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Two-Dimensonal Otsu’ s Curve Thresholding Segmentation Method for Gray-Level Images

FAN Jiu-lun ,ZHAO Feng
( Department o Information and Contral , Xi’ an Institute d Posts and Telecommunications, Xi’ an, Shaanxi 710061, China)

Abdract: Otsu’ s method is a frequently used thresholding segmentation method. In this paper ,in order to utilize the infor-
mation of edge region,we present a curve thresholding segmentation method based on two-dimensional Otsu’ s method. The tradi-
tional two-dimensional Otsu’ s method can be regarded as a specia case of it. Experimenta results show that for images with noise
the proposed method can obtain better segmentation effect than the traditional two-dimensional Otsu’ s method. In order to decrease
the amount of computation and promote the speed of segmentation,a recursive agorithm and a wavelet transfer combining with the
recursive agorithm are shown. The recursive agorithm only need search the main-diagonal and one sub-diagonal of the two dimen
siona histogram. Compared with the recursive algorithm of traditional two-dimensional Otsu’ s method ,the searching space is obvi-
ously decreased from searching L X L points to 2L - 1 points.

Key words: image segmentation;threshold selection; Otsu’ s method

1 ) )
Otsu (41
, Otsu “ "
1 oqy ,
.Otsu ) )
(Otsu) . 1,
1 GSJ )
’ 5 7] ,
) Otsu

, (3] , Otsu

QSJ , “ ” ,

, Ctsu

:2005-12-29; :2006-12-31
: (No. 60572133)



752

2007

2 Otsu
M X N , f(x,y)
(x,y) ,9(x,y)
(x,y) 3x3
,9(x,y) :
1 1
=TS Siemyen |
L g(x,y) ,
L,
L.f(x,y) g(x,y)
(i,j). ;
LxL ,
Pi , (i,
)i - By
o= (2
L-1 L-1
G (i, 0<i,jsL-1, iZ jZ p;
=1. (0,0) L-1
. (s, t) oA {r
’ 1 4 ,/
L2 H 33 <l 2
. 3 1 —AEyEXS
4 .
Otsu 3 4 0,
Osu ,
Otsu
, [3] [4].
Otsu ,
Ctsu 3 4 .
2 3 , 3,4
L-1 0
34

(@) K% 3. 4B{HA L-1 (b) KiR 3. 4W{HN 0
B2 AN&EEBSHILR

(@) X3 3. 4RI 4 L-] B) XK 3. 4BMEH 0
B3 KRR g R
, 1 A,B
(0,00 (s,1) , A,B
(s,t) (L-1,L-1 ,
A, B (0,00 (s,t)
osu 7 [6] (s",
t") , (s™,t") (0,00 (L-1,L-
1 ( 1 N,
3 Otsu o L
Co(s,1) r(i, j)
Osu s
, O- /(3,:)
U , ’ (s, Cy(s.0)
t) , (s,t) 1
) B4 SAMER Otsuit
Cols,t) Ci(s,t), THEHEXE
, 4
Py = Pi' 3
0 ()] Z(s,t) ! ( )
P, = Pi 4
! (i.j) Z(s,t) ! ( )
iPy iRl
“O — ('J(X),“Ol), - (i,j) Z(s‘l) ! () Z(s,l) ! (5)
Po ' Po
= X ,
i Pj iP;
M1 = (Mo Hu)' =| Q2 Z‘s") I, Z‘s") ; (6)
PR
Mr= (Mp,Mm)' :['Z-ZiRj‘Z'ZjPJ' (7
Po+ PL=1 (8)
M= Plo+ Pl (9)
S =P[MHo-HD) MHo-HUD']T+P[(M1-H7D)M1-HD']

[ Moo~ Hm)?
’ Moo-Hm) Hor-Hm)

(Moo -H) Mor- Un)}
Mo -Hmn)?



4 Osu 753
+p[ (M1o-Hm)? (“lO'IJTO)(“ll'IJT.L)i| Po(s,t) {G,p)li+j<ss+
L M- o) M- M) Mu-Hm? t} : 5 . :
(10) r,ri (s,t) ,(s-1,t-1),(s-1,1)
S , ( (s,t-1), (s-1,t) (s,t-1)
trSs = Pl (Hoo- Hmo)* + (Mow - M) ?] ) 5(a) Po(s. 1)
+PlMo-Hmo)2+Mu-Hn)?] Po(s- 1,1) itj=s
) 2 . 2 +1 Po(S,t)
] (1]
+ Pl[[bn;u_i_ug 2+[M‘“TJZ] (0,0) 1t rnrnrll j(o,n) ‘ Lt r oLl
Py Py D J
(U P ) ”+ (U - Pilp)? 51 s
= o - 5
(e P )2+ (M- Pl p)?
Py
M- PP+ M- PP .
- Po(1- Py) (11) L} L"-I
U, = ; iP M= Z iP;. (@) Pl (13- SL LB (b) A— ML E A2 % R
() e () o H S5 HSMED Ol EHERS
(s",t")
(s*,t') =arg_ mex trSs(s,1) (12) Po(0.0) = Poo, s=0 (14
(Pt Po(s,t) = Po(s- 1,1 + ZP”-, s>0 (15)
3 4 , GSJ 5(b) i+] t
Otsu r(i,)  (s,0) T
(s,t) (0,1) Otsu ( ) ( ) (s,
’ . t)  (s,t) SStt=s+t=s+t,
r(i,j) or
r(i,j) (s.,t)
(s1,t1) (s,t)
.+. *+t* y S+t
| =S
: (2. (s
. . Otsu .
e
fr(x,y) :{ 0 iriss +to g Po(0,0) = Pro, s=0 (16)
L-1 i+j>s +t Po(s-1,s) = Py(s-1,s-1) + Z P;, s>0 (17)
fT(X,y) . i+jes1
Otsu 1 34 Po(s,s):Po(S-l,s)fZPij, s>0 (18)
Osu Mi(0,0) =0, s=0 (19)
ui(s-l,s):ui(s-l,s-1)+_VZ iPi, s>0 (20)
QSJ i+ - 1
Mi(s,s) =Mi(s- 1,9 + Zipijy s>0 (21)
4 1+ S
M;(0,0) =0, s=0 (22
OQisu Mi(s- 1,9 =H;(s-1,s-1) + Z iP;, s>0 (23)
Otsu A
Mi(s,9) =Hi(s- 1,9 + » jB;, s>0 (24)
(s",t9)
4.1 Otsu L x
Otsu (s, 1), L 2L-1
Po(s,t) Mi(s,t)  Hj(s,t) (0,0 (s 4.2 Otsu

t), . 3



754 2007
, Fourier
Wang @
U,
(s
, (
(i.j)
) 1
xL/2"
(4 .t). , () 165 Otsu it (©) W ALR Otsu () R Otsu ik
(s,t), (s™,t") Bl 6 4 4 R
(2"xd 2"xt) ,
2x2" ,
(s",t))
(2"xd 2"xt) , . S —
2x2" (a) UE (b) —4E¥i N
5
Meatlab ,
4 3.2G
Oy oy (6] ' ' 5 EA S A
Otsu ( (d) 154 Otsu ik (e) W ki &b BL ¥ Otsu ¥ (f) HEBHA Otsu ¥k
a ) B 7 SARRES#IGR
U
. AR , 1 ’ (9
178 x 178 340 x 340.
6 ' 1 2
Otsu , O-
u Otsu 226((14 14)| 212| (111 ,111) | 438 715 (105 ,106)|137907] (105 ,105)
, Otsu Otsu SAR| 255 (12 ,13)| 243 | (107 ,108) | 498 | 720 | (107 ,108) |138900| (107 ,108)
SAR 7 . AR ) Otsu ,
, Otsu ( )
, Otsu ( 1) 1 ,
Otsu
6 7 y QS,I ’ y
( 1 ).

24 © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Otsu 755

[1] Sahoo P K,Soltani S,Wong A K C,Chen Y C. A survey o
thresholding techniques[J]. Computer Vision, Graphics and Im-
age Processing,1988,41:233 - 260.

[2] Otsu N. A threshold selection method from gray-level his-
tograms[J] . | EEE Transactions on System Man and Cybernet-
ic,1979,9(1) :62 - 66.

[3] , . Otsu
[J71. ,1993,19(1) :101 - 105.

Liu Jianzhuang, Su Wendging. The automatic thresholding of
gray-level picture via two-dimensiond Otsu method[J]. Acta
AutoMatica Sinica,1993,19(1) :101 - 105. (in Chinese)

[4] Gong Jian,Li Li yuan,Chen Wel nan. Fest recursive agorithm
for two-dimensiona thresholding [J]. Pattern Recognition,
1998,31(3) :295 - 300.

[3] , . [91.

,2002,3(19) :205 - 208.
Wang Pel zhen, Yang Wei han. Image segmentation based on
multi-level technique[J].Journal of Anhui University of Tech-
nology ,2002,3(19) :205 - 208. (in Chinese)

[6] , . Otsu

[37. ,1998,23(16) :658 - 662.
Yang Tian,Li Defang. Study of two-dimensiona Otsu threshr
olding for grey image segmentation[J]. Journa o Southwest
China Normal University ,1998,23(6) :658 - 662. (in Chinese)
[7] , ; , .
[31. ,1999,12(3) :329 -
333.
Jin Honglei , Zhu Weiping,Li Liyuan, Chen Weinan. The best
thresholding on 2D gray level histogram[J]. Pattern Recogni-
tion and Artificial Intelligence. 1999, 12 (3) : 329 - 333. (in
Chinese)
[8] Wang Qing,Wang Qiu Rang,et a. A fast 2D entropic thresh-
olding method by wavelet decompasition[ A]. The Proceedings
of 2002 International Corference on Image Processing[ C].
Rochester ,New York,2002,3:265 - 268.

19%4 11

. Emall :jidurf @iyou. edu. cn

19080 11

, . Emall :[fengz1119 @sna. com




