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Abstract  

This paper outlines a method fur detection and c h .  
sificatioii of the ball md the culonr patches on micro- 
tioccer robots using pie slice decision region? in B W V  
colour map. The method is ruhiist nnder changing 
lighting conditions. 

representation. One sucli team (41 a p r w e d  problems 
in using RGB becaiee uf lnminnnce serxitivity. An in- 
herent component of RGB is luminance for luminance 
changes over the field area and different lighting at 
verinw cause the system to mivi classify the positibn 
of the robots. Some teams 16, 7, 81 translated the RGB 
outplat of the image mptiirtt card to another colonr cw 
ordinate system. Two teams (6, 71 converted RGB tu 
HSI for colour detection. Another team [SI developed 
a eolonr system similar to HSI, transliitul from the 

. ,  

1 Introduction 
In rohot soccer, for example the Mirosot game cate- 
gory of the Federation of International %hut Soccer 
Association (FIRA) (I], determination of H robot’s po- 
sition mrl orientation is achieved primarily by com- 
puter hued image analysis of the coloiu identification 
patch on each robot using an overhend vision camera. 
Image enbmcement is not teed diie to computational 
loading. Other miinipillatiuns and transformntions uf 
the captured image are ilsirully not performed he- 
a i e e  they are also compntationally intense. Coloiir 
recognition systems include W V ,  RGB md HSI and 
colour separation is visirdised in YW, YIQ and HSI 

The vision systems available are m wried as the 
imagination of the researchers, most have nsrd cum- 
mercirtl image capture urds. Image captiire cwds dif- 
h r  widely in the information presented tu the com- 
piiter arid allow VI inhibit user control over pro- 
griunmahle features on the card. They are capahle of 
providing YUV and/or RGB with RGB derived from 
W V  thrwigh trmdation of the video compusite dg- 

co-ordiiinnte system [Z]. 

RGB outpnt of the image capture wrd. Still other 
teams 19, 101 placed LED light s o ~ u c e  in m attempt 
to overcome glare and colour identitication matching 
problems. 

A growing vision procestiing tacbniqiie is by m 
in-line procssor between the camera and computer. 
Newton Labs 1111 developed the “Cognachwme” vi- 
sion pracwing system. This first system was limited 
tu four culoius and the ball. Promsing of each in- 
terlncwf frms at  fiill rate of 60 f rames  per second. 
The “CognHchrome” system w* sold and purchased 
by other teams [12]. In-line system became ai d- 
vantage due tu problems cairsd by the event-based 
mnlti-tasking Windows operating system which was 
not designed for red time procming. 

In Section 2 we discnss the Y W  coloilr recognition 
system. We examine difficultics in colour detection of 
the hall in Section 3. In Section 4 we define the pie 
slice decision region methvd fur colotu detection in the 
W colonr map. Experimental obstrvatiorls are given. 
0 1 1 1  conclusions are given in Section 5. 

nal. Every translation to a different colour co-ordinate 
system include same translation error. The effect is 2 W V  
to add more noise tu a noisy signal. Noise is wcnmii- 
lxted in RGB tu W V  trimslation imide the camera, 
encoding m d  filtering lor video composite. trallliinib 
sion through cable, decoding, A/D conversion at im- 
age captiire card to name a few. 

Suine Korean t e n s  [3, 4, 51 ilse the RGB coluur 

The exemplar software pnrchilsed with the Micrv- 
Adwntnre soccer robots ieed rectangular decision r e  
pion%, with a choice of YUV or UV for culour detection. 

The mltpping of RGB to YUV co-ordinate system 
resillb in the RGB cnbe begin mapped to a distorted 
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ciihe with white and black at (0, 0) in W co-vrdinntm. 
'The Y axis is in line with the black to white rlingonal 
of the cube. Table 1 shows the positions of the colours 
in UV cv-ordinate system. 

Figive 1 shows the mapping of RGB colours on UV 
cu-ordinntfis. 
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Figilre 1: RGB coloius mapptll on UV cwdinntes  

The linninance (U) part of the YW ciill be ignored 
if the only interest is in hue w d  satmatian of the 
colottrs, as "I the cme uf robot tiuccer. It is conve- 
nient to make w e  of the YW oiitpnt of composite 
vbituo: 

Becamc there are six colmm on the perimeter 
of the cluominnnce/hue diagram this mems that 
YW wmponents itre a little more separable than 
HSI colour, components and should dlow eiujier 
separation of colUurs. The more saturated the 
color, the better the clasilication into decinion 
regioas. . Using the W V  output' of a vidtu camera min- 
imises the accim"tion of video error md of con- 
version to mother system such ~ f i  RGB or HSI. 

3 Colour detection of the ball 
The ormge golf haU is the hardwt object to eormtly 
identify and track. It's dimpled surface c~iises glnre 
on parts of the ball regardless of the angle of incident 
light. The ball consists of many coloiurs ranging from 
pink through ornnge to yellow. The dimpled siirfnce 
separatm these ~ 0 1 ~ 1 ~ s  into smnll blotches. 

The ceUs of a CCD video camera are arranged in 
x. rectangidar @id and averaging oceius when two or 

more cd~iours are incident on a single C O  cell. Fig- 
lire 2 shows the averaged pixels on the boundary h e  
tween red and yellow. The averaged pixels contain all 
of the colours dong the line connecting red and yellow. 

Figure 2: Averaged pix& caused by rerl-yellow boimrL 
arY 

Figue 3 shows the averaged bi-wloiu dktribution 
appearing on the W coloiir map. AU colours along 
the line connecting red and yellow can appenr in the 
image at the rd-yellow boundary. One of the coluilrs 
on this line is orangethe  coloiu of the ball. 

1V \ 
I U 

Figue 3 Averaged coloiirs on UV map 

Typical colour identification involves gathering pix- 
els of the m e  cdoiir into blobs - "blob comtnic- 
tion".The many colours on the ball under different 
lighting conditions c m  cawe blob constriiction pro& 
lam, snch HS identifying two blob over the hdl, or 
not being able to identify the hd l  at all. Further, in 
analysing the coloiu of the ball, it in typic& tu select 
it patch over the hall and then determine a rectangir 
Ixr pnrnlldepiped in the RGB cube which contains the 
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Table 1: RGB Coloiu mapping onto YbV co-ordinates 

I 

colourb in the patch, see Fieire 4. To make this pard- 
lelepiped lmge enough to recognise the ball resiilts in 
enveloping neighboring colours such ns pink, red and 
yellow. Thiv then creates misclmitication problems 
siich >LS one ur even more robots being clesdied as the 
bdl .  

Figure 4: RGB rectangle in W V  spitce 

4 Pie slice decision regions 

The robot ~uceer vision is very dependeut on the ;I+ 

signed coloiir of the rohut colour patchec;. Determi- 
nation of these culoius by rectmgilliu decision regions 
is constrictive, ns m y  incident liiminusily changes and 
glare from incorrect tield lighting produce coloiu devi- 
atiom beyond rectangular deckion regions. 

A system should he insensitive tu colour drift and 
glare. Temperature variations of the incident light 
citiies hue drift which rutates the coluiir aronnd the 
Y-axis. Saturation of a coloilr (in W V )  is the distance 
of the point from the Y-axis. Changes in satination of 
the object’s colour is caused hy variation of the inei- 
dent light. Glare is p r o d a d  hy reflecting the m j o r  
component of the incident light into the camera. lew. 
It is a major problem in the detection uf co l~ iu  in 

rnohile objects. sylitems becaiie Mirmot rules do not 
State 

Two methods c m e  with the Micro Adventure sy+ 
tem fur colour c1;uisiflcativn. The first enahled .%let- 
tion of a rectangular parallelepiped in Y W  spwe and 
the secund the selection of a rectangle in W tipace. 
Figiue 5 illustrates a rectitngirlnr decision region taken 
in the W plane. The larger it is mde, the more it 
will inch& pink aid yellow. 

Oiir objective is to prodiice a robust colour defini- 
tion ignoring the ltnninance component of the Y W  
tiignal, and by sapparating the coloiir decision regions 
~13  far HS passible to minimise hue and saturation drift. 
The proposed methodology described below does not 
eliminate the effect of glare, hut reduces it consider- 
ably. 

Figure 5 UV rectangle over YTJV 

While my arbitwary shiipd decision regiun can he 
nsed with itLwk-Up-%ble method. A re@on that is 
ewily identified nnd manipiilnted by the ,iser of the 
system is ii preference. A shape that encompasses ef- 
fects of glare and hiie drift is a pie segment with ex&- 
sivn of the grey zone close the the Y-axis. Calculation 
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of my arbituary zone wunld become compntxtioixily 
prohibitive in software without the w e  of n Look-Up 
Table. 

Figure 8: pie segment 

The Look-UpTable is wastrncted by &signing a 
number to each colonr and filling the region of the 
table using rules of the following form: 

If ( ( 4 ~  > 41)  && ( ~ U V  S 44 && (distuv > 7 ) )  

Then (colour = 1). 

Here, QUV is the angle of the chraminance point 
anti-clockwise From U U$, 41 k the first angle of 
colour region, 4 2  is the second angle of coloiu region, 
PstUV is the distance of the dvominunce point from 
the origin, and r is the r d h i  of exclieion arc removing 
whiteggray-blilck from coloiir decision region. 

All pixels in each interlaced frame are converted to a 
UV colour map. Fur example, Figure 7 shows the posi- 
tion of the ball in the left window, and the W colour 
map in the right window. The 41, 4 2  and T wliies 
are then determine3 interactively by entering values 
or moving the sliding bars in the “Color Limit” sec- 
tion. The best settings for the ball seognent shown has 
41 (Mininnm Angle) sct to 316 degrees, 4 2  (Maximiun 
Angle) set tu 350 degrees mid r (Minimnm Magnitude) 
set to 40. I t  should be obyioii that these valiies mu- 
imise the pie segment capturing the colour of the ball 
without any uverlap into the pink region above, or tbe 
yellow region below. The exclmsiun r d i s  T k set to 
maximise the area of the image over tlie ball in the 
left window. If r k set too low, various images in tlie 
field muking will be cl~sfiilied HS the object. If r is set 
too high, tlie niunher of pixels coveriiig the bnll will 
be insuffient to identify the ball. 

Experimental Observations 
Thk ClhHiificntioii method worked very well in identi- 
fying the two specified team colours: hlue and yellow. 
We were able to identify a pink coloiir patch on a robot 
that proved difficult for other teams to idenlify. Three 
different green patches were easily classified using this 
method and so willd be iised for identifying our own 
three robots. 

Dnrhig actual g m e  trials, changing lighting eondi- 
tions from Qirart%Halogen to Hirorescent, did not af- 
fect clhssification of the coloiir patchm on the robots, 
and cl;a.Hiificntion of the hall. Hue d d t  appeared not 
to caiise any problems. 

5 Conclusion 
In t h s  puper we have described a metbod for detection 
and classification of the ball and the colour patches on 
micrwwccer robots ieing pie slice decision regions in 
a YW coloilr map, as opposed to rectangular regions 
in RGB or W V  coloiir maips. Lilminance k ignored as 
hue and saturation are sufficient in classifying a colour. 
Use of the pie dice decision regions enables a more HC- 
cnrate definition of coloiir patches on the robots und 
colour of the hall. The method was found to be robifit 
under changing lighting wnditions in experimental tri- 
al& 
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