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Artificial emotion modeling in PAD emotional space and
human-robot interactive experiment

WU Weiguo, LI Hongman

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Aiming at the psychological impact on human and personalized matching problem, which are caused by
the long-term coexistence between human and humanoid robot in the future, a more universal artificial emotion
calculation model in the PAD ( Pleasure, Arousal, Dominance) emotional space is proposed. The overall framework
of the artificial emotion model consists of 3 sections: external event detection and processing, generation and
correction of emotional response vectors and emotional discretization. Firstly, an effective external stimulus 3D
annotation method is put forward, after that, according to the external stimuli, a computational model of emotion
which can generate emotional response is proposed, and the personality and mood model are introduced to realize
the personalized emotional response. Then, an emotional response vector discretization method is carried out, and
the emotional intensity computational formula is proposed on basis of specific emotion types. Finally, the expression
synthesis and voice response model is proposed according to the emotion generated by the emotion model. The
speech dialogue and expression state migration experiment on the H&F robot-III humanoid head robot platform is
carried out, and the results show that the artificial emotion model can generate personalized emotional response to
external stimuli and simulate the process of human emotion changes effectively.

Keywords: PAD emotional space; artificial emotion model; feature selection; random forest algorithm; humanoid

head portrait robot; human-robot interaction

TG RR A AR BB —AT7 AR LR A A 1 ) i TR . ok S8 ) A 2
T, ML NI Y RN R AT AR 5 T2 B Seiisr /Y, i J2 A b =22 i) A — 7 19 28 SURTER 2.
A E BRGNS —SE2R N IIRE. Hlas SR FAOIE T I AT 4 15 B2 OCC 15 A
NATEAC R 1 A G AT LIGH S AN R PERS B ARIHL B ZRORBIESE T 22 Ff A S IR a0 e BE ™ AR i Fe O
AR R, Vikia ML A MSSEIER T S AR IR AR OCC T ISR A LA
LB NN A R JE VR 2 SRR A T KA Ojha %577 72 HAE A

PNy R B B A B U N Ve S wbii X L A A P N S e o R R e ]
B BT IS TR JET a0 BRI TR TR TT R (HMM) (1 sl |
HET A2 L8 I TAS AR AR 3 Ay BROAR 25 AL
Wk B8 : 2018-07-18 B RASALLST JE T o Al 2 o B 15 RS A T Ay T

BRI SBE( 1966—) |5 B W2k S . e e .
IR, R, wawe@ hit.educn TE e e T s iR AL, H AT, e 05 Ak BB




-30 - /S =S B A N S ¢

51 %

N R AN TR IR A 22 S A7 4 48 B P Ll
S RUNTE A B A G R R TR A
A Kismet 17 BRI 2 i Ah 38 A 5 T PAD
( Pleasure , Arousal ,Dominance ) =4E 15 Ji&4s [8] 19 15 Ji&
B T PAD AL B A 4 R —
S Tt A AR P 55 AR AR A 37 28225 ] R AL AR N
a2 H AR JE T Gross WA 1 T AY 1 SR
R LT R IS N RO I B R AR IR
F A A A R ) 4

75 4h, H A Pepper'™ I 3¢ H W & 4 #
Sophia "> HLESF A B & A 7E AHLAE BARIR 5| T %
Bl AR AR A 1 ) EAR B A T il X S A
IR ZHIEEE X REE 1°F & SO A7 1Y, Bk
Z A FEAE AT e an sk 1] (4] .[8].[9]
. I HAR Z 1% igasi Y 45 B 7E AN AR B
FERANAGT LB B, anseik[5] [ 7] .[9] 4.

ARTCAE PAD =4EfE RS BN, LR A blas v > 57
TR T — R EL i PR A N TR BT SRR S
5 B AR A AT b S RNEGHE AT — 5 B 1E B 3
WA EERRMEIRGE . IR HE BB A k15
BLaEs A L AT AHLIE A B S5

1 PAD = 5 R = ]

TELOHE P ) PAD = 4R 15 J8as [R)KE 1 45 03
g3 AYEREND G B EE ( Pleasure-displeasure ) , B
SRS AN B YRR BRI T AR R E 9K
1% J ( Arousal-nonarousal ) , B[VE 25 19 A= BHIE0IE 7K SF
O e M m K; fE % ( Dominance-
submissiveness ) , BRIV 25 Xt A F M FEIR5 1 4 i 0
HMIFZE Sy, A8 PAD 45 25 [a] v 155 25 AR 285 FH A Bk g
HliE (e = [P, A, D]) FR. (0,0,0) miFERNg
SRR &l 1 R,

AD

AT T
i s i il G

E 1 PAD =#1ER=(E
Fig.1 PAD 3D emotional space
PAD =4EfHIEIIE A —E R PAD 1§
e, kiR, T LA AR 25 1 R ME PAD Ak
BRE. SCHR[ 17 1048 1 e SCHRTARRR PAD f 25 B3,

It HAEAH U ST Fofs R AR AL U A v, I
TARLALHY 14 FpIEEAAE 45 10 3L E PAD fH, % 1 )
AT KB 8 Ml 26 i e PAD i (B R &
H—1t SN[ -4,4]).
&1 8WEARFHE PAD = i8] i RIS
Tab.1 ~ Mapping of 8 basic emotions in PAD space

s 1% &1 P A D
1 B 2.77 1.21 1.42
2 AT 1.72 1.71 0.22
3 TRAN 1.57 -0.79 0.38
4 D -1.60 -0.80 -2.00
5 fark -0.95 0.32 -0.63
6 N -1.60 0.80 0.40
7 foti -2.04 2.36 1.00
8 Ky -1.20 0.40 -1.60

2 ATLFRITESA R
N TR BRI 3 3 A48 1) AR 4

I Ko A3 43, 32 B A7 T AR AT TR 5 1 R N B
b, Az BUA SR ) i A EE AR . 2) PAD
56 g i 7 [ AR A A8 TE S 43, SR I B REAR I 4
I A2 R 4% (GRNN) | i H R4 A B9 2
WA A AELEAN , BUA S PAD 55 45 0 7 ] . X
PERS FILCE DEAT EEARE, I LABK AT PAD 17 28 i 1 [7] 5t
HATIEIE. 3) 1545 BSR4y, s FH B LA MR 2 258
KB IE IS Y PAD 5 45 N ] 1 5 FE AR 45 1 JL 1
PAD &2 A 70 F oy A B LR A 45 Rt

TR . BOALEANESR an &l 2 B,

anmll [eavfsz | ((PADfy Jf%um\
g | |k || e | ik 525 'rg
) sl | N[ PAD 528 r 2o 4
fg‘ffﬁ btk |[/] S » il &
S| | PADTEZE - =
Gl B | | g R R
Ea e i)

B2 ATERERIEEKIEL

Fig.2 Framework of artificial emotion model
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Fig.3 Emotional annotation of external stimuli
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Fig.5 Simulation program flow chart
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Tab.6 External stimulus annotation vector and emotion

response vector
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Fig.6 Changes of PAD emotional response vector in each dimension during interaction process

AT LA AR B2 IE T, M DRE (P) R
JE (D) A BHm h 2 . 1Tt RIMLEs AR 1E 16
LR A PRE I 5 | 0T G ) 1 285 PR SR k555 | 75 5 HLas
NBPEAR E AL T RO H AR5 .

4 AFERXREAHKR LR

4.1 ANZEXLRBEHRREGRS

FIHAR S 56 % A A9 H&F robot — I AU 475 A 3k
GHLEE N5 AT AHLAE B S2 5. i HLas A R AEHL
IR 3 8 A~ [ P B SE B T R s A ag s L AR
8 Ekman 220 B G HFBAT R 4D R 48 (FACS)
B DL A8 A T HB 42 ) o 132 Bl A) DUAE ji— 28
FEAY FAG AR IR 2% I R R
& AR HEIE 8 Fh s, K 7 Wis

7 HALGHEA 8 HEAERRE
Fig.7 Eight basic facial expressions of humanoid head robot
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Fig.8 Hardware of human-robot interaction system
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Fig.9 Software of human-robot interaction system
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Tab.8 External stimulus words and their corresponding external

stimulus vectors
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Tab. 9  Strength of robot expressions and answer sentences and

other related results
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Screenshots of robot expression migration and audio
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