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ABSTRACT

Finding a center from spherical picture with the center of mass method, combined with
image processing techniques may produce erroneous result due to shadow as appeared on the
object surface. Image segmentation algorithm can’t detect a whole object from the picture. This
report describes development of algorithm for estimating a spherical object center from its image.
The algorithm was developed such that the object center estimation accuracy is improved in the
presence of shadow in the image. Intersection of lines tangent to the circle circumference is used
for the estimation. In addition, an algorithm was developed to differentiaté part of the circle
circumference on a shadow side. Experiment was performed using 19 images of two(white and
red) snooker balls, taken using a digital camera. The circle center estimation was found to differ

from a correct position by 10.50 percent on average.
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M15199 5.1 HAAINAN1IMARBIBANBATINNTY segmentation HuFUnwdIediludruvesing

=
TUAY

area red

picture algorithm | PS | overdetect | nondetect | error
1 1941 3228 0 1287 0
2 0 0 0 0 0
3 2828 3852 0 1024 0
4 1808 3268 0 1460 0
5 1979 3313 0 1334 0
6 2138 3313 1 1176 -2
7 1820 3472 3 1655 -6
8 1462 5681 0 4219 0
9 2447 5808 584 3945 -1168
10 3110 6221 0 3111 0
11 0 0 0 0 0
12 932 6005 0 5073 0
13 1363 5417 0 4054 0
14 1981 5481 0 3500 0
15 2918 7161 475 4718 -950
16 3650 6948 0 3298 0
17 0 0 0 0 0
18 2026 6509 0 4483 0
19 1759 7604 0 5845 0
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M15197] 5.2 YTAINAN1INARBIBANDANNNIS segmentation DUFUMNAIRE 1l UdIUVRITNg

a7
area white
picture algorithm PS over detect non detect | error
1 3494 3632 0 138 0
2 3374 3521 0 147 0
3 0 0 0 0 0
4 3790 3969 8 187 -16
5 3125 3260 43 178 -86
6 3270 3373 96 199 -192
7 3337 3521 0 184 0
8 5100 6309 0 1209 0
9 4234 5745 41 1552 -82
10 0 0 0 0 0
11 5088 7192 0 2104 0
12 4020 5284 11 1275 -22
13 4818 6573 0 1755 0
14 4579 5957 28 14086 -56
15 4482 6785 151 2454 -302
16 0 0 0 0 0
17 4787 7620 0 2833 0
18 5171 7620 0 2449 0
19 5096 7345 12 2261 -24
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5.4.2 mafFeudsumsmdunivesyaguinansuesiag
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YOIIAYNIINIG select 1910 photoshop
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3 [ a J LY o/ [
M191991 5.3 waANan1IARRdaneanNmyagudnaan U amded e lushuve s ngd

e
red center
picture algorithm PS radius error
X y X b4

1 368 203 369 205 32.0815 2.24
2 0 0 0 0 0.0000 0.00
3 319 206 322 207 35.0391 3.16
4 431 198 433 200 32.2772 2.83
5 518 273 520 274 32.5013 2.24
) 370 225 371 226 32.5013 1.41
7 412 245 414 247 32.2591 2.83
8 320 154 317 155 42.5484 3.16
9 388 227 390 234 40.0292 7.28
10 346 219 346 217 44,5298 2.00
11 0 0 0 0 0.0000 0.00
12 512 266 536 277 43.7466 26.40
13 195 177 197 180 41.5481 3.81
14 352 212 349 205 41.7820 7.62
15 347 201 365 235 47.7610 38.47
16 356 212 356 214 47.0549 2.00
17 0 0 0 0 0.0000 0.00
18 242 182 241 193 45.5327 11.05
19 525 254 526 258 49,2241 4.12
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3 [y a d @ Y LY
M99 5.4 taeINaNIIMAARBaneTINMgagudna Uz mndedluduvestngd

117
white center
picture algorithm PS radius error
X y X y
1 366 245 366 246 34.0444 1.00
2 423 238 423 239 33.4882 1.00
3 0 0 0 0 0.0000 0.00
4 235 285 235 285 35.5595 0.00
5 225 205 226 206 32.2359 1.41
6 434 225 434 226 32.7784 1.00
7 349 244 349 245 33.4882 1.00
8 388 182 390 184 44.8317 2.83
9 321 197 322 198 42.7791 1.41
10 0 0 0 0 0.0000 0.00
11 348 217 349 218 47.8789 1.41
12 185 178 184 178 41.0506 1.00
13 542 291 541 291 45.7665 1.00
14 403 248 402 248 43.5683 1.00
15 317 185 319 180 46.4962 5.39
16 0 0 0 0 0.0000 0.00
17 337 200 338 199 49.2763 1.41
18 509 267 509 269 49.2763 2.00
19 204 172 204 173 48.3753 1.00
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Main()
Input Picture[]

Object[] = ColorSegment(Picture(])
Edge[] = EdgeDetection(Object(])
rightEdge[] = getSide(edge(],Picture)

(x,y) = findcenter(rightedge[])

A1vTUWY
[ as g 9 ar a R a [ 4 [
ganednudsduiusansfinundndmiumsasiamgagudnansvesgiiagnsnan

v Y] a L (] g Y 2 9 s a R v [ dy
Tﬂﬂ%xﬂmmsmazaaﬂaa‘wuaaaqmmmu ‘]N‘U&’llizﬂ’t']‘Uﬂ’Jﬂ@ﬁﬂi’]ﬁ‘i’llmNc]ﬂ\iu

Input Picture[] :
grugdnmon ludg1¥ueglugi matrix Picture[] Fativing 3 idvua nde x 19 x 3

2 H : A A
43 MUADAIAMINAINVBWANZ T red green blue

Object[] = ColorSegment(Picture[]) :
] b4 v
gdiisw Idnvihnisieniageensiniiunds wadniin 18z matrix Object[] v11n
& B [ 1 . o 1
%319 x 977 x 2 &9 Objectn$19,87,1] iWuTagauiias uag objectfn1e,0m,2] iuingdau
~
dun
. 0 = A Al U . 1 Q’I’ L) s
11011 matrix vefiAuAes 1 1ag 0 deA1 1 MueaNd pixel ludauiuluzdeSuuiag

. a 3 a/
Az 0 Mu1eAWA pixel JugioTuilununds

Edge[] = EdgeDetection(Object(])
arHINSIINMIve YRS TAUARE RINT segment 171E
rightEdge[] = getSide(edge[],Picture)
swimsiueweniinin1dlifeufuzlesuienisuoniweudmiafuvenludud
AR
(x,y) = findcenter(rightedge(])

wiuewenludiufinudalilsivnisnigaguinans
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Segment(Picture[])
I-- Make to grayscale picture
if Picture is not grayscale
grayPic[] = rgb2gray(Picture[])
else

grayPic[] = Picture[]

1-- get threshold level

level = graythresh(grayPic[])

I-- get object area from picture

object[] = im2bw(grayPic[],level)

I-- im2bw is algorithm that consider the blightness of picture if blightness above level count as 1
else count as 0

return object(]

195U
9y

W a8 a o 9 o . 1 @ asg A o Y
Husaneffiuusnfitiunldlunsi segmentation uadaneanuilmuisasieu 1difes
74 Qy é /s o -7 3 s Y
segment IAQFulAeI09NVINNTH Fedanednudndnmsvhual
° [ v it I [~ [~ ° { '
wmaFangiionudunidudvieduuam dududiihmsdfoudurnaminey
TaoR1as rgb2gray(Picture[])
4 o @ o ' Qs
diodlugtunndudanviinisnia threshold Taafu 13 Tudaals level
o d' 9 o T v . [l -~ 9 1 '
hgtumin I/ ldimsasisaeuudazgadngalanawnniimieresndin threshold
4 { { 1 vt I 1 U & °
finun 18 Taefiganiinnnnninan tareshold 1iflu 1 nagfesnirIliauiiu o Fensviwu

9 T ]
marilzfuiledFuniiogudalu mathlab F31 im2bw() )



EdgeDetection(object[])
I-- get edge by usesing edge command
P_edge[] = edge(object[])

I-- in this case we use canny algorithm

I-- P_edge Contain coordinate (x,y) of each spot on edge

return P_edge[]

195U
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v ¥
dlusanedihimsmaveuvesing Tasasiims rewm senuniudusmga,y)nnga

H o/ é %3 o L} H 1 i
fluvevvesing@aflsdduillogudalu mathlab 931 edge() )

getSide(P_edgell)
1-- get Right edge
for each value in P_edgef(]
find slope on each spot
mean = sum(absolute(slope[]))/numberof(slope[])
i=1
for each value in P_edge(]
if slope at P_edge[i] > mean
UseEdge[j].x = P_edgeli].x
UseEdgel[jl.y = P_edge[i]l.x
jtt

return UseEdge[]

A10T18

o as . o ﬂ o Al & gy A 9 a o o
20NNV getSide() UUL u'ﬂﬁﬂ'E]a‘Vlll!‘W'E)Gl‘]ﬂ!ﬂﬂ!lU:ﬁ‘U'ﬂUﬂ!lWﬁ]i\i‘UﬂQ’JWQ@@ﬂﬂ’lﬂ"U@‘U’VN

d’ =) ° o t-:y
nuann I 18 Iagaziin1siauasil
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w19Ad1eBenIndmianaavesing Taon1 18910 center of mass veeiagi IAnInnsii
segment EL) colorsegment
< 9 > Y o o 9 o o s a
veuiludunseininningadreds lldaduduveuns manuduvesnnurIlevewan
1 4 ]
g4 8 AUHUWIMIAURAY
o v d'd 1 ar ; U U d' 9/ Y U d‘d v a " .ﬂ' 9k
MnsueasiiaanuFudn s dvesnudnhafilisanuduganiuite i 14y

o 1
msmeagudnaieas

findcenter(UseEdgell)
n = size of UseEdge[]
fori=1ton
ifi<n
a[i,1],a[i,2],b[i] =
findEquation(UseEdge[i].x,UseEdge[i].y,UseEdge[i+1].x,UseEdge[i+1].y);
else
a[i,1],a[i,2],bli] =
findEquation(UseEdgeli].x,UseEdge[i].y,UseEdge[1].x,UseEdge[1].y);
1-- findEquation return a,b,c of equation ax+by = ¢
I-- find pseudo inverse of a
pa[] = pinv(a[])
(x,y) = pal]*b[]

return (X,y)

f193118
o [y ol d' QX 9) = '4 Y] 9J n’:
WusanednuilFlumsudaunisninnguinisnigagudnanningadaveudua
as é 9 :; A' J s T d’ Y a o '
anfuganinanveuduiinndeuseiussningauuduveuiuieis Tastiue
Fulszanfvesrumaduasndaminiuinldfa Tasduilszansmldandanednu

. & '
findEquation %392 return Areenuuilu abuaz



53

Y e & . & oA . & & ) L e A s yw
AU pinv HuAeAFN 1611n13111 pseudo inverse Yo matrix Asfina11 131y

AIUUBINYY

findEquation(sx1,sy1,sx2,sy2)
if(sx1<sx2)
x1=sxl
yl=syl
x2=sx2
y2=sy2
else
x1=sx2
yl=sy2
x2=sx1
y2=syl
end
cx = (x14+x2)/2
cy = (yl+y2)/2
a=x2-x1
b=y2-yl
¢ = (ex*(x2-x1))Hcy*(y2-yD)

return a,b,c

f10T1U1Y
[~ s ad A 9/ T W a 9 g - & 1 a
Wudansanui ldmaidulseanivesaumsduUaI 1NN NN NTENIIAUNITN

mnw'mﬂﬁ (sx1,xyl) Uz (sx2,xy2)
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ColorSegment(Picturel])

I-- picture contain with red green blue

level = graythresh(Picture[].red)

ObjRed[] = im2bw(Picture[].red,level)

level = graythresh(Picture{].green)

ObjGreen[] = im2bw(Picture[].green,level)

level = graythresh(Picture[].blue)

ObjcBlue[] = im2bw(Picture[].blue,level)

Object[] = ObjRed[]-ObjGreen[]-ObjBlue(]

for each spot in Object[i,j]

if Object[ij] <0
Object[i,j] =0

ObjectRed[] = Object]]

ObjectWhite[] = ObjRed[]&ObjGreen[]&ObjBlue[]

return ObjectRed(],ObjectWhite[]

fAeTuU1e
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fu11 = Yagludiuves(@uas & Hlled & i)

o' lgandfidesnsugafining reum gadeyai idnd
selecteolor2(Picture(])
xgray[]= rgb2gray(Picture[])
level = graythresh(xgray(])
level = level*255
xnewred[] = zeroes matrix size =Picture(]
xnewwhite[] = zeroes matrix size =Picture[]
r = max row of Picture
¢ = max column of Picture
fori=1tor

fork=1toc
if xgray[i,k] > level,

ratio_red = (x[1,k].red/3)/xgrayl[i,k];

ratio_green = (x[1,k].green/3)/xgray[i,k];

ratio_blue = (x[i,k].blue/3)/xgray[ik];

if ratio_red > 0.40

xnewred[iLk] = 1;
else
if (ratio_red < 0.40) & (ratio_green < 0.40) &(ratio_blue < 0.40)
xnewwhite[1,k] = 1

return xnewred(],xnewwhite[]

A19TUY
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selectcolor2 tHusanedfiun IWs U unu@ueIn color segmentation 151939103119
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¥
selectcolor2 ANANNITNINUAIT

o ! = 9
NINITIUNINTIVIN

v

wimsudlasgdddifluzunad uazsimsuengddeenidlu 3 dde use @e uazii

R_u
mdasdusEninddenainanunag
BRIAIUVDNT = (mmmﬁhwmﬁ’luqﬂuzu/fhmmﬁdnmm;ﬂmqﬁfluqﬂugu)n
e lusasdiuvesduns > 40% n3e 0.4 °lﬁ’v'im1sﬁuﬁﬂ3'1@1111114'@143111{114‘5%%
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stableValue(Part_Edge)
(x,y) = findcenter(Part_Edge[])
n = number of Part_Edge
mean_radius =0
!--sum of all radius
fori=1ton
radius[i] = length between (x,y) and spot in Part Edgeli]
mean radius = mean_radius + radius(i]
mean_radius = mean_radius/n
s_value =0
fori=1ton
s_value =s_value + (abs(mean_radius - radius(i]))
s_value =s_value/n

return s_value
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