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The Influence of the Luminance Distribution and Spatial Scene Recognition on

Lightness Perception in Natural Images
Kei KaANART and Hirohiko KANEKO

Department of Information Processing, Interdisciplinary Graduate School of Science and Engineering,
Tokyo Institute of Technology, 4259-G2-3 Nagatsuta-cho, Midori-ku, Yokohama 226-8502

It is known that perceived lightness of an object is influenced by the luminance of the adjacent area and
also by the contexts of the scene. However, it is not clearly known how those factors affect the lightness
perception when both of them are available such as in natural scenes. This study investigated the
relationship between the perceived lightness of an object and the recognized layout of the surrounding
scene. Observers responded perceived lightness of the patch presented on the natural images. The
images were arranged to manipulate the degree of scene recognition with keeping the luminance and
distance from the center of each pixel unchanged. Results showed that perceived lightness was
influenced by the degree of the recognized image contents even though the luminance distribution of the
image was the same. In addition, results showed that the standard deviation of luminance in adjacent area
affected the luminance perception.
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Fig. 1 Stimulus configuration. The left and right figures
were test and comparison stimuli, respectively.
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Fig. 2 Examples of pictures taken in the environments
of (a) indoor, (b) outdoor open field, and (c) out door
closed field (forest).

Hotl, BFEREICEWTRAEZGIITiREINZNFh
20 BL, ARE 60 Koz vz, 2 L TTRTOMEBKRD
PIREIE %, 70.0 od/m* ICHii 272, Ok, MLETOFR
DG 20 O VFIMEFEIEWETH 5. HRIZT 4 %
NARTDA =P E—FTIRE LD THo%720, H
ROPLEOEINELDEATLED, HROARS I3E%
biiTwuiw, F, TARATLADFXF YY) 7L —vav
21T\, K7 VOISR L CHREEEDSIZIC 22 5 X 9
27— ZHIE L Tl % SR L7z, PR o F99 08,
BE 7 RIS Z NS 2 2 L TfT o7, 2O
BICE > THE 7 2 I)VOREED R - e/ IMEZ 8 2 %
By, R - MO E L L, ZofioE s 2L
DHEREDZALIC Xk > TEHBZAL L 7=,

NS OWBEOHRIICHEDO T A P oSy F O (EE 25
deg, HifE 143.8 cd/m®) ZEE L 7. T A bS8y FOHEEE
W SRR o fre i RS 288.0 ed/m® & FEHHEEE 70.0
cd/m? DHPREEMTICEE L., 2 olifketkz 7 2 bl
e ks (Fig. 172). ZoF A bRl & Rk I 5oR S 4,
7 A b RN D TR 5y O P ERRIE L &L K g E
Lo/ L —OMBHIEE, ZOHRDIGE Sy FhrokhDd
%%, HlR s X5 (Fig. 14). 205 filigoduii
DIk 1% 20.7 deg TH H, 58.7x388 deg DRE X% H D
Wiy 4+ A 7L 4 (Apple Cinema HD Display, 30 1 > 7,
FRAREE 2560 X 1440) EICFRFICRER S N7z, B X
1.99 cd/m* TH - 7=,

FRUIMGE CIT o 7. FEEEEZ 57 cm T, #BE O BEEE
WA K o THEE Sz, O BR s & HERO EAF

279 (39)



KK

—~
o
<

—_ =
B W
(=R}

[
(=]

+

)
=}
L

.
¢

L,

4

37

o o =
[=I=-

-

4+

++++ 4 O control
1 ' H; -LL'H' = upright

4

+

"

iy

Mached luminance (cd/m?)

4

)
(=]

§
70

indoor

(b) NA

outdoor

forest

4
10 +

1553
=]

00 #*.HH

|14k

il

90 f
i

Mached luminance (cd/m?)

pie

+
1+¢;L}+++**f

A #

1l
il

indoor

(c) Y

outdoor

forest

140

W
=]
-y
= —

(=]
L
o
-

1353
=]

1
Hr

(=3

=]

-

=
e
+

|i¥++++l*+‘+}

Mached luminance (cd/m?)

soi H

i

!

l
I

T

indoor

(d) Ave.

outdoor

forest

150
140 %

130

%)
=}

(=]
y
-
-
=
-

o o

=R

——

el
o
=)
el
el
&

|+*4+

LT
/

®©
=]
5
-+
.

Mached luminance (cd/m?)

=
=]

60

indoor

outdoor

forest

O control

- upright

O control

- upright

O control

- upright

Fig. 3 Luminance of comparison patch when perceived light-
ness was matched to the test patch (143.8 cd/m?). The data is
arranged in ascending order of matched luminance for each
stimulus. Each panel shows the results of subjects KK (a),
NA (b), IY (c) and average data of all subjects (d). Error

bars indicate SEM.
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Fig. 4 Averaged Iluminance for each condition of
environment. Error bars indicate standard deviation.
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Fig. 5 Examples of pictures with the arrangements called (a)
up-side-down, (b) 100 pix_Scramble and (c¢) 1 pix_Scramble.
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Fig. 6 Luminance of comparison patch when perceived light-
ness was matched to the test patch (143.8 cd/m?). Each panel
shows the results of subjects KK (a), NA (b), IY (c). The
data is arranged in ascending order of matched luminance in
the upright image condition for each condition of surround
stimulus.
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Fig. 7 Averaged luminance for each combination of environ-
ment and modification conditions of subjects KK (a), NA (b),
IY (c) and average data of all subjects (d). Error bars show
standard deviation.
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Fig. 8 Concentric circles of adjacent area used for the analy-
sis in section 5.2.
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Fig. 9 An example of the analysis in section 5.2. Matched
luminance for all upright pictures as a function the mean lumi-
nance in adjacent area of 30 pixel width.
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Fig. 10 The correlation coefficient between the matched
luminance and the mean luminance in adjacent area.
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Fig. 12 An example of the analysis in section 5.2. Matched
luminance for all upright pictures as a function of the standard
deviation of luminance in adjacent area of 30 pixel width.
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Fig. 13 The correlation coefficient between the matched
luminance and the standard deviation of the luminance in adja-
cent area.
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Fig. 11 The correlation coefficient between the matched luminance and the mean luminance
in adjacent area. Each panel shows the results of (a) indoor, (b) outdoor, (c¢) forest.
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Fig. 14 The correlation coefficient between the matched luminance and the standard deviation of the
luminance in adjacent area. Each panel shows the results of (a) indoor, (b) outdoor, (c) forest.
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