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Abstract

Most people believe that robots have no emotions,
and nor do they need them. However, we strongly
believe that having emotions is essential for robots to
understand and sympathize with the feelings of peo-
ple, thereby allowing them to be accepted into the
human society. In this paper, we propose a model of
emotion based on some neurological and psychological
findings concerning empathic communication between
humans and robots. Then, we examine a method for
generating affect for given visual stimuli using a re-
current neural network as a first step.
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—fRiz TaRy b &, DOFVRIEOHENEEL
ZEZHNTWS, 5 ULEEBZRZEKRET LD L DI,
OR Yy MR TIRBEIZ OWTELBZTITW. M
FOIEE % HET 5T (1] PEE 2 RHT 5 AHE (2]
OWTIE, ERP SRV RINT VWS, Ll
Mo, T UMEDOEEIIIED ZATHS. fEDZ
AT AL 7RIS DR M R BIE 2 E 5 Z & DS
HTho, EE VIV AREREHOL S RED LR
FHTETWARW [3)[4]. BESIE, NAMRETIV
ZORy MIFEEL, HEZEBLTWS 5. £,
HHS X, fF0 ZATIERL, AOZERIEEESH
SuRy AVEEEFE T AEERET R T+ 7 AD
MIEET>TWED, ZTHNKIEBORENTLTHD,
EREE T H B> TW WL [6]]7). UL, |
Ay MAAMHEEIZZIF AN STV 20I1IiE,
F DG % FR - L, TEIT A Z EARERARK
ThHO, YYTNVLBEREHOD LS 0dHD7ITTIEN
T ERN, Ko TARMFETIE, ARy bEoHE
A=y —YaviZA@TEEEETILVEZRET S,

TR Z DR ZBEL T, BARY bAED XS
MG 2 R0, HFOWHEICESWTED LS
RG22 XE 5D, £S5 UEMEEHABRED LS
RAIa=r—varvEIEREITONEVSIE
AT S, ZoZ i, uRy MOEEERZE S
2T, uRy A AMOLPIREE 2 B2 BT
5LV ERTHBEARARTHS., INIT&o>TH
Ry DB ANDEERRH D FIZHFEDHRY, ARy b
ONAPNFZFUBRELTWIF S &S RBEREICRSE Z
LU TWS.

AR T T D & D ARl 2 0B 2 E Dbk~
WO XERERICBRIEE TV EERL 2. DB
# @ Bridges (FFLS I OBI% 2 i, HEIHVHE %
Fae L TmbLTtw &F 27 8. MREFEED
Damashio 1%, 1EEAAMIBA & O RIFE D FEAM % &) == 1
T B WIRHEN T (YRTAv T - v —J1—
KGR [9]. K&RIE, BIE & IZEERED 72O OffifE !
BUATLTHDERIELTWS [10]. %7z Ledoux
1%, HEE) & AEE)TIXR R B N TV B
ZE&aASMILTWS [11]. Ekman 1, XALIZEFR
R HEOFEA 6 & (R, S0, b, 26, A&
UA, BE)DHEHETDHI 2R UK [12). — MBI
LEHONTVWAEOBEMRTIZASDGRKIEDFK
Mmooz, EBORERE IR >R ET 5
2T, BEORANVEMAT I VDN TV [13].
INoDZ s, BEYAT LR, EEROSBIC
IR KINE, TNE2EEL UTRMTEE0VD
BRIz arnNTEY, EENRVATLLEFEIZLD
LI ND VAT LADGFHELTWREEZ NS, |
FLEHEEX, BWEZIBICE T ERIINE HK
B D Z )b, FEIE % Rl & G B %2 B O 72 R R e
KEFHOITRNVEEEHEL, BETTVERET .
AR CIIRET RBEETNEEHTIRAUDAT v
7¥ LT, Recurrent Neural Network % F|fH U 7=t &
FEI KB EEE R RETT 5.
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2. REBEETIL

FERR U7 ET V2K 1I0RT. BIEE T VIE
TO3IRIZHPNTED, EEIZRL k% FIZE
BENTWB.

1 g : ERRNIGE
R 2, BRSNS Z1T S
2 & RRERJE
% 21, BB H S W TEBN K G % I - sk
ERA)
38 : YHlE
YOG X N7z SR OG (EE)) & RIZED W,
JRRHERR - AT ZEIToTWD
ZOFHRERENTITIAALZHDE NTREFEE L
THELTWS

BB IIKEICIGT A TH D, R L
PEREBEWE, T7—-%0. ZhzdL, F2ET
B EDORRIZIT 7 AT 5720, 11O DIRELE
WH BN, BEICEDOWTIMET 5728, T7—%2
L5FTIENTES. ZO1E2E PSHIEINZ—IX
FHHERTCERU-EDOPBETHS. DF D, HEk
MEDEHEZITZDO—RREDOZLERLTED,
MEBTTHOLNLED, EE2OLZL2DTERN
EERNINE 75, Pentland 234218 L T\ % Honest
Signals IZZ D —IXFXHDO—H L EZ 5N 5 [14]. 1HH)
fF5 LGB OERITIRGTIEM L7272 13 OB TH D,
HEES» OB E2ES Z LR TES.

IOLTESNEBENANES L B IZFEKFH
i, REFHHEHI NG, BOBHRTIEZ OFEE)
MR ANEBIZHIT SN0, KETFHD
2L, BigdhT IV IIpEINE-H, Bl s
HREANLBBRE-EEZONDE., ZZTELUED
TIAVIFERANLHFVBIFE LRI NS, FhiT
BEosfrE#zIL, TOMRETHSNIRW,»S T
HERAEZGREL, RN, ARkPHOFRIBEEE ¥
B o, WEITOT T — 2 IFERE UTRES
Nnbd.

3. FEBEBICLDIBENEK
3.1 EE®R7O0~M3)

RELVEBHET VERBT2BHDAT Y T L
T, recurrent-attention model (RAM) [16] ZFIFH L 7=
BURERIENZ X BB E R 2GS U7z, AR TIE, M
Bf#E L U T International Affective Picture System
(IAPS)[15] 2 A1 & U, RBEZE I & 2 3B E D £
filido D #H 2175, IAPS IE ADEBZ T TR, &
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XY O WGBS OISR, §C RN REGEE
ENTWVWS, ZOr %, iz UTIAPS 2 ATx L
THRA, MR%ZREE & RARE CREHl L 72858 % H
W5, 2FEbh X, BRETLVOZEETHE. AN
X RGB & L, 8T —&% 24200, TANT—X
100 & L7z, RAM TRTY T vy a vz RRFIZE
BILETNER->TED, EREOREEEZHT 2D
WIZEZIZHERLTWRO0 228 T5Z k5.
SEO7TFryavEliiiomEE L, FEETo .

3.2 ERER- -ER

SNy FH 1 X100 & U, 2000epoch DFE %
fFolzxy NI —=2%2HWVWT, TAMT—RIZHATS
WEEToMEREZX 21TRYT. Z2ZTRLUTWS 0
~T DT TV TAPS ORGSR 2R U,
k-means clustering Z FAWT AL ZFERTH 5. IE
AT —ReTANT—XEHET LU BREH
FTETWBZeDbh b, £z, A7) T LItk
RERTH, HAIZRE WS, EEEEILEERED
0.48, MEH 046 L72>TWV5B. ZOFEAEIXETNRD
WIZINSWEWZ B,

4. OKRvy hADBFDOEE
41 =ERJ7O0M3)L

IHEERE T NVOMEED 72, EEIzaRy MZE
FILVEREL, HREA VR F7avDOhTEDL
SIS ERTPMAEL 72, TRy M2 Baxter %
AW, BEE O Kinect 2> & HifZ2EEL, €T IVIZA
HU7., ET AP NINAZMEIZIGU CHERFEZE
A5 &EDFEEERT o, BHEBIEEOXINEE 3 D
DTH5. SENFEFRNE L €T NVHIEOBRIZIED
ABRELIRH>TVWED, SBRIIFHIZLVERTEFE
Thd. ETNFI1ITTFryaryIleilfizhhds
Bel, AEVDY 7Ly ¥aldfiblhdrorz.

4.2 EKRER - -ER

ROl Z2K 3I1ZRT. AW EADFEEICEL
7HEAIPANDORBIZHIGLZHEADR RSN, Zhs
3HDFEDHADRENHEKTNELEEZLNS.
BNSBEARIIIBWVWTIE, BOEERHELTWE LD
WZAZDL., BECEL T, AOERBIZERLEZLS
REBNHEHINTE Y, HEMERD & S B4R % FHE
L TW=.
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=2 =3 t=4 D=8 =B =7 t=8 =0 =10 bel a2 bed bed te bl il it
CEEEEEEEEE HEEEEEEEEE
Valence 6.35 (actual:6.62) Arousal 4.65 (actual:4.25) Valence 5.15 (actual:4.82) Arousal 4.14 (actual:3.97)
(c)

M1 BEETNV (a) BEETIVOEE (b) RAMIZEBEEIER (o) FROHI

5. BIIWNT3EHRG KBBIZONTHREDHNEZEWREINTED, F
5.1 EESO0MIIL BHERETVICE BSOS, AkOHNZL TN Z
EWRDIPrB

bRy b TOMRETEOELIHEIE I SET 5
BV RIB X Nz, 2T, GBEEEETFVICANT
Z2ZeTEDESBIANELNEONERIETS. 5.3 LABBZEMTOIREE
WML LT, A\OF—XEDHKEZT 520, BiFe
HOBIGREWREERIZ LD HS T LTWBIFD
DT — & %25 [17). Hifid HSV @26

L i3 52 Bfg (0~51), alx 51 BebE (0~50), b i
51 Btfg (0~50) &L, 4 135252 MO EHIZH LT,
HEfEZ R H U, K51, Rz a, #Et#zDb oL,

ULAB &ZHEHTERL . BefE & EH U 7l 7o T\ B, AR [17] 12 & %
YR OISV RS TIRARRIZ RS Z RS

5.2 ERigR - EE NTHY, BHERES VL2 HE, FAEOHA
ZLTVWBIZENbRs. ZhoDfERE D, A

5.2.1 HSV B2 TOREE 2T E L, HHiH 0 ¥EEE LbIFTiERn
H 1% 37 E3BE (0~36), S 1% 52 E¥ps (0~51), »s, fEGICE LT, NEHAROKIGEERLTNWSZ

52 BB (0~51) tb,@l%%BW@ﬁ@bﬁbf, SRS
HEEZBREE L. M6, VEZEELEZEEDH 6. EE
ESDOEMZEBMEDENEEBLZEDTH S. ) .
: AT EREEV RN Y
COREED, VAKELARBIEST, 5 UFOR %fﬁgﬁgébfj@;%i»%iggéii—m
e . T & z. et T RO B T
BT\ B Db, E7-, bD—5
> ZE LT, RAM 2FIH U, W8IEKET-7. Wi

DB U TARERT I EARINTVWS. 20D R X N
DI 32 T R, HR BT RASL, BEEROHER 135 X512 RAM O
A e WA ITor., fERE LT, HEEEESTT, ADR

Hb.
UAEEOBEBRNRE RS Z 500D, aRy hAD
WIZIX 4 1%, #EEmE S, MR Ve L, HBREEZEY ,
EREEELT, BEELED LS BESPHIcLEHH

LR TS, AOW T £ S ERERE m s . SBILEIEE L W
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BB (CER R EER U, DA EFERRO B RN R % HL
BT25Z2T, EFTIVICTHERKGDERZITS. £
7o, iEZEZAEL, 2BHO¥EEETO b, &
BECB I 2HME FHITEAN=ALEANDEZ L
T, 3EHOEHZHET. Zho2RT, 24D
HETIVOREEITV, ME#721 TR <t
RIENE DRIFE % BT
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BE% 376 DTY.

SE Xk

[1] Picard, R.: Affective Computing, MIT Press. Cam-
bridge, (1997)

[2] Breazeal, C.: Designing Sociable Robots, The MIT
Press, (2002)

[3] Masuyama, N., Loo, C. K.: Robotic emotional model
with personality factors based on Pleasant-Arousal
scaling model, In Robot and Human Interactive Com-
munication (RO-MAN), 2015 24th IEEE Interna-
tional Symposium on. IEEE, pp. 19-24 (2015)

[4] Woo, J., Botzheim, J., Kubota, N.: Verbal conver-
sation system for a socially embedded robot partner
using emotional model, In Robot and Human Inter-
active Communication (RO-MAN), 2015 24th IEEE
International Symposium on. IEEE, pp. 37-42 (2015)

[5] B Eth, B EMS: BEETVEE T EHAEDTRY b
WAMOEBA — 2 & Afl & OIE#R I, HAME 2
A8, Vol. 65, No. 633, pp. 166-172 (1999)

[6] RHER: FEFZET KT+ 7 AT KB AN TIREEREHZ A
3T, HARBRY FE&EE Vol. 32, No. 8, pp. 666-677
(2014)

(7] Y& B 2k, RIEFEIL, I HER: Restricted Boltzmann
Machine % W22 @ENEE I Ia=r—>a v, §
30 B AN LHIgEF22E K2, 105-05-22b-2 (2016)

[8] Bridges, K. M. B.: Emotional development in early
infancy, Child development, pp. 324-341 (1932)

[9] Damashio, A. R., Everitt B. J., Bishop D.: The So-
matic Marker Hypothesis and the Possible Functions
of the Prefrontal Cortex [and Discussion], Philosoph-
ical Transactions of the Royal Society B, Biological
Sciences, Vol. 351, No. 1346, pp. 1413-1420 (1996)

[10) KZEER: NEBETREE2 200 —THIREICS
1F %G DEH R R El—, N TAIREY 25, Vol. 31,
No. 5, pp. 710-714 (2016)

[11] Ledoux, J. E.: The Emotional Brain: The Mysteri-
ous Underpinnings of Emotional Life, Simon & Schus-
ter, (1998)

[12] Ekman, P., Wallace, F.V.: Constants across cultures
in the face and emotion, Journal of personality and
social psychology, Vol. 17, No. 2, pp. 124-129 (1971)

[13] Dutton, D. G.: Some Evidence for Heightened Sex-
ual Attraction under Conditions of High Anxiety,
Journal of Personality and Social Psychology, Vol. 30,
No. 4, pp. 510-517 (1974)

[14] Pentland, A. S.: HONEST SIGNALS —How They
Shape Our World—, The MIT Press, (2008)

[15] Lang, P. J., Bradley, M. M., Cuthbert, B. N.: Inter-
national affective picture system (IAPS): Technical
manual and affective ratings, Gainesville, FIL: The
Center for Research in Psychophysiology, University
of Florida, (1999)

[16] Mnih, V., Heess, N., Graves, A. and Kavukcuoglu,
K.: Recurrent Models of Visual Attention, Ad-
vances in Neural Information Processing Systems 27,
pp. 2204-2212, (2014)

[17] IWFEAT: BEPSAA—YINEHEIIDONT —
FEEE OREIE T 7 2 B e U7z gk 22 M o et El
2B B H5E—, KFHT RS, Vol. 9, pp. 289-316
(2008)

— 392 —



20170 00000000034000 0OSs11-3

3 BARY b TOMEEDRRF

5 LAB {aZefIT i3 B4R & AT X % 30l [17) & 0 ik

— 393 —



20170 00000000034000 0OSs11-3

X 6 HSV fizeflici 4 508 (1~9) MENRH (0~360), FEHEMNS (0~51), TNFNDT 5 ThdH L
DV (0~51) 2&3. L5 EH»S5 V0, V11, V21 G5 EH»S V31, V41, V51



