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Temporal Summation Properties of Double Pulse nghts in Peripheral
Retina
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Abstract We investigated temporal summation properties in the peripheral retina using luminance and chro-
matic double pulse lights. The sizes of the stimuli were 1° at the fovea and 10° at 30° temporal visual field, being
scaled according to the cortical magnification factor. Consistent acceleration of the characteristic peaks and troughs
of the summation properties with retinal eccentricity suggested that a double-duty mechanism might be preserved in

the periphery, whereas a marked elevation of the thresholds and the summation indexes in the peripheral chromatic

channel suggested a significant change of the chromatic mechanism in the periphery.

F—— R R, R LabY, 2k

1. ¥ 2 » =

ek & B TOBEEIIHLED S FElicw itoh
THLT B L VWbRTE&LVD, L LT, 20L& %
BRI, FELEA O R E ORI &b TS A
A BERTAIEICLDFHETEL L VDN TNS I,

FFT v ROV ORFRTEEIC OV T, OB IR 2
¥ N7 AN RE R EAMRIEE T 3 J: OMEERE LD bk
GEBEBDNE WD L ERb o T A 99, Noorlander

51, EARE TR A AR L CEIRICBITS
B EOKEEM T T R MK £ A0S, BRI S5
LT, 1Hz 7Y v AGRFEEREEGELPHVTYR
vV, INRETORETI, BB TOERIET v L OREHE

FHIZOWTIERSICALON TV WEWZ 5,
HE OB B L LT, B4 R R B
O EFZ RSB L ST 5 99, usw, 23]

MBI B W TIE Troxler 18455 Y, HERITERHER
OWFOEIEE LT LTI 0T, ERENEEIH T HE
Wk, F TR T, BRI 2 JEGE ©9 2R
AL, EMEERO 29V ARkEZRERE LTHWSZ L
W U7z, Al s X OVHIRET 30° o fF:B40F T, MRS
JOEBICHE L TERSNA 2 7OV AR RE LAD
FEE R AR, WA R R ERER D TV TR
=L

PRETRAS KT R AT
(F 226-8502 HKHRE BB 4259 G2-1, TEL 045-924-5453)

1 Department of Information Processing, Interdisciplinary Graduate
School of Science and Engineering, Tokyo Institite of Technology
(G2-1, 4259 Nagatsuda-cho, Midori-ku, Yokohama 226-8502)

BUGIEER # T ¢ 7245 Vol. 59, No. 12, pp. 1859~1861 (2005)

2. A &

2.1 EBERH

1 ICEBOWME 2 RT. HERE IRk -2 (R
£ 40cm, WHE XK E) OFRICET S -
il L CRRIECHRO%BO CRT LICER SN ARHOL
% 81885 5. CRT(Nanao FlexScanT766) 4T {2 kI ZH
HATREREND 2 OMEE IR OME KBS H S L
IR ZB. WEEO ETEAICIEENER 14T D D65
WEALESEAT AL S, &I -RRICERALTw A
F—LANEHOBES X Uﬁaﬁ%‘t 3# 100 cd/m?, x=0.318,
y=0.339 & 7% 5 7.

15,0 JE ST B 0 B BE 50 cd/m? D (x=0.419,
v=0.505) DR 1 ° (FLAN) 7213 10° (HIHR
&tF) ORBEAER BREND. B EPOREMICE

Dark Room

L Fluorescent

v Lamps
Hood
CRT Aperture C
- g ’ N
Subject

Fixation
Target

1 B ORI
Schematic diagram of the apparatus.

(111) 1859



W REOE R LB TR S, BUBER BT, &
R 30° 12d 2 B EHLE % L COHBOGIEEBHR TR S,

2OV ARENE, BEESECIREE D S OEE—ED
FIERS (AD) & 5 WIDEIERS (AD) Th o, BERAF
i, EERMS D OME TR 7o F T OREIHT
1 (AR) & %\ IHREOLHTT (AG) ~OBEZELTHS.
) Ty AMET 1 T A A N SR A

ZEINO OV ARBOEORERFE- & Lz, 2L, AL &
AD OEB LU AR & AG OBEL GLE510L, Tl
FERTFNFRORZE OV AR ORTBEZ EL, €
Dl FT-.

LB O 7OV AR o0 BRI IR 4k T 10ms, &
FELETHE 20ms Th B, 72721, OM DAto#RE O
FEEZF L (SOA) 121 10ms 2° 5 2000 ms DE D 13 1
AW, $77, Bty a YRCEEOVALED
TERLT, 2OMMEENEL.

CRT #0607 ) BRIZ 0.38ms(77) 8 & U 0.25ms(#k)
T, F D ERRTIE 1.24ms(FR) B £ U8 1.08ms () TH -7z,

2.2 FEE

WEEEL F 35 SR L2k, 3 o B BRE ek
CHIEIS L, 20k 2%y ¥ a vEETTIro 7. #HERE
DEFTRE R Y RIS &, RN (2500ms) WO

B L7228 2v%F Yes-No TINET 5. Tl O BRI
B, BEBREEIC X DB L7, S OIERERIC Probit #1C
L0 B RE 7 4 L, IBEEK 50% (ot A5
WoOEERMEEL L.

BBz 3 A 0B OM (33 4%) , TN (23 #) , KK
(225%) THH, WINbBEIEFR,LORINIERZ W LE
EHHEETHAS.

3. # B

o VKR A R, AR 2 /) ATIHE O SOA (ms),
MHEZAOERFOFHELADEREY § TH
5. RLAEDEREE S = —log((Adouble,1/ Asingle,1 +
Adouble,2/Dsingle,2)/2) LEEENE. ZTIZT, Adouble,1,
Adouble EZRZI2 /L 2R 1 HH & 2 % H OB
Th%. Auingletr Asingles 1EZRZN 2/ 0L AT 1
FHB L0 2%H & F UM (AL AD, AR, AG) DH%
SOV ATIROBMETH 5. WA (F), ORI
WA (P) DRRE FT. BEH A & K

M 2(a) 1& AI + AI OfREET. F & P Hic
SOA=10ms TiX S = 0.3 TIEITHEL R LE&bEI K
DiLoTWwWh, SOA oML & HIC S 1k AducEd L
TH/MEZ D, T2 29V APHEIZHERI L& - Tw
HILEEWT L, ZOWHEORDRE, SIZFHUHML,

1860 (112)

04

(b) AI+AD
|

3
E-
o
8 L
§ (d) AI+AG
g 03 r |
=
[7] 02 |
|
0.1 :
0 3 t
10 10003 00 10
0.1 i | |
| | | " 1 i |
02¢°
‘ SOA (ms)
®2 270V ANORMEE Lab e W bR, O

EpuE e
Temporal summation properties of double pulses. W
foveal condition, {: peripheral condition.

Y2 5l 2 720, —EEIE L Tw <. SOA=2000ms
T S OEAEICHS LTWAEDS, ZREEIERE % —k
W L7228 a 0 AR ST/ OV RO RE D T A5
B oBBrEz LML, COEEE, MoK 2(b)~
(c) PEHICBVTLIEDN TS, ZOFRNPL, AL O
TR AOHEF ¥ A VOIS, FTREROIE (B 1
) AR Z - 7R ICHIRIE OIS E (5 2 M) 2 &, 3612
ZOM%, FWEAEROIRE (58 3H) 2982 5 3T RY
LM NS,

& 2 M OEHED IR 5 SOA I, F Tid 40ms,
P Ti3 20~30ms(P) &40, P OJid v, & 3HOM
BHOY — 7 120055 5 SOA 3 F Tid 100ms, P T
60ms THY, Thd P OFHAFEN,

[ 2(b) & AT+ AD DR TH 5. fH\ SOA I2BWT
2 S AVNE L AL & AD OREVHEIH BH LE->Tw
22 Edbhhs. 0% SIEHAL, F Tk SOA=40~
60ms, P Tt 30ms [ZBWTE—27 45, TRE AT »
5O 2 HONEIEIEE L AD 25 0% | AHOBENID
BNFEBFTOREL LTRELEDENHREZEZONS.
ZOY—27ESOA D, F X0d PORFFRRRL, L
b E LEOETO AT+AL TOMFEEO B D SOA L3
g5,

4 2(c) i AR + AR O#ERTH %, v SOA I8
WTHE S = 0.3 TREZBLEDENRY Lo TVEH,
SOA L#tic S IRHFITHMAP LT 2L, wilL7e
W5 SOA=1500~2000ms ® S 1Zk <. T OfHE»
S, BAF Y ANVOREE 1IHETH L LN SINE.
7L, SOMFNOLDIEIF Lhd P old—EHLTE.

[ 2(d) & AR + AG OfERTHH. S 13 SOA &3kl
WL, Y =2 28> TZ20BRLILe»IIEPT S, AG
«@ﬁ%@ﬁﬁMKARmﬁﬁé1%%%@@&%?%6
e, ZOXIRE—rEHESLLRLEDTIZEDY
27, LzAoT2MAMOInEZE L TWEEERDLE

BMEIEER X 7 1« 7HERES Vol. 59, No. 12 (2005)



BHbH, ONOY—271Zx5imd 5 SOA 1L, F Tk 100~
160ms, P TiX 60~100ms £ 720, F L O P OFFE
V. IRS5DSOA IR F EPRIZAI+FAIDE3HE

T T5. SOMIF LD P oFdr—BLTEW.

HULH C OB OV 2 BME ST 2 BT O BEE L
ABMEOIE, HEETIE AT & AD 2F# LT 0.75(0M),
1.13(TN), 0.83(KK), fBETIE AR & AG #FHLT
3.12(0M), 3.12(TN), 2.53(KK) & % o7z, MRz

&, O E B TCHIESNIZIZR LISk o 2278, B
AL LTid, EEHROBED T LHLE ) $49 3
BRELS R o7z

4. # %

WEEEF 4 2L ORI DV T, B lR & RO W
TROEETDH AI+AL Tl MM, AI+AD TiE 2 HHE
DR LEDLEEEIEL N, OO REIE Uchikawa
& Yoshizawa OFEE» XL TwL. FIHTIE, &
BsARE Y- HOBELYBRETY, BELKR
DEHAL L TWAB Z EHFHEL N E R o7,

JEIAN BT B B OV A DR EEE, 080
BELBIBREFETHY, T, REMAE uﬂ’jwiﬂ‘i%flﬁ“

4xmx7~uy7ﬁﬁﬁ?%ot

Tyler' i&, A TREBRIZED Y tI‘Jt%f(‘*?‘/f AP
E%%ﬁ&70wﬁ%mwf,%ﬁmﬂ/F7Xb@E@
¥ (tCSF) Zillsg L, fssBomEe Rl 2o
tCSF O ¥ — 7 EEHE SN EDRLEICBVTH I
IB—ETH Y, FRICHET R BRI EELE T
Bz 7 b L7z, RIS COFREIFL TS

BECBWTERAENTH oA XA —1) V7, @

TWEHTH Y, HEEE OV ADOMILBEEL, BEIHRT
i&bﬁi@%k%(ﬁof Mﬁ%4x%x&—0/¢
L, &5V AL 28510 rﬂmf‘sx%ﬁﬁﬁ"ﬁ BN
[z L.

BF RN Oa Y bT R MEERBUL, O T EREE
BT O 2 N T & 72 999, KIfFETO AR+AR
DRERD B, SOFEMI BRI H B I EPHIPDO L
Nz, L2 L, AR+HAG OfERIE, AR+AR 2H/{6N1
7ot T OV ORELEBAREED S BT E v, Ih
& FREDFE B1E, Uchikawa & Yoshizawa® B X U° Eskew
510 AL CHE L T b, Uchikawa & Yoshizawa
BHEHEO)NY v FInE e 504 vV AREZ AWT
AR+AG DR SHT A2 ERBAMAETT VT
ELTW5,

%Ebéb&4ULbﬁéﬁﬁm Y- LR ONE IR
%LT&U,»@H#%
ﬁ,ﬁ§%¥$WK@%V$W~ﬁﬁ®T&X%:XA®
EHERAROLI LX), TERBIFNEETTVHE
D PRTEBWEEMERIE T 5. £20—FT, F ¥
ANCBIBRLEDLERED, FLOSPOFT—HL

OO RIS 322/ EOBBNE LEb EiFE

TEWEW) Z &, AATREFYRALORENLYE
CERT 5, HHVITRMNEIESLVBBICR ST A
72012, B SOA A THIREREM OB <
oTwh, EVWHUREENIEZ LGNS,

ISV AFERHBICBWT, METIXERTH 27294 X
=0 Z7iEATRENTHY, T, B TOEDOR
MR LALEEFLEIDL B L TaY., Thbid
HAOBF v AVIIBWTIE, BRI DRI S
Fr ANVEITBRRAFEREDORAH X LB E L THWETE
REMEZ TRIZS 5.

(x )

1) Moreland J. D. and Cruz A., ”Colour perception with the periph-

eral retina,” Opt. Acta, 6, 117-151 (1959)

Boynton, R. M., Schafer W., Neun M. E., "Hue-wavelength re-

lation measured by color-naming method for three retinal loca-

tions,” Science 164 666-668 (1964)

van Esch, J.A., van Doorn, A. J., Koenderink J.J., ”Spectral sen-

sitivity and wavelength discrimination of the human peripheral

visual field,” J. Opt. Soc. Am. A, 1, 443-450 (1984)

4) Abramov, L., Gordon, J. and Chan, H., " Color appearance in the
peripheral retina: effects of stimulus size,” J. Opt. Soc. Am. A,
8, 404-414 (1991)

5) de Lange, H., "Research into the dynamic nature of the human

fovea —> cortex systems with intermittent modulated light. 1. At-

tenuation characteristics with white and colored light,” J. Opt.

Soc. Am., 48, 777-784 (1958)

Kelly, D. H., "Luminous and chromatic flickering patterns have

opposite effects,” Science, 188, 371-372 (1975)

7) Noorlander C., Koenderink J. J., Ouden R. J. and Edens, B.W.,
?Sensitivity to spatiotemporal color contrast in the peripheral
visual field,” Vision Res., 23, 1-11 (1983)

8) Uchikawa, K. and Yoshizawa, T., "Temporal responses to chro-
matic and achromatic change inferred from temporal double-pulse
integration,” J. Opt. Soc. Am. A., 10, 1697-1705 (1993)

9) Burr, D. C. and Morrone, M. C., "Impulse-response functions
for chromatic and achromatic stimuli,” J. Opt. Soc. Am. A., 10,
1706-1713 (1993)

10) Eskew, R. T., Stromeyer, C. F. and Kronauer, R. E., Temporal
properties of the red-green chromatic mechanism,” Vision Res.,
23, 3127-3137 (1994) :
Tyler, C. W., ” Analysis of visual modulation sensitivity. II. Pe-
ripheral retina and the role of photoreceptor dimensions,” J. Opt.
Soc. Am. A., 2, 393-398 (1985)

Rovamo, J. and Virsu, V., 7 An estimation and application of the
human cortical magnification factor,” Exp. Brain Res., 37, 495-

. 510 (1979)

13) B, PN, 7OV AR o B B RS i AR &
ligo 7 X Vlsmn 17, 159-167 (2005)

2

=

Z

.3

-

6

11)

—

12

=

3B 0o U
L 1980 4, WETHERFRFERR

iversity (Canada) Postdoc-

il

TEERHET . \ork J

troal Fellow ﬁé,{'
;LY .
TRy s

(113) 1861



