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Illumination-Invariant Object Recognition using Fuzzy Color Classification

cOdbOoOooOobOO0O OOOOOOO0OOO0ObO Ocooobooboooo
gbooooooboooogo bobooobooboo

Yoshiaki JITSUKAWA,
Toshifumi KIKUCHI,
Ryuichi UEDA,

Tamio ARAI,
Kazunori UMEDA

The University of Tokyo
Chuo University
The University of Tokyo
The University of Tokyo
Chuo University

In a color-coded environment like that of RoboCup Soccer, utilization of color information is very effective
for object recognition. However, appearance of the color of an object depends on lighting condition. This
paper presents a novel object recognition method that works under variable lighting condition. To achieve the
robustness toward the changes of lighting, the color of an object is modeled as a fuzzy distribution in HSV
color space. By color extraction from an input image, the object of interest appears in the image, and then the
method fits a parametric curve to the contour of an object in a color extraction image. We demonstrate the
robustness of this method by applying this method to the problem of the ball recognition.
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(a) 1300 [1x] (c) 850 [1x] (d) 550 [1x]

Fig.1 Degraded performance of color extraction by
changes of lighting condition. Color classification
is calibrated to the lighting condition of (a).
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(b) color extraction image (c) estimated contour

(a) original image

Fig.2 Overview of the proposed method. (a) Original
input image. (b) Color extraction image from (a).
(c) Contour curve (green) fitted to the cloud in (b)

1.2 . ; : : :
1.0
(0]
508
906

304

0.2
0.0 .

0.0 05 1.0 1.5 20 25 3.0
Normalized Distance

Fig.3 Profile of color grade function
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Fig.4 (left) Hue-Saturation section of HSV color
space. (right) Color grade distribution of an or-
ange color class in the section shown in the left.
High brightness means high grade value
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Fig.5 Contour curve and its inner/outer vicinity
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Fig.6 Contour curve of the ball and its inner/outer
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Fig.7 Examples of images used in the experiment. (a)
200 [mm)] distance under 1250 [Ix] brightness. (b)
1000 [mm)] distance under 950 [Ix] brightness. (c)
2000 [mm)] distance under 500 [Ix] brightness
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Fig.8 Maximum errors of estimated radius. The
brightness of lighting changes from 1250 [Ix] to 500
[Ix] and the distance to the ball changes from 200
[mm)] to 2000 [mm)]
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Fig.9 Maximum errors of estimated radius under
pseudo-changes of the chromaticity of lighting
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Fig.10 Comparison of the goodness of fit between im-
ages with the ball and images without the ball
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