WFFTEmL |

Received May 30, 2003; Revised September 25, 2003; Accepted December 4, 2003

WEBCEEEREERAWY vy r— FREE

HAHaA L PSS X MEEDORIE
WE —E* - N/l '

*ATR ARMIEHRBIENIFERT  T619-0288 FUERIFHHZEERGEENDES 2-2-2
S HIR TEAEAEEHR AT TR AEERS A 7 A8EHER  T226-8503 BORTTRRXRIEE
HT 4259

3 33, 2 (2004) 122-129

TERIREENRF D
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Pursuit Eye Movements Using Method of Fixed Retinal-Area Stimulation
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It is well known that contrast sensitivities in the central visual field are reduced within the range
of low spatial frequencies during saccadic eye movements, not during pursuit eye movements. To
investigate how each of saccade and pursuit affects contrast sensitivities in the peripheral visual
field, we measured contrast sensitivities in the peripheral visual field during saccades and pursuits
using Gabor patches for various spatial frequencies. To prevent the retinal image of the test
stimulus from being deformed by saccades, the test stimulus was horizontally sheared on the CRT
display so that the image had the proper shape on the retina. The results showed that contrast
sensitivities in the peripheral visual field during saccades are reduced more than those during
fixation within the range of low spatial frequencies. Contrast sensitivities in the peripheral visual
field during pursuits were the same as those during fixation for all spatial frequencies. These
results suggest that the effects of saccadic and pursuit eye movements on contrast sensitivities in
the peripheral visual field are the same as those in the central visual field.

Key words: psychophysics, eye movements, peripheral vision, contrast sensitivity, spatial fre-
quency
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HEMEER, IV Ea—F—
7100/66AV), IREKE&H W E %, A DEE R — F
(MacADIOS II), CRT ¥4 A7V 4 (SONY GDM-2000
TC) THREE L. BREEEOREAEIZXY VXX M
v F VWX DHERRALLY, #EEOLEEO T
WHRERGEEHIE 754 X 2B &, ZHDAKFIRERAE %
E L7, R THWIRERESRESRSHRH T & 25/
DIREKBBEIINO.1deg TH o7z, REMAEBERES I
CRT 74 A7 v4 OBEERBES G ¥ T 16.75ms
TrwryrFVrrEah, TOESRADERR-FE
MLTCavva—F—wkANEINz, Lizdd->T, IREKfL
BEEOY 7Y A EERBGES S F L < 59.7
HzTholz, TOEIWCLT, av¥a—F—ZANE
N-IRERAIB DS % & 3 Z L CIREREEPFTE S Nz,
%7, WEBEDLS CRT 74 A7 v A £ TOHREREE 25
cm THY, WREDEBIFEHEG L~y FLAMZED
BEE&hiz, HBREOILER, My I7R—NVDETVF
—R—FE2ALTCavyEa—F -l ANLShiz, HEk
EREECRE:2HC, FEHRRTHRERNBZERE L.
2.2 #i #

AIHEa Y Y I A NBREREEST 570 H K-y
FHREWws N (Fig.1(a))., HR—ny FERERICT
22T, RERESC L 2EEEOINORBER L
Joo RNy FOHEE L(x,y) BTORCHE- T2,

(Apple Power Macintosh
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Fig.1 Visual stimuli. (a) Gabor patch used in a detec-
tion task. (b) The fixation point and the saccade goal
presented on the background in the saccade condition. (c)
The moving target presented on the background in the
pursuit condition. (d) The fixation point presented on the
background in the fixation condition.

2 2
Lx,y)=Ly+ exp( — Zxdz )exp( ——2%>cos 2zwy)

2T, L ix15.0cd/m? D FIgHERE, o 1% 3.38deg
DZEMBEH, o FZEMEEEERT, FR—LXy FOD
ZEREEAEE © 13 0.09, 0.23, 0.62, 1.25, 3.74 cpd D\
TULThole, ¥y r— P&, BRERREHME, B
BEEOTRTCOEHITBNT, FR—N Ny FIZETO
—ER4> ($iff 13.5X13.5 deg OEIFH) wiE S nizlz o,
1 7Vv—ATCEEROEEEFORME (1.5ms) bFET
&, FR=—NFOWE I CDOHEBLY TR

3.2ms %Ebﬁ’_. ﬁzﬁ‘—}l/}f\y F1X CRT @ green phOS-
phor (P22) 72 %2> THFK & N7-. I Z T green phos-
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(a)

(b)

Fig.2 (a) Gabor patches distorted on the CRT display in
the conditions with left and right saccades and (b) the
retinal image of distorted Gabor patches during saccades.
To prevent the retinal images of the Gabor patches from
being deformed by saccades, the Gabor patches were
horizontally sheared on the CRT display. As a result, the
images had the proper shape on the retina.

phor 20 2w/ E A X, red & blue i kE T 10% %%
HHFHENE S, DOMENFVLDTH S,
EERIBIIAE S A58.5X74.2deg, HEEL15.0
cd/m* Thotz, ¥y r—FEHETIE, Yy r—FNDHH
HERERRT D20 E (EF0.5deg, 30.0
cd/m?) MBERE N, GEMOEBRIZ30.0deg THo 7
(Fig.1(0). b OFBIFRITOBI L CERS N,
Ty r—FPEACHES e, BRERKESRETE, B
F—7y bELTIDOHEE (EFE0.5deg, 30.0cd/
m?) BERIN, ZOBHY -7 v MOEHE EEKFES
[z 16.0 deg/s T 30 deg D¥EEEZRE L 7> (Fig. 1(c)).
WERE L, ZOBEESY—7 v b EEREIREGEENIC L DB
Ui, BE#EEHTIE, BEHOFRICEHAS (ERE0.5
deg, 30.0cd/m?) MExRank (Fig.1(d)).
2.3 MESMAEEERE
HHIMERMICBTC, Yy ryr—FHFEZ17V—4
(16.75ms) TCRT ExAR—n Ry F2ERT 3 &,
o r—FidEbDTHRWREGERBTH 572D, EHKRT
LIBEEND S R—N %y FORERMESEL, 20
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AR—=Ny FORBEBRIIBAZERCZoTLES., *
ZTC, ¥y 7 —FHRIZERINLG T R—N 3y FOHEE &
TOERMUBREE L & X R -3y FORRHE
LETCEZHBVEICT S0, RERUBLZEEL (EE
WM R—n Ny FORKREEE L TED R (Fig.
2).

HRERER 28 30 deg/s B 2 72854 (Z WXl 29 v
—FORBRLEEE L) o1 7V —L08IKK, FR—
W%y F ORGEEBIG LTz, 7270, REBTIZERAE
BEOV 7V RN THz Tholclzd, ¥y
7 — ¥ QBIEREAIZ 16.75 ms QEPFN THERN RO 5
BhHotz, FR—=NVy F2IEE LIREREACERT
%7291z, FHEFAERICY) 7Y A A THE S iz IRERAT
BRESWTEHE L TOT R—N3y F 0O BRME L RE
L, AR—N%y FHBEER O 7 V' — A BT 5 EEEED
BOAHZzEE L BboEEZ»SEEER OB (|
1.5ms), FH SN EREHERCEDOTH S > TA
A=Y Ny 7 7 —WHEEINIZEBALET K-y F9858
AEN BB (100X100 pixel DEHH) 7ZFET 4 X
V—%REXWZ 5 X5k,

BARTR—=Ny F2HET B, EER1IAD
ERBEBE W HEDDRDSH UHH > TB  MLEDS
HbH, Yo r—FkD 1 7v—2ableDicHGEmsENL
SWEBET 2 2B THTE L, FRCHELEEHL T»
LERESTSHIET, FERIAILICHENE KD S
OPEFETZIEDTES, ThOZ, bIRATHrOHE
HTDEE 4 [H5DFITIC BT 2 REOTIR OB EN S %
WTazeT, 1Tty r—Fieks1l7v—~A
Hiz) OFUFREEHE FRIL 72, 20Xk S TS
HARBEERE 2 v TEER 1 A2 L BB OME 2 3HE
L, ZOFEINBBOMED & HEERAA S —E I
BEIREART RNy FRFEE LIz, Zh, Ty
F—FHTY, HBELHEEBAICHEE ETREATHR
WA R—Ny FRERT S I L EAREI LT,

CRT 74 A7V A OEEDE & BEFR 480 pixel T
HAR=WVy FOEIPEHFEE 100 pixel TH S5, 1
TV—AREBIFEZT RNy FORBEZIILoroHEE
b TORMIZ, EEEKRORKHE (1.5ms) bFET
3k 3.2ms b, LT, #EEIL 30deg OKFY v
F—F%270ms { 5VORBTIT> TWwicD T, K-
WXy FOWERTOLOFHEEBOLY £ TOMCIRKE
1.37deg { 5VEIWTEBY, 1 7V —2A4 (16.75ms) DO
WHRERI 7.2 deg < & WEhWT2,

¥, AEBTHWALCRT ¥ 4 A7 v A D green
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phosphor (P22) @ 109% ZREHF X 40 us TH 5. CRT
T4 ATV A DIREBRED 640X480 TH 2720, 1 71—
2 (16.75ms) O 480 KOEEBRPHE» N BEEHE R
(vertical retrace) WU %, ZOFEHEK I EANERI N
ZEFHIDHI 32 us TH B S, FEER I AKDZ D OERE
& 109% BARITIZIZZE L, TR0z, HEFIE
W IKOEBERIZODPEET 2 LARTIENTE, ¥
VT —FRIVBEBTNIHRENSLSTEIENTE
L, L7edto T, KEEBTIX, green phosphor iz & 5 1
KOFEERBE»OTETERBHL T ZETLI 7V
— LDREEMEDL Y, 17V — 2O HEE FTEEESS
IERTOERCRESND I Lich3, b5 1 AKDEEE
PR b a i L &, Z0 1 DEIOEERIIERT -
TRHEZTWEH, EEETIZR 2 OF (visual per-
sistence) & L TH 3,

EE, Vv 7 — FEREOERTIC, WEBRENTEALT R
— R FREET L Eidhdholz, £, 1RTEB
W, 17V —Aad70 OFHI S W HGEBEE L EEOD
17Vv—25720 DEBEBEFEDZED £3.0deg #B 27
bORBEEBELAZL, TORTERKEL, 20X
WEHEAE L Al S OHEE R R O L o BRI, -
COEHEIY IR T 2 ERTORMSEEICHKZ S L5
KEHIREHEBRECSZTLEY, ERICHT 2 EF_—y
a v DETHRI o720 TH 5,

HRBHEDO FHIME L FAEOZOHFFHA % £3.0
deglzL/icZ b2k o7T, BEETOTR—AM Ny FDE
LB AR U TR D & 5 72 N & 2 HER 2 W
SEMBZ 572, RNy FOHLMIBREROS S
KHLTHRTH72DT, FR—A8y FOHRLMEE
i, WELPEEOEL»S5HEST0.5 7v—L0KET
BREN, LiehoT, 1 7v—2blz) OREEEHE
DOFHEME & EREDE +3.0deg DEFHANTY S < &
&, AR—N8y FORLBERENI L& O EOAL
BRERLLD ELUIMEEMEL D b £1.5deg OFHT
HERENICO 5 ¥, Zh LB, 100X100 pixel DA R —
Wy F O EOHMLIE £ T OHLLE ORI 1T DKF
FHEOFHH +1.3 deg OHFE CHERMIZO 5Tz,
2.4 F & &

59, FEHRESRBBOF YY) v —3 3> 2w, *
D, FHETLEUTO LD BIEFTEREIT- 2. TR
TOEBFEBWT, MR _FHEBHERESH Vo 0T,
2.4.1 Vv r—F&H

H1ERTE, BELC 2 OOHE (v r— FEOK
HEKR) BEREN, #BRER, EHFROYy r—F
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Fig. 3 Mean saccadic velocity.
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Fig. 4 Frequency of difference between predicted and
actual moving-distances of the eye per frame during sac-
cades.

OHEIFEBORIEEERL, HAEOY v 7 —FOHE
EEMORBEEZER LIz, HBRESFLEORY V27
v 755 ET700ms B2 DOBEMSN 2, BBV
T RFHAOMEABERENTOIBRRCET Ty r—F
2T olz. RERGEE D 30 deg/s 2 BR1-HEET, HBH
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Fig.5 Percent correct detection of Gabor patch as a
function of luminance contrast. Left saccade, 20 deg of
retinal eccentricity in the right side of the visual field,
subject KM. The fitting curve was produced by probit
analysis®?. Contrast threshold was defined as the contrast
at which the fitting curve indicated 75% of percent cor-
rect.
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Ny FEREHTRE, ZoETTHY sz T A b
»50.1log 2=y MEA LIV b IR MBRROETT
Awvsih, ERIO 1FET THEEREDT R -3y F kit
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5hrz,



Nasal retina: 20 deg
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Fig.6 Contrast sensitivity as a function of spatial fre-
quency on 20 deg of nasal retinal eccentricity. The open,
solid, and cross symbols represent the saccade, pursuit, and
fixation conditions, respectively. The circle and triangle
symbols represent the right and left in the direction of eye
movements, respectively.

2.4.2 ERCIRBRES) M

#1ERTE, BHELOGEHD S WIRERS 1 DOORE
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SHL, #EE I Z OFRELERRIGES TEIf L7z, &
EAEERRIIR & &, 3MERAADAEICT R —
NSy FRIBHSHEE S h, £ OMENEY v 7 — P&
BT 3.2ms 2B L7, Z0%, HERES» 5KET
M1z 30 deg BN 72 #CE S A > THEIL 72, BHREIRK
EEOEE ZBENROEE 16.0deg/s LA TH B 7
B, HAR—Ny FRIEORE S, RKRIF3.2msET
#¥10.06deg BB T 5. LL, ZRIZEEN/NE 2EE
B 0T, BREEHESEM CIIMEREEE R E 2 A
Wihot, H2ERTE, B1EREFAUFRE 2D
BTz, 72720, AR—no%y FRIBE 1 2RTERE
NITE 2 BRTRERSNT, F1ERTERINEY
NiFTE 2 BRCEREN. OFHRE I v 7 — FEHE
CERETH o .
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EiE PR ER SRR S, AT, BERE RERR
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Nasal retina: 10 deg
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Fig.7 Contrast sensitivity as a function of spatial fre-
quency on 10 deg of nasal retinal eccentricity. The sym-
bols are the same as Fig. 6.

PERLET . MOTFHEE Ry 77— REFLEHKTH
27z,
2.5 ® B %

WEREZ, KM (B27/K), TS (B24®K) O2#HTH
oz, EDBRHNIBEZI LTI,

3. EBRERCEE

Yo7 — REFIBT 2B THPORBMERIEDOY v 7
— R OEHEE L, #ERE KM 25 425 deg/s, #HEE TS
521 deg/s TH -7z (Fig.3). Fig. 4k, ¥y 7r—F%
Bz B 2LRTHhD 1 7V —Abiz ) OEREEHEDOT
HHE & EREOZ W T 2EHLSMERLTWw5, Fig 4
Xy, HBEEHEOTEE L EAEOCERZIZ LA EE3.0
deg DEIFEMIZH YV, $iz£1.0deg DHEHFHICE S EFL
Tz,

Fig. 512, EAA~NY Y7 —FLTw3 &0, HAl
AR 20 deg ORIIERM A ERS NI R—V Yy F %
BMEL-EEETRT. BMEIEED Y 7 X MR, R
AVIIRANEBRELIEERERLTWS, £, 777
FOEHIX, Yoty MEFERICLY 74 v b ENTRE
TFHSRERTH B, ZDT7AVT AT H—=T2H
T, AV INIRAMRRBLIEEN Y% L2527
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Temporal retina: 10 deg
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Fig. 8 Contrast sensitivity as a function of spatial fre-
quency on 10 deg of temporal retinal eccentricity. The
symbols are the same as Fig. 6.

ANEBEEL, ZOBMEOSHEEFHEST 2L Tar )
TR MRERRDT:,

Fig. 6 1 SAFEE 20 deg ORAFMRALA, Fig. 7 12 SAE
2 10 deg OAMBRAI A, Fig. 8 W HAIMEIK 10 deg D M
TRAi A, Fig. 9w BEIFMK 20 deg DHIERMAD &£ & D
MERE D > b T A NEEREROBRERT. 77 7 OMENX
AR E, HEHMIEEI VI IAMRERZRLTE
D, BYYRNVEY Y7 — A, By Y RVIGERIRER
EEEM, XY VRNV BERSFGEORRTH S, S5,
VRNV DOFARDE ZIREREB O FRIDEVWERLTH
D, AHEFHA, ZAPEFAOKRERL TR, &
tz, 7S T7HDIT—N—Z, Futy MEITIZ X DHEE
BN BRSO ONIEOREBREZEERLTW 5,

Yo r— REE (O, &) LEREH (X) 2HET 3
L, TRTCOEERMAIBWT, EREELD bAELGH
HEOY Y 7 —REHETa Y b7 A MEEDTTOZEM
AR ELCET T 2@ H D, R K22 R
BTKERRERTHAONS, ZhiD, FAHAFCS
WThH, BIEZIRER S DAY= A LPBFRENHIHE S
BTENRREANG, LIeoTC, Vv r—FL3EH
HETOMEBEROE & PRFOREEEERL I 1o, ¥
o — R OB & JIH I B5 3 2 B ORISR BRI 7
SNBrE2ONS, £z, Yo r—FHAOENZL S
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Temporal retina: 20 deg
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Fig.9 Contrast sensitivity as a function of spatial fre-
quency on 20 deg of temporal retinal eccentricity. The
symbols are the same as Fig. 6.

AV P IR NEREDORVHPRZT SN B, WEERTY
1 ANDOHBREOFTH ZFHERECEASNRHDT, T
DE I FEBERAEE B Rk Wi &£ & OEEROBE
HAWCEB7—T 47727 bTREWEFEZOND,
BRERECES L (@, A) LEFEE (X) ZHET
2 Y, TRNTOEBERMACBWT, WA R OERR
BOEBISME L EHREE T Y b T X MNEEB—T S ER
hHiHdbrs, IOEME, FLRETEIA T
2BEEORERE—ET A, &6, BRIEEGERRICY
EIREGER & K3t AFcE TR 2 % (Filehne $515)
ZEDPREINTEY, IHBHEERMBREIREERFE
5 B0 EOANROEE R MH T 2 A0 =X L2 dbbED
BTWRLIERTRL TS, LizdtsT, TlEE:
F T BIHEFCBWT b, BICREGERRC Iy 7
— PRI & 5 BE S CRBEE b DA H =X 5 Z2FERIC
WMl T 28 REECRNI EERLTWS,
FTRCDEFFRZBVT, SAEECT R y F53E
REANIZEE, FEO—BIE R > TR
HDHB, Vv r— FEELERSEME, b U IREIEREE
B L ERS AR R T 3 L E A ORBIIEE I NS T
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