intensity of a
particular emotion. Some variations will be described below
in detail.

[0125] The following description will be given of a spe-
cific configuration of the emotion estimating apparatus 10.

[0126] FIG. 6 is a block diagram illustrating an emotion
estimating apparatus 10A, which is a first specific example
of the functional configuration of the emotion estimating
apparatus 10 according to the embodiment. Constituent
elements that are the same as or similar to those in the
emotion estimating apparatus 10 are denoted by the same
reference numerals, and detailed descriptions thereof are not
given. The same also applies to the description below.

Apr. 20,2017

[0127] As illustrated in FIG. 6, the emotion estimating
apparatus 10A includes an acquirer 20A and an estimator
30A, which correspond to the acquirer 20 and the estimator
30, respectively, in the emotion estimating apparatus 10.
Other constituent elements are substantially the same as
those in the emotion estimating apparatus 10.

[0128] The acquirer 20A includes a physiology data
acquirer 21A and a non-physiology data acquirer 22A.
[0129] The physiology data acquirer 21A is one specific
example of the physiology data acquirer 21 in the emotion
estimating apparatus 10 and is a processor for acquiring the
physiology data of the subject U. The physiology data
acquirer 21A supplies the acquired physiology data to an
arousal-component calculator 31A.

[0130] The non-physiology data acquirer 22A is one spe-
cific example of the data acquirer 22 in the emotion esti-
mating apparatus 10 and is a processor for acquiring the
non-physiology data of the subject U. The non-physiology
data acquirer 22A supplies the acquired non-physiology data
to a valence-component calculator 32A.

[0131] The estimator 30A includes the arousal-component
calculator 31A and the valence-component calculator 32A.
[0132] The arousal-component calculator 31A is one spe-
cific example of the arousal-component calculator 31 in the
emotion estimating apparatus 10 and is a processor for
calculating an arousal level on the basis of the physiology
data acquired by the physiology data acquirer 21A. For
calculating an arousal level, the arousal-component calcu-
lator 31A uses the physiology data acquired by the physi-
ology data acquirer 21A and does not use the non-physiol-
ogy data acquired by the non-physiology data acquirer 22A.
[0133] The valence-component calculator 32A is one spe-
cific example of the valence-component calculator 32 in the
emotion estimating apparatus 10 and is a processor for
calculating a valence level on the basis of the non-physiol-
ogy data acquired by the non-physiology data acquirer 22A.
For calculating a valence level, the valence-component
calculator 32A uses the non-physiology data acquired by the
non-physiology data acquirer 22A and does not use the
physiology data acquired by the physiology data acquirer
21A.

[0134] The emotion estimating apparatus 10A can avoid
an arousal level calculation using the non-physiology data
having a relatively small correlation with the arousal level
and a valence level calculation using the physiology data
having a relatively small correlation with the valence level.
As a result, there is an advantage in that an emotion of the
subject U can be estimated based on data that are highly
correlated with the arousal level and the valence level. In
addition, since the configuration is simplified, there are also
advantages in that the development cost of the apparatus is
reduced and the maintenance and operating cost is reduced.
[0135] FIG. 7 is a block diagram illustrating an emotion
estimating apparatus 10B, which is a second specific
example of the functional configuration of the emotion
estimating apparatus 10 according to the embodiment. FIG.
8 is a block diagram illustrating emotion estimation pro-
cessing performed by the emotion estimating apparatus 10B,
which is the second specific example of the functional
configuration of the emotion estimating apparatus 10
according to the embodiment.

[0136] As illustrated in FIG. 7, the emotion estimating
apparatus 10B includes an acquirer 20B and an estimator
30B, which correspond to the acquirer 20 and the estimator
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30, respectively, in the emotion estimating apparatus 10.
Other constituent elements are substantially the same as
those in the emotion estimating apparatus 10.

[0137] The acquirer 20B includes a physiology data
acquirer 21B and a non-physiology data acquirer 22B.
[0138] The physiology data acquirer 21B is one specific
example of the physiology data acquirer 21 in the emotion
estimating apparatus 10 and is a processor for acquiring the
physiology data of the subject U. The physiology data
acquirer 21B supplies the acquired physiology data to both
an arousal-component calculator 31A and a valence-com-
ponent calculator 32A. As described above, the physiology
data acquirer 21B differs from the physiology data acquirer
21 in the destination to which the acquired physiology data
is supplied.

[0139] The non-physiology data acquirer 22B is one spe-
cific example of the data acquirer 22 in the emotion esti-
mating apparatus 10 and is a processor for acquiring the
non-physiology data of the subject U. The non-physiology
data acquirer 22B supplies the acquired non-physiology data
to both an arousal-component calculator 31B and a valence-
component calculator 32B. As described above, the non-
physiology data acquirer 22B differs from the data acquirer
22 in the element to which the acquired non-physiology data
is supplied.

[0140] The estimator 30B includes the arousal-component
calculators 31A and 31B and the valence-component calcu-
lators 32A and 32B. The arousal-component calculators 31A
and 31B correspond to the arousal-component calculator 31
in the emotion estimating apparatus 10, and the valence-
component calculators 32A and 32B correspond to the
valence-component calculator 32 in the emotion estimating
apparatus 10.

[0141] The arousal-component calculator 31A is a proces-
sor for calculating an arousal level (an arousal level AR1 in
FIG. 8) on the basis of the physiology data acquired by the
physiology data acquirer 21B. The arousal-component cal-
culator 31A also calculates a reliability (a reliability r1 in
FIG. 8) that is an indicator of correctness of emotion
estimation based on the arousal level that is calculated.
[0142] Various methods are available as a method for
calculating the reliability. For example, a low reliability may
be calculated, as the amount of noise included in the
physiology data acquired by the physiology data acquirer
21B increases. The reliabilities may be set according to the
type of sensor 13 the physiology data acquirer 21B uses to
acquire the physiology data from the subject U or may be
freely set by the user.

[0143] The arousal-component calculator 31B is a proces-
sor for calculating an arousal level (an arousal level AR2 in
FIG. 8) on the basis of the non-physiology data acquired by
the non-physiology data acquirer 22B. The arousal-compo-
nent calculator 31B also calculates a reliability (a reliability
r2 in FIG. 8) of the arousal level that is calculated.

[0144] The valence-component calculator 32A is a pro-
cessor for calculating a valence level (a valence level VA1
in FIG. 8) on the basis of the physiology data acquired by the
physiology data acquirer 21B. The valence-component cal-
culator 32A also calculates a reliability (a reliability r3 in
FIG. 8) of the valence level that is calculated.

[0145] The valence-component calculator 32B is a pro-
cessor for calculating a valence level (a valence level VA2
in FIG. 8) on the basis of the non-physiology data acquired
by the non-physiology data acquirer 22B. The valence-
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component calculator 32B also calculates a reliability (a
reliability 4 in FIG. 8) of the valence level that is calculated.
[0146] An emotion estimator 33B obtains the arousal
levels from the respective arousal-component calculators
31B and 32B, obtains the valence levels from the respective
valence-component calculators 32A and 32B, and estimates
an emotion of the subject U.

[0147] Upon obtaining a plurality of arousal levels, the
emotion estimator 33B calculates one arousal level on the
basis of the plurality of arousal levels. There are various
methods for calculating one arousal level on the basis of a
plurality of arousal levels. Examples of the methods include
a method for determining an average of the plurality of
arousal levels, a method for determining a weighted average
of the plurality of arousal levels by using the reliability of
each arousal level as a weight, and a method for determining
a median of the plurality of arousal levels.

[0148] FIG. 8 illustrates a method for determining a
weighted average. Using the reliabilities r1 and r2 of the
arousal levels AR1 and AR2, the emotion estimator 33B
calculates one arousal level AR in accordance with:

AR=(r1xAR1+#2xAR2)/(r14#2) [0y

[0149] Also, using the reliabilities r3 and r4 of the valence
levels VA1 and VA2, the emotion estimator 33B calculates
one valence level VA in accordance with:

VA=(r3x VALl+rdx VA2)/(r3+r4) 2

[0150] The emotion estimator 33B estimates an emotion
of the subject U by selecting an emotion that is associated
with the calculated arousal level AR and valence level VA by
a predetermined association (e.g., Russell’s circumplex
model).

[0151] FIG. 9 is a block diagram illustrating an emotion
estimating apparatus 10C, which is a third specific example
of the functional configuration of the emotion estimating
apparatus 10 according to the embodiment.

[0152] As illustrated in FIG. 9, the emotion estimating
apparatus 10C includes an acquirer 20C and an estimator
30B, which correspond to the acquirer 20 and the estimator
30, respectively, in the emotion estimating apparatus 10.
Other constituent elements are substantially the same as
those in the emotion estimating apparatus 10.

[0153] The acquirer 20C includes physiology data
acquires 21A and 22C and non-physiology data acquires
22A and 22D.

[0154] The physiology data acquirer 21A is one specific
example of the physiology data acquirer 21 in the emotion
estimating apparatus 10 and is a processor for acquiring the
physiology data of the subject U. The physiology data
acquirer 21A supplies the acquired physiology data to an
arousal-component calculator 31A.

[0155] The physiology data acquirer 22C is one specific
example of the data acquirer 22 in the emotion estimating
apparatus 10 and is a processor for acquiring the physiology
data of the subject U. The physiology data acquirer 22C
supplies the acquired physiology data to an arousal-compo-
nent calculator 31B.

[0156] The non-physiology data acquires 22A and 22D are
specific examples of the data acquirer 22 in the emotion
estimating apparatus 10 and are processors for acquiring the
non-physiology data of the subject U. The non-physiology
data acquirer 22A and 22D supplies the acquired non-
physiology data to valence-component calculators 32A and
32B, respectively.
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[0157] The estimator 30B estimates an emotion of the
subject U on the basis of a plurality of arousal levels and a
plurality of valence levels, as in the case of the emotion
estimating apparatus 10B.

[0158] FIG. 10 is a block diagram illustrating an emotion
estimating apparatus 10D, which is a fourth specific
example of the functional configuration of the emotion
estimating apparatus 10 according to the embodiment.
[0159] As illustrated in FIG. 10, the emotion estimating
apparatus 10D includes an acquirer 20D and an estimator
30D, which correspond to more details of the acquirer 20A
and the estimator 30A in the emotion estimating apparatus
10A.

[0160] The acquirer 20D includes a camera 61, an ana-
lyzer 62, a heartbeat acquirer 63, a feature-point extractor
64, and a facial expression identifier 65.

[0161] The camera 61 is an image capture device that
captures a moving image of the face of the subject U to
generate moving-image data. The camera 61 supplies the
generated moving-image data to the analyzer 62 and the
feature-point extractor 64.

[0162] The analyzer 62 is a processor for analyzing small
changes in the color of the face of the subject U on the basis
of the moving-image data generated by the camera 61. The
analyzer 62 obtains the moving-image data generated by the
camera 61 and extracts a face area of the subject U in the
moving image. The analyzer 62 then generates time-series
data indicating the colors of pixels included in the extracted
face area. Since the facial color exhibits small changes based
on a pulse wave (heartbeat), the time-series data has com-
ponents that vary according to the pulse wave.

[0163] The heartbeat acquirer 63 is a processor for acquir-
ing the heart rate of the subject U from the time-series data
generated by the analyzer 62. The heartbeat acquirer 63
acquires the time-series data generated by the analyzer 62
and extracts the components that vary according to the pulse
wave from the acquired time-series data by using a fre-
quency filter or the like, to thereby acquire the heart rate.
[0164] The feature-point extractor 64 is a processor for
extracting feature points of the face of the subject U on the
basis of the moving-image data generated by the camera 61.
The feature-point extractor 64 extracts a part, such as an
eyebrow, an eye, the nose, or the mouth, of the subject U
from the moving-image data and further extracts the posi-
tions of feature points (e.g., upper, lower, left, and right end
points) of each part.

[0165] The facial expression identifier 65 is a processor
for identifying a facial expression of the subject U on the
basis of the part positions extracted by the feature-point
extractor 64. For example, when the left and right end points
of the mouth is located above a reference position, the facial
expression identifier 65 identifies the facial expression of the
subject U as being a smile.

[0166] The estimator 30D includes an arousal-component
calculator 31D, a valence-component calculator 32D, and an
emotion estimator 33.

[0167] The arousal-component calculator 31D compares
the heart rate of the subject U, the heart rate being acquired
by the heartbeat acquirer 63, with a reference value to
calculate an arousal level of the subject U. For example, the
arousal-component calculator 31D calculates the arousal
level as being zero when the heart rate of the subject U, the
heart rate being acquired by the heartbeat acquirer 63, is
equal to the reference value, and the arousal-component
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calculator 31D calculates a higher arousal level, as the heart
rate of the subject U acquired by the heartbeat acquirer 63
increases (in other words, the arousal-component calculator
31D calculates a lower arousal level, as the heart rate
decreases).

[0168] The valence-component calculator 32D calculates
a valence level on the basis of a facial expression of the
subject U which is identified by the facial expression iden-
tifier 65. For example, when the facial expression of the
subject U which is identified by the facial expression iden-
tifier 65 is a smile, the valence-component calculator 32D
calculates a relatively large value for the valence level.
[0169] As described above, the emotion estimator 33
estimates an emotion of the subject U on the basis of the
arousal level calculated by the arousal-component calculator
31D and the valence level calculated by the valence-com-
ponent calculator 32D.

[0170] Processing performed by the emotion estimating
apparatus 10 configured as described above will be
described below.

[0171] FIG. 11 is a flow diagram illustrating an estimation
method by which the emotion estimating apparatus 10
according to the embodiment estimates an emotion.

[0172] First, the emotion estimating apparatus 10 acquires
physiology data from the subject U in step S1 (steps S101 to
S103) and acquires physiology data or non-physiology data
from the subject U in step S2 (steps S104 to S106). Fither
of steps S1 and S2 may be performed earlier or steps S1 and
S2 may be performed in parallel at the same time.

[0173] In step S101, the physiology data acquirer 21
acquires the physiology data of the subject U by using the
physiology sensor.

[0174] Instep S102, the corrector 37 adjusts the parameter
34 in the arousal-component calculator 31. Step S102 is not
an essential processing step and does not necessarily have to
be executed.

[0175] In step S103, the arousal-component calculator 31
calculates an arousal level on the basis of the physiology
data acquired in step S101.

[0176] 1In step S104, by using the physiology sensor or
non-physiology sensor, the data acquirer 22 acquires the
physiology data or non-physiology data of the subject U.
[0177] Instep S105, the corrector 37 adjusts the parameter
35 in the valence-component calculator 32. Step S105 is not
an essential processing step and does not necessarily have to
be executed.

[0178] In step S106, the valence-component calculator 32
calculates a valence level on the basis of the physiology data
or non-physiology data acquired in step S104.

[0179] Instep S107, the corrector 37 adjusts the parameter
36 in the emotion estimator 33. Step S107 is not an essential
processing step and does not necessarily have to be
executed.

[0180] Instep S108, the emotion estimator 33 estimates an
emotion of the subject U on the basis of the arousal level
calculated in step S103 and the valence level calculated in
step S106.

[0181] In step S109, the display unit 41 displays informa-
tion indicating the emotion of the subject U, the emotion
being estimated in step S108.

[0182] Through the above-described series of processes,
the emotion estimating apparatus 10 estimates various emo-
tions felt by the subject U, on the basis of the physiology
data and non-physiology data acquired from the subject U.
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[0183] The following description will be given of images
and so on that the emotion estimating apparatus 10 displays
on the display device 14.

[0184] FIG. 12 is a schematic view of an image for
receiving, from the user, a selection of the sensor 13 that the
acquirer 20 according to the embodiment uses for data
acquisition and a selection of the data to be acquired.
[0185] The image illustrated in FIG. 12 is displayed on the
display device 14 in order to receive, from the user, a
selection of the sensor 13 that the acquirer 20 uses for data
acquisition and a selection of the data to be acquired. The
image includes a plurality of buttons 121 representing the
sensors 13 and a plurality of buttons 122 representing data
types.

[0186] More specifically, the buttons 121 representing the
sensors 13 include buttons 121A, 121B, and 121C repre-
senting a camera, a microphone, and an infrared camera,
which serve as the sensors 13. When the user operates (e.g.,
touches) any of the buttons representing the sensors 13 that
the acquirer 20 uses for data acquisition, the operation input
IF 15 receives the operation, and control is performed so that
the acquirer 20 acquires data by using the sensor 13 corre-
sponding to the operated button.

[0187] The buttons 122 representing the data types
include, more specifically, buttons 122A, 122B, and 122C
representing facial color, a heart rate, and a blood pressure,
which are data types. When the user operates any of the
buttons which represents the type of data to be acquired by
the acquirer 20, the operation input IF 15 receives the
operation, and control is performed so that the acquirer 20
acquires data of the type corresponding to the operated
buttor.

[0188] The number of sensors 13 to be selected or the
number of data types to be selected may be two or more, and
the number of sensors 13 to be selected may have an upper
limit or lower limit. When the sensors 13 and data types
include items that are associated with each other, they may
be selected in coordination with each other. For example,
when the camera is selected as the sensor 13, the facial color
and the heart rate, which are data types that can be acquired
by the camera, may be automatically selected.

[0189] FIG. 13 is a schematic view of an image for
receiving, from the user, a selection of information to be
output from the outputter 40 according to the embodiment.
The image illustrated in FIG. 13 is displayed on the display
device 14 in order to receive, from the user, a selection of
information to be output from the outputter 40. This image
includes a plurality of buttons 131 and a plurality of buttons
132 representing information to be output.

[0190] The buttons 131 are, for example, buttons for a
general user, and, more specifically, includes buttons 131A,
131B, 131C, and, 131D respectively representing an emo-
tion, an arousal level, a valence level, and a happy level.
When the user operates any of the buttons which represents
the information to be output from the outputter 40, the
operation input IF 15 receives the operation, and control is
performed so that the outputter 40 outputs the information
corresponding to the operated button. For example, when the
user operates the button 131A, the outputter 40 outputs the
estimated emotion of the subject U. Also, when the user
operates the button 131B, the outputter 40 outputs the
arousal level of the subject U.

[0191] The buttons 132 are, for example, buttons for a
developer and include, more specifically, buttons 1324,
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132B, and 132C respectively representing three special
outputs 1, 2, and 3. The special outputs are output methods
provided for adjusting, on a trial basis, a method for calcu-
lating an arousal level and a valence level. When the user
operates any of the buttons which represents the information
to be output from the outputter 40, the operation input IF 15
receives the operation, and control is performed so that the
outputter 40 outputs the information corresponding to the
operated button.

[0192] A plurality of pieces of information may selected to
be output, and the number of sensors 13 to be selected may
have an upper limit or a lower limit.

[0193] FIG. 14 is a schematic view of an image for
receiving, from the user, settings of the sensor 13 according
to the embodiment. The image illustrated in FIG. 14 is
displayed on the display device 14 in order to receive, from
the user, settings regarding the type of sensor 13 and so on.
This image includes a button 141 indicating the type of
sensor 13, a display area 142 indicating the state of the
hardware of the sensor 13, a display area 143 indicating the
reliability of an arousal level, a button 144 for adjusting the
reliability of the arousal level, a display area 145 indicating
the reliability of a valence level, and a button 146 for
adjusting the reliability of the valence level.

[0194] For changing the type of sensor 13, the user oper-
ates the button 141 and then performs an operation for
entering a post-change type of sensor 13. the operation is
received by the operation input IF 15, and control is per-
formed so that the type of sensor 13 is changed, and a
character string displayed on the button 141 is changed to
the changed type of sensor 13.

[0195] The display area 142 is a display area in which
information indicating whether or not the sensor 13 is
appropriately connected to the emotion estimating apparatus
10 is displayed. When the sensor 13 is appropriately con-
nected, “connected state” is displayed, and when the sensor
13 is not appropriately connected, “disconnected state” is
displayed.

[0196] The display areas 143 and 145 display the reliabili-
ties of the arousal level and the valence level, respectively.
When the user adjusts one of the reliabilities, he or she
operates the corresponding button 144 or 146 and then
performs an operation for changing the reliability.

[0197] FIG. 15 is a schematic view of an image for
receiving, from the user, an adjustment of the reliability of
the sensor 13 according to the embodiment. The image
illustrated in FIG. 15 is displayed on the display device 14
in order to receive, from the user, settings regarding adjust-
ment of the reliability (specifically, an increase or reduction
in the reliability) of the sensor 13. The image is displayed,
for example, when the operation input IF 15 receives the
user’s operation on the button 144 or 146 illustrated in FIG.
14.

[0198] The image includes display areas 151 and 154 in
which the reliability of the arousal level and the reliability of
the valence level are displayed. The image further includes
buttons 152 and 155 for increasing the respective reliabili-
ties of the arousal level and the valence level and buttons
153 and 156 for reducing the respective reliabilities of the
arousal level and the valence level.

[0199] For increasing or reducing the arousal level reli-
ability of the sensor 13, the user operates the corresponding
button 152 or 153. When the operation input IF 15 receives
the operation, the arousal level reliability of the sensor 13 is
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increased or reduced in accordance with the operation, and
a numerical value representing the arousal level displayed
on the display area 151 is increased or reduced. As described
above, the emotion estimating apparatus 10 can perform
adjustment while presenting a numerical value representing
the reliability of the valence level to the user. Since a
description similar to the above description also applies to
the valence level, the description thereof is not given here-
inafter.

[0200] FIG. 16 is a schematic view of an image for setting
a calculation expression regarding output information
according to the embodiment. The image illustrated in FIG.
16 is displayed on the display device 14 in order to receive,
from the user, settings of a calculation expression for a
special output, which is one piece of output information.
This image is displayed, for example, when the operation
input IF 15 receives the user’s operation on the button 132A
in FIG. 13 or the like.

[0201] The image includes a display area 161 for a cal-
culation expression, buttons 162 for entering operators, and
a button 163 for determining the calculation expression.
When the user’s operation on any of the buttons 162 is
performed, the operation input IF 15 receives the operation,
and the calculation expression displayed on the display area
161 is updated. When the user’s operation on the button 163
is performed, the operation input IF 15 receives the opera-
tion, and the calculation expression displayed on the display
area 161 is determined to be a calculation expression for
special output 1.

[0202] For modifying the contents of the special output,
the user can modify the calculation expression by viewing
the calculation expression displayed on the display area 161
and operating the buttons 162.

[0203] FIG. 17 is a schematic view of an image for
checking a calculation expression regarding output informa-
tion according to the embodiment. The image illustrated in
FIG. 17 is displayed on the display device 14 in order for the
user to view a calculation expression for a special output,
which is one piece of output information. This image is
displayed, for example, when the operation input IF 15
receives the user’s operation on the button 163 in FIG. 16.
[0204] Theimage includes display areas 171,172, and 173
respectively showing calculation expressions for three spe-
cial outputs. For example, calculation expressions that the
user set on the basis of the image illustrated in FIG. 16 are
displayed in the display areas 171, 172, and 173. By viewing
the calculation expressions for the three special outputs as a
single image, the user can efficiently recognize the relation-
ship among the calculation expressions and can find a point
to be modified in the calculation expressions.

[0205] FIG. 18 is a schematic view of an image for
selecting an output of information indicating an emotion
according to the embodiment. The image illustrated in FIG.
18 is displayed on the display device 14 in order for the
emotion estimating apparatus 10 to set information to be
output as an estimated emotion.

[0206] This image includes buttons 181, 182, and 183
representing candidates of information that the emotion
estimating apparatus 10 outputs as an estimated emotion.
The buttons 181, 182, and 183 are given corresponding
character strings indicating emotions. When the user per-
forms an operation on any of the buttons, the operation input
IF 15 receives the operation, and control is performed so as
to perform switching as to whether or not the emotion
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corresponding to the operated button is to be output as an
estimated emotion. For example, when a determination that
the happy level is to be output, the surprised level is to be
output, and the angry level is not to be output is made upon
button-operation performed by the user, the estimator 30 is
permitted to output information indicating “happy” and
“surprised” as the emotions of the subject U and is not
permitted to output information indicating “angry”.

[0207] The user can also limit the emotions to be output to
some of the emotions. This offers an advantage in that the
user can obtain, for example, only an estimation result
needed by the subject U or can prevent an estimation result
he or she doesn’t want other people to see from being output
when the user is the subject U and there is a possibility that
other people see the estimation result.

[0208] FIG. 19 is a schematic view of an image for setting
a representation of information indicating an emotion
according to the embodiment. The image illustrated in FIG.
19 is displayed on the display device 14 in order for the
emotion estimating apparatus 10 to set a representation of
information to be output as an estimated emotion.

[0209] This image includes buttons 191, 192, 193, and 194
representing candidates of a representation of information
that the emotion estimating apparatus 10 outputs as an
estimated emotion. Each of the buttons 191, 192, 193, and
194 is given a character string of a representation indicating
an emotion of happiness or an emotion similar thereto.
When the user performs an operation on any of the buttons,
the operation input IF 15 receives the operation, and control
is performed so that the outputter 40 outputs information
using the representation corresponding to the operated but-
ton. For example, when the user performs a button operation
to select the button 191 “happy”, a representation “happy”
is output during output of the emotion of happiness.
[0210] FIG. 20 is a schematic view of a first example of an
image including information indicating an emotion esti-
mated by the estimator 30 according to the embodiment.
[0211] Theimage illustrated in FIG. 20 is displayed on the
display device 14 in order to set information to be output as
an emotion estimated by the estimator 30.

[0212] This image includes, at its left side, an image
regarding an input and includes, at its right side, information
regarding an output.

[0213] The left side in the image illustrated in FIG. 20
includes a button 201 for selecting whether or not “facial
color”, which is physiology data, is to be acquired from the
subject U, a button 202 for selecting whether or not “facial
expression”, which is non-physiology data, is to be acquired
from the subject U, and an image 203 showing data acquired
from the subject U. When the user operates any of the
above-described buttons which represents the data to be
acquired by the acquirer 20, the operation input IF 15
receives the operation, and control is performed so that the
acquirer 20 acquires the data corresponding to the operated
button. FIG. 20 illustrates a state in which control is per-
formed so that the acquirer 20 acquires “facial color”, and
the color of the button 201 is shown in dark color. Also, the
image 203 shows the facial color actually acquired from the
subject U.

[0214] The right side in the image illustrated in FIG. 20
includes an image 204 representing the emotion of the
subject U, the emotion being estimated by the estimator 30,
a button 205 for selecting whether or not the arousal level is
to be output, and a button 206 for selecting whether or not
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the valence level is to be output. FIG. 20 illustrates a state
in which the estimator 30 estimates an emotion by using the
arousal level and without using the valence level, and the
button 205 is shown in dark color. in the image 204, the
emotion estimated by the estimator 30 is shown using only
the arousal level.

[0215] Thus, the user or the subject U can intuitively
recognize an estimation result of the emotion of the subject
U by viewing a single image in which the data acquired from
the subject U and the emotion estimated based on the data
are arranged.

[0216] FIG. 21 is a schematic view of a second example
of an image including information indicating an emotion
estimated by the estimator 30 according to the embodiment.
The overall configuration of the image illustrated in FIG. 21
is substantially the same as that of the image illustrated in
FIG. 20, and differs from that of the image illustrated in FIG.
20 in information acquired from the subject U and informa-
tion to be output.

[0217] The left side in the image illustrated in FIG. 21
includes a button 211 for selecting whether or not “facial
color” is to be acquired from the subject U, a button 212 for
selecting whether or not “facial expression” is to be acquired
from the subject U, and an image 213 showing the acquired
data, as in the image illustrated in FIG. 20. FIG. 21 illus-
trates a state in which the acquirer 20 is controlled so as to
acquire “facial expression”, and the color of the button 212
is shown in dark color. Also, the image 213 shows the facial
color actually acquired from the subject U.

[0218] The right side in the image illustrated in FIG. 21
includes an image 214 representing the emotion of the
subject U, a button 215 for selecting whether or not the
arousal level is to be output, and a button 216 for selecting
whether or not the valence level is to be output. FIG. 21
illustrates a state in which the estimator 30 estimates an
emotion by using the valence level and without using the
arousal level, and the button 216 is shown in dark color. In
the image 214, the emotion estimated by the estimator 30 is
shown using only the valence level.

[0219] FIG. 22 is a schematic view of a third example of
an image including information indicating an emotion esti-
mated by the estimator 30 according to the embodiment. The
overall configuration of the image illustrated in FIG. 22 is
substantially the same as that of the image illustrated in FIG.
20, and differs from that of the image illustrated in FIG. 20
in information acquired from the subject U and information
to be output.

[0220] The left side in the image illustrated in FIG. 22
includes a button 221 for selecting whether or not “facial
color” is to be acquired from the subject U and a button 222
for selecting whether or not “facial expression” is to be
acquired from the subject U, as in the image illustrated in
FIG. 20, and includes images 223 and 224 showing acquired
data. FIG. 22 illustrates a state in which the acquirer 20 is
controlled so as to acquire “facial color” and “facial expres-
sion”, and the colors of the button 221 and 222 are shown
in dark color. Also, the images 223 and 224 show the facial
color and facial expression, respectively, actually acquired
from the subject U.

[0221] The right side in the image illustrated in FIG. 22
includes an image 225 representing the emotion of the
subject U, a button 226 for selecting whether or not the
arousal level is to be output, a button 227 for selecting
whether or not the valence level is to be output, a button 228

Apr. 20,2017

for selecting whether or not the estimated emotion is to be
output, and a character string 229 representing the estimated
emotion. FIG. 22 illustrates a state in which the estimator 30
estimates an emotion by using the arousal level and the
valence level, and the buttons 226 and 227 are shown in dark
color. In the image 225, the emotion estimated by the
estimator 30 is shown using the arousal level and the valence
level.

[0222] In addition, FIG. 22 shows a state in which the
estimated emotion is output, and the button 228 is shown in
dark color. In this case, the character string 229 representing
the estimated emotion is shown. The button 228 may be
displayed only when outputting both the arousal level and
the valence level is selected with the buttons 226 and 227.
This is because, when one of the arousal level and the
valence level is to be output, showing an emotion estimated
from both the arousal level and the valence level is not
appropriate.

[0223] FIG. 23 is a schematic view of a fourth example of
the image including the information representing the emo-
tion estimated by the estimator 30 according to the embodi-
ment. The upper portion in the image illustrated in FIG. 23
is substantially the same as the image illustrated in FIG. 22.
The lower portion in the image illustrated in FIG. 23
includes an image for setting the reliabilities of physiology
data and non-physiology data (input data) acquired by the
acquirer 20.

[0224] The image for setting the reliabilities of the input
data includes a display area 231 in which the reliability of
“facial color”, which is physiology data, acquired by the
acquirer 20 is displayed, and a display area 234 in which the
reliability of “facial expression”, which is non-physiology
data, acquired by the acquirer 20 is displayed, and buttons
232, 233, 235, and 236 for adjusting the reliabilities. Since
a method for adjusting the reliabilities are the same as or
similar to that in FIG. 15, a description thereof is not given
hereinafter.

[0225] FIG. 24 is a schematic view of a fifth example of
the image including the information representing the emo-
tion estimated by the estimator 30 according to the embodi-
ment. The overall configuration of the image illustrated in
FIG. 24 is substantially the same as the image illustrated in
FIG. 20, and differs from that of the image illustrated in FIG.
20 in information acquired from the subject U and informa-
tion to be output.

[0226] The left side in the image illustrated in FIG. 24 is
substantially the same as that in FIG. 20. That is, FIG. 24
shows a state in which the acquirer 20 is controlled so as to
acquire “facial color”.

[0227] The right side in the image illustrated in FIG. 24
shows a state in which the estimator 30 estimates an emotion
by using the arousal level and the valence level and also
displays information representing an estimated emotion.

[0228] The image illustrated in FIG. 24 also includes an
image 241 for issuing a warning indicating that the reliabil-
ity of the valence level estimated from the “facial color”,
which is physiology data, is low.

[0229] As described above, the outputter 40 displays an
emotion estimated from the arousal level and the valence
level, and also, when at least one of the reliability of the
arousal level and the reliability of the valence level is lower
than a predetermined value, the outputter 40 displays an
image to that effect. Upon viewing the image, the user or the
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subject U can determine that the emotion that is output
together with the warning is not so correct.

[0230] FIG. 25 is a schematic view of a sixth example of
the image including the information representing the emo-
tion estimated by the estimator 30 according to the embodi-
ment. The overall configuration of the image illustrated in
FIG. 25 is substantially the same as the image illustrated in
FIG. 22, and differs from that of the image illustrated in FIG.
22 in information indicating physiology data acquired from
the subject U.

[0231] The left side in the image illustrated in FIG. 25
includes a button 251 for setting whether or not “heartbeat”,
which is physiology data, is to be acquired from the subject
U and an image 252 showing time-series data of the wave-
form of acquired heartbeats.

[0232] Thus, the user or the subject U can recognize the
emotion of the subject U which is estimated based on the
heartbeats and the facial expression.

[0233] FIG. 26A1s a schematic view of a seventh example
of the image including the information representing the
emotion estimated by the estimator 30 according to the
embodiment. The overall configuration of the image illus-
trated in FIG. 26A is substantially the same as the image
illustrated in FIG. 22, and differs from that of the image
illustrated in FIG. 22 in information indicating non-physi-
ology data acquired from the subject U.

[0234] The left side in the image illustrated in FIG. 26A
includes buttons 261 and 262 for setting whether or not
voice and a linguistic representation, which are non-physi-
ology data, are to be obtained from the subject U, an image
263 showing the intensity of obtained voice, and an image
264 showing the intensity of obtained linguistic expression.
[0235] FIG. 26B is a schematic view of an eighth example
of the image including the information representing the
emotion estimated by the estimator 30 according to the
embodiment. The overall configuration of the image illus-
trated in FIG. 26B is substantially the same as the image
illustrated in FIG. 26A, and differs from that of the image
illustrated in FIG. 26 A in information indicating physiology
data acquired from the subject U.

[0236] The left side in the image illustrated in FIG. 26B
includes a button 265 for setting whether or not “heartbeat”,
which is physiology data, is to be acquired from the subject
and an image 266 showing the waveform of acquired
heartbeats.

[0237] Thus, the user or the subject U can recognize the
emotion of the subject U which is estimated based on the
facial color, voice, and a linguistic representation.

[0238] FIG. 27 is a schematic view of an image for
registering subject information according to the embodi-
ment.

[0239] The image illustrated in FIG. 27 is displayed on the
display device 14 in order to register, with the emotion
estimating apparatus 10, information regarding the subject U
whose emotion is to be estimated by the emotion estimating
apparatus 10 (this information is also referred to as “subject
information”).

[0240] This image includes an image for receiving, from
the user, operations for registering information regarding the
subject U. Examples of the information include the nation-
ality, the gender, the age, an average heart rate during a
normal state, a blood pressure during a normal state, the skin
color, and a chronic disease of the subject U. When the user
performs an operation on any of areas in which the afore-
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mentioned pieces of information are displayed, the operation
input IF 15 receives the operation, and control is performed
s0 as to change data corresponding to the operated button. A
known method, such as a method in which a user selects
displayed options, such as settable characters or symbols,
can be used for changing the data.

[0241] FIG. 28 is a schematic view of a first example of an
image for registering the face of the subject U according to
the embodiment.

[0242] The image illustrated in FIG. 28 is displayed on the
display device 14 in order to register the face of the subject
U whose emotion is to be estimated by the emotion esti-
mating apparatus 10.

[0243] This image includes an image 281 showing the face
of the subject U to be registered with the emotion estimating
apparatus 10, a display area 282 indicating an average heart
rate during a normal state, a display area 283 indicating an
average respiration rate during a normal state, and a button
284 for the registration. The image 281 may be an image
resulting from reading of data stored in a storage medium or
may be an image resulting from photography with a camera
when the emotion estimating apparatus 10 has the camera.
The average heart rate and the average respiration rate may
be input by the user or may be acquired by the sensor 13
from the user.

[0244] When the user performs an operation correspond-
ing to the button 284, the operation input IF 15 receives the
operation, and the image 281 when the operation was
performed is registered as the face of the subject U. Based
on the face of the subject U which is registered as described
above, a facial expression, which is non-physiology data, is
analyzed.

[0245] FIG. 29 is a block diagram of a second example of
the image for registering the face of the subject U according
to the embodiment.

[0246] The image illustrated in FIG. 29 is displayed on the
display device 14 in order to register the face with various
facial expressions of the subject U whose emotion is to be
estimated by the emotion estimating apparatus 10.

[0247] This image includes an image 291 showing the face
of the subject U to be registered with the emotion estimating
apparatus 10, a button 293 for registration, and an image 294
for prompting the subject U to make a facial expression.
When the emotion estimating apparatus 10 has a camera, a
message 292 for prompting the subject U to make various
facial expressions.

[0248] The image 291 may be an image resulting from
reading of data stored in a storage medium or an image
resulting photography with a camera when the emotion
estimating apparatus 10 has the camera.

[0249] The message 292 is a message for prompting the
subject U to make a facial expression (e.g., an angry facial
expression) of the subject U to be registered. The subject U
views the message 292 and makes a facial expression in
accordance with the contents of the message 292.

[0250] When the user performs an operation on the button
293, the operation input IF 15 receives the operation, and the
image 291 when the operation was performed is registered
as the face of the subject U with the facial expression to be
registered. Based on the face of the subject U which is
registered as described above, a facial expression, which is
non-physiology data, is analyzed. Although the number of
the facial expressions to be registered may be two or more,
for example, it is not necessary to register facial expressions
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corresponding to all emotions included in Russell’s circum-
plex model (FIG. 1). This is because, for example, a method
using movement of feature points or the like has already
been known for an association between a human emotion
and a facial expression, and a face with a predetermined
emotion can be formed by moving the positions of feature
points included in the registered face of the subject U on the
basis of a predetermined relationship.

[0251] The image 294 is an image for prompting the
subject U to make his or her facial expression. For example,
when it is desired to make the subject U make an angry facial
expression, the image 294 shows, as an example of the facial
expression, an angry facial expression of the subject U
which is generated by computer graphics on the basis of an
image of the face of the subject U. The image 294 may be
an image for making the subject U to feel an emotion so as
to spontaneously make a facial expression. For example,
when it is desired to register a smile of the subject U, the
image 294 may be an image showing a smile of a person
different from the subject U or may be an image of animal
or the like. The image may also include words or a character
representation (e.g., words “It’s very beautiful, isn’t it?”).
[0252] FIG. 30 is a schematic view of a first example of an
image for selecting an area for detecting a facial expression
from the face of the subject U according to the embodiment.
The image illustrated in FIG. 30 is displayed on the display
device 14 in order to set a face area of the subject U from
which a facial expression, which is non-physiology data, is
to be acquired by the acquirer 20.

[0253] This image includes an image 301 in which a
pattern of an area from which a facial expression is to be
obtained is shown superimposed on the face of the subject
U, images 3024, images 302B, and images 302C showing
candidates of the pattern of the area, a cursor 303, and a
button 304 for registration.

[0254] The image 301 is an image in which the pattern of
the area included in the images 302A and specified by the
cursor 303 is superimposed on the face of the subject U. The
candidates of the pattern of the area are obtained as various
patterns of combinations of characteristic portions obtained
by segmenting the face. For example, the face is divided into
a portion including the eyes on the face, a portion including
the nose and the cheek, a portion including the nose and a
region between the eyebrows, and a portion including the
mouth, and these portions are combined into various com-
binations to thereby form the patterns of the areas, as
illustrated in the images 302A and so on.

[0255] The cursor 303 specifies one of the images 302A
and can be moved by a user operation.

[0256] When a user performs an operation on the button
304, the operation input IF 15 receives the operation, and the
image 301 when the operation was performed is registered
as the pattern of the area from which the facial expression is
to be obtained.

[0257] FIG. 31 is a schematic diagram of a second
example of the image for selecting an area for detecting a
facial expression from the face of the subject U according to
the embodiment. The overall configuration and rolls of the
image illustrated in FIG. 31 are substantially the same as
those of the image illustrated in FIG. 30.

[0258] A portion including the eyes on the face of the
subject U included in the image 311 illustrated in FIG. 31 is
covered with sunglasses, and it is thought to be difficult to
analyze a facial expression on the basis of the eye portion.
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In such a case, the pattern of the area corresponding to the
image 302B, which is the pattern of an area not including the
eye portion, may be registered as the pattern of the area from
which a facial expression is to be obtained.

[0259] When information regarding wrinkles of the face is
included, it is possible to enhance the accuracy of a facial-
expression or emotion determination made by the emotion
estimating apparatus 10. In addition, when the emotion
estimating apparatus 10 has a function for identifying an
individual, it is also possible to enhance the accuracy of
identifying an individual.

[0260] FIG. 32 illustrates an example of a screen for
prompting the user to select whether or not information
regarding wrinkles of the face is to be used when the
emotion estimating apparatus 10 makes a facial-expression
or emotion determination. In the example in FIG. 32, a
message indicating that use of the information regarding
wrinkles of the face can enhance the accuracy of the
facial-expression and emotion determination may be pre-
sented to the user.

Modifications of Embodiments

[0261] In a modification, a description will be given of
another configuration of the emotion estimating apparatus
for estimating various emotions felt by a person. Constituent
elements that are the same as or similar to those in the
embodiment are denoted by the same reference numerals,
and detailed descriptions are not given hereinafter.

[0262] FIG. 33 is a block diagram illustrating the hard-
ware configuration of an emotion estimating apparatus 10E
according to this modification.

[0263] As illustrated in FIG. 33, the emotion estimating
apparatus 10E includes a CPU 11, a memory 12, a display
device 14, an operation input IF 15, a sensor input IF 16, and
a sensor 17. The emotion estimating apparatus 10E differs
from the emotion estimating apparatus 10 in that the emo-
tion estimating apparatus 10E has the sensor input IF 16
instead of the sensor 13.

[0264] The sensor input IF 16 is connected to the sensor 17
for acquiring, from the human subject U, physiology data or
non-physiology data of the subject U. The sensor 17 may be
the same as or similar to the sensor 13 in the emotion
estimating apparatus 10.

[0265] In the emotion estimating apparatus 10E, the
acquirer 20 acquires information from the sensor 17 via the
sensor input IF 16 and performs processing that is analogous
to that in the emotion estimating apparatus 10 in the embodi-
ment.

[0266] With this configuration, the emotion estimating
apparatus 10E can obtain information from the sensor 17
external to the emotion estimating apparatus 10E without
provision of a sensor in the emotion estimating apparatus
10E and can estimate the emotion of a subject.

[0267] As described above, the emotion estimating appa-
ratus in the embodiment can estimate an emotion of a subject
on the basis of a predetermined association and through use
of two or more pieces of data including physiology data
acquired from the subject and physiology data different from
that physiology data or non-physiology data acquired from
the subject. Through use of the two or more pieces of data,
the emotion estimating apparatus disclosed herein calculates
two indicators, that is, a first value (an arousal level) and a
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second value (a valence level) of a subject, thereby making
it possible to appropriately estimate various emotions felt by
the subject.

[0268] Also, through use of the physiology data and
non-physiology data acquired from the subject and based on
basis of the predetermined association, the emotion estimat-
ing apparatus can estimate an emotion of the subject. The
physiology data has a relatively high correlation with the
arousal level, and the non-physiology data has a relatively
high correlation with the valence level. Hence, when the
physiology data and the non-physiology data are used, the
arousal level and the valence level can be more accurately
calculated, and thus, the emotion of the subject can be
estimated with higher accuracy.

[0269] Also, the emotion estimating apparatus calculates
an arousal level having a relatively high correlation with the
physiology data through use of the physiology data acquired
from the subject, and calculates a valence level having a
relatively high correlation with the non-physiology data
through use of the non-physiology data. Hence, the arousal
level and the valence level can be more accurately calcu-
lated, and thus, the emotion of the subject can be estimated
with higher accuracy.

[0270] Also, the emotion estimating apparatus acquires
both the heart rate, which is physiology data, of the subject
and a facial expression, which is non-physiology data, by
using a camera and estimates the emotion of the subject.
Thus, when both the physiology data and the non-physiol-
ogy data are acquired using one device, which is a camera,
to estimate the emotion, the amount of burden on the subject
is reduced, and convenience improves.

[0271] The emotion estimating apparatus also outputs the
arousal level and the valence level of the subject by repre-
senting the arousal level and the valence level as a point in
a plane. This allows the user or the subject to intuitively
know which of various possible subject emotions the emo-
tion of the subject corresponds and also the intensity of the
emotion of the subject.

[0272] The emotion estimating apparatus outputs at least
one of the arousal level and the valence level of the subject.
As aresult of the outputting, the user or the subject can know
not only the emotion of the subject but also the arousal level
and/or the valence level felt by the subject.

[0273] Also, the emotion estimating apparatus outputs the
intensity of a particular emotion (e.g., happiness) of the
subject (in other words, the degree of an emotion). For
example, the emotion estimating apparatus outputs not only
an emotion “happiness” but also the degree of happiness.
This allows the user or the subject to know not only the
emotion of the subject but also the intensity or degree of the
emotion.

[0274] Also, the emotion estimating apparatus outputs, as
reliabilities, the level of correctness at which the estimated
emotion represents the emotion of the subject. This allows
the user or the subject to know not only the emotion of the
subject but also the level of correctness at which the emotion
represents the emotion of the subject.

[0275] Also, when the arousal level or the valence level
can be obtained from a plurality of pieces of physiology data
and non-physiology data, the emotion estimating apparatus
can estimate an emotion of the subject by appropriately
evaluating the plurality of pieces of physiology data and
non-physiology data on the basis of the reliabilities.
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[0276] 1In addition, the emotion estimating apparatus out-
puts a warning when the estimated emotion does not so
correctly represent the emotion of the subject. This allows
the user or the subject to clearly know that the estimated
emotion does not so correctly represent the emotion of the
subject.

[0277] Additionally, by varying the reference values for
the arousal level and the valence level on the basis of
information (e.g., the gender or age) relevant to a physical
characteristic of the subject, the emotion estimating appa-
ratus can adjust the arousal level and the valence level in
accordance with the physical characteristic of the subject
and can more appropriately estimate the emotion.

[0278] Also, upon receiving a setting for the face area for
acquiring a facial expression of the subject, the emotion
estimating apparatus acquires a facial expression of the
subject by using the received setting. For example, when the
subject wears sunglasses, the portion of the eyes of the
subject is hidden by the sunglasses, and thus information
regarding a facial expression cannot be obtained from the
eye portion. In such a case, the emotion estimating apparatus
is adapted to obtain a facial expression of the subject from
a portion other than the eye portion of the subject to thereby
make it possible to more appropriately detect the facial
expression.

[0279] Also, by using the physiology data, such as facial
color, the emotion estimating apparatus can more specifi-
cally estimate an emotion felt by the subject.

[0280] In addition, by using the non-physiology data, such
as a facial expression, the emotion estimating apparatus can
more specifically estimate an emotion felt by the subject.

[0281] Additionally, by using the information, such as
gender, the emotion estimating apparatus can more specifi-
cally estimate an emotion felt by the subject.

[0282] In each embodiment described above, the indi-
vidual constituent elements may be implemented by dedi-
cated hardware or may be realized by executing a software
program suitable for each constituent element. A program
executor, such as a CPU or a processor, may read and
execute a software program recorded in a storage medium,
such as a hard disk or a semiconductor memory, to thereby
realize the constituent elements. Herein, software for real-
izing the emotion estimating apparatus in each embodiment
described above 1s, for example, a program as described
below.

[0283] That is, this program causes a computer to execute
an emotion estimating method for an emotion estimating
apparatus for estimating an emotion of a subject. The
emotion estimating method includes: acquiring first data and
second data from a subject, the first data corresponding to
physiology data, and the second data corresponding to one
of physiology data and non-physiology data and being
different from the first data; calculating a first value and a
second value based on the acquired first data and second
data, the first value indicating a degree of arousal of the
subject and the second value indicating a degree of valence
of the subject; estimating the emotion of the subject, by
using the calculated first value and second value and based
on a predetermined association of people’s emotions with a
degree of arousal and a degree of valence of the people, the
predetermined association being pre-stored in a memory;
and outputting information indicating the estimated emo-
tion.
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[0284] Although the emotion estimating apparatus and so
on according to one or more aspects have been described
above based on the embodiment, the present disclosure is
not limited to the embodiment. Modes obtained by applying
various modifications conceived by those skilled in the art to
the embodiment or modes constituted by combining the
constituent elements in different embodiments may also be
encompassed by the scope of one or more aspects, as long
as such modes do not depart from the spirit and scope of the
present disclosure.

[0285] The present disclosure can be applied to an emo-
tion estimating method, an emotion estimating apparatus,
and so on that estimate various emotions felt by people.

What is claimed is:

1. An emotion estimating method for an emotion estimat-
ing apparatus for estimating an emotion of a subject, the
emotion estimating method comprising:

acquiring first data and second data from the subject, the

first data corresponding to physiology data, and the

second data corresponding to one of physiology data
different from the first data and non-physiology data;

calculating a first value and a second value based on the
acquired first data and second data, the first value
indicating a degree of arousal of the subject and the
second value indicating a degree of valence of the
subject;

estimating the emotion of the subject, by using the cal-

culated first value and second value and based on a

predetermined association of people’s emotions with a

degree of arousal and a degree of valence of the people,

the predetermined association being pre-stored in a

memory; and

outputting information indicating the estimated emotion.

2. The emotion estimating method according to claim 1,

wherein the second data is non-physiology data.

3. The emotion estimating method according to claim 1,

wherein in the calculating, the first value is calculated

based on the first data, and the second value is calcu-
lated based on the second data.

4. The emotion estimating method according to claim 2,

wherein the emotion estimating apparatus comprises a

camera that captures an image of the subject’s face to

generate moving-image data; and

wherein in the acquiring,

a heart rate of the subject is acquired as the first data,
based on the moving-image data generated by the
camera, and

a facial expression of the subject is acquired as the
second data, the facial expression being identified
based on a position of a feature point on the subject’s
face in the moving-image data generated by the
camera.

5. The emotion estimating method according to claim 1,

wherein in the outputting, a point in a plane with two

coordinate axes indicating the first value and the second
value is output on a display screen of a display device
as information indicating the emotion of the subject,
the display device being included in the emotion esti-
mating apparatus.

6. The emotion estimating method according to claim 1,

wherein in the outputting, at least one of the first value and

the second value is output on a display screen of a

display device as information indicating the emotion of
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the subject, the display device being included in the

emotion estimating apparatus.

7. The emotion estimating method according to claim 1,
Wherein in the outputting, a value indicating an intensity
of a predetermined emotion of the subject is output on

a display screen of a display device as information

indicating the emotion of the subject, the display device

being included in the emotion estimating apparatus.
8. The emotion estimating method according to claim 1,
wherein in the calculating,

a first reliability that is an indicator indicating correct-
ness of an emotion of the subject, the emotion being
estimated based on the first value, is calculated, and

a second reliability that is an indicator indicating cor-
rectness of an emotion of the subject, the emotion
being estimated based on the second value, is cal-
culated; and

wherein in the outputting,

information indicating at least one of the first reliability
and the second reliability is output together with the
information indicating the estimated emotion.

9. The emotion estimating method according to claim 8,

wherein the first data acquired in the acquiring comprises
one or more pieces of first data, and the second data
acquired in the acquiring comprises one or more pieces
of second data; and

wherein in the calculating,

a first value and a first reliability are calculated for each
of the acquired one or more pieces of first data,

the first value is a value resulting from weighted
average using the first reliability for the first value as
a weight,

a second value and a second reliability are calculated
for each of the acquired one or more pieces of second
data, and

the second value is a value resulting from weighted
average using the second reliability for the second
value as a weight.

10. The emotion estimating method according to claim 8,
wherein in the outputting,

when at least one of the first reliability and the second
reliability is smaller than a predetermined threshold,
a warning is output.

11. The emotion estimating method according to claim 1,
wherein in the calculating,

the first data is compared with a predetermined first
reference value to calculate the first value, and

the second data is compared with a predetermined
second reference value to calculate the second value;
and

wherein the emotion estimating method further com-
prises:

obtaining information relevant to a physical character-
istic of the subject; and

adjusting the predetermined first reference value or the
predetermined second reference value, based on the
obtained information relevant to the physical char-
acteristic of the subject.

12. The emotion estimating method according to claim 4,
further comprising:
receiving, from a user, a selection of an area included in

a plurality of predetermined areas of a human face and

used for acquiring a facial expression that is the second

data,
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an estimator (i) that calculates a first value and a second
value based on the acquired first data and second data,
the first value indicating a degree of arousal of the
subject and the second value indicating a degree of
valence of the subject, and (ii) estimates the emotion of
the subject, by using the calculated first value and
second value and based on a predetermined association
of people’s emotions with a degree of arousal and a

wherein in the acquiring,
a feature point included in the area of the subject’s face
is acquired as the second data; and
wherein in the calculating,
the second value is calculated based on the feature
point included in the area of the subject’s face.
13. The emotion estimating method according to claim 1,
wherein the physiology data includes at least one of face

color, a heart rate, a heart rate variation, a low fre-
quency/high frequency (LF/HF) of a heart rate varia-
tion, an R wave to R wave (R-R) interval, a pulse wave,
a pulse variation, a brain wave, a respiration rate, a
respiratory volume, a blood flow, a blood flow varia-

degree of valence of the people, the predetermined
association being pre-stored in a memory; and

an outputter that outputs information indicating the esti-
mated emotion.

18. The emotion estimating apparatus according to claim

tion, a blood pressure, a blood pressure variation, an 17
oxygen saturation level, movement of a part of a human ’
body, movement of a muscle of a human body, move-
ment of a muscle of a face, a body temperature, a skin
temperature, a skin conductance, a skin resistance, an
amount of sweat, and a perspiration rate.

14. The emotion estimating method according to claim 1,

wherein the non-physiology data includes at least one of
a facial expression, an emotion, a touch input signal,
voice, a linguistic representation, a sentence, and body
motion.

15. The emotion estimating method according to claim 11,

wherein the predetermined first reference value or the
predetermined second reference value is calculated
based on at least one of a gender, nationality, age, and
skin color of the subject.

16. The emotion estimating method according to claim 1,

wherein a processor performs at least one of the acquiring,
the calculating, the estimating, and the outputting.

17. An emotion estimating apparatus comprising:

an acquirer that acquires first data and second data from
a subject, the first data corresponding to physiology
data, and the second data corresponding to one of
physiology data and non-physiology data and being
different from the first data; L T T

wherein at least one of the acquirer, the estimator, and the
outputter comprises a processor.

19. A non-transitory recording medium storing a com-
puter program, the program causing a computer to execute:

acquiring first data and second data from a subject, the
first data corresponding to physiology data, and the
second data corresponding to one of physiology data
and non-physiology data and being different from the
first data;

calculating a first value and a second value based on the
acquired first data and second data, the first value
indicating a degree of arousal of the subject and the
second value indicating a degree of valence of the
subject;

estimating the emotion of the subject, by using the cal-
culated first value and second value and based on a
predetermined association of people’s emotions with a
degree of arousal and a degree of valence of the people,
the predetermined association being pre-stored in a
memory; and

outputting information indicating the estimated emotion.
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