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Time Course of Localization for a Repeatedly Flashing Stimulus

Presented at Perisaccadic Timing

Junji WATANABE', Taro MAEDA', and Susumu TACHI!

HBOEL Hyh—F AR EFARSE S L, Phantom Array (PA) LIHIN 2 S MBS S,
it,ﬁf%mlﬂLI« Yo h— PRI Sy — A BRTEHEELSE 5L, Sy — P IREGER)
LD~V ICBBENT 2RTEA A -V HMESN S, LS IOBESFFEL ZHEBIERTRE
%%%LT%# COFFETCTHERRE T BCEE L 2 504, FE SN2 PA & IEE L OB E
MRTHE. 22T, RHLTIEIT v » —FAi0HE2 8L CESLAET 2 CAREOmE & REkEs) @Fﬁ%
ﬁ% ﬁﬁﬂﬁ%ﬁﬁﬁﬁck%% FEMENEORME L BEFRNONBCEEBRI 2L LS THS
7. RS, HESNREEENE Y v A — FBEE & B0y 7 — F LIS 0,
Tt&éu EHEACELLOTHY, MEHL L FHUSN 2 LEIBL B0 TH o7
F—TJ—K FvAh-F, FARATVL A4, EHEMERY, AP, Phantom Array

L % apx DFEBEEZFIHL - HEBEHRIRRFE (Saccade-based

: Display, LT SD) %48ZFL T&7-[1].

INFT2RTMREDL D % b o R ERERTF SD DREEAT I HoT, Fv 7 —FBEER
HIzBWTIE, CRT 74 A7V AR SN AT Ao T0he 3 LMBEBES B2 5720, 79—
FR, ThbbhEEERIIBHEELILIZLoT KO MBS ST TR BN 2 LEN S
BWIREAT ) FEFE (Y AL TEY, M1 . CRET, Foh—FAC L REERNREE,
D LI, BEZWEBIIZITY, 1HIOREFNC L o zﬁmﬁﬁikloftﬁmﬁﬁﬁﬁ%%mt b
T2 RTEERORTREITITFNAALEET S, —F DEERE L REGES L OBEERIC OV TR H
T, 1FI0N%EFIR EEL, BEENF v H—FEffo  HEREETH2[2, REAOBBHFEOEEHMER
TVABIC AR S Y —» 2 SETHEELs vy, HAAELD), BEBOEES, KHrHEz &40
HRS Y — Y D IREREBNC £ ) 2S5 — 2 DR
NT2REA A—VPRMEENL, 0L I kA
FIEARE BB S E A0 TR, BEESHZRAL T
B 1AD XA VZERE, V¥ —CRIERIIC g
WIRTATI L DAETH L., NI TEELIFS

T RRAS RS T S R0, 50
Graduate School of Information Science and Technology,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo,
113-8656 Japan

T BEREEEERRAESH NTT 7 2227 — 2 2 ¥ BERRERER, 1 SAFIBEC L 5 ERRRT N2 (F) ISM#
EARTT Fantazein & IRERES) % FIH L 72 FHRR OF)
NTT Communication Science Laboratories, NT'T Corpora- Fig.1 Information display device based on moving light
tion, 3-1 Morinosato-Wakamiya, Atsugi-shi, 243-0198 Japan array and based on eye movement.
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S Sy B — N RTHRRIC b 7 o TR SN 5 EH ARG SRS AR & AREREE) & OBy R B AR

Lo THETATRENS S 3. £ I THRMILT
i, A EEAICES ¥, AMEMEOR
MERFZ EEHROMEBEICESRA LI LIL0T,
B AR O E L IREGES) E QR HBIfR T B
L E NS THALPIILI.

2. v h—KHOEBHMEESE

RECIE, Fvh—FEFARLCHEBERRRTE
ZOWTEEEA R, ¥y &—FRoRaMmEICEY
LINFTOFIE DERIIDOVTERS.

2.1 ¥vH—KEFNAL LREERBRFE

SD Iz BV TIE, BREORIENFHIETHLTI,
Foh—F0y—ry b ehbhiralgsgsll
Lk oT, BWHRERRTHUTY v —F (RAEH
A 300~500deg/s [4]) AFHEL, TRICEDLET
JerFh BRI Bl S OB AT [1]. €0
W, BEICHEHRERET ) L0y y 1 —F
DOFE 100 ms FE, BHETHRTAILILES.

F7o, Iy A - FHROmBIEHEN, ME
T Bele G EEDTTHS 5 W B RIR ST 7zAs, SD
TIRT 5 & D R ZREERO B CHIBUC T L Tl
oA v RESHFEL (5], £, TREE
P&, HEMOERICHT B3 b T A M oER
TE LA, BOREEORTSEILALELRVT
ERFEELTWA (], 2L T, BHLORRIZL - T
b, Fyh— FHICTERE OERFMETRETH S
ZEPHE SN TS [6].

2.2 BEHERINZHROHNE

Fo A — PO EMESET AL LT
Honda |2 & 2 Z2fEAFR Y OB HFET 2 [7],[8].
ZEREEMMEY LiE, Fy h— P BOXAS B
HRENSEE, FOMBRD AEME b o THREM
ENBEVHIHEETHL. M2 EBEMOKRESE
e, B [ms] 2 HENC L o724 A-VHTH 5.
EHAIRERAIE, M EMRR ) OKRE S DORMZEL
REATZSDOTH B, —fRIC, FET v I — NN
BRENLEFy A —FERAMICEENL SN, T
B —F hREEMOMEBIHRLICEL, ¥y —F
HTHRICEY Yy 7 —F E@EhHmICEREL SN 5. T
1 —F OB, WTEAETEMR ) DN EIRR
K nh, OB —RICIRERES AR R
EROMBHIC L > THPEN 2 [8].

2.3 ERABLAOHNE

Hershberger 1&, #v 7 — FHil—20 A%

Mislocalization

Eye movement

Time course of
mislocalization '.-,'
P
..

®

-100 -50

Time [ms]
100 o= ® 150

2 v A - FERRICBU S ZEMEMR YD ORMZE(L
Fig.2 Time cource of. mkislocalization before, during
and after a saccade.

Fix.ation Saccade ' R T:get
N - >
Flashing light 8% ‘ :
Perception 4§~4— &g}q_zg ~
“Phantom array”

3 HE SN A Phantom Array
Fig.3 Perception of Phantom Array.

120 Hz CEBER ST 7254, B3 O L) 7% Phan-
tom Array (BUF PA) LFHIN 24 A —F &)
FICIEC BN 5 S B SN B L HEL T2 [9].
PA B E BT A {, ERURSELHEICA
AN DHEEPTH AHD, dL, EHRT 5L
OHEHIAE 2 O L) HBRERRENDHEROHNE
MO EELEBAZLDIR>TnHELTD,
PA XY v h—F OHBICT v 7 —F L EBAICES
LTwaidd¥Ths. LorL, ThHETOER, BT
Hershberger b DFFZEIC BT H E D X 5 % TEIHGA
BiEEE ST (9], [10].

2.4 SDIC& > THIES W BGOEH

SD 2 & o TaIE &N A{IZIRERES)C X o> THEE L
AN B FORE S, NMESSR2 L. BEN
12iE, 10deg ¥ v A —F CHE SN AT, M4 b
DY) BEERICH -7 10deg DBEEIEEZD, B4
Tied b L)% 5deg BEDHEEEOHEFTORE S
OBEcH DL (MO L HITHEFE T2 LI ICHES
NzZr3%H5). Hershberger b bHEEN S PAD
K& SZRBGESH O S EWmEL THBY [10], SD
X o THEESNS 2RKTTA A—JIFERTIZIE PA
PEECE-DDERAGZLEEZOLND.

1351




BT 58E{E FAmCEE 2003/9 Vol. J86-D-1I No. 9

F2 MEESNLREAUHOKE - #EEEHIS Nz
. - OB BT L ORFEZE, B REORK
EBENEEE, ME SN REEHOMELIE, RIEC
Wy BHEE
Table 2 Time gap of perceived images and measured
saccades, eye movement velocity, position,
width of the perceived light locus and ratio
to amplitude.
Y.1 Y.A. R.T. JW.
EFEIZE [ms]
8-#HRL 8.0 13.8 8.5 9.7
(5.8) (7.2) (3.5) (6.4)
8- M —1.1 —0.5 0.6 1.4
(3.8) (6.3) (5.0) (3.0)
12-36 10.0 6.0 12.1 11.8
(2.1) (3.9) (5.9) (6.2)
12-# 5 -2.8 0.9 —2.2 6.5
(4.8) (6.1) (7.3) (7.3)
IRERHEE [deg/s)]
8-IH R 162.9  249.2 155.5 168.3
(62.1) (180.0) (71.1) (63.4)
8-H R 71.1 41.1 —1.4 20.3
(53.1)  (62.4) (103.1) (209.7)
12-4A 5 226.9  159.3  226.9 136.6
(73.4)  (64.8) (104.8)  (84.8)
12-# 5 94.50 56.62 46.6 88.2
(51.5)  (59.4) (7.2)  (95.4)
TEA, WREALE [deg)
8-HHEL 3.15 4.35 2.69 4.07
(0.36)  (0.73)  (0.21)  (0.96)
8-H s —-1.68 —0.57 —1.28 —0.76
(0.34)  (0.50)  (0.36)  (0.66)
12-h 5 4.92 6.52 3.23 4.35
(0.50) 0.96) (0.81)  (0.74)
12-% 5 -1.07 —0.77 —1.85 —2.48
(0.50)  (0.44)  (0.43) (0.81)
HESNI-NE [deg)
8deg 4.83 4.92 3.97 4.83
&le 0.63 0.63 0.56 0.60
12 deg 5.99 7.29 5.08 6.63
B 0.61 0.71 0.57 0.61
Eye Position ——
10 . . . § § kD e
E Flashing stimulu'is"d 128ms
s point G:T;':ﬁ"'—-'-e
5| el Y
E 6 Offset of saccéde
8
I% 4L
2t iOnset of \b
Ob!lique
Osr‘mé Iighg Ihous
) ) ) ) ) . ) Time| [ms]
0 20 40 60 0 100 120 140
Saccade

7 REREEIOBBAIL KAFIORITY A I
el IRIROCE [deg), AHEh  EFH [ms]

Fig.7 Time course of eye position and light stimulus.
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Table 3 Error of pointing.

YI Y.A. RT. JWwW.

HETA [deg]
gy 0.01 0.07 —0.11 —0.36
(0.13) (0.30) (0.42) (0.34)
e 0.02 0.12 —0.49 —0.30
(0.21) (0.23) (0.46) (0.29)

¢ [ms]

)=y 0.1 -0.7 1.1 3.5
(1.2)  (2.9) (40) (3.3)
(9= —0.2 —1.2 4.7 2.9
(2.0)  (22) (44) (2.8)

By A —FBGEHEEOMEORBETSHS.
F7, FREOBBENL —FRL LV IDRA VT4
VIBEIZLIBLDTRVWIERHEIO LD, H
BEENMBLEL —FRA TV FIZL>THRLRTNE
DFEEZFHEIL 7. BEFIL R EED LED % 8deg
D}y H—FIZBWTERICME SN 500805
FUEK (K6 EoBIK), AL RES (2f0ms
12.8deg, 54 - HEBOKFIEEE 5deg, TEFHE
ddeg) 123, 185D 2ms 30, b b IEIC B

SE7c. HBEICE, REREED S TICZOME - K
HEBLARLTDS ofc, EBRISEo bR - AL

BLRL - MNBOREOFHEE 3 IIRT. HIA
BIEEREETH L. F1EEE, TheHEFATEL
72b0THY, EHFRFEE LA, E2EHAREFOHR
FAOTN ZBOBBECERLLLOTHS. D
FVE20E1HEBELE 3 OE2HE L MR ED
ERICHMBE SN0 - B L IREGERN & DRFHZEL
WA EIIRA, TOMEERIToTH, 8deglaB\
T4 NOWEBREDOFHOERMEIBE Ty A-F D
11.3ms %, RETH Y A —FET 16msBTH5.
FK20E 2HBIHA KAz BLRL LB
REREERE CH 5. HMOHEEY v 7= RBY
10ms %D 7% O T 150~250deg/s DIREREE)HE T
b, —H, BREOMEZY v I —FRT L IZIZFAE
T, 100deg/s #BX 57 — FIIHEL Tk,
EIEERIBLARL MBS - BREOMETH S L
B, Yy A—FHAZEEL, BEATERLEZ. B
AR, B REOMBEIOMEE, % ) AESh
BREHIFORKIBE, H v —F ORBICHT2AHE
ENHERBOBIBOEETH 2. Y.A O 12deg
DEATEBRNT, Fy I —FIEO6EHBEOKEET
Hotz. 2L, FvA—F OEEIEE - FREER
AR ERAL 7.



By = RIS D I o TR S A @l sT ot sURIS O S & IRBIGE S & o BERT R 4R

3.6 XAFIDOMEIC & BEL

WHIRR SN D HADEMED 3, BENFD LHE,
FERIBOMEI & o T2 OB ELT 5 [12).
F72, Ross I L o THRONZ-EEERBIZ L 5
Fy A —F hOEBMEFEL, Yo bh—FDy—4y
MMLE R BEIOKE RN S L 2R ELE RL Tw
5[13]. T0XHiT, Ty h—FROEEMEI B
TiE, RSN BRMOMEBEIC X o TZDMBELEMD
AT ATENS S5, 200, FEERRT A%
HHOMEZE{LEE, MESN2 PA LIREGES -
DOESHEfRE RN, EBRFIE, EE, LED 0%k
¥4 IVTIXEILTHADY, 128ms BT T 5HEEFS
DHLE% Odeg TlE%2 {, =8, —4, 4, 8deg DT
NPEEL T, MESNICABBO%S - B
IRBEZ) O R ERE A7,

WERE I EF % Odeg ICEBL 7-EBRIZBML 72
WEBREYL, YA D2ETH5E. EOBFBFIIBVT
b 6 ED L )%t 7 E A K BEEIZIRD Y S HED H
HEN, TOBBAMLFEL TH o7z, REBRIIBW
T, BREFIAEREEEEZESHY, Yy b —FRIC
FHY &R BHEEERL TR VDT, Ross 543K
HL2 L) 2MEFBOMEHZILEE Tl [14].
TR SMEBIIBVT, AR - BEELERIBIC 20
HTChok. 2BDERERT R 4177, EOE
BEEEBOFHETH A, F1EBIEFHISNAY Y
H—F ORI - BT EMEENTIEE - HEAOERE
ToHb. BEIIBT HEMEL, Y.IIE7.7-16.8ms
D#EHE, YA IX55~138ms DEHFETH -7-. &iE
VT, Y.L & —6.0~4.1ms D#HF, Y.A &
—6.5~—0.5ms DEHFEDKEMETH ), HRATIEY v
CH=F R, REATEY Y I —FORTEIZIZHE
L9 0deg I BRF %2 B L 7-5H& L FRROMER
T2/ EBRLA. Z0L I, REREGETCIEA
HEND PA L RHGEF OB BRI ATIORMEZ
T o TBERL VT Edhdr o7,

E2HEBIAMBESNZIEN - HREOMETHY, &
BRoONBREEICL Ty A—FHAZELL,
THEATRL . 63 EBIZME SN ARG L RIB
T EE6TH L. MESNAMER, YLOF -
FTRMEBIC L o TRRED R oM, SEFlsd v
H—FHAICEBEESNBIIEREADKES Y v —
FAHMIBHL, SROBEILRNELL2oTWV3,
YA OF =¥ TIRMEINLHAEPBOME, K&
EELICHRAFDRBIZL BELIRIRON D o 7.

T4 ARFIOMELELIELHE, MESNLEE
BROMER - B LRI SN v A —F OB - R T
L OEEME, RE - HEOMNE, HEINEEE
RIS 244 YIOF—% (L), YA OF—
7 (T)

Table 4 Time gap of a perceived image and a mea-
sured saccades, position and width of the
perceived light trace and ratio to ampli-
tude:Data of Y.I. (above), Y.A. (below).

YIL®DF—%
—8deg —4deg  Odeg 4deg 8deg

BRI [ms] )

= 12.2 7.7 80 16.8 105

pg= —6.0 —1.9 =11 41 -—24
UER - AN E [deg)

== 2.34  3.36: 3.15 2:84 2.79

= —2.40 —1.45 —1.32 —1.07 —0.61
HEXN7-0E [deg] 475 = 4.81 4.47 391 3.40
A& 0.58 0.60 0.59 0.50 0.50
YA DF—%

—8deg —4deg Odeg 4deg 8deg

B [ms)

=y 12.0 55 13.8 11.4 8.9

fg=3 -2.0 —-6.5 —0.5 —24 =23
TER - #EEALE [deg)

gy 545 563 4.35 5.89 7.20

R 0.99 1.57 —0.57 0.36 1.89
MESNIZIE [deg] 4.46  5.06 5.53 4.92 531
ks 0.62 0.64 0.63 0.67 0.64

F7z, —MRICPA OHEIRBEBAEIKEVE VDR
TWVBH[15], HEFIOMER ZEZ 2 HEOEFIHD
MEIZOVWTIEEABIGECY RO NS, RERT
o 7B REA RIS DWW TR EARBICERIC R E &y
BREONE, o7,

3.7 ¥AFOATEEEECL LEE

Honda OZETIE, v & —F ORI 100ms 2° 5
BEMAPIEEY, Ty I —FEH100ms BoTHEE
MAELTWS[7]. 20k, 1 AEEEEiL -
BEOBEMNMET v I —FHiHES 250ms i2b 2o
TWh., —F, REETHRATIPTRL TWE01E,
Ty —FHHA0ms 5T vy I —FHEH40ms T
DI128ms DETH Y, ZHEMBRYIEL TV 5E
BRI MR T EFID IR L T B BRRIES S %2 v,
FD7, BEABMBYNFEL THLIEBEL TTE
O TEBIRETDOIEFREICOWTHERT I L
gL\, 22T, Yo h—FORES SITL - EED
LANA 4ms $0 256 ms ICh o THAFIS 2 1 4
FToEhb ST 8REE, 0L R IEEEEAM
BEINDPHAN. ZORKRIE, 128 ms HET €724
GERLE 6 ED X 97, Y7 EAFEERIROES
B EE IR, 2P, 1 EOATERIE -
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TWhb720, FOBOERIIKFITEL 2o Twi,
8.8 HuAh—RFRODEEICLIER
REBIIBWTIL, BELERSEL2EL-01C
BEFEBHMICEELLZ S ATV ATy I —F %
FELA. LL, Py —FHEEORLSF A IV
IZXoTHy 7—F OIRIE, RERE, FEEES0
BEESENT I LM N T3 [16). 2T T,
WEOEITHY A IV 7%, ERAWTE, 0, 50,
100, 150ms & L& THEFIE BEL 7220°%, ME
EN DR EHBORIRICE T e d o 72,

4. # =

REBTIE, ¥y 7= FRiHRIcbz o TR
T EEHAEOE, HBREICHES NS REHO
WA - RETHELTE L o FORKE, MEIL
oA EENE, Yy A—FRBE LDy H—FE
WHEICHA 1A, oy A—FRTEL bICEES
RS LD THo72. 3.3 DTFHERL &bETE
Z2AE, TEHFENIGS 0SS A 15D 5
B2 PA DECIRD BIEZITH D, FEICE S BH
B PADEF YR T ST AEHTHA, D0,
OO TFH SN AEEERLLIZERY, Yy h—F
DHPADHBIZEL TWAI EII% 5 (I DORFRIZ,
FuA—FEIHS 1 HEEFRDRSE KA OER
BRED—FT2[2)).

PA OBEFEIZEAL T, RERTIEY vy —-F &
I ENC A5 e HEBRS M S /2. TRE Her-
shberger 5 D#HE L —HTHLDTH BHH[10], K
FHLDERTIE, PAIIY Yy —FERAFAICEEL
TW5 &) FEREMEN 2 SN T3 [2]. B2,
Hershberger 5 DEBRIZB VT LM 1 HowmERE L
Foh—FEMAMIGEOBEZ MEL T 5 [10].
L2L, bL, PAXY vy H—F EREFACERL T»
5% biE, RERO LI ICEEFEIEE RIS
eHE, = F EREFRAIC S L EEET
ENBEITTHE. LHAL, KREBRIIBVTEDL)
GEHREIBLN TRV, MESN L FHNLBES
& ERORIKESR & O FHBEBELTL L —8T 5
LOTERZVWEEZEZ LN, KALOERIZBIT S PA
DA EBICHMESINEETIER L, PA
BIER N ED 2 RADNmEEZ 2L, REBOER
E—HT B, 7, COMEENIBEHTMOERED
BERELT, KAELOEBRIIBWTILER S, #AZEH
FBILRAILTWwaZ e, EREBEEISY v 7 —F
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D2s LEFI L AL T e, FEOa Y b O—
Vi B Z L ERET LN [3).
REBIZBWCHE SN BERBFORIRIZ Y 7
EAFBEERIRTDY, oy i —FRREEER LA
HESHMEENTVWS, A, EFAET 5EE0
HELBWTIE, BRI 72t ME Lo
FHY L LTHEET 5720, BRESBIEL TV Ly
71— P AR oM EFERIC L o TEML T
WHELDEZEZLND (17]. iz, BESNI-EEH
BOMEIET v = FF, BRIty h—-F e
FECTNTHESNTWS., ZOX I LHEIEL
BRAASALE LT, WEEFRS EEICELT 5
= F FIZIRERAEBERZEZ SR 2050 MEFICE
DI BEEMZ T, FNEHEEIL Ty
71— N B0 EAE * X E R & - THE
L TWAEGT B AN AL, FvHh—F HOKE
FEOFEEMEIL I &N, BELOKFEFEOBE)
L0 BNEREFMEEN[18], FAHVETEED
DA X=T L L TEMENTWS AT ALENEZ
b5 [19]. :
REBIIBWTIE, ME SN ST DB I
v — FEH» 58 10ms Bh7z5Y, ZORKE L
T, ZBEEMADZALHFTETYBI S5 W
7%, WEEOBERIEY Y F— A, A%
FUCED CEMTIEY v 7 —F L EFHEICE > TEM
SN, FNGHPPRFICF VB EINTZE WS 2 S
AN EBERRP, Yvh—FRICT) EEMER
Foh—FeHEFmEBESN LW I HE 0] & F
By 7 — FHOEEFROREMEBHRISZEE
ZlE VI ERFEZ LRS!

5. & ¢

REWICTIE, Hershberger 5 DFEERTIIHH G M &
Nhhpolz, ¥y A—FEHFRIIbIoTIRREINS
BRSO ME S IREER OB S, b
HREEEEICRLE LI LICL o THLMITL 72,

F7, REEDS SD IZB W TERIERT AL R B
&, Fv A= F ORRIERL DR R & w9
ZEDhP ol 2RIEA A—T DIRD B HF T v
=R EMAFET, FRIERTERZERROKE i
F v h—F ORBOKH 6 ETH o7,

B AIRICBWT, HERKFOSHERK, B
BFERERFOMRERL VFHZBSEHE I L 2.
N % 2 R I
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