N
HAL & 2 RT ) L 2026

HAI Human-Agent Interaction Symposium 2026

Symposium

BENRYHREARIFICMIT I
ZRIEM AT LORAEL 7> FOA FRE
Development of a Multi-layer Mimicry System and Its
Implementation on an Android for Emotional Empathy Expression
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Abstract:

Facial mimicry by robots has an important role on conveying emotional empathy in

human-robot interaction. However, continuous long-term postural mimicry often provides awkward

impressions due to its conspicuousness. This study proposes a multi-layer mimicry system that

integrates Superficial Postural Mimicry and Deep Mood Mimicry. Superficial Postural Mimicry

serves as apparent postural mimicry only in response to salient human facial actions, while Deep

Mood Mimicry serves as inconspicuous but continuous empathy expression in which robots behaves

based on the mood copied from the estimated mood state of humans. These two mimicries were

dynamically generated by individual system modules and integrated effectively.

The proposed

system was installed on an android robot face to test its performance.
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1: Appearance of the female-type android robot
“ A-Lab Android ST ”
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2: Overview of AMESS.

LR,

Z ZTCARMZETIE, HFOXR T Eu Ry NHBODK
FELTRBL, ZOKm5%2uRy MIAOB X T#
B3 2 RENEBERET 5. AP X701, HFEOD
EIEIRAE . O—BD—HOEEDOHFRISEITITHZ 5,
IhbLE, KOVPEFALTVEI2D LI ICHRE XN
ZexFMr 5. ZORMMIELBIZL L, MR
WKIRREINTH LI L LI EEC IS WRE RS
ZeHfFING. —T, BHERKILEEDR VW
B, HEEZRINTWS Z AT L HIRINCHE
INBVWENDD S,

DEoBgmzikxz, AHETE, —R—HDODH3
RN & R E RR 2 fER A S DR -
ZEBIBS AT L OHELHNE T 5. KO RXT LI
Eh, b LEEREXLIHBZ R, HEER
LTW3 Z e RIS, iz s e %
Higd. 2o 27 a1%, BRIEORILNREDA[EER
7Y RuaA4 Fakry b (MR, 7> A R) 1c5HE
L, ZOAMEEREET 5.

2 &S AT LDEE
2.1 ¥AII 7>rOTK

ZEBRIRTIX, EERVREEC X 2RI ERE
P 5, HFEOR T E R Ry N DEHEEEDMER
& UTRET 2 RENE E T % [F— A L THEHET
RENDH L. Z I TAMETIE, BmVWEHELXET
BEET 7 F 2 —X%EHZ T [ Android ST (BNt
ALab®) ) 2V K12, 207 FuaAf K%
RT. K7 Ra A4 FIXEEIZ 13, B3 OFEREFTE
AL, BB X CHEEOEBOEESRAL DEL E % HI1# 7]

HETH 5. Wl EHNEr o RERRELE(LETE
HWTE27-0, ZEEBOREICEL TWS.

2.2 7>ROARDOIHOREBRES AT L

BRI 27 L TIE, 7> FaA RigBF 3L
NLBH B WVIFEE L NV TOMEIEIDERDTE 3
FRERH S AT LPRETH S, I TAWIZETE, 4
FHHIZ ko TREREI N2 AT 4 TAutomatic Mood
Expression Synthesis System (LR, AMESS) | %
RHT % [5]. AMESS @3 27 Lg% X 2 1ITRT.
AMESS &, #EfifE L LRI 2505 5 REEY
BIUOERMNRREER L BEES TR R T 5>
AT LTHY, BIGREZ —RULRKRIEE LTTIER
<, EfmEEER ORI L X A TETERIT 3
CEMARER S AT LATH B, 722 21, RBLFE,
W7oy, AFIRREE KM L D04 U 2 EERNEE
DHNTD, [AWIGCTESEDLEZBHON D
ERINTED, REVWKDICHRET S, KRERK
H2HHEIC R D, MHEAERLS W o < DTk D, BELEE
N=H L, 20EBZDHTRGNPREINDG. ZOF
MiE, RARCTEATZ, KAOPHEFLHEFAL TS
X WWHIR I N 2B OERICEL Tnd. &
512, AMESS 137 7 F 2 T — RIESH £ TR GO
ATH 27D, 77F2T—RIEDEEZGIET 2
¥ CRBEIEHICHIEHTE 5.

2.3 AEREFDHUF L AIALIE

B s 2 7 A 2R THW S NEEE) 7 — X 2§ T
27280, KR TIEIALRRY hDA VRS ark
HE LU ARG 255 Uz, AR OBHRS 27
2%, BEILRIC B 2 B B i & LT
2B EHNE LTWA 0, BEicidE s s
DONEHEENC X 2 TWEE D TFICEEATVWD L
HIZ, KAOYID B D 2B AT BIH X 2 E
BHD. FITAETIE, RKEH ST ICEENRRE
o, HEEAOSHEIEIRENERBITTSSF 22—
TarvEFEL, JaOEGNREE, ZHUITHIG
L CTHN2 ZRREEFNBHII N2 X 51c L. #E
BRUCIRE LB DR F v > ay &K 3ITRT.

NEEBIDOFHANC I OpenFace [6] Z W, FACS [7]
WD K NBHHEBOBIEHAITH % Action Unit (AU)
DIEENIL -~V 17, B X OSHEREEAES) (Yaw, Pitch,
Rol) oHlin& 3 fifH%, Zh2hkRY|T -2 L
THUR L7z, AU IZDOWTIX, OpenFace 13 575
PEHERR (0 27213 1) dPFHL, AU OE#E L ~L
RNZ MLeD7 X2 —IEE2MENEEITS> 2 &
T, AUEOBEMHZIIHIL 2. X512, &% AUEB



3: Snapshots of the human video used for facial motion acquisition, showing transitions between low-arousal

and high-arousal states.

% 1: Modified correspondence between Action Units obtained from OpenFace and those used in AMESS for
Superficial Mimicry. Only AUs whose correspondence was adjusted are listed.

OpenFace AU AMESS AU  Description

AU7 AU44
AU26 AU27
AU25 -
AUS51 AU52
AU52 AUS1
AU53 AUB4
AU AUS53
AUS5 AU56
AU56 AUS55

Lid tightener mapped to blink-related eyelid motion

Jaw opening motion aligned with AMESS mouth opening definition
Excluded due to redundancy with jaw-related AUs

Head rotation mapped with left-right mirroring

Head rotation mapped with left-right mirroring

Head tilt mapped with up-down mirroring

Head tilt mapped with up-down mirroring

Head roll mapped with left-right mirroring

Head roll mapped with left-right mirroring
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3£ 2: Features used for arousal estimation based on facial and head movements.Each feature is derived from

OpenFace outputs and reflects activity patterns associated with high or low arousal states.

Feature Description Related AU / Quantity Arousal tendency
F1 Temporal change of facial AU activity AU2, AU6, AU7, AU9, AU10, AU12, AU17 High
F2 Temporal change of head pitch rotation AU53 / AU54 (Head pitch) High
F3 Ratio of eye-blink activity time AU45 (Blink) Low
F4 Ratio of head roll exceeding threshold ~ AU55 / AU56 (Head roll) Low
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4: Example of arousal estimation and mood update in Deep Mood Mimicry.

MERL. 2oEHAZK (1) 1ITR7.
sljl = slj = 1] + Kp(Alj] — s[5 = 1)) (1)

ZIT, sijlidj 7v—LHIZBITS7FaAf FD
HEERE, Al ZANEEE D & HEE XN FOHELE,
K, 754 > Thz. K, DEEICKE VA
RAEDEZRE R D ENEZSPDOI 5 LI RAEL X
¥ 53—, NETELREEIKFEFAPFHE S U
A BBZBNDDHD. K, ®IRET 21X H72>T, AKif
T, 2.3 BT L ARIEEIEC N L CREEE
HEZITYV, ZoHEEZX (D KESwT7 > e
4 FORTEHICHNE., ZorE, 7> Fa4 R
FEE U 2R NRIGENENC NS 2 82 EHE L RN D,
KRAZDER L HBEINT, oS FEFHHFEHAT
BEr 725 X5, sfTEEINCIIREITo 7. ZO/RR
WZEDOWT, K, =002 28 L%, ZOEHITED,
HEEMEICE END 7 4 ROFELMHI LoD, WER
BREBIEZ BT 72 iR D R K FFAD BAFICHEB X
Jo. AREEENN S 2 HEEHEMRB LS 7V F
04 ROKPZENEN 4 1TRT.

2.6 ZEIEMS AT LOEBE

ZIERITIE, KRBT X RN,
BRI X 2 DX & L < RWVK RO KRG % i
T AREERE HIES. MEEFHNCERSDE
B&, B oRBIEMOSHRINCERS 2D, Bl
ENTVBELVIDLIL L LVWHIRE S X 28NN H
3. —HT, RENEROREBREZIH T2, &
E1dZ ORISR R L, HENSE L LTHoIcH
Hahilkzs, 20k, HIREE7L—2128
WTZERIRHE 2 RS T 28R AT, RENK
ORI L EERRH O L X L & L L 2 X RIS
W3 e N TH 3.

Z ZOARMZETIE, mEZE—KE 7 L —L4THE
T2DOTIE#L, RIS H X8 2B A
HHhEERALR. BRI, REEREE REE)
X2 —7, RIBIIBHIITEE 72 \EEB)HEH X
NG EICOAEN L X, FEBRIE O A
T3HDE L. 7rRuaA FOREZ, ZoimEss
REHEHEY LTEH XS, ZorE, REIIEIT
PD—EHOEEICHE O ICEEIND K51, HEH
BEEC L TEZRIUID B X 20 Tid%<, AUED
RARZGEE IR U2 BBRREE R TERT 5. &£
B DTEMALE T LB Ecd, RO SEEH]



% 3: Final design parameters for Multi Layer Mimicry and their functional roles.

Parameter Symbol Value Primary role

Activation threshold based on hu- 0 80 % Controlling sensitivity of Superficial
man AU change rate Mimicry activation

Minimum duration of Superficial Tnin 0.5 s Ensuring perceptual coherence of Superfi-
Mimicry cial Mimicry as a discrete response
Maximum AU change rate at layer € 1.0 s7!  Maintaining continuity of Deep Mood
switching Mimicry while enabling salient Superficial

Mimicry
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5: Implemented Mimicry on Android (¢ = 0~36 [s]).
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