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Gazed Object Estimation
Using the Timing Structure
between Displayed Events and Eye Movements

Ryo YoNETANI, ! Hiroakr KawasHiva, !
TAKATSUGU HirRAYAMAT! and Takasur MaTsuyamatl

In this paper, we propose a novel approach to estimate the gazed object by
using the cue of timing structure between the movements of the objects and
the user’s eye movements. First, we define an event as a characteristic part of
the object’s movement. This event causes a readily-observable eye movement,
therefore we can figure out the eye movement even if the user’s facial direction
and position are free. Then, we analyze the temporal relation between the start-
ing point of the events and that of the eye movement caused by the events to
determine which object was gazed by the user. Our experimental results show
the effectiveness of using the timing structure for gazed object estimation.
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Fig.1 An overview of the proposed method
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Fig.2 Analysis of the timing structure Fig.3 Experimental situation
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Fig.4 Sine wave Fig.5 Periodic first-order lag wave
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B 1R () 34TV LM BRSO T, (b) B4 T V2 oBE L
ARERB)EOMHBFRENC D W IHETE, (o) BIRETFEZRT.
Table 1 Estimation results. (a) Method based on the position relation between objects and gazed
points. (b) Method based on the correlation between the movements of objects and eye
movement. (c) Proposed method.

Order Phase Sine Periodic first-order lag
@ %] G) %] (%] (@)% G % () [%]
w/4 77.9 100.0 97.2 70.4 100.0 100.0
Top/Preceding /8 82.8 100.0 77.8 59.0 76.3 6.3
/16 47.6 66.7 19.4 49.5 0.0 0.0
/4 79.0 100.0 100.0 57.3 100.0 100.0
Top/Following /8 85.6 100.0 100.0 46.1 100.0 100.0
/16 56.5 100.0 100.0 43.8 93.8 100.0
/4 16.8 100.0 100.0 27.0 100.0 100.0
Bottom/Preceding /8 33.3 100.0 94.4 34.9 12.5 0.0
/16 48.7 75.0 44.4 42.0 0.0 0.0
w/4 5.7 100.0 100.0 27.7 100.0 100.0
Bottom/Following /8 12.8 100.0 100.0 30.1 100.0 100.0
/16 20.8 100.0 100.0 46.8 100.0 100.0
60 i i 60 ! .
Target Target
50 - non-Target 50 | non-Target
40 + ] 40 + q
30 ] 30 r 1
20 ] 20 1
0 \‘H\m . 0 . . \“‘ ll HHH MHH‘ | ‘M\H
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time [s] time [s]

(i) (if)
6 FHIfE V; O A NI T L () fiA 7Y 7 FINERNE (i) %74 7Y = 7 S EENEY)
Fig.6 V; Histograms: (i) Preceding object is gazed. (ii) Following object is gazed.
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ICBWTT % 0.19s RO THLHEEREICSIEERE LTV ETEEINS., —, WG
WD SHEETE (b) IKB VT H, K (13) 1B BHHEEERI 2gase(t) Z 0.19s F8D 5
T EICKOHEEREEN N L% & TREND., TN T AN EOHEE R 2
KRS, TONATAREKST, BITA TV 27 FEFEHRUEGADOBBENZNZET
ELRVDICH L, 14 7Y 7 e UIEE ORI, N1 7 A M3 R0GEE
IKHRTRELS ERLTWB T MW h 5.

F7z, Fif (b) KBV TERETE L AREOHEREMIONTVS. Thidk, KRIEK
TREFEESZT 24TV 7 MCHUT, =PRI 1 DDA TV x 7 M EERLED
% LD BRI CHRER 21T 72728, HHBAREOE L (13) T, HRMNEVEIX
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x 2 MRBREWEICHT B0 X2 RRBAIERE T 1S 2310 7 AU X BHFZAL. (b) 347V 2 FO#)E LHREK

B EOHBIRBUCEEDWIAHMEETIE, (o) BIREFIEEZRT.
Table 2 An improvement of the recognition rate by biasing starting point of the event in eye move-
ment. (b) Method based on the correlation between the movements of objects and eye

movement. (c) Proposed method.

Order Phase (b) [%] (c) [%]
no bias 0.19s no bias 0.19s
Preceding /4 100.0 100.0 99.3 100.0
/8 72.2 100.0 44.6 98.6
/16 35.4 97.2 16.0 82.3
average 69.2 99.1 53.3 93.6
Following /4 100.0 100.0 100.0 100.0
/8 100.0 98.6 100.0 98.6
/16 98.4 63.2 100.0 79.5
average 99.5 87.3 100.0 92.7
average 84.3 93.2 76.6 93.2

MTHRDZE LD ENTERCEMEER LIcDEN>TzeEZ5N5. LML, avTy
Y ORI 2= OIEGDIRAZAC T B850, IREREIED K © MR 5 T & THBIRE
RO IR /22 T EMTFREEINS. UK L TIRETETOHEE T, BB
TRICHBT ANy Mgt 7z, ENEWRXE TORGFIROARATIT e TES (K
9) . L5 T, 12047V 7 MTEEIED A Xk ZHIA A THEEREX B O %
BT LWV RS G/ TITS T 8T, HEHMSEOZLICHIETES EEZBN5.
ARERENVEDEZEN O > T 2 Y DTV A VRIERNE, I—TOHAZEMETFTZED
THdHLEZLNS. UL, fERENHNaY T oI L TA 7TV 7 FOFEE LR
ERENMENBEENS V; OMAZFHIRE T 21K 5> T, REBR T 72X 5 ICHREREIE D
WEDDH BRSO TEHEEBE DN [ ZKZ T N TES. 51K, A7V 7 D)
ERI—PICES>TTHLRTVE S TV A 95T & CHRERBEDEMEZ IR T E, Hk
JEDFHEMNGHEEN THETH B L EZ BN 5.

4.2 BEERIOHT ZEENRIEE

421 REBAHE
AEICHESNICHAZITICA 7Y 2 7 e EEE G E UM 27> 7. #0E Al
B & FAREDERBIC BN THATA 7V 2 7 b BXURITA 7Y = 7 M EZNZEh 20 B
BWUKilI7z. 7Y 27 b LT 108.0mm U OFEROEHE{GZ Wz, 2OATVx
7 FORKEZRZRE OSSN S HT 6.16° DRKEI B> TS, LHEMICEI—FD

£3 HEEEE. T AW, v 3T VLY FORADHEE, teen EANY MERKE, (2) 34TV ML
PR EBIRICHE DWW IHEE FiE, (b) &4 7Y 7 b OB & LIREREIEOHBIREBIC DV T e T
%, (o) JREETHEZRY.
Table 3 Estimation results.T:Period. v:max speed. tevent:event segment. (a) Method based on the
position relation between objects and gazed points. (b) Method based on the correlation
between the movements of objects and eye movement. (c) Proposed method.

TIs] v[°/s]  tevent [s] | (a) [%] (b) [%] (c)[%]
3.67 6.72 1.00 55.7 94.4 100.0
4.07 6.06 1.13 57.3 92.9 92.9
4.94 4.99 1.33 59.9 100.0 83.3
6.07 4.07 1.67 67.3 70.0 100.0
7.47 3.31 2.07 63.4 66.7 100.0

Average 48.0 84.8 95.2

HUDMEEFIE 2° FRETH D, PO BMENDIE, HzEn T ETFNET OERON
AKEFTRICBEKT ST LIETERV. AT V7 bOBIEE, NI CHEREDRMN o/
1EsZi (X (6) ) ZHVW e, HRIE o B3RO T w1 & FkORE L U, (it 6; D&
irklie. TTT, 32fiTNIL SIS, ATV 2y NWVEHBIETH B, T OHHE
WAZGH LG SEIE ZBHT 52 LD TE2HI 1 2.8~4.2° s BETH ST L 25K
LT, #7927 FOROREZRET 208D H %, FESRSGH & FIC T = 3.67s
TIEZEDOEE 2T 258, T4 AT LAHBETOEENREHEL 6.72°/s THB. T
DS TRUEERENERNAEEGRL AR STV 27 hOBEZRIBS T LN EE
A6N%. ZTT, XN6)ICBIBFMT % T = 3.67,4.07,4.94,6.07, 7.47s ICFREL, &
DT DFEEAXRY FOPBBFEI CIEIC RS K DI, A XY MRFXR toyens ZREE LT2.
T>607sICBNT, ATV V FORRKDOEE v iF v <4.07°/s &1L, 2—HiFZ
DEFNAZGH UGN OHEZBHT 5 LN TEEZLEZLND.

4.2.2 HERBRLER

#E R

L 3ICHIETE (), (b), REFEOHERRZRY. R/AiflioESN S, IREKEIED
P U T HEC R DR E72 K> 7oy, RIS % Vi Omdifild 0.1s Th -7
TeDBILIRIF & A EFE Liah o Tz &R L, TICENA 7 A% S IicHiE 217 - 7z
BRERENVEIC R SN 245

AEERTIE, BRTIERHEETE () R (b) ICHRNTEMEEOHEE #1175 T e TE .
CAUCEI U THBIHREZ W =T (b) 1, EHRNADISIKIC K O IRBREIED X © MM 7
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Fig.7 Examples of the eye movements

T=3.66s, Following

Horizontal Position [mm]

Horizontal Position [mm)]

LT TCHEEDREIC > EZBNS. TTT, K 7ITHHIE NIIRERIIED—6%
AR TORNSBOTEE DT 0K U MO T LR TR A E LTy
%. TOT M LHERER, ANV IDEZRINTOBITORELUEL, TxbBEHENRD
BENTRICEL R BEATTZOBBRNAEZEIKLTIBY, T4 AT LA HFIMBE T3S
T RADBRDOHZIT> TV EZBNS.

H{RNAZGIRT 5 T & THREREIEDEMHE S 2355, W& ERZSRT Zhit%, 3
BEOBEROFEHIENTOBRMEFALTANY MERIHT 2T & T, TE b) B
KUOREFEOHEREZH L5 ENARETH S. DX ANV MFXEZME
BT T, EAGHAEE ORFIMFHFENEL T 2 C W TFRINDD, 4.1.3 TRz &
IS, RERTFETIEANY MK E WS FHOKBOATOMB (B stEcHee s ]
RETH D, ZTORBIIHINEVWEEZENS. L, KboNZ NaHEE D ATER A
NV RDOTFHA URHETIEIC DOV TR S ERGT 208N H 5.

5. bW IC

AWZETE, B> 7Y 2RWTE TV 7 FOEE & L—Y OIREREIT & ORI
IEIAIAMSGE 2 00T d % T & T, FEREICB W TI—YOLBB KUV BALED H i E 2375
I BRIEDE O GHEE L2 IRE Ule, B/ MEIZIXIE & G EE§ & DZ N ZUH
T HHMANGHEEDOTED S, =YD 1 D04 TV =7 FEFEH LT % &0 5 BREM
BIRITREHZH, EARSHEC I FBIRE 2 V5 T & DAREN RSN,

REFLZ BHFOMERIER A > 2 7 2 —AIEHHT 2 LT, BB A IR ShHEEIC
ZETBIBENOISEE BEAADT &, AVTUYDAT 47 (W%, TFAL, B

OFEZ TR ERLUTANY b2 THA T 5 ENEETHD. ATV 27 FHHHGROY
B, ANV LTAT V27 FOBEIZHWT, BEHISEEANY MLz KEZbEE
LT, FHURGERICHE NI WK SHIEREI 2 7 L85 2N TED. AR TE
WHERB DT DR L2 ANV FE LTHWED, TOMICEEHELTWE ATV r b2
AT, MOTWEA TV M FHEER AR EDTI A U EZBND. L, 21—
YNERNEZ TR TED XIS, BIEORS I TDICERT 20EDHD. —/5
ATV "DTFALDYGRE, TOWNAZGTIHELPT VXIS, /XY hELTATV
7 FOBEZHNSDTIERL, 17 (B LIBEEED BIiTrF A hzliicgs Lz
ANV EETBIENEZALND. KA TV =7 DGO, WENOF)E DY) &%
DAY FELUT, IREREEE ORIMSEZFE I oHTd 2 2 ENEZENS. TNb
R IEANY F 2O TG ORI OV TR S ROFEL Lizw.
HEE AWIRO—ERE, BEEMZEAIBIE: 18049046 DBz 2 TITo 72,
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