—10 O

gob200bbugooobggobbuooon

0 oof 0 ooftf

OO0 [ttt

oo oot oo pgogitf

A High-Speed Labeling Algorithm for Three-Dimensional Binary Images

Lifeng HE', Yuyan CHAO', Kenji SUZUKI'T, Tsuyoshi NAKAMURATft,

and Hidenori ITOHTTT

oooo obooooOoOOoOOOOO0OO0OO0OO0OO0OO0OO0O0200000000000000CCOOOOODOO
00000000000000000000000000000000000000000000000000O0
0000ooooooooo00oooooooOoOOO0O00000000000o000oooooooooono
gooooOoooooO0oO00oO0oOooooOoo0ooooooooOoOoO0oooOoOOOo0o0oOoooooooODOOO
goooooooooooooOoOoOoOoOoOOOCOCCOOOOO0OO0OoOoOoOooOoOoOoOoOoOoOOOOCCObObOOO
00000000o0oo0ooooooooooooooooooooooooooon

ooooo oOooooooooooooooo 2000

1. 0 OO0

00000000000000000000002
000000000000000000000000
000000000000000000000000
000000000000000000000000
000D000D00000000000000 (10
000 20000000000000000000
00000000000000000000 [2,[3]0
00000000 (4060000000
00000000000000000000000
000000000000°°' 0000000000
000000000000000000000000
000000000000000000000000
00000000D0000000000000000

OpDoDoDoOoDOOO00O00O0O0O00
Graduate School of Information Science and Technology,
Aichi Prefectural University, Aichi-ken, 480-1198 Japan
HfoDoooDoDODOO0O0DO0DO00D0D0000
Graduate School of Enviornment Management, Nagoya
Sangyo University, Owariasahi-shi, 488-8711 Japan
fftoooooooooooO0O00000
Department of Radiology, The University of Chicago, USA
ffttoooooooOoDOOO0DO0O0OO0O
Graduate School of Engineering, Nagoya Institute of Tech-
nology, Nagoya-shi, 466—8555 Japan

oooooooooog D Vol J92-D No. 12

goooooooooooooooooo
00000o0ooooo??"o000o0iloooon
goooooooOooooooooOoooooooo
goooooooooooooboooooooobood
goooooocoooooooocoooooooobo
goocooooocoobooooboooboooboboooo
gooooooooooooobooooooobooboo
goooooooooooooboooooooooboo
gooooooooooooooboooooooo
oooooboooooooooooooboooon
oo0o0o0oo0o00oo000o00o00oo0oooo0ooo0oo
00000 [70bob020000000000000
oooooooooobo 2000000000004d
goooooooooboooooooooo 2000
goooooooooobocooboobooOoboooboooo
gooooooooboooooo 200000000
00o0o0o0oU0o0oooUo gouoooooo
0200000000000O0O0C0CCO0O0O 200
00000000000000000000000 (9]

001mbo00000000000000000O00O0O0DOO0DOO0OO0
ooooooo

002Mm00000000000000000400000 20000
00000000b02000000000000000000 [5], [11]
0o000000002000000000000000000000A0

pp.2261-2269 ©UOMOOOOOOO 2009 2261



0000o00oo0o0D 2009/12 Vol. J92-D No. 12

o000 1o0o0000oo0oooooooooooon
00000000000 000OOooOojooooO

200000000000000000 2000000

goooooooooooooobooooooboooboo
gooooooooooooooo
00000000 B|obO0o0O0O 2000000
goooooooooooooboOoooooobooo
OHeOOOOOOOOOOOOOOGOOOOBDO 200
goooooooooooooboo

2. HeOOOOOOOOODOO

HeOOOOOOOOOOODOOODOOO 20
gboooooboooboooooboobooooobobooon
gboobooooobooobooooboobobooon

gooooooobobo 1000000000000

oooooooooooon ps —p1 —p2 —pal
goboocooooooooboooOoOooboOooOoooboo

goooooooooooobooooobooboooboo

goooooooooooooboooooooobooboo

gboboooobooooboboooboboobooboooobooo

gboobooooboobooobooooboboobooon
gbooooooobooobooooboobobooon
gbooobooooobooobooooboboobooon
goooooooooooooboooooooobood
gooooooo
obooooooocoooooooobooooooo
oooooooooo
ooooooboooooooooooboooooooo
gboobooooboobooobooooboobooon
gbodobooebbboobOoObDOOODOOn

00 rtable[|0000 rtablel DOO0DDOO0DOO

00000 ARO00000OOOOOOO ShOOOOO

0000000V € S(h)Ortablell] =h000000

p: p(X, y)
p1:p(x-1,y)
p2: p(x-1, y-1)
p3: p(x, y-1)
p4: p(x+1, y-1)

v

y
. the current pixel D pixel in the mask

01 00020000000 80000000
Fig.1 The mask for 2-dimensional binary images
with 8-connectivity.
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Fig.2 The mask for 3-dimensional binary images
with 26-connectivity.
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Fig.3 An example of mask.
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Table 1 The number of neighbor pixels of a voxel in
mask.
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Fig.5 The mask when vg, v3, ve, v1, Vs, V10, V2, Us,
v12, v4 are background pixels, and v7 is an

object pixel.
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Fig.4 The process when vg is a background pixel and vz is an object pixel.

2264



oooooo20000000000000000000A0

1i(i=1,2,---13): v; IKNEINZEETA)L
Thd. 1220, v, HERBERERTHILE, 1; D
flild 0 TH%.

resolve(u,v): MEITN) v BT HRAFTAN
G LEET NV v DT BRFTNIVESD
Biasyusi

Label: EETNIVOMELES

lz,y,2): v(z,y,z2) IKNFEINBEETN)V

Label = 0;

if (lo > 0)
(z,y,z) = lo;

else if(l3 > 0)
(z,y,z) =l3;

if (l12 > 0 & lg==0 & 110==0)
’ resolve(ls, l12);
else
if(lll >0& lg==0)
resolve(ls, l11);
end of if
if (l13 >0& l10==0)
resolve(ls, l13);
end of if
end of if
else if(lg > 0)
l(z,y,2) =ls;
if (l12 >0&I1s==0& l10::O)

’ resolve(lg, l12);

else
if (lll >0& l8==0)
’ resolve(ls, l11);
end of if
if (l13 >0& l10==0)
| resolve(ls, l13);
end of if

end of if

else if(l; > 0)
l(z,y,2) = l1;

if (l10 >0& 112==0)

| resolve(ly, l10);

else if(l7 > 0)

resolve(ly,l7);

if (113 > 0)
resolve(ly, l13);

end of if

else if(l4 > 0)

resolve(ly,la);

if (113 > 0)
resolve(li, l13);

end of if

else if(l13 > 0 & l12==0)

| resolve(ly, l13);

end of if

else if(lg > 0)

Wz, y,z) = ls;

if (110 > 0 & l12==0)
resolve(ls, l10);

else if(l7 > 0)

resolve(ls, l7);

if (113 > 0)
resolve(ls, l13);

end of if

else if(l4 > 0)

resolve(ls,ls);

if (113 > 0)
resolve(ls, l13);

end of if

else if(l13 > 0 & 112==0)

| resolve(ls, l13);

end of if

else if(l10 > 0)

(z,y,2) = lio;

if (I11 > 0 & l12==0)
resolve(lio, l11);

end of if

if (15 > 0)
resolve(lio, l5);

else if(lz > 0)

| resolve(lio, l2);

end of if

else if(lo > 0)

Wz, y,2z) = li2;

if (l4 > 0)
resolve(li2,l4);

else if(l7 > 0)
resolve(liz,l7);

end of if

if (12 > 0)
resolve(liz, l2);

else if(l5 > 0)
resolve(liz,l5);

end of if

else if(l5 > 0)

l(z,y,2z) =ls;

if(l4 > 0)
resolve(ls,ls);

else if(l7 > 0)
resolve(ls, l7);

end of if

if (l11 > 0)
resolve(ls, l11);

end of if

if (113 > 0)
resolve(ls, l13);

end of if

06 ODOOOOOOOOOOOOO

Fig.6 The pesudo codes of our proposed algorithm.
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Table 2 The execution times [s] of different algo-
rithms on 3D MR images.
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Fig.10 Noise images with various densities.
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