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Imitation of Human Gaze Behaviors in an

Android and Effects of (Gaze and Blinking in
Eye Contact”

Tetsuya Sano

Abstract

Androids are expected to have a role as communication robots for talking to
humans. Blinking and eye contact during a conversation have an important
role as non-verbal communication means when communicating with humans. I
believed that natural and nonverbal communication can be realized in androids
by imitating the human movement including gaze behavior.

In this paper, we propose a method to analyze human gaze and blinking, and
realize imitation of the gaze and blinking by an android. First, we measure
human gaze point and blinking during a conversation using a wearable device to
realize imitating gaze and blinking. Second, we analyze how long the eye contact
continues and how many blinking occurrences there are. The android can be
intentionally controlled by setting each parameter manually. Furthermore, by
comparing the impression of the android which reproduced the gaze and blinking
using the proposed method and the impression of arbitrary gaze and blinking
which expresses blinking through subject experiments, we confirm the relationship

between the gaze and blinking during eye contact.

Keywords:

android, gaze, eye contact, blinking, observation, imitation

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, March 15, 2019.
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Fig. 1.1: Actroid-SIT, Kokoro Co. Ltd.



Android Controller Air Compressor

Fig. 1.2: Hardware configuration of android
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Fig. 2.3: Capturing a human pupil by an IR camera
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Human gaze horizontal position Xgaze

Human gaze vertical position ygaze

Y

Face recognition by OpenFace

(Obtaining x; y;)

Face area recognition process
( Obtaining Xmax, Xmin, Ymax, Ymax )

Are Xgaze and ygaze
in face area?

Yes
Y Y
Eye-contact No eye-contact
\4
End

Fig. 2.5: Flowchart of the eye-contact-detection method
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Fig. 2.6: Detection result for eye contact and gaze away
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Fig. 2.7: Automatic blinking detection method

v &7 MEDKREIEFECORTTOY L, GELFERTA A2 Z 7 PLTVWBK
filld eye contact & ZFL U7z, £ NS D X [EIE Z 1 ZF 1 Right up, Right center,
Right under, Center up, Center under, Left up, Left center, Left under &%
LU 7=.

BEEHHECBE L TIBfaoR ey bLU, BEHZ L TW2AXH% blink, B
H%z U TWARWKM% no blink &R L7z, £z, 71V X7 FOREIDE A
NIISLEBMEBDREIDLA NI LEZENENFig. 28 D (b) & (c) T/ L
7z. ZZTOBRADORT LI, HZHUKOTHS XM ETORHE T 5.
(b) T, 7A4aA2Z 2 b2 LTWAKHBIWEZBEATWIWI 2T 1Y
R MDONZ— DR D 2 R T 5. SED Fig. 2.8 D (b) Tld 0.25]sec]
EFTCORIDTAaRI7 b E0.30[sec] 25 0.45[sec] ETORI DT A AR
k& 0.50[sec] 725 0.60[sec] EFTOEIDTA IV X b & 0.75sec] L EOEX
DTAAVERZ NOATEEFAELTWE I LD ERTE 5. Fig. 28D (¢) Dk A
NI LABBEHORTEZRLTWS, BEEICEL T, 0.30[sec] ¥ TOREZ DB
H, 0.35[sec] 7*5 0.45[sec] £ TORI DBEH, B XV 0.60[sec] £ TOEZ DBEH
DHERTE S, LT, Fig. 28D (d) IZBIL Tk DA IR N T Wz
DERTEANT T LEERLZ. FEROAL FE U T Center up 23—%% <
HELTWZZ e hsb.

13



gaze

blink 4 o e
not blink 4 E
eye contact { = « -« =meime s e o comneis oo m—
|eftup_ ek e A e N e e T
centerup - - P AN S A LAt
right up o ~=wss= =mems . =
right center | === =ecom = =« way vad
right under
center under A
left under
left center com w
0 30.0 60
time [s]

(a) Eye contact and blinking

12.5 A
10.0 A
p
B 7.5 4
5 7
2
5.0 -
2.5
0.0 -

0.2 0.3 0.4 0.5 0.6
time [s]

(c) Histogram of blinking time

Numbers

154

10

0 .
0.00 0.25 0.50 0.75 1.00
time [s]

(b) Histogram of eye contact

Gaze histagram

2000 A
1500
&
o 1000 A
(=}
500 -
0.
L 5 b k& o oo oo B
g5 888535558
S g & g £ & = o 2
¢ 5 5 5 © £ o G§ <
o U o ¥ Y o
¢ £ § £ 2 T g 2
L = 2 209 v >
(] = o
(¥
time [s]

(d) Histogram of gaze patterns

Fig. 2.8: Analysis result of human’s gaze behavior
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Fig. 2.9: Face recognition result using OpenFace
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Largest face horizontal position Xmax
Smallest face horizontal position Xmjn
Largest mouth horizontal position xmgx
Smallest mouth horizontal position xmjn
Largest face vertical position Ymax
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Y

Face recognition by OpenFace

Face area recognition
(Obtaining Sface )

Y
Mouth area recognition
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Calculation by Formula (3)

l

Fig. 2.10: Flowchart for mouth size analysis
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(a) Max size

(b) Half size

Fig. 2.11: Analyzing the mouth size
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Fig. 2.12: Mouth size graph
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e Right up

e Right center
e Right under
e Center up

e Center under
e Left up

o Left center

e Left under
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(a) Left up

(d) Left center (e) Eye contact (f) Right center

(g) Left under (h) Center under (i) Right under

Fig. 2.13: Nine gaze patterns
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2.2.2 FOENERLE

AETIX, DOBOBMEOREIZOVWTHRRS, 213HTOHDKE X DfE
MrER2 S, 7 FaA NOOZ#EETS. Fig. 2120 (a) DZ I TDREIIT
W->T, 7R FOODKE I 22X E7=. 7> RuaA RO ERICH
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NHL Z e ZETZW. TDOHODFHEELT, 7Y RuA RIZHLTY A2 %
HELUTERT S, 7RO RIZv A7 284 U 72T % Fig. 2.15 12 TR
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(a) Graph for mouth size

(b) Histogram of mouth size

Fig. 2.14: The mouth movement
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Fig. 2.15: Mask for hiding mouth movement

2.3 RS LEMEDFHMELR
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24



Table. 2.1: Gaze pattern for preliminary experiment

BRI = | B e RS T I V0 | Gigeas T8 | BWE
(1) N1 A EhkE b | AR
(2) 2% A Bl | ARl
(3) 9™ A Bkl | AR
(4) 7L 2L | ALK
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A B0 RIZR ST, SRRt Z =2 (4) TRERRE®RS S vwo T, #ikkE
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MENT XA IV ITDERD, ZThETn 2 MEe 9 R ciiRE L s 9. #
KRN R =2 (2) X 2PN 1 IR 2 R S TENER AL T2, T4 AR N%EH
BIZMIBHIREMHFICEZ D ZEDRFRING., ZORX—=VTRETA VX
I N3RS WD, WERFIZEZBHRPEL Z R FHREINS.
AN Z—> (3) TIRIMDOMECHEZES TEENAS D, BHEGLYE
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B Z e ifFEI N5, g Xx—r (4) FBEZETIC71avy& 27 %
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ATITON 5. BEEHOEEIL, MOFRENNX— 2 EFUREITHhNS 72D, TD
BERAN R =V PN —BT A AR IDREL R 5.

ZDATEEOBMRN R =V CHEIE TR L L TCOWBRE ICFEEZ2EVNTESWVWED
EOWHREZITEPUTD 6 DOBETSDIEIZTT v — M &2fro. KIH
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HA, B, C, D, E, FIZEHULTTEEDOIMZLTH S, HIZIET v Ra
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>

PILW (1) —Zbhbwv (7)
BUDHEW (1) —E&UoE W (7)
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S Q =

HRZK U5 (1) —fifzRER 2w (7)
E: Whrds (1) —hrmwn (7)
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(b) A chin rest

Fig. 2.16: Display and chin rest
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2.3.3 EERER

WERE 8 NDFMOEEEZ B H L7-H D% Fig. 217 IR, HEOLEIH
Xz —> (1), KBTI SR = (2), BOOBLEIRIZ—2 (3),
HOOMOERR AR = (4) Z2RUTWD., ZOiHii% R 25 L2 —> (3)
& (4) PRV Z&E oz, FHlEEEE D OflfR2 &5 (1) —Hifi % &
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ZOFERIZH LT, IR =2 (3) &SR = (4) FFHIiAE L ko 7z
N, PR Z—2 (4) OFIPFMEEHE EOM 2K 5 (1) — MOz &U
W (7)) ITBVWTHAHZREL S WO RERICR - 72, 72, FlifEEEEEF O
AESLE (1) —AIS UL (7) OEEIZEL CTIIEDHIEIZ -2 4
WZR-2TED, NS LIIZBVWTINS DN Z—VTIEARIS LWEE R
AAAY A A
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Gase pattern 2

Gase pattern 1
Gase pattern 4

Gase pattern 3

raLwn - Zhw
RUDRL — EUDOEWN
BHLarswn — FLAHT W
HiRERLC 2 — BRRERCHEWN
BhhH B - #E AR U
AESLW ABS U <AL
1 2 3 4 5 6 7

Fig. 2.17: The result of questionnaire answer for comparing experiment
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2.3.4 ER
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o TWAIRENEL R>THEY, SHOFFENAX -2 DR TREEWN. 0Ok
BNST7A4aAVR I MOEIVEVIZY, BOILBDIIZBEUDZEDER 5.
UL, 22— (4) 3743V 27 OEINIVEEZ TCVWEIXME
FAEL 72728, FHMEFEEIEEH A ORI LW (1) —Zb\w (7) & FHiifEEEE C
DEUAXT W (1) —BLAIZL W (7) T, g —r (3) OABEW
Az o7z, FDZD, T4 AR IDREWEHTIZHMOMWIIRZ S X 51
BEUIHBZEDRHEKED, TAaAV R VORI BHEZ A 5 EHTIZ
HZ2ILX, BlLAXTINHEI R EZoNE. ZOFEENSHKRZ T
5TRAIVIDORMEEEET LI LT, HBREAVELETMIVE I MNOES

EAEETES. £7-, G s LOBEOERIZ L > T, #HEEICERBHIRIC
ZINTTZ EDMERTE 2D, FlRR S UDIGNZ & o TED & 5 IR DR
FIZHEZONENIIHERTE R o7, TDH, e L THIEES L DG
W&o THERREIZGEZDHRBEDL S WZ 2 BRE T o5,

U2 L, dMiifEEEE FOAMS LW (1) —ABS LW (7) 280\,
EDRHFRNR =B EE L5 EH VAR WEERIZR > T\, RN & — 2 2 ZA4L
IHETH, NS LI Laeh o7z, SHEOEBRTIE, 7TA1aVX7  NDE
IVEBRDHPFANR =V AR UZD, flfz—2 (1) 256 (3) (EBERE O
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BB % S TIEATAE U S X — V7 o7, BEE O & Bk % 6 S 35
DA S USICHEEEZ 52 TWAAREEDH S, T4 AR 7 MR 3ITEN
PR R — V DIERE IC R WIS 2 52 28881272 o 72. L L, BRE & iRG
5L EMAGOEZHRRNNR — 2 TlE, KEETOEDEENBEIZRDPED5
mirolz. BRSO UEBBEICE > T3IRDT AV R I FPREBTETVWSZ
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3. 7A4AVY U MNEEEBLI-BER/NNY—2 DR

3.1 7432497 RODOEBEBICDWT

s S LEEOFMEERTTY A 2V X7 hOEIDES Z & T, #EIZE
ZADHMBNERIL D Z PR TE 2., LHLL, 7Y ROA RB¥fTR->TWAE 7T A
aVEA 7 POEZIIIZELT, EEUTWEDN, HLELUTWBDNRaHDIZ
SWHER &R o7, Hli o LEEDOFHMIIERTO T 1 a2 7 MEIBEHZ L T
BoTHENRFIIZHDIRETH-7-. LU, T RuaA RPBEHLUZBIZT A
aV R MR I N X SITEL BDD, BRHBIBEMELTTYrav 227 b
LTV ESIZAMEBRERU B0 AHTHS., £ZCT, 7 A FOEHATIZHE
D TWRWIREED 3 B & 5 RN X — V2 EBHAREL, ThoohTED
NRE—=VPR—FBRBVHIR%E 5 2 50§l 5.

3.2 EHDHEIR/NY — > DLLEREER

AT, 7TA4IAVRT FOBEWMI L DHRKREREZTS. 713X 2 b
IZDWTIKIEAB W T WA DL RIZH BIREEREL, 7T1IAVE T MDD
EI N 3WOEBOBRN L — 2l 5. BHEGES LIZk>oTT VR
O ROGARDHFOED SN & ZIZED X S mHIRZHFIZE 2 5 g
T5.

3.2.1 EEREM

Fligde & UBIE DR SEERIZ THE R I N2 2 DDA IE L WHKRGEET 5 Z &
DHWTH S, 2 D0DRKEEIE THEGES ULDGATIZ X > THERE 125 X 2 IR
DEDLSRW], BREIZE>T3IRDOT a2 MDMFFTES) DL TH
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Table. 3.1: Gaze pattern for comparative experiment

NRE— | BB RS T XA I VT | kR E RS S5k it H
(1) NAEAR N1 YN e
(2) NEEAR ke b PN 1
(3) B E A3 72 R A ENEL | £FEOT V=2 KAV b
(4) 3P 1 E A B/ L 72U
(5) 7L 7L 31 ERVEEE
(6) 7L 7L 3PN 1 ERVBEH
(7) 7L 7L 7L

3.2.2 EEREFH

20RDFMELT NIHERE L LTEMULTE 5o, Ty RaA Ro7y1avxs
NEBEHD/RRZ — 2% Table. 3.112/R 9 7 DD R — T CTLUERSERRZ1T 5.
FEL DR R — VHIZIERR 2 AT T L R =2 (1) 2 Ao Z —
Y, BN R = (2) ZEE I NGRS UIZ KD A2 —, Bl
R—> (3) ZBEHLERES LIZXZ3OT AR 0 "X =2, kRS
B—r (4) ZHFRGEO LDOANR =, B Z—> (5) 2R WBEEDANX —
v, fifgnNz—r (6) ZRVBHOANNZ -, B2 —2 (1) 2713V
R NDIHRINR— LT 5.

NS R — > L [EE S 7Rk 5 LIz & B ARl 2 — 2k 2 BRI
£ > T ADERREZBUR L 7SR — 2B, T D2 DO/ SR — > DEN
I, HRREGE S THFRRR D, FEE S N2 S Uiz & 2 ARSI IR %
ST EALEEE BIZEELZHDTH D, 2RSS THICRHIZA L E

Iz R RS T

E7z, NEMSE — 2 L[EE I NRRRE S LI X2 A2 —2 137 1 3
VA7 MO 3 I 0L 2o TW 2, BRREHIIA X 512 T A ORI 2 HE
U7zBRiz, AR N7 BR O BERE A EHAER A T K > TIELWALEIZFHAIC & T2
Moz ZENEREEZEZ SR D, ZD725 L OpenFace TRt S 3172 BHAHEIS
ZRELTHILT, 714327 FOYIEZKREL Uiz, iRikE Nz BHER D
RESIZ LI0MHIZEH Uz, ZOFER% Fig. 3.11Z7R" 9. Fig. 3.1 D (a) IZTRE
NE743YX7 bDEZIIFig 28D (a) LHRZ L EL{R>TW5. Fig. 2.8
D (a) TET A AR 7 MIGEF21 M ERFL TW2hY, Fig. 3.1 D (a) TIEE
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a8 e EiE Nz, F72, Fig. 31D (b)) DT A IAVRI MNODEIDL AN
SLBHET DL, BBEINEZTAAVRZ 7 NOEIVEL LT WS Z & HH
WTE5. Fig. 31D (¢) LTI, MHOEIDOLA M T LEZRL TV
®», Fig. 2.8 D (c) LA UFERNPHT WS, Fig. 3.1 D (d) 1IZBAL TIX, Fig2.8 D
(d) TR ST N TV BE S U OREENEAD U7 Z AR TE 5. Fig. 3.1 D
(d) Tl Left up ~NOHFEDS Uz —HZ {ATHRo>TWD LS IZF@#E iz, 74
AR POREIVIMITELTVRWKRD 2728, #EREIZE X 215
s ZenFEIN5.

BEE AR S LIZE B30T 1 av &7 MIBEH L Gk S Lo G234
FNTWS., BHEZRFEOT V=RV NTIEFD LD ITER L2, WRICHEH %
U TRWVIREED 3LV 72 RIS 5 L2175 D IZHAB U7z, #lfdE s Uik
TNENRELE LA ENGRSSED, 714 AV X7 SN2 3725 iR
WO UNBREDOES 52BN ThNL8EZFEBL 2. Hlfds U BE OBE/EIX
EH5LH 050NIFTITI EDICHHBLEZ. 3ROT A2V R NERGEDT
V=214 Y NCTOBHZITS 720, b HIRPRELS Rb L TFHIN5S.

BRRR S LDANRR—VIZBH 21701, ffRzRoTOALTSH. 712
VR N IS - BRITR BT B EARRE RS . B S LIZIX0.50
M TITD KDL 7. ZOfAZ -V 3BEZ 72wl 21z LT
AREHRIZIE U B3, 3SRMBIZ7 A AV X7 v 203D T74a 027 bOESIX
REIZEU S e THlENS.

THOBEH DO AN R =V E RWBRH O AR — 3R E RS X302, BEH O A
2115, BMHOEIZ2EHETHI LT, YOI RHREZMFIZEZ 50T
572012, BEHALUTVWAREZZE L. HOBHOANRR =TTy
R N 3R RICBE 217\, AU REZ 020 MRS 5. BV
HOANRR—=VTETA AV RI M 3IRHITBICEEZITV, B2 2R
% 0.50 iR d 5. ZD200BEHZIIRT 5 Z & THEHDOEI AW AN
TAAVRI NEMRLTWD X SITEL 20 RGET 5.

TAAVRI NDANRX—VTIE, BfES LEBHZITOT 73V X7 b
21K S. SBMUETA a2 Nekilb b Z L LBRERRWZ 2T,
FIZEZPHENRE - HEEL B L TFHIINS.
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Fig. 3.1: Analysis result of gaze
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Fig. 3.2: Setting for keeping human’s head
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Fig. 3.3: Experiment setup
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Imitation human gaze behavior
Imitation human gaze behavior and gaze away to right up or left up
Blinking and gaze away for 3 sec eye contact

—e—QOnly gaze away

—&—0nly short blinking

—+—Only long blinking

—o—0Only eye contact

BUoLWn a0, —-9—ao BUDbB W
BT EBL / RTED
TAAVT I~ FZAAVEI I~
SRR - HTED
FAAVI T b FAAVE U R

BB 2 D E N

AESLW - ABSULLLEWN

1 2 3 4 5 6 7

Fig. 3.4: Experiment result
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Fig. A.1: Analysis result for graph
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(a) Eye contact (b) No eye contact

(¢) No blinking (d) Blinking

Fig. A.2: Android’s blinking expression and gaze expression
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Fig. A.3: A subject listen to an android’s talk
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Fig. A.4: Result of questionnaire
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