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The effect of
contour luminance gradients on the apparent brightness.

Jiro Hamada
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Fig. 1. Shematic illustration of the experimental apparatus. It consists of a viewing box, four tungsten
lamps (100V, 25W), an electric shutter, and a rotating drum. The inside of viewing box and the electric

 shutter are covered with black papers. The distance between the observer and the rotating drum was
300mm.
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Fig. 2. An example of stimulus pattern to produce a normal orgive lumi-
nance gradient. The stimulus pattern was made of a matted black and
white photograph. The curve of the white edge was made to fit the range
between —3¢ and 0o of the normal orgive function (equation 1.), and that of
the black edge the range between O¢ and +3¢ of it. The width and the
height of both edges were set at 3¢ and E (0¢), respectively, of the normal
orgive function. The area of each edge, thus made, result in 0.266 X width
(mm) Xheight (mm). The white rectangular area implies the amount of
white added to Inside Area in order to compensate the contour effect. This
stimulus pattern was fixed 6n the drum and was rotated over the fusion
speed in the vertical direction, then the white and black edges result in the
white and black contours with the normal orgive luminance gradients.
When the white area of matted photograph was expanded horizontally by

1.0mm, the visual angle of the width of stimulus pattern on the rotating drum

increased by 10 minutes of arc, and when the white area of that photograph
was expanded vertically by 1.0mm, the luminance of its position of stimulus
pattern on the rotating drum increased by 0.25ml..
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Fig. 3. Shematic view of the stimulus field (A) and an example of the luminance distribution (B). Area (a);
(b), (c), and (d) are referred to as Inside Area, Outside Area, Background Area, and Black Paper Area,
respectively. Inside Area had two black contours, and one Outside Area had one white contour. The
luminance of the outer position of Outside Area, Background Area, and Black Paper Area were fixed in

33mL, 3.6mL, and 4.9mL, respectively. The exposure time of the stimulus pattern was always 3.0 seconds.
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Table 1. Average data of four subjects for the contour effect as a function of the width of Outside Areas,
i. e., the width of stimulus pattern. In this experiment I, the width of Inside Area was fixed in 2.0°, and that
of Outside Areas was variable, that is, it was 1.0°, 1.5°, 2.0°, 2.5°, or 3.0°. Without and with white edge
condifions were set, in the former there were only two black edges in Inside Area, however, in the latter
there were two black edges in Inside ‘Area and two white edges in Outside Areas. The width of both black
and white edge was 3.0mm, and the height of them was 8.0mm. The compensatory white was added to
Inside Area in order to make the apparent brightness of Inside Area match that of Outside Areas. The upper
and lower limens were measured by the method of limits using the compensatory method.

Condition Without white edge With white edge

Width of whole

stimulus pattern %.0° 5.0° 6.0° T7.0° 8.0° Mean 4,0° 5.0° 6.0° 7.0° 8.0° Mean
Step of

compensatory 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33
white (mm)

Upper limen 5.17 4.4k 4,28 L4.56 4,28 . 9.78 9.67 9.72 9.61 9.4k

SD 0.97 1.23 1.07T 1.02 0.73 1.3 1.4 1.52 1.36 1.09
Lower limen 2.k 2,28 2,712 v2.89 2.56 8.00 8.22 8.22 8.72 8.33

SD 0.52 0.88 0.96 0.68 0.48 1.31 “1.40 1.29 1.05 0.97

PSE 3.81 3.36 3.50 3.72 3.42 3,56 8.80 8.9L 8.97 9.17 8.89 8.97

BR AXOWEREE 2 A0 L REIEHRE Table 15 £ U Figd 10T, Figdo iz m
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BIEThEY, FERIRIELEOSMUER R A LRI Er b TR E (B
PNBIEIIZH 500 AN v, AEREMH TR, WERBOMISESS 1.0 5 30714k
KENLOThH B, EERIBERIMGEBN T b > 5 BREIEA ) 550 5°Th 50T, —H
HEERRIL 0.5 25 2. 510 RS2 2 212 B, D% ) ABBIEE ) & BT,
— R IBE AR 0.5 5 2.5 1A S T L BB R 13 5 DZAL L B b A dews,

&AM S BHRIBRICES L2 b 82 L REL T, GERem ] &4
D RO ELMOEVHFEMEMEL BT 2 &, FOHZEE L &64IE3.56mm 2 L TH
ERIBHAE ) &0 8.97mm Th 5, MEEBARE R TEMERORIES 12.0mm Th 2 0
T, PWHSESANRAL 2 AT % b 2o B B RN, &2, 3.56X12.0=42.7mm?% | T 8.
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Fig. 4. The average amount of compensatory white for the contour effect as a function of the width of
whole stimulus pattern. The points of subjective equality (PSEs), the upper limens, and the lower limens
are plotted. The vertical bars represent the standard deviations (+1.05). See table 1.
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Table 2. Average data of four subjects for the contour effect as a function of the luminance gradient of the
white contour in Outside Areas. In this experiment II, the width of both Inside Area and Oufside Areas were
fixed in 2.0°. The width and / or the height of white edge in Outside Areas were variable. Every experi-
mental condition had two black edges (width=3.0mm, height =8.0mm)in Inside Area. Control condition had
no white edges in Outside Areas, but had two black edges in Inside Area. The compensatory white were
measured by the same experimental method as in the experiment I. The asterisk (*) represents the condition
run in the separate experiment by the same subjects.

con- ) con-

Condition trol Ares: constant Height: constant Width: constant trol Others
Width:Height

(mm) 2:12 -3:8 L4:6 6:h  8:3 1:8% 2:8 3:8 48 8:8 3:3 36 3:8  3:12 3:21% * 2:6% Lo
Step of

compensatory 1.33 2.00 1.33 1.00 0.67 0.67  1.33 1.33 1.33 1.33 1.33 . 0.67 -1.00 1.33 2,00 2.00  1.33 1.00 2.00
vhite (mm)

Upper limen . 4.67 8.33 9.50 8.67 7.25 6.39 5.4L 8.06 9.50 9.9% 10.83 5.89 8.25 9.50 11.25 13.k2 4,00 6.54 11.67

) 0.82 0.75 0.82 0.67 0.70 0.46  0.73 0.65 0.82 0.65 0.50  0.46 0.64 0.82 0.72 1.50 1.03 0.96 0.97
Lover limen 2.44 6.08 7.33 7.08 5.72 5.17  3.61 6.00 7.33 7.61 9.00  L4.00 6.33 7.33 8.67 10.75  2.22 5.08 9.59
SD 0.75 0.55 0.87 0.80 0.76 0.b3  0.87 0.b7 0.87 0.43 0.6k  0.62 0.66 0.87 0.b1 1.1  0.79 ©0.82 0.89
PSE 3.56 7.21 8.h2 7.88 6.49 5.78  h.53 7.03 8.42 B8.78 9.92  L.94 7.29 B.k2 9,96 12.08  3.11 5.8 10.62
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Fig. 5. The average amount of compensatory white for the contour effect as a function of the area (width X
height) of white edge. PSEs are plotted. Conditions : width =3.0mm and height is variable, and height =
8.0mm and width is variable. See table 2.
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Fig. 6. The average amount of compensatory white for the contour effect as a function of the height of
white edge. PSEs are plotted. Conditions : the area of white edge is fixed, that is, (width Xheight)=24.0
and the width decreases at the inverse of the height. See table 2.
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Fig. 7. The average amount of compensatory white for the contour effect as a function of the area (width X
height). PSEs are plotted. Conditions : the width of white edge is fixed in each condition and the area of
it is variable. The dotted lines imply the extrapolation for lacking data. See table 2.
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ABSTRACT

The purpose of present work was to investigate the contour effect, the Craik-O'Brien effect or the
Cornsweet illusion, by the compensatory method.

The normal orgive. luminance gradients were produced by the matted black and white photographs
fixed on a rotating drum (Fig. 1). The stimulus pattern mainly consisted of Inside Area with two black
contours and two Outside Areas with a white contour (Fig. 2-3). The task of the subjects was to compare the
apparent brightness of Inside Area with that of Outside Area. The subjects judged whether the brightness
of Inside Area was brighter\than, the same as, or darker than that of Outside Areas. The compensatory
white was added to Inside Area in order to make the apparent brightness of Inside Area match that of
Outside Areas.

The relation between the width of Outside Areas, that is, of the stimulus pattern, and the contour effect
was measured in the experiment I The results are presented in Table 1 and Fig. 4. The contour effect was
very great compared with the total luminace of contour, while there was little effect of the width of stimulus
pattern on the contour effect. In other words, the local luminance gradients had priority over the area of
adjacent uniform visual field for the contour effect.

The relation between the luminance gradionts of contour and the contour effect was measured in the
experiment II. The results are presented in Table 2 and Fig. 5-7. Fig. 5 shows the contour effect as a function
of area of white edge under the two conditions, that is, under one condition the width of white edges was
fixed at 3.0mm énd the height of them was variable, while under the other condition the height of white
edges was fixed at 8.0mm and the width of them was variable. The data for each condition could be fitted
with different sigmoid curve. These two sigmoid curves coincide with each other up to the condition of
(width X height)=24.0 ; however, when the area of white edge exceeded the above condition, the contour
effect for the width=3.0mm condition increased equally but that for the height =8.0mm. condition in-
creased little. These results might imply that, under some condition within (width X height)=24.0 the width
and the height of the white edge had a reciprocal relation for the contour effect ; in other words, the contour
effect appears to be governed by the total luminance of contour. However over the above condition the
height of white edge become more effective than the width of it for the contour effect. On the other hand,
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Fig. 6 shows that under the (width X height)=24.0 conditions there is a peak at width=3.0mm and height=
8.0mm. This result implies that under this condition the width and the height of white edge does not have
the reciprocal relation, but there is an optimal luminance grédient condition for the contour effect. Fig. 7
shows that the width=3.0mm condition has the greatest contour effect under every white edge area
condition.

These experimental results might indicate that the contour effect should be closely related to the
excitatory and inhibitory interaction in the human visual system. Namely, the width=3.0mm of the white
edge might represent the diameter of the excitatory area in the visual system because the greatest contour
effect appeared in the width=3.0mm condition. Furthermore, when the height of white edge was fixed at
8.0mm and the width of it was expanded, the contour effect increased rapidly within the width=3.0mm
condition, but it increased little over the width=3.0mm condition. This might indicated that, when the
width of white edge expanded over the excitatory area, the inhibitory effect was activated and hence little
contour effect appeared.

These above assumptions have an ample room for further disscusions and would require further ex-
perimantation on the contour effect. Furthermore, the characteristics that the brightness of the visual field
with the luminance gradients appeared uniformly brighter or darker than the adjacent field could not be
fully expiained only by the simple excitatory and inhibitory interaction. In order to understand the contour
effect and other related brightness phenomena, other factors should be considered also, namely, the dif-
ferences between Bekesy’s (1968) Mach-and Hering-type lateral inhibitions and/or the reorganization at
higher level of visual system, for example, Gerrits and Vendrik’s (1970) filling-in process, Ratliff’s (1971)
extrapolation process, and Hamada's (1976) averaging process.
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