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Gaze Calibration and Generation for an Android

to Make Eye Contact with a Human™

Akishige Yuguchi

Abstract

Androids are used as communication robots due to their human-like ap-
pearance and their ability to generate gaze motions. Previous research shows
that robots having an appearance closely resembling humans seem to have a
higher level of communication ability. Also, androids can generate a gaze by
moving eyeballs like humans. Gaze has an important meaning in nonverbal
communication. In particular, eye contact is used for advanced communica-
tion. It is thought that achieving eye contact is necessary for androids which
are expected to perform advanced interaction with nonverbal gaze communica-
tion. Thus, it is required to accurately control androids’ gaze in each directions
However, androids use pneumatic actuators which are hard to control and the
precise position of the eyeball pupil is usually unclear. Furthermore, for general
androids, the sensors that can measure the external environment like cameras
are not built in the eyes due to limitations of size and space.

In this paper, we propose a gaze calibration method for an android that can
generate a gaze direction. First, we indirectly measure the android’s eyeball
pose from the android’s head pose calculated by head kinematics and the gaze
direction object’s pose measured using the external sensors such as motion cap-
ture devices. Second, we model pneumatic actuator controller between outputs
as actuator values and inputs as the eyeballs’ angle and make data lists between

the inputs and the outputs to estimate the parameters of the controller. In the

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-MT1551116, March 16, 2017.
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experiment, we conduct the experiment which is a comparison of subject’s gaze
perception to android and to human, as one of evaluation the proposed method.

We confirmed the evaluation of the proposed method in some accuracy.
Keywords:

android, gaze, eye contact, calibration, gaze perception
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Fig. 2.2 Hardware configuration of the android
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Fig. 3.3 A camera as a gaze direction object with reflective markers

Fig. 3.4 A laser pointer device using two laser pointers as a gaze direction

object with reflective markers
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Fig. 3.5 The relations between each coordinate system
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BA4E BRKZEBET7IVF1I—YIESEOXTY )T
L -3y

ARFETIE, FIETRELAZT Y Fua RORRKZBOMBEIHAEEZHNT, E
BUZE I Z T -7z, Z LT, ZRIET 7 F a2z —2OflHzEEZET VAL, FHHEIX
NI-RERZBDT — R ZTDORDT 7 F 2T —XDIEHED T — 206, [EIFSH
EFHWTETIVDNRNIA=R2HELT, ¥ VT —2arvzi7d HEz2RET
5. £fHiTlk, FHIERE, EKET7F a2 —ROGHEEZOETIVE, FHllE N
IRERZEA L ZDIEDT 7 F 2 T— X DIEFEDONINT — X DIERK, % U TR H
EHAWEETIVDONT A—=RZHEEIZDOWTIERS,

4.1 FHAIRER

RIFETHRAR7Z7 ¥ Na A NOIRERZEBOMEGHAEZAWS 720D FERNE—
Yarvdy 7F¥ AT LELT, Optitrack [19] ZHWS. ZOHXFERE—T 3
VXY TF XL T, PRARNEORAEEEGHIL, EBFICLET VN
A FOEMEHA L GOET, WETRELZT7 ¥ NuA FORKEHDORE LD
X (3.33) WRATHILITLD, TV RNuEA FORKZESZHET TS, Zhox
AWz aHllERE 2, SRR ARRIZHIRAS2HAWEGEEE8ELEZL —F =K1 v

KEZHWHBETENEN Fig. 4.1, 4.2 ITRT.

ﬁﬂ?é@@ﬁﬁﬁﬁ@&ﬁ*#i,ﬁﬁﬁﬁﬁ%mwx&%mmk%éfm
Fig. 43 1ZR TR 7Y FaA ROBERL A AT HREIZAITSNT WD EH AT
T SN2 N EER T U72RE e U7z, 72, SifRAmefizLy
Y—RA Vv 2EBEEZHWZEEATI, Fig. 44 1R X587 a1 KOO
BT 2 DD L —H —RA VR Y 508 LTz,
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Fig. 4.1 Measurement environment using a camera

Android

Fig. 4.2 Measurement environment using a laser pointer device
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Fig. 4.3 The android is looking directly into the camera

Fig. 4.4 The android’s pupiles are irradiated with the laser pointer device
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4.2 TESET7IF1I—YDEEBRDETIVIE

Fr )TV —varvEdadill, MERHOZEKRET 7 F 2T — & Ol %R
DX (4.2.1), (4.2.2) TETIMLT 5.

Uy = aley + bl,

vg = ageg + bo,

0, & 0 1%, TNENT » FuA FORKFEOI—flie vy FHIOALTHS. v,
Logld, TOENT oA FORKEO I -y Ficoyr7Far—2%&
DIESETHSE. ZOEFIVARDNTA—R a1,b1,a2,by ZHET 572012, [0
AEHAWS. 207012, REBOLKHHOAE 0 LXHIET ST 7 Fat— XD
S v OXIET — R EERT 2HBENRDH S,

4.3 WIS T—4 OVERK

XIGT — R, AIETRELUZMBERICGHIILZT7 Y Ra 1 NORKZEZA L 20
D7y RuA ROIRERIEDT 7 F 2T —ROESEEZ, BEREEO I —dhe vy F
fif] Z LA THER T S,

FERIZH 20 AR AN R EFHIL, BonzTF—X%2 2777270y b
U7z, BRATSRIZ, AT %2256 % Fig. 4.5, 4612, L—¥ =K1 U &
FiEE W56 % Fig. 4.7, A8 IZZNTImRY. &7 7 7OKHIET 7 Fax—
R DIEFET, IR O 3 —6, £ LRy FHioMEEZERL TW5.

INSDT— RS HHBREE KD 7-4ER, Table. 4.1 £ 72572, Table. 4.1 &
D, FHE SO [20] #H T L, W ATERAVEZEETIE, Iy
F il & IR WNFHBEI S R oz, FRRIZL =Y — KA Vv AEEE2H W55 TIE,
I —ETIXFRVAHEE, ©y FENCIET OB R oz, T 51T, t EZT - 724
% Table. 4.2 127”89, Table. 4.2 &0, AT EZHAWIEETIE, I—Hi -y
Fif e T — X QMBI U CIHEFICERTHEZ e ibh o7z, L—P—K
A VREBEAWEGAETIE, I—TOTF—ZOMEBEMEICN L CHEHIZEZT
Hot=—FH, €y FHTOT—XDMHEAMEIZR U TIIFAERED RS NR 1o 7z,

PLEXY, AATEAVEZGEO AT - vy Fllie L —¥ —KA1 v 2EEEH
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WZIGE D I =D T — X OMEMNERD ST,

Table 4.1 Correlation coefficient results

Eyes’ yaw | Eyes’ pitch
One camera 0.97 0.92
Laser pointer device 0.98 0.38

Table 4.2 T-test results of correlation coefficient

Eyes’ yaw Eyes’ pitch
One camera | t-value 15.38 9.27
p-value || 5.23e-11 *** | 7.81e-08 ***
Laser pointer | t-value 22.98 1.945
device p-value || 2.2e-16 *** 0.0641

* p < 0.05, **: p < 0.01, ***: p < 0.001
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Fig. 4.5 Scatterplot of yaw angles vs actuator value in eyes’ yaw using a camera
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Fig. 4.6 Scatterplot of pitch angles vs actuator value in eyes’ pitch using a camera
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Fig. 4.7 Scatterplot of yaw angles vs actuator value in eyes’ yaw using the
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Fig. 4.8 Scatterplot of pitch angles vs actuator value in eyes’ pitch using

the laser pointer device
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4.4 MORFDIICEZNSA—FH#E

I CIER L 7288 T — Z P 5687 A =X DHEE %475

4.4.1 [OREROHEE

F=ZM5DOR (4.2.1), (4.2.2) ONF A —R{EEITITHEERZSHr [21] 2 HW
To. HERAHIZE 5T, RIRA—REEARETNVIEEET LT, KRGS
IZH A S ZANEGETIRRA (4.4.1),(4.4.2) o7z, BERAENEIZL —F =K
1V RBEEE AW ETIER (4.4.3),(4.4.4) LHfEEI NI

Vy,cam = 2.01 0y cam + 136.9 ( )
Vg, cam = 8.07 0 cam + 89.7 ( )
Uy laser = 2.45 0 1aser +120.4 (4.4.3)
Vg, 1aser = 10.30 05 14ser + 128.9 ( )

vy, Vg lE, TRERT Y ROA FORBREO I~ ¥y FHTOT 2 F 2T —X
DIEAETHS. 0., 051%, TNTNT Y ROA ROERO I —fl 2 &y FHiof
EThH5.

e S Nz mIRESR %, Fig. 4.9, 4100, 411, 412 (28T —20 78y b4
A2 T 7L UTRUT. &2 7 OREHZIRERET O 3 —ff, &L <I3Ey 7o
T, WHElE T 7 F a2 —20ESEERLTWD

4.4.2 [O)F0Hr O

W 7z AR EAR DN 2 AR S 720, B S oSk [22) 282, tRE%
TV, S HICRERE (F5K) 2HM LUz, #H8 % Table. 4.3, 4.4 (TR
Table. 4.3 &0, t MEDKER, HATZE2HWEZEGETIE, - - £y Fillix
HIZEIREMROMEE LY A BIEFICERTH L e hbhr oz, L—=PF =K1 X
KEZ2HWGE T, I—#MTORRBEROES &Y K &y FliTo [ jwiEig
DY DBIEFEICERTH 72—, €y FEHMTORIFEMOMEES ITITARELRS
N o7z,
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Table 4.3 T-test results of simple linear regression

Eyes’ yaw Eyes’ pitch
slope intercept slope intercept
One camera | t-value 15.38 45.29 9.27 15.04
p-value || 5.23e-11 *** | 2e-16 *** | 7.81e-08 *** | 7.32e-11 ***
Laser pointer | t-value 22.98 56.81 1.945 11.893
device p-value 2e-16 *** 2e-16 *** 0.0641 2.64e-11 ***

*: p < 0.05, **: p < 0.01, ***: p < 0.001

Table 4.4 Coefficient of determination results

Eyes’ yaw | Eyes’ pitch

One camera 0.94 0.84
Laser pointer device 0.96 0.14
X 51z, Table. 4.4 X0, AT ZHWIGETIE, I il - &y Fifl & LI

RDOHTIEDOHRRERNWZ bbb, V==K v XEEZ2HWZEETIX, I—
HICIXENFARDOH TIEDAREV—F, v FEITIEITIEONENI L B¥bh5.

PEXD, #AXATEZHWEZGEGTOI—6 - vy FElicB T 5 RREMRE L —
Y—RA Y REEEZANZIGETO I - BT 2 ERERPMEEES W 223D
M5,

V—H—KA v REEEZAWZGETOEY Y FEIIZBWTEBEENMES > TUL
o701, i TRARZDOEFEEIZ, L—Y =K1 v XEEBDRANY v FHillIZ
HUTHETZZENTET, 7o RaA NORERZEAZ EMICARTE o7z
ZENRRAEZEEZEZONS.

Lo T, ¥V TL—yarviReELUTHWSZEWARELRDIE, TAT%
AWZGE0 3 =14l - ©v FioR (4.4.1),(4.4.2) L V=¥ =K1 v 2EHEEZHW
HAEDI—HOR (4.4.3) DINTA—RTH 5.
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Fig. 4.9 Calibration results of eyes’ yaw using a camera
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Fig. 4.10 Calibration results of eyes’ pitch using a camera
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Fig. 4.11 Calibration results of eyes’ yaw using a laser pointer device
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Fig. 4.12 Calibration results of eyes’ pitch using a laser pointer device
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4.5 FIREKRR

HficHEONZF Y ) T —ya VERONRT A =X Z2HWT, WL D908
BN S AN TR Z LR T 22 e N TE 200 MHER L. ZOEBKRTIE, I—
i - By FHII AT EHWGEOI - - Ey FEIORX (4.4.1),(44.2) DNTF
A=W OBREER L7z, R LUZHMROMRT 2L VHRTESL LT 57
b, BEELZ1HEDAAT (BEEMM) LHEBATNED A AT oH# L7z (Fig.
413, 4.14).

Fig. 4.13, 4.14 X 0, FEEHAD S TIEE U & S REARDOEED 72\ 2 & P
FRA MR SR T O D S TEARR G RITANT TR ZER L TWE T en b,
EHBENZHEITSNT WS Z &R T E /-,
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Yaw: -20.1 [deg]  Yaw: -10.0 [deg] Yaw: -0.1 [deg] Yaw: 10.1 [deg] Yaw: 20.1 [deg]

Fig. 4.13 Results of gaze generation in eyes’ pitch using a camera

Pitch: 8.0 [deg] Pitch 4.0 [deg] Pitch: 0.1 [deg] Pitch: -4.1 [deg] Pitch: -8.1 [deg]

Fig. 4.14 Results of gaze generation in eyes’ pitch using a camera
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FHE v )JTL—YarViEROBENLMEE

ARETIE, BEFETHEONEF YY) T —Ya VERZHWTAER L ZHERD
FEE & 224 M ORI SEERIZ DWW TR 5.,

5.1 =EEREM

AERIL, BEFIEICI>THONZFY ) T L=y a VRIRZHWTERL -
Ty ROA FOUMOMEE & 2242 #REERIC L > CRHMliT s Z & 2 HIWE T
5. TZTAMOESANHEIL, Fy VT —varflRIZESIST Y Ra 1 KoM
RREEENZ 09 2 RS A OBHRHIEIZ N T 2B G108 EWHREHEZLTS. A
M OFRHIEN T T A HHRINE L 7 > N oA N OGSREIENIT 3 2 HAREIE & L
U, IR ZEMGES 2 2 & THE & 242 5HEid 5.

5.2 ZEERORN

EEROBET % Fig. 5.1 12mR7. &I Fig. 5.1 FiZH b7 14 A7 1 O
WZERET 5. T UTHEREILX, T4 AT LA RIZRREINET Y Faa R AROD
BHEG % BT, Z OROBEHER AR D BRRD IR DYEE > T W2 S % BT\ 5 2
BPO_REEZZIITE LD XHHHEZIT 5.

FETI, 7> RFaa R U IRABOEOE L 1 BitrShzKz2 1 e
U, 1ZEICEEAEKD [Yes) 7 Nol OBICEZLTS 5SS, MEBIX, 7
v RaA ROBEG%Z 25 XX —VHBELZME2 2Ry ) T —a vtk A
TJEHWEBAEL V=Y —KA Vv REEZ AW ZSEG DR 50 [ & A B %
25 NZ—VHE LM 25 Mo &E 75 a2 HET 5.
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Stimuli

Answer Sheet

Fig. 5.1 Experiment environment
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5.3 RERFEMH

WERE XN DEH 72 20 RD 20 ATH 5. ERONEFIX, HFIZ L SHERAD
B ERMT B0, ERD 10 A%, F¥ VT L —avilAATEHVWEGED
7y RaAa R, AM, AL =Y =K1 v REEZ2AWZEEOT Y ROoA Ko
ETH\, BEO¥EHD 10 N&, FKIZLV—Y =K1 V2 E2AWEGEEDOT Y R
14K, A, FERIZAAZE2HWEZGEDOT Y a4 ROIETIT - 7-.

R IR 9 S B4, Fig. 5.2, b3 TR IEHAIERKE Tl L 72, Fig.
5.2, 5.3 DEHHAIEREETIX, 7> FoA4 FH U I AR Z d0 Iz KE 72
0°,45°,£10° DEF 5 DD, fHEH»S 1.bm DL ZAIZ5 BOHKD Y T 4
AT HHRELZ., ZUT, 7 FaA FOABOEHZFRERIZ 5 HANIEELZ S
BOYTFAH AT THE L.

7Y ROA ROMEIE, HETHELEZAATA—ZZ2HNWT, E54H A5 HE
EINTWDAHED 0°,+£5°, £10° 24K U772, &d, BHIBOZREIIIER HHO 0°
 ANJTUTIRECEE L 7.

A O IE, IREGHEE) SRV EE 2B S HHIICKELZEET AN AT
DFM%ERSZ & TEBRLUZ. SRROERIE, TE 2R EHOZREZ EH RO
0° IZZEZE D702, BTIEMARO 0° IZHEEH L BERZ M TH S, &£HMIC
HRBR 72T 2 E)h L CTlr o 7=,

UEXY, F¥ V)T VL—=—valilAAT2HAVEGEE LAELV—YF =K1 X

KEE2HWEHBAETOT Y FaA RPAM I &12 25 N2 — > OB E K S
5. EERTIZZOHEGEE 7 VX LIIZHVOEZTT 1 A7V A B2 1T 2R LUE
(Fig. 5.1).
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5 Cameras

Fig. 5.3 Measurement environment for a human using 5 cameras
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5.4 =EERER

FERFER 2 & 1 (0°,4£5°,+£10°) Z & OWERE DL EMETRT. FEE
Table. 5.1 & Fig. 5.4 1Z/;R9F. Table. 5.1 & Fig. 5.4 &0, L—¥F—FKA X%
AWGE507T Y FaA RTOFERED, —10° 206 10° 127 T, IEMRIEIHIC
TROTWBZ bbb, 2k, FyVI7L—"a VOBIZMARLSDNA T
AN T UE--AENERH S, Lzh->T, ERBREROOHICIE, L—¥ ==K
A VR ERWEGEDT Y RaA RTOMEEZR Z 21T L.

WHT, WATEZHAWEZGEDT VY FaA R AR TOIEMETHIKELZH D%
Fig. 5.5 1ZmR9. Fig. 5.6 £ 0, t #EULKR, 0°, £5°, 10° TOHMIZEWT
BAEBZTR SN o720, —10° DHAITIRIEFICERREANR SN -,

X 51T, ERE, REMBTHATZ2HWESGEDOT Y Faq K& ARoxfsE
f&% Table. 5.2, 5.3, 5.4, 5.5, 5.6 ITRY. ZNLDFERIZHNIEDDH 5 2 D
T — X 72D T, McNemar OWIE (23] 217> 7z. Table. 5.7 1ZmR U MERER &
D, £5°, & 10° TOAMIZBWVWTIHAEREZTR NN o720, —10° DFFAT
WIEEICEREREDN, 0° DARTIHAREVPR SN,

Table 5.1 Accracy results [%]

Yaw angle of camera

—10° | —=5° | 0° | 5° | 10°

Android One camera 69 8 |70 | 83 | 89
Laser pointer device 97 88 | 74 | 67 | 48

Human 92 80 | 61 | 76 | 94
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Fig. 5.4 Bar graph of accuracy results
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*: p <0.05, **: p<0.01, ***: p <0.001
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Fig. 5.5 Comparison of android and human between the average of accuracy

Table 5.2 Results of true/false numbers of subject’s answers in the direc-

tion of —10°
Android (Camera)
True False Total
Human | True 63 29 92
False 6 2 8
Total 69 21 100
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Table 5.3 Results of true/false numbers of subject’s answers in the direction of —5°

Android (Camera)

True False Total
Human | True 73 7 80
False 10 10 20
Total 83 18 100

Table 5.4 Results of true/false numbers of subject’s answers in the direction of 0°

Android (Camera)

True False Total
Human | True 57 4 61
False 13 26 39
Total 70 30 100

Table 5.5 Results of true/false numbers of subject’s answers in the direction of 5°

Android (Camera)

True False Total
Human | True 72 4 76
False 11 13 24
Total 83 17 100

Table 5.6 Results of true/false numbers of subject’s answers in the direction of 10°

Android (Camera)

True False Total
Human | True 86 8 94
False 3 3 6
Total 89 11 100
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Table 5.7 Comparison of android and human between true/false numbers

of subject’s answers

Yaw angle of camera [deg] —10° —5° 0° 5°

p-value 0.0001.012 *** | 0.4669 | 0.2905 * | 0.0707 | 0.1317

*1p < 0.05, **: p < 0.01, ***: p < 0.001

5.5 EE

HIEI CIEMR & MR S, MEZITo 78R, £5° & 10° DA TIXEREAN
Ronighrolz., D0, £5°, & 10° DEATIE, 7> Ra1 RTOFRRERKE
ANEOFIRER DO IZER DD B2 h o2 EX 5. £720° & —10° DY
ETIX, MERITo-MER, AEEVR SN,

ZIZT, 0°% —10° TOAREDERNZ M L. 0° DHBETIL, Table. 5.1
X Fig. b4 6, MOMAE XD ABOHIRITH T 2HMEIMENZ 230tz T
niE, WECFEoNEZT Y FaA FOEYH L ES T, AMDEXHDHEBDNT
VAL W D ERNDEER D > DT RV EZLSNDS. Dl
H, AEOHEEDOY > TUNEAENE 1 ADHLDTH 72720, EHREZWEST 5
ZrixTcEmW. —10° DA T, 7Y Raq RORREEPEMIZTE TV
Do Al BEMED D B Z 2 Db o7z, Fig. 5.6, 5.712, —5° & —10° DIFE DR
%2 RT. 20 OESREGR? S, —10° 225 —5° O AN Gl X 7z af el
NHbBIEbhrd.

MELYD, KETOEBROMIULTDITHEET E 72 L I1EE A R0DS, KEHDH 5
R MEEE TIXTEZDOTIER WP EZONS., DED, EMERGRO LRSI
DI=HIZ, FY VT —yavilddHREHEEEZOND. LV EZE 71
MGES 2720021%, AEOY Y TN E2LHICT 52 L2 — M ADHEEZ 1 TlEin<
EYEEE VD Z & RMERE & & 0 BR T 2 & R HR R ORI £ FE O HiiFE % B
XTIEDRRBRELLEEZOND.
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Fig. 5.6 A gaze sample of the android in the case of —5°

Fig. 5.7 A gaze sample of the android in the case of —10°
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