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Abstract This paper proposes a novel method to segment document image based on adap-

tive feature and multiple phase feedback (AFMPF) model, which is adaptive to the blurring

of document image and various patterns of mixed Chinese/English document. First, the

whole process of segmentation is divided into several phases and each phase is allocated

a primary feature to segment document image. Second, the segmentation result of each

phase is fed back to the current or previous phase, and directs the next phase segmenta-

tion. This method causes good and effective combination among character segmentation,

pre-classification of Chinese/English and character recognition, which improves greatly the

accuracy of character segmentation and recognition.
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q 1 AFMPF r,�1
Fig. 1 Structure of AFMPF model

q 2 3&r,�1
Fig. 2 Structure of control module

AFMPF p+:L'�0�:�!p+�}eL0�!b�9u_�/�~�$,$�~�9><[bq^oaL$%bC�`�A�℄�!�L`�b:�"�D��gy:aTvHl�0`��i+K:aTjw`��LÆb/!V�-("!:LaTjw`����℄b`��C7C�e,GivH`��LBbvHl�0`�y2�/C�/!�Wdi�0`�b��=w�
Z�1'B�[Q�C�/!*#��*a�W�9���:}C�n�/L'M_bT���*Y|bs�E�LaC�b�0`�
:L'LBb���$
fLBbZ�1�L'm+b�!0O8P9�!b<;�o 3[7��<;�/[T0xb�!�:�df/[0��:b�9��LÆ�9���/[0x�!b�:!P�1QQ`LBb#9T�X��9V�0�b�:��#9_-B�Wi+BI+�_X;�!0Kb�}�q(�6�Æ2I�}v$(R2bwQ�!bo�_fI�b#9�
q 3 hj AFMPF r,�#n,�1

Fig. 3 A typical frame of segmentation based on AFMPF model
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2.2 q�R	o~Xw�l\*Y|a~|Z�!bL'5��e!:�H�p)�!VvbpDG1�r*Y|bs�E��i
;0}*a AFMPF p+b��}*Y|�/s�Eb<;�/��b4H�
2.2.1 aMq�R{mf�`��>C7�C��C�	e�Æ$`��5�aA�/C�b�!�Æ$`�'�ILV'�!Vv*���
ZI}�/|��/jw�YsZfL$`�}C�bs�El�!fLBb#9��C�b*'k�&�"�DI`��f�`���R`��Phr`�e��i}"i`bv'`�KL'�VkH�C�b*'k�&`�[5,6]

. �L/|�*�LÆACwiLCD���WACb�&LÆwL'Np����WY|C�b�&LÆwL'�U��
!iACb�&�C�b"�DI`�[10]
. �Y|C�*�eLJ"�DIb�kK'_7< 4 '��AC*N�"�DIb�kKRi 4 'b�9�C�bf�`�[11]

. �o 4 [7�*Y|a~bC�LÆN� 6 .f��f�`�}*Y|bs�EfLBb#9�}�PC�b�!K_fLRb�5��df�H�F�/b�9�����*Y|a~|Zbf�:L=wb��-z|Zb-�*��g��LÆ}iL'|�/�1QLaPfb|Cs�E)��,$P��pE!)�b|CA3W|Cf���P,$f�)��℄Zy�pE!G1b|Cbs�E�
q 4 ,Z~b�~\E�h�a�q

Fig. 4 Baseline of character in mixed Chinese/English text lineC�b�R`���R`��a:}*Y|bs�EZ:}C�b/!�u_fLBb#9�W�R`�b�L�dfa`LBb�+��:���Rb��wwLR�Z�1K':LB�ÆK�g��Q.�Vb�R�rN��REF��R�diR)�AC*ÆQ.�RbKR���Y|C�*Æ.�R#�[Q�R`�}*Y|bs�E_fLRb�5�C�bPhr`��ÆK:�L'�!Vv*PhrbKR�hw�z$e`1�LÆY|C�wVPhr�AT i, j wQ'Phrs��AC*fL��?�'Phr�[QH`�}*Y|bs�E_fLpb�5�WH`�}C�b|�l�m��[Q�<aiv$o�(RB�df|�b�9�2a�
2.2.2 q�RXw�l\}i*Y|a~|Zb�!��gbt�'�:If�b�!��\��
KI��Uw��Vb`�LÆwW�}wg�Ws�Eb#9'LpLB�iH�L'�}b`���s�E+b#9'Lp!��V`�B�} 2.2.1 *`b).`���g}eL.`��!�-z|ZH�4*�/T*Y|s�E-F��-F*��g}eL/b|�/L'/�)���P�!Q'ib`�A�/s�E�jw�Eb�9�,$-F�9��g��C��C*'k�&b�E#9EZ�1B��Jwjw`�Ef�`���JwC�	�C�R�DI`��/[``�bwW�}wls�E#9b�f1y��gI-:pb)�!0b2℄`��!w	C��C*'�&�C�	�f�`��"�DI`��C�R�jw`��



3 � Æ `f
hjA=\a�n�t	;r,,Z~b�~\�# 357�ga f(x) �7fiV'`�b�Eb1)w�K��* x w).�E`��e.`�ufQ'1)wr��r�r� THi Egr� TLi, �* i b���vw 1, · · · , 7.V'`�b1)w�K f(xi) =











1, xi > THi

0.5, TLi < xi 6 THi, i = 1, · · · , 7

0, xi 6 TLi

.�`��IbDk1)w�K g(x) =
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n

n
∑

j=1

f(xj), j w�!0TD�n w�!0KR���!b<;*��g*aTQ/wVzA�/�!�rL'�!0bLa} :L/|C��':V'C��}i|C/b�!�*aT/)�l#))��Ib���/)�2I:/|Cb�,�w��,�	e�.)��X;�!0b'|���_fL$%b/)��}�A�}ie0b�E1)w��9': 1, �8��L0b�!��:1)ww 1 �����g!IPL'�!0�rLajw`��//!� 1)ww 1, ��E�I�+?�9����HC�bE!�+&pw'�p9^�eU�LJ?Y*�/BI�}L/|Cs�Et�� f%bC���pE!��50%jw/)�� /)�fn�b�U��fi%b/)��}�/|C*df�pE!G1b|C��/LJs�E� df%bC���pE!��hN�df��pE!bC���,$Dk1)wb�9A�pE!�Q 0.5 wr���iH�wL'E!�giH�wYL'E!�XL/|�bs�E<;�IP�e'�!VvbE!G1!�pT�5I,$)E!b`kA�/C5b�Il�PC�b�3�}iXMfb*|C��D�diC�b�P�9':L5��[Q2I5I�+b�e!:�!Vv�b�I�UwAC:�)D�0�L'AC1ydv'�!VvH8�Y|C��!2I:�+Y|C�b�P�e�ÆK2I*aTfi/!b�!��[12]
.

3 .G�;o 5 +?TLa AFMPF p+}L'|�/�/�!l/!b�<;�

q 5 hj AFMPF r,�#M(M=*Khj0*��#+ba�
j 1 K�#
�ya��lxa��j 2 K�#�
a��,(l�'a��lxa�j 3 K�#
�Sa��,(l�'a��lxa��j 4 K�#lxa�
Fig. 5 Structure of AFMPF model

Features adopted by segmentation based on row infomation: First segmentation: Height, statistics; Second

segmentation: Gap, distance of middle statistics; Third segmentation: Stroke, distance of middle, statistics;

Fourth segmentation: Statisticso 5 *b<�!(1!:��}|�/�/Phr����Pfi7�}%f�?5�d"��ObPhr�/I$�QI$PbPhrLwL'f��!Vv�rwo*b
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C�bE!G1K��pT��*66�8�7w*|G1�z6�8�7w�*|G1�}i*Y|a~|Z�D�LÆ*|bKRIyRiY|�
f7�ACb`k�n?�L�REY|Æ�-�[Q��g�Ks�Eb+O:�
1)wI�bAC��PLaÆ$P��pE!G1b�!VvA�℄�℄�!Vvb�!ls�E�}i-F*b/!�b&w��g:aT 256 xb`����T`�l 64 xbu%℄w`��$� LDA �Yw 128 x��E�*afi}?&HbI�W���g} 150�*Y|a~b} EFm|Z�/T-��C�GKw 65872,�**|C�'Kw 45005, Y|C�'Kw 20867. �gH	TQ'-��j��j 1 *aTfi/!�:b�!����j 2 *aTfi AFMPF p+b���-�� Pentium IV-3.2GHz

CPU b PC j"�/�-��9�� 1 [7� 1 /B�:
Table 1 The result of test.A�k t�FP�L t�F��℄ (%) �"P�L �"��℄ (%) 0"P�L 0"��℄ (%) Vx (D/ l)

1 811 98.77 985 98.50 1103 98.33 1000

2 503 99.24 583 99.11 632 99.04 1300LQ"K$1��}*Y|a~|Z��La/!b�:A�℄�!:'2b�[��I�.`�A��El�!b�w�i+Z1Q<X�Uw�
4 �Jqt��fi�:b�!Q�2I:�
/!b�9�:A�℄�!�Æ.Q�P�fL�|	LTw��b4H�L�!P�f;��?���/C�b�!+'V�/!:\ob�ÆLkP��6R;�[�i�$
fi/!b�!bQ�K�[a`T-zb|Z�!*��aTBb�!#9�W:��*Y|a~b|Z*��9���La/!b�9A�℄�!:'2b�UwC�/!b�9N�L'1)wb�e�Y|C�lACdAC)DN�L$�SC���h<L$jw`�:Lw
℄gÆ�-b��g*afi AFMPF p+b����+TC�b�`��I�e�$
�[aiC�bs�El�!*��aTLBb#9�di`�b:�}�+*Y|C�bs�El�!:L0Ib��H:�-f#b`�A�℄�!:L'�aB�b�e�UwL'Bb`�'�1Q�C��!b:�w��
Z1QRR�Uw�fi`��/s�Eb1)w�~��: AFMPF p+y�=��^��:`1A��!l/!�wb5�[��t��}iA0rUb|Z�#9Z':LI��QP
}fi`��/s�Eb1)w�~���/-'�bB�l-F�i+}i�:bow,_K
K�L('�bB��
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