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Temporal Frequency Characteristics of Color Discrimination in the (L, M) Plane of

Cone Contrast Space
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We investigated the influence of the temporal frequency on the color discrimination threshold
characteristics. We measured color discrimination threshold in the (4L/L, AM /M) plane using
several temporal modulated stimuli ranging from 1 to 24 Hz. The results are consistent with the
prediction by the model assuming probability summation between two detection signals mediated
by the red-green opponent and luminance mechanisms. The change of the cone contribution to the
both mechanisms which depends on temporal frequency was small. The results from 11 observers
showed large individual variation of L- and M-cone contribution to the luminance mechanism, but
much less variation of the contribution to the red-green opponent mechanism.
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Fig. 1 The spatial arrangement of the stimulus.
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Fig. 2 Examples of the temporal profile of the test color
(1 and 8 Hz sine Gabor waveforms).

2. % B&
2.1 REREE

Ay a—F—llkoTHEENIET AR —F
(Cambridge Research Systems #-8 VSG 2/4) 1 kb,
HHEMEIHEY PO TCRT € =% — (SONY #
GDM-17SE2T) #HlfHIL 72, €£=% —if, 120Hz D7 v
— AL — b TEE S N, 640X480 ¥ 7 L)L D RRIGFE %
Wiz, CRT € =% — 1 F 5 M BEEEE (2 /1y CS-
1000) » #EESF (Cambridge Research Systems #f %
OptiCAL) # v Tl HiIE 21TV, FlE %z E L
7z.
2.2 5

il o> Z2 IR 2 Fig. Licnd, fACOERFOLY
Hoduiz, AT OEAEZ 21725 OHOFE I 4
OfgE L7, SEAFEHB L UOEREOBIZIEODL DR
ODF vy 7THTENA TS, EETIKBWT4DD S
b, 1 DOOIEAE (7 A MHlE) otnZitd 5. &2
LIEAROMER T > 7 L2k sz, 7 A FRIBLO 2
T A NI, FRREIEY I Gabor BECIR I L X ¥ 72
(Fig.2). = OHulLEHEIE 1~24 Hz O&PHICHEE L 72,
O RRATEOIEAE, BLUEROEEZ D65 [HE
(x=0314, y=0.331), HEEL69.3cd/m? &L, 7 A bl
WoOsZ o rZ LI,
2.3 #EI PSR MEM

AR ORLRO 7z iR 2 >~ 7 A 22 2
Lic, COZEMIIEBERE, J#EED T 2 D RIBUSE S
LZRIGEEERBICHINT AREEOIT Y P T A& L
%, BEIZZEEOES» S OEMTRENS, KFFTDSE
&L, M#EOHOZEFEZR S DT, #Ea > b7 2 b
NG (AL/L, AM /M) FHEO» TREIFEidR s h 2



R/G AL/L

Defined by the luminance
mechanism

Defined by the red-green
mechanism

The shoulder is rounded by
the effect of probability
summation

Fig. 3 Schematic draw of an estimation of threshold contour in the (AL/L, AM/M)
plane by a probability summation model with the red-green and luminance mechanisms.
Arrows with solid and dashed lines indicate the directions of the red-green and luminance

mechanisms, respectively.
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Fig. 4 The measured threshold for several temporal conditions for four observers. The
error bars correspond to *1 standard error. Solid lines indicate threshold contours fitted by
the probability summation model by a least mean square method.
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Table1 The cone contributions to the red-green and luminance mechanisms for the 11 observers.

Mechanisms Red-Green Luminance
) Weight Direction Weight Direction
Observer
L-cone M-cone [deg] L-cone M-cone (deg]
AM —0.664 0.747 131.6 0.783 0.622 38.5
AN —0.698 0.716 134.3 0.891 0.454 27.0
DK —0.651 0.759 130.6 0.945 0.326 19.0
IN —0.711 0.703 135.4 0.746 0.666 41.8
KK —0.696 0.718 134.1 0.994 0.112 6.4
KY —0.664 0.748 131.6 0.940 0.340 19.9
MO —0.623 0.782 128.5 0.680 0.734 47.2
NM —0.687 0.727 133.4 0.866 0.501 30.0
TI —0.678 0.735 132.7 0.820 0.573 34.9
YN —0.687 0.727 133.4 0.929 0.370 21.7
YT —0.668 0.744 131.9 0.836 0.549 33.3
Average —0.674 0.738 132.4 0.862 0.463 28.3
SD 0.026 0.024 2.0 0.103 0.194 12.7
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Fig.5 The measured threshold for all observers at 8 Hz. The results of four observers

(AM, DK, KK, MO; on the upper row) show systematical deviation from the prediction
by the model around the regions pointed by arrows. Note that the L-cone axis (abscissa)
for KK is scaled differently from others to show the details.
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Fig. 6 Contrast sensitivity as a function of temporal fre-
quency for the red-green and luminance mechanisms.
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