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Fig. 4 Binarization results of machine-printed images with different levels of noise influenced by two models
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Tab.1 The performance comparison results of two models for machine-printed images with different noise levels

o FEAIE 5] FM p-FM PSNR DRD
Feng 92.76 98. 21 15. 36 2.03

’ AR LAY 94. 32 97. 06 16. 26 1. 64
Feng 84. 37 95. 59 12. 38 4.32

002 AR A 91.95 94. 85 14. 81 2.23
Feng 82. 80 93. 98 12.02 4.76

oo A SO 90. 26 94. 46 14. 07 2.69
Feng 81.82 92.61 11. 81 5.05

o0 AR SCHRETY 90. 04 93.82 13.95 2.79
Feng 81. 20 91. 62 11. 67 5.25

08 A% 3 89. 02 92.97 13.55 3.08
Feng 80. 11 90. 09 11. 44 5.63

o ESe L 88. 55 92.20 13.35 3.27
Feng 75.73 84. 93 10. 71 6.83

" A SR 86. 42 89.53 12.57 4.07
Feng 74.33 81.56 10. 41 7.50

" A SR 83. 95 86. 36 11.85 4.94
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Tab.2 The performance comparison of two models for handwritten image with different levels of noise
o H TR 8 1] FM p-FM PSNR DRD
Feng 95. 45 98.71 20. 43 2.33
’ AR SCATE R 97. 49 98. 03 22. 86 1.34
Feng 94. 47 98. 22 19. 62 2. 89
02 A AR 96. 84 97. 64 21. 89 1.68
Feng 94. 20 98. 01 19. 42 3.05
oo AR SCRLTY 96. 61 97. 91 21. 60 1.78
Feng 93. 87 97.70 19. 19 3.26
o A SO 96. 00 97. 67 20. 91 2. 11
0o Feng 93. 60 97.53 19.01 3.42
AR SRR 96. 11 97. 30 21. 00 2.05
ol Feng 93. 30 97. 23 18. 82 3.61
AR SRR 95. 82 97.50 20.71 2.19
o Feng 91. 59 95. 33 17. 86 4. 80
AR SO 95. 26 96. 98 20. 14 2.52
Feng 88. 87 92. 12 16. 64 6. 86
o AR SR 94. 54 96. 02 19. 50 2.98
Do 3 Clromicle, My SEib o, 3 Gl M2 STl hon, 3 Cloisll, Moy SF
e care Aol ofrn Ly, Hal Ve e Tl i o Ve e ol ma%mz;m
'wuwwwﬁj» Yll e 159 Corricls reemmoveil fromm il be 150 Crmicls rovmoves
T i I Ve L T S 7
015, one Wectmatdony el " V1. o Wecrnsdony o CI. o Mokt
6=0 Feng LAY AR A A
o3 Cloamially Mk ST, %«M’MWV Tiorn 3 Clromi ol M9y STl
:l b%% ufpon Ly, Hal “W;w» Anle upon aw%’”—l‘; Hal G e IAﬂ-Cu/m» M.J%onﬁ; Hal
Mh/a“ﬂ&wm&ww—-b["" il be 150 Conricls reemoved Yl be 150 Comict memovei
e e ::wz:m 7/&//4 it 15 o ’7/ﬂ€,éé
40«/5-WW7M£.___ 3 DS on MM 7 G H om W
' c=0.02 Fmgmﬁu AR S AR

Ot 3 Clromiclley Moy SHb.

’lﬁb% Mdm MM M

‘will be 150 WWA"’"‘
it ot ¢m-_mut7£.éé
Ch. on W

AR SCHER

Gt A Clromiclley Moy ST,
“ﬁiww fLon MI,M M
‘will be 159 Gnmnct/ W
A g zﬁla}é
«0/5 — ”g 5 ! "l

$Iﬁ&

BS 2/ BEMNARAEERFZMHFEEGH _ELER

Fig. 5 Binarization results of handwritten images with different levels of noise influenced by two models
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Tab.3 The performance comparison results of two models for 7 machine-printed images with different levels of noise
o LA 24 ] FM p-FM PSNR DRD
Feng 93. 22 98. 10 17.28 2.56
0

AR SCRERY 95. 02 97.01 18. 54 1.88
Feng 90. 29 95.10 15. 88 3. 69

0.02
AR SR A 92. 38 93.57 16. 94 3.19
Feng 89. 21 93.93 15. 40 1. 23

0. 04
AR 91. 30 92. 56 16. 38 3.77
Feng 88. 20 92. 80 14. 97 4.78

0.06
AR AL Y 90. 55 91.58 16. 00 4.24
Feng 87. 25 91.73 14. 60 5. 38

0.08
AR SRR 89.77 90. 64 15. 66 4.75
Feng 86. 14 90. 51 14. 21 6.07

0.1
AR SR Y 89. 03 89. 86 15.32 5.23
Feng 82. 69 86. 63 13.19 8.20

0.2
AR AL Y 85.25 85. 32 13.91 8. 30
Feng 78. 87 82.02 12.16 11.28

0.3
AR SRR 81.33 80. 95 12.70 12.17

R4 2ARBEMESTEAREREN WIEFEER-ELERIER

Tab.4 The performance comparison results of two models for 14 handwritten images with different levels of noise

o H 750 28 5] FM p-FM PSNR DRD
Feng 88. 51 93. 48 19. 42 3. 66
0

AR SR A 92. 46 94.13 20. 69 2. 60
Feng 81.79 86. 31 17.71 9.33

0.02
Ny | 84. 65 86.12 18. 09 10. 18
Feng 78. 36 82.51 16. 99 18. 46

0.04
AR SR Y 81. 50 83. 08 17. 31 18. 90
Feng 77. 14 81. 06 16. 61 21.53

0.06
AR SR 79.97 81.74 17. 01 20. 41
Feng 76.18 80. 01 16. 39 21.51

0.08
AR SR Y 78. 32 80. 20 16. 68 20.77
Feng 75. 47 79. 10 16.12 21.85

0.1
AR AR Y 77.78 78. 88 16. 22 22. 94
Feng 71. 02 73.76 14. 89 23.89

0.2
AR SRR 74. 34 75. 08 15.39 22.53
Feng 65. 77 67.53 13. 66 27. 54

0.3
N 72.03 71.93 14. 49 24.59
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A Variational Model Based on Laplacian for Noisy Document Images Binarization

XIANG Ling, GAO Xin, WANG Yan
(School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: Binarization of document images is a key preprocessing step in optical character recognition systems. For the binarization
of noise document images, a variational model based on Laplacian is proposed. In this model, the energy functional is composed of
a data fidelity term, a binarization term and a regularization term. The minimization of the energy functional is the expected
binarization result. Then it is transformed into the gradient descent flow equation by the variational principle. Finally, the gradient
descent flow equation is solved by the finite difference method. Experimental results show that the model not only has good
binarization effect for document image, but also is robust to noise. In addition, for representative document images in DIBCO series
datasets, its binarization results are better than the related variational model recently proposed, quantitatively and qualitatively
objective.

Keywords: binarization of document image; noise robustness; Laplacian; partial differential equation; variational model
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