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AbstractµµµImages are represented by variable precision rough sets in this paper. A kind of rough entropy measure is

proposed for thresholding images. In order to improve the efficiency of solving the maximum rough entropy, an image

segmentation algorithm combining genetic algorithm with variable precision rough sets is designed to extract object by

adjusting accuracy. Experimental results show that the proposed algorithm is more effective and flexible.
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Ì��{kK�©�!>ÆuÿÚ«�)��,Ù¥K�©��{Ï5U­½
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2�A^. y®²JÑ�K�{Ì�k��aO��{
(Otsu{)[1]!�Z�K�{[2]±9�
8{[3].o÷8nØ[4]´�«?näkØ��&E�k�êâ©Ûóä,2�A^uâÝO�Úêâ�÷+�.o÷83ã�Or!ã�©�!ã�ÈÅ!ã�Ø ±9ã�AÆJ�[5-7]��¡Ǒ��
wÍ��J.

Pal�<òo÷8^uã��8IJ�[8],Ì��z´òã�^o÷8L«,Ùâf���À�´ÏLã���Ý��ã�Ñ���O�,KǑ
©���þ.�©JÑ�«ã��C°Ýo÷8L«�.,ÏL°Ý�N!5��ã�©��û��J.Ǒ
`z�)�Z���m,�©(Ü¢D�{�Ñ
ã��o÷�K�©��{.

2 ããã������÷÷÷÷÷÷888LLL«««
2.1 ooo÷÷÷888VVVggg�½��&EXÚS=(U,A),Ù¥UǑØ� (é�8), AǑá58. �P ⊆ A,Ø�Uþ�Ø�©E'X½ÂǑ
RP = {(x, y) ∈ U × U ∣ a(x) = a(y), ∀a ∈ P}. (1)w,, RP ´Uþ����d'X, U/RP ={[x]RP

∣x∈

U}�¤U���y©,Ù¥ [x]RP
= {y ∈ U ∣(x, y) ∈

RP }Ǒx'uRP��da.{P [x]RP
ÚU/RPǑ [x]PÚU/P .�½��&EXÚS=(U,A), P ⊆A, X ⊆U ,½Â8ÜX'uP �eCqÚþCq©OǑ

P (X) = {x ∈ U ∣[x]P ⊆ X},

P (X) = {x ∈ U ∣[x]P
∩

X ∕= ∅}. (2)8ÜX'uP�o÷Ý�d
�P (X) = 1−

∣P (X)∣

∣P (X)∣
(3)ÂvFÏ: 2010-04-28¶?£FÏ: 2010-06-18.Ä7�8: I[g,�ÆÄ7�8(10771043)¶YeÅì<I�Eâ­:¢�¿Ä7�8(002010260730).�ö{0: "É�(1965−),I,�Ç,Æ¬)��,l¯ã�©Û!o8nØ��
Ü6�ïÄ¶ǑSÁ(1986−),I,a¬),l¯ã�?n�o8nØ�ïÄ.



1080 � � � û ü 1 26 òǑx,Ù¥ ∣X ∣L«8ÜX�Äê.dd��,�âá58P , P (X)´d�½áuX�é�|¤�8Ü, P (X)K´d�UáuX�é�|¤�8Ü.o÷Ý�^5Ǒx8ÜX�Ø(½5§Ý,Ù���,`²>.«���,�µÚ8I�ª�u©l.

2.2 ããã������ooo÷÷÷888LLL«««�k��ǑM ×N�ã�F , Ù�Ý�Ǒ 0, 1,

⋅ ⋅ ⋅ , L − 1,Ù¥�Ý�Ǒ 0, 1, ⋅ ⋅ ⋅ , T ���|¤ã���µ«�BT ;
�Ý�ǑT +1, T +2, ⋅ ⋅ ⋅ , L−1���|¤ã��8I«�OT .

Pal�<�Ñ
�«òã�^o÷8L«��{[8]. �F �����¤|¤�8ÜǑØ�U ,òUy©¤��Ǒm×n(m<M,n < N),�pØ���
MN/(mn)��ã�,PMN/(mn)=K,¡z��ã�Gi(i=1, 2, ⋅ ⋅ ⋅ ,K)Ǒ��âf. éF âz��,Ù8I«��dÙeCqO T ÚþCqOT L«,Ù¥

O T =

K
∪

i=1

{Gi∣F (Pj) > T, ∀j = 1, 2, ⋅ ⋅ ⋅ ,mn,

Pj´Gi¥���},

OT =

K
∪

i=1

{Gi∣∃j ∈ {1, 2, ⋅ ⋅ ⋅ ,mn},

s.t. F (Pj) > T, Pj´Gi¥���},

F (P )L«��P ��Ý�.aq/, F ��µ«�Ǒ�dÙeCqBT ÚþCqBT L«,Ù¥
BT =

K
∪

i=1

{Gi∣F (Pj) ⩽ T, ∀j = 1, 2, ⋅ ⋅ ⋅ ,mn,

Pj´Gi¥���},

BT =

K
∪

i=1

{Gi∣∃j ∈ {1, 2, ⋅ ⋅ ⋅ ,mn},

s.t. F (Pj) ⩽ T, Pj´Gi¥���}.þã�{´ÄuâÝg�^o÷8Ǒxã�.�©Kò8Ü�¹ÝVg�o÷8�(Ü[9],�Ñ
ã��C°Ýo÷8L«�{.�X,Y ⊆U ,KX'uY ��¹Ý½ÂǑ
I(Y/X) =

⎧

⎨

⎩

∣Y
∩

X ∣

∣X ∣
, X ∕= ∅;

1, X = ∅.

(4)

I(Y/X)L«X¥áuY ���ê3X¥¤Ó�'~.w,, I(Y/X)=1��=�X⊆Y .�½ëê 0⩽ � <�⩽ 1,PXi = {P ∈Gi∣F (P )>

T },½ÂF ¥8I�eCqÚþCq©OǑ
O �(T ) =

K
∪

i=1

{Gi∣I(Xi/Gi) ⩾ �},

O�(T ) =

K
∪

i=1

{Gi∣I(Xi/Gi) > �}.Ó�,½Â�µ�eCqÚþCqǑ
B �(T ) =

K
∪

i=1

{Gi∣I(Gi ∖Xi/Gi) ⩾ �},

B�(T ) =

K
∪

i=1

{Gi∣I(Gi ∖Xi/Gi) > �}.Ù¥Gi ∖XiL«8Ü��.N´wÑ,ã�8I�eCq´dF ¥÷v�Ý��uT ���8Ü�Ø$u°Ý��¹éAfã����|¤�8Ü,
�µ�eCqL«F ¥÷v�Ý�Ø�uT ���8Ü�Ø$u°Ý��¹éAfã����|¤�8Ü.�´du°Ý�, ��Ú\,3ã�©�¥,K��À�ä�
ér�(¹5.��=1, �=1/(mn)�,C°Ýo÷8ã�L«BòzǑPal�ã�o÷8L«.

2.3 ããã������ooo÷÷÷���ÝÝÝþþþ�½ã�F ,±9°Ý�, �,�ã�©�K�Ǒ
T ,½ÂF �o÷�Ǒ

E�,�(T ) =−
1

2
[�O�,�

(T ) ln �O�,�
(T )+

�B�,�
(T ) ln �B�,�

(T )]. (5)Ù¥
�O�,�

(T ) = 1−
∣O�(T )∣

∣O�(T )∣
=

∣O�(T )∣ − ∣O�(T )∣

∣O�(T )∣
, (6)

�B�,�
(T ) = 1−

∣B�(T )∣

∣B�(T )∣
=

∣B�(T )∣ − ∣B�(T )∣

∣B�(T )∣
(7)©OL«ã�8I«�Ú�µ«�3°ÝǑ�Ú�e�o÷Ý.©z [8]�Ñ: 8I«�Ú�µ«��o÷Ý

�O�,�
(T )Ú �B�,�

(T )©O�����(�o÷�
E�,�(T )�����.ù«`{´Ø�(�. ¯¢þ,éu8I«�Ú�µ«�, >.´�Ó�, Ñ´
O�(T )−O�(T )=B�(T )−B�(T ) = Q�,�(T ).ù�,ª
(6)�L«Ǒ

�O�,�
(T ) =

∣Q�,�(T )∣

∣O�(T )∣+ ∣Q�,�(T )∣
. (8)w,,�T O��, ∣O�(T )∣C�,
�: 1)e>.

Q�,�(T )ØC,K �O�,�
(T )C�; 2)e>.Q�,�(T )C�, K �O�,�

(T )C�; 3) e>.Q�,�(T )C�, K
�O�,�

(T )�Cz�¹�ûu8IS:�CzÌÝÚ>.�CzÌÝ.���¹e,8IS:�CzÌÝ�u>.�CzÌÝ.Ïd, �O�,�
(T )ǑC�.ÏLaq�©Û��,ã��µo÷Ý�B�,�

(T )oNþ¬�XK�T �O�
~�.
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²ï �O�,�
(T )Ú�B�,�

(T )éã�>.�KǑ,�ª (5)����,ÙéA��Ý�ǑT ∗,=T ∗=

argmaxE�,�(T )B´ã�©���`K�.

3 CCC°°°ÝÝÝooo÷÷÷���¢¢¢DDD���{{{ããã���©©©���éuo÷� (ª (5))��`), Pal�<æ^¡Þ{��,��ã�©���Çü$.�©ò¢D�{[10]^uã�o÷�©���`K�ÀJ¯K,�[�ã�©��{6§Xe:

Step 1:Ñ\�©�ã�¿?è. �F Ǒ8 bitã�,=L=256,ò��/ÚN?èǑ 8 �?�è,z�/ÚN�L��ÿÀ©�K�.

Step 2:�©z«+. �½«+5�ǑN ,¿�Å)¤�©«+.

Step 3:O�·AÝ�.òo÷� (ª (5))�Ǒ·AÝ¼ê,O�«+¥�/ÚN�·AÝ�,¿�ä�{´Ä����S�êD (ª�OK).e��,Kòäk�p·AÝ���N�Ǒ©�K�T , �1
Step 7;ÄK,�1Step 4.

Step 4:`���. Äu·AÝ'~,æ^�ÅH{æ��ÀJüÑÀJ2)�N,·AÝp��N�À¥�VÇp.=��
<�¥·AÝ��/ÚN¤
,�#�/ÚN�))��m.

Step 5:¢Dö�.Uì�½���VÇPCÚ���{!CÉVÇPMÚCÉ�{é�
/ÚN?1E�!��ÚCÉ�ö�,�)#�/ÚN.

Step 6:�#«+. �#/ÚN�·AÝ�,¿ò§��\�«+¥,�£Step 3.

Step 7:ÑÑã�.�âStep 3���K�T =Ǒ©�ã���ZK�.

4 ���{{{¢¢¢yyy999���ýýý¢¢¢����ý¢�ÄuMatlab 7.0²�?1. �{�Ì�ëêk�©«+5�N ,��VÇPC ,CÉVÇPM±9��S�êD. PC���,Âñ��`)��Ý�¯.Ǒ;�Âñ�Ù, PC�Ø¨L�. PM�À���É«+5��KǑ,5��,À��CÉVÇAÑ�,�pCÉVÇ�U¬Úå«+�Ø­½. S�êDǑØ¨����,±�Âñ�Ù.¢�¥�½N

=20, PC=0.7, PM =0.01, D=20.

4.1 CCC°°°ÝÝÝooo÷÷÷���¢¢¢DDD���{{{���Pal (¡¡¡���){{{'''���ã1(a)Ǒ�©��Bloodã�,âÝ��Ǒ 4×4;ã1(b)Ǒ#�{©�(J,�`©�K�Ǒ141.L1Ǒü«�{3�mm�þ�é'(J.dd��,#�{$��Ý²wJp.¢�L²: âÝ���À���`K��3é�'X.#�{Ø=�±ÏLUCâÝ��,Ǒ�Ï

LN!°Ý¢yØÓK��À�. �âÝ(½�,ÏLUC°ÝǑUÏé�T��©�K�.¢�(J�L2.

(a) Blood!"#$ %& (b) '()"#*+ã 1 �ã�9©�(JL 1 ¢D�{�¡�{Ï�K��mé'� { âÝ�� Ï��`K��²þ�m / s¢D�{ 4 × 4 53.4¡�{ 4 × 4 94.1L 2 Bloodã�©�K�é'� { âÝ�� � � T

2 × 2 − − 155

Pal�{ 3 × 3 − − 149

4 × 4 − − 141

4 × 4 1 1/16 141

4 × 4 1 1/8 144

4 × 4 7/8 1/8 150�©�{
4 × 4 3/4 1/8 153

4 × 4 3/4 1/4 155

4 × 4 3/4 3/8 156lL2�±wÑ: �°Ý�ØC�,K��X°Ý��O\
O\; �°Ý�ØC�,K��X°Ý
��O\
~�.©z [8]�Ñ,ã�©��`K�����âÝ��¤�'.þã¢�<y
ù�:,�ù��(Ø

(a) !"# (b) $%&'ã 2 Lenaã¢�(J (K�Ǒ 135,âÝǑ 4 × 4)L 3 Lenaã�©�K�é'� { âÝ�� � � T

2 × 2 − − 129

Pal�{ 3 × 3 − − 130

4 × 4 − − 135

4 × 4 1 1/16 135

4 × 4 1 1/8 135

4 × 4 7/8 1/8 129�©�{
4 × 4 3/4 1/8 128

4 × 4 3/4 1/4 127

4 × 4 3/4 3/8 127



1082 � � � û ü 1 26 ò¿Øo´¤á�.éLenaã� (ã2(a))?1aq¢�,¢�(JXã2(b)ÚL3¤«. lL3�±wÑ,âÝ��,¤�K���,
�©�K���üN4O,��üN4~.

4.2 CCC°°°ÝÝÝooo÷÷÷���¢¢¢DDD���{{{���DDDÚÚÚ���{{{'''���ã3(a)´�Ì 136×412�©�ã�,ã¥kü
/easy0,©O^Otsu{Ú�
�K�{±9�©�{éTã�?1©iJ�¢�,��= 3/4, � = 1/8,¢�(JXã3(b)∼ã3(d)¤«.

(a) !"#

(b) Otsu ( 162)$ %&: (  ) '()*$ ( 168)%&:

(d) +,-$ ( 204)%&: (e) ./0123"#

c

ã 3 ØÓK�©��{(J'�lã3��, Otsu{Ú�
�{ÑUé�/©�ÑÊÏ©�,�éuI5�ü
/easy0K©�ØÑ5,ù´duùü«�{==|^
ã���ÝªÇ©Ù&E,éu�Ý��ãǑü¸�ã�U�)���©��J,
ã3(a)��µÚ8I3�Ý?þkØÓ��N,Ù�Ý��ã¥yõ¸y�.#�{3O�ã��µÚ8I�þCqÚeCq�,�Ä
ã��ÛÜ�m&E,Ïd�±é�/ò8I/easy0J�Ñ5.lã3(d)�±wÑ,#�{éã�©�(J�)
�ND(,ÏLæ^/�Æ4Úm�?éÈÅ�fé©���ã�?1ÈÅ?n,(���©O�⎡

⎢

⎢

⎣

0 1 0

0 1 0

0 0 0

⎤

⎥

⎥

⎦

Ú[

1

1

]

,ÈÅ(JXã3(e)¤«,¼�
é���J.

5 ((( ØØØ�©òo÷8ÿ2�C°Ýo÷8,±¢yã�

�o÷8L«,JÑ
�«ÄuC°Ýo÷��K�©��{. (Ü¢D�{,���)��o÷�ù��`¯K�$��Ç�±wÍJp. ¢�(JL²,#�{'DÚK�©��{äk���©��J.3A^¥,��â¢S�¹·�N!âÝÚ°Ý���,¢yØÓ�ã�©�Ú8Iuÿ�8�. Ïd,#�{äk���(¹5Ú¢^5.XÛ|^o÷�Ú`z�{éã�?1õK�©�,´ÿ�ïÄ��K.ë�©z(References)
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