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Abstract. Recognition of colored objects is important and practical
for robot vision. This paper proposes a color recognition method which
is robust to illumination change. A color space of Cb/Y and Cr/Y is
introduced where Cb and Cr are color difference and Y is intensity of
YCbCr color space. This color space is not affected by the change of
the brightness of illumination. And a method to update clusters of color
table is proposed. The method can cope with the change of the color of
illumination. Experiments show that the proposed method can recognize
color more robustly for illumination change. RoboCup four legged robot
league is chosen as the research platform.

1 Introduction

Images are widely used by a robot to recognize its environment. Many objects in
the environment where a robot works have some colors and they are useful cues
for recognizing the environment or objects. Color information observed in images
changes according to illumination condition and thus robust object recognition
with color information is not easy. Many studies have dealt with the estimation
of illumination or object color [1][2].

To recognize color fast and simply, a lookup table that relates observed pixels
and color names is effective. Jiingel et al. proposed a method to construct a
table dynamically by scanning an image for the RoboCup field [3]. Mayer et al.
assumed a known environment to find a target object with a given color table and
modify the table [4]. These methods are not applicable to general environment
because of the restriction of the environment for constructing their recognition
method. Hanek et al. utilized shape information instead of color information for
object recognition in RoboCup middle size league [5]. Their method requires
much calculation cost. Dahm et al. proposed a new color space in which color
clustering becomes simpler [6].

We propose a new method to recognize colored objects robustly. A color space
which is simple and robust for illumination change is introduced. A color table
is updated using statistical information of original color cluster and observed



pixels. The effectiveness of the proposed methods are verified experimentally.
RoboCup four legged robot league is chosen as the research platform.

2 Camera and Environment

Sony ERS-7 (AIBO) is the common robot for RoboCup four legged robot league.
A CMOS camera is mounted at its nose and used for image acquisition. The
image size is small, 208 x 160 pixels . Its color space is YCbCr. A 4200 mm
x 2700 mm field is used for the match. Objects in the field are a ball, goals,
robots, landmarks and the field itself as shown in Fig. 1. They are colored to
help autonomous behaviors of the robots. It is obvious that color reconition is
fundamental for tasks as self-localization, measurement of ball position, etc.

Ball Orange

Goal Sky blue, Yellow

Field Green, White

Robot Red, Dark blue

Landmark Pink-Sky blue, Pink-Yellow

o

Fig. 1. Field of RoboCup four legged robot league

3 Camera Calibration

Proper camera calibration is essential for measurement with images. Camera pa-
rameters to calibrate are, intrinsic parameters such as focal length [7], distortion
of the lens, limb darkening etc.

We took advantage of the calibration function of MVTec Halcon image pro-
cessing software [8] to obtain intrinsic and distortion parameters. The distortion
parameter  is -4683m~2, which is smaller than we expected, and we found that
correction of distortion is not mandatory for image processing with the camera.

Image intensity becomes darker at the limb, and it is called limb darkening
(or vignetting). Theoretically, it is proportional to the fourth power of cosine of
irradiation angle. Fig. 2(a) shows the image of a white drawing paper parallel
to the camera. The limb darkening is obviously observed because the lens is
wide-angle (56.9deg x 45.2deg). Fig. 2(b) shows the intensity values for a row



of image. We can see the limb darkening of the ERS-7’s camera is proportional
to the third power of cosine, not fourth. Fig. 2(c) shows the compensation by
the third power of cosine. Uniform intensity distribution is obtained. However,
compensation of the limb darkening is not mandatory either, for we utilize a
color space robust to the brightness change.
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(a) Original image with limb darkening (c) Compensated image
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(b) Limb darkening for a row of image

Fig. 2. Limb darkening of ERS-7 CMOS camera and its compensation

4 Realization of Robust Color Table

4.1 Color Table

In real-time image processing, object recognition with a color image is often re-
alized based on color labeling. Color labeling here means to relate each observed
pixel to an object’s color name such as the ball color. It is realized by thresh-
olding in a color space or by using a lookup table (color table) that relates each
pixel to a color name. We take advantage of the color table for color labeling.
The table-based method has the characteristics of detailed color labeling with
low calculation cost.



4.2 Color Space Robust to Brightness Change

The color space of the ERS-7’s camera is YCbCr as mentioned above. Y, Cb
and Cr represent intensity and color difference of blue and red respectively. For
color recognition, Cb and Cr are important. In principle, Cb and Cr change
in proportion to the Y, i.e. Cb and Cr are affected by brightness. Therefore,
we propose a color space of the color differences divided by the intensity; Cb/Y-
Cr/Y space. Color table is constructed and recognition is performed in the space.

This space is expected to be robust to the brightness change. Fig. 3 shows an
example. A Kodak color chart was captured by the camera, and each pixel value
is plotted in Cb-Cr space and Cb/Y-Cr/Y space. Pink, yellow and green data
of the chart were tested. In Fig. 3, data with suffix “b” and “d” were captured
at bright (1200 1x) and dark (800 1x) environment respectively. We can see that
the Cb/Y-Cr/Y space is not affected by the brightness change. Additionally, we
can see distributions for the dark image tend to become larger. It is because the
effect of noise of the intensity value is magnified by the division.
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Fig. 3. Color disribution of Cb-Cr space and Cb/Y-Cr/Y space

4.3 Update of Color Table

When illumination changes, observed color information also changes. We propose
a method to cope with the color change to some extent. The basic idea is to
update the color table according to the illumination change.

Fig. 4 outlines the update process. Suppose a reference color table was ac-
quired in advance and average vector and covariance matrix of each cluster of
the color table is calculated as shown in Fig. 4(a)0 The ellipses represents the
points with the same Mahalanobis distance.

The update process of the color table is as follows.
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Fig. 4. Update of color recognition table

1. Capture an image under an illumination condition and plot each pixels of
the image on Cb/Y-Cr/Y space.

2. Make a cluster with points which have small Mahalanobis distance to the
cluster of the color table as shown in Fig. 4(b). The square of Mahalanobis
distance obeys the x? distribution with 2 degrees of freedom and statistical
evaluation is possible.

3. Calculate the offset between the cluster made in 2 and the cluster of the
color table.

4. Move the the cluster of the color table by the offset calculated in 3 and make
a new cluster of the color tabled Fig. 4 (c)O

By applying the above procedure to each cluster of the color table, an updated

color table is constructed.

5 Experiments

The lighting was by commercially available fluorecent lights. They were adjusted
to 1200 and 800 Ix.

5.1 Color Recognition Experiments

First we constructed the reference color table in advance under the 1200 lx
illumination. Three images were used for this. For comparison, we prepared a



traditional color table in YCbCr space. A color is assigned to each point in the
YCbCr space.

Fig. 5 shows the results to recognize the color of objects on the field. Fig.
5(a) is the image used to construct the reference table. Fig. 5(b) by the previous
method and Fig. 5(c) by the proposed method both show the sufficient color
recognition. Fig. 5(d) shows the image under 800 Ix and additional lighting of a
incandescent lamp. Brightness itself was changed and color was changed because
of the lamp with red-shifted spectrum. In this condition, the previous method
failed to detect the landmarks (Fig. 5(e)) and on the contrary, the proposed
method succeeded in precise color recognition (Fig. 5(f)) . Fig. 5(g) shows an-
other example with the same lighting condition as Fig. 5(d). In this case, the
previous method failed again (Fig. 5(h)). The proposed method produces much
better results (Fig. 5(i)), but there exist some recognition failures for orange and
yellow objects. This is because the cluster for orange was moved to the yellow
pixels and consequently a mixtured wrong cluster of the table was produced at
the update.

5.2 Ball Recognition and Measurent of Distance

We conducted another experiment of recognizing the ball and measuring distance
to it using the produced color table by the proposed color recognition methods.
With its head shaking, the robot tried to recognize the ball and measure its
distance. The ball was set at 300, 500, 1000 and 1500 mm from the robot.
Twenty trials were performed for each distance. The distance to the ball was
measured by two methods: using the number of pixels (when the ball is far) and
using the geometrical configuration between the robot and the ball (when the
ball is near). In both methods, the more precise the color recognition is, the
more accurate the distance measurement becomes.

The illumination condition was 1200 or 800 lx by the fluorecent lights with
or without a 100W blue incandescent lamp, i.e. four conditions. Table 1 and 2
show the number of successful experiments and results of distance measurement
respectively.

From Table 1, we can observe the following. The previous method only suc-
ceeded when illumination was 1200 1x and every trial failed at 800 lx. It is because
the pixel values of the ball went out of the range assigned in the reference table.
On the contrary, the proposed method almost succeeded in every condition re-
gardless of illumination. There are a few failures, in which an object other than
a ball was recognized wrongly. This is because the cluster of the table invaded
other color region at the update.

As for the distance measurement in Table 2, the proposed method produced
more precise results in every condition. In the previous method, the number of
recognized pixels decreases and thus the distance errors increase. The proposed
method can recognize the pixels robustly, and consequently distance measure-
ment becomes precise.



(a) Input Image (b) Previous method (¢) Proposed method

(d) Input Image (e) Previous method

(g) Input Image (h) Previous method (i) Proposed method

Fig. 5. Input image and color recognized image by previous and proposed method

Table 1. Ball recognition (number for 20 trials)

Light Method o0 | 1000 1 500} 300
Recognition | Recognition | Recognition | Recognition

1200 Ix Previous method 20 20 20 20
Proposed method 20 20 20 20
1200 Ix + blue light Previous method 20 20 20 20
Proposed method 20 19 18 19
800 I Previous method 0 0 0 0
Proposed method 19 20 18 19
800 Ix + blue light Previous method 0 0 0 0
Proposed method 20 18 19 20




Table 2. Measurement of ball distance (unit: mm)

. 1500 300
Light
eh Method Average distance | Standard deviation | Average distance | Standard deviation
1200 Ix Previous method 1873.9 57.5 366.7 13.8
Proposed method 1526.4 38.4 310.8 8.7
1200 1x + blue light Previous method 1920.9 354 385.9 5.5
Proposed method 1535.6 233 325.8 6.4
800 Ix Previous method x x x X
Proposed method 1752.5 45.6 316.4 4.7
800 Ix blue light Previous method x x x x
Proposed method 1641.1 273 364.0 7.5

6 Conclusion

In this study, we have proposed a color recognition method which is robust to
illumination change. A color space of Cb/Y and Cr/Y was introduced where Cb
and Cr are color difference and Y is intensity of YCbCr color space. The color
space is not affected by the brightness change. And a method to update clusters
of color table was proposed. This method can cope with the change of the color
of illumination. Experiments showed that the proposed method can recognize
color more robustly for illumination change.

One problem is that the shift of the cluster of the table is sometimes not
precise and it causes the failure of color recognition. Future work is to cope
with this problem. And illumination model should be considered which includes
mirror reflectance.
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