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ABSTRACT

According to the characteristic of humanoid robot soccer, the vision system embedded in robot is required to
quickly and precisely recognize the target object, which facilitates a proper decision made by robot. Thereby, a
useful approach which bases on HS color space, uses the improved ambiguous color classes for color segmentation
and applies the pyramid matching method to extract image eigenvalues is proposed in this paper. The end of this
paper, a simulation experiment is done to prove validity of the proposed algorithm.
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INTRODUCTION

The ultimate purpose of the research about humarafidt is that, a high intelligence robot which Hasman

characteristic like the ability of walking, feelinthinking, judging etc., and can significantly stitute, server and
be in harmony with human, have been manufactureti[i§ can be imagine that, if the ultimate pugpdsve been
achieved which will be an epoch making significafmehuman society just like industrial revolution.

As for research about humanoid robot, the foregghmological capability is obviously better thamamd's. In
humanoid robot soccer game, the robot called Nawm fFrance as a standard platform for the game appeshe
vision of people[2]. In the game, an ability of grdent given to robot is based on the fast and gedoication of
target object which is directly affected by the gess of image, such as deposing, color segmentatidrfeature
extraction[3].

There are a lot of researches about robot visiaurch{4] etc use threshold method and edge detetti@mhance
precision of segmentation, however this approachaffected badly by illumination. Bandlow[5] etc. eus
morphological approach and 8-connected searchatarfe extraction. Seysener[6] etc adopt least squathod and
Levenberg Marquardt algorithm to fit and check shape of clour block. Treptow[7] etc propose a gecale-based
segmentation and circle detection operator whielasdborrow from Adaboost algorithm for face rectgni

COLOR SPACE MODEL

Color space model is defined as a visual photorinstiree dimensional space which includes thecalbr of a
certain color gamut. There are some color spacestsagseful like RGB, YUV, HSI, CMY and CIR Lab etdere,
we choice HSI model as color space model.

HSI model is a approach that the color is defingdhbee basic attributes, hue, saturation and giterThe reason

why choice HSI model is that, HSI is more robustiagt the change of intensity than RGB, and comedence to
human perception which is more appropriate forbiekground about humanoid robot.
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In HSI model, the H value means hue correspondmglight wavelength; the S value means saturation
corresponding to the percent of white light; th@lue means intensity corresponding to brightnéskeocolor. Due

to the fact that most humanoid robots use CMOS camich output values of RGB, a formula about $fation
from RGB to HSI as follow.

| =rR+r,G+r,B (1)
Where | denotes intensity; (i =12, 3 represent the weight of brightness sensitivityhlan eyes.
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IMAGE SEGMENTATION

1.1 Image pretreatment

A 3*3 median filter is adopted to image deposing dogood image. The main idea of median filterhiat ta slide
window containing points with an odd number, in ebhithe assign point which typically is the centpaint of

window will be substituted by the median value fd bther points' gray value. When the number offifgowvithin

the window is odd, the median value is definechasmiedian location of a value sequence which has berted by
size; When the number of points within the wind@reven, the median value is defined as the averhgeo

values in median location of the value sequencengawed to gaussian weighting marks and mean fittedlian
filter performs best in deposing.

In order to prevent this from happening, in thegioil table lookup based on color, adding fuzzycduzzy color
means includes basic color more than one, for el@gropntains the fuzzy color orange is orange aad two
base color, get a new with fuzzy color lookup tal8appose there are three color area lookup talgerithm flow
chart shown in figure 1:

Traversal of
all pixels

With a median instead

Image after
segmentation

Fig. 1 Flow chart of fuzzy color table method

The result of image segmentation as shown in fiQure
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(a) original image (b) processed image
Fig. 2 Using fuzzy color table method processing effect chart

1.2 Ambiguous Color Classes

The main idea of color classes is that: a lookiytetés defined before as a three dimension arragtfiring several
color sets which actually is a range of values 81,H.e. Color classes. Next the all pixels withiie image should
be traversal and computation to a value, whicheslare used to compare to the color classes afateepby the
median value of a fithess color classes.

The color classes within color table are obtainexhually. During the cognition, a repeat color regioust be
occurred, i.e. A certain pixel may belong to bothcélor classes and B color classes which will l¢adthe
connection between target color and other colorti@nother hand, the pixel may neither belong woksr classes
nor belong to B color classes which will cause imagzy.

In order to compensate this problem, we add an gumbis color classes to the lookup table. The anahigwolor
classes inherit from at least two color classeg. Brange-red is an ambiguous color which conteamge and red.
The more ambiguous classes contain a lookup tdtd@enore precise is image segmentation.

FEATURE EXTRACTION

Template matching algorithm considered as a comamzheffective feature extraction method, of whisé tain
ideas is that, the await-matching map of a M*M gibpenpared to the searching map of a N*N size, dthvipart
covered by the searching map is called as subgbdifthe value i and j:1<i, j<M-N+1. The subgrafi,j) is
compared with the target template T, if the contrasult is true, namely the difference of T andj)Sé zero, that
means the target has been found. D(i,j) is uséatdioate the difference:

DG, )= SIS (mn)-T(mn) @

m-1n-1

Of course the difference couldn't be zero, so thtus mostly nearing zero is taken. Besides ithigiaus that
template matching method have a big calculated aimdue to the scanning and computation about thelevh
image, which is not beneficial to the robot gamiee Ppyramid matching method is used in this paper.

The pyramid matching method is an improvement basethe template matching method which compenghtes
shortcoming, a big calculated amount. The fundaaierst follow:

Step 1. The slice process is applied to the awaithing image. Every 2*2 dimension adjacent regiboriginal
image is processed with the average process ommmdyyin order to get a less resolution and smdil@ensions
image, in that way, a sequence of the processedesnavhich is sorted by resolution from high to lawd
dimension from big to small.

Step 2. The slice process is applied to referemegyé and real-time image, and then two sequendée girocessed
images can be got. The image sequence of M*M dirneageference image and N*N dimensions real-timage
can be presented as follow:

Step 3. The relation searching begins from the anagh minimum resolution to find match point. Dteeslice

process, the low resolution image will lose songhHrequency information. In order to avoid losimgtch points,
it is necessary to add some test positions ardumdatugh matching position.
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EXPERIMENTAL SECTION

A simulation test has been done in two differeghtiintensities to test the robustness for the ghaof intensity.
The results in brighter condition after featureragtion is shown in figure 3:

(a) original image (b) processed image
Fig. 3: theresult chart in brighter condition after feature extraction.

Three peak figures of HSI in brighter condition ah®wn in figure 4:
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Fig. 4 The peak figure of HSI in brighter condition

The figure indicates the value of hue, saturatiodh iatensity respectively and the ordinates inéisahe number of
pixel.

The results chart in darker condition after feaextaction is shown in figure 5:

(a) Original image (b) processed image
Fig. 5 Theresult chart in darker condition after feature extraction.
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Three peak figures of HSI in darker condition dreven in figure 6:
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Fig. 6 The peak figure of HSI in brighter condition
CONCLUSION

This paper propose an approach based on HSI miadehich ambiguous color classes for color segntemtaand
pyramid matching method for feature extraction kAswn from the result of simulation test, the visgystem have
has the ability to recognized target object. Via tbmparison between the results of simulationitesto different
light intensity conditions, the proposed visiontsys is proved to the robustness for the changiglof intensity.
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