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Document image binarization algorithm based on background estimation and u-net 
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(a. School of Electrical & Electronic Engineering, b. Hubei Collaborative Innovation Center for High-efficiency Utilization 

of Solar Energy, Hubei University of Technology, Wuhan 430068, China) 

Abstract: Degraded document images have various degradation factors, such as page stains, ink bleed-through, and 

background texture. We propose a novel document image binarization algorithm based on background estimation and U-Net. 

The algorithm first performs image contrast enhancement, and estimates the document background via morphological 

closing operations. We then adopt a fully convolutional network, namely the U-Net, to extract the foreground text from the 

document background. Finally, the global optimal thresholding method is used to obtain the resulting binary image. The 

proposed technique has been extensively evaluated over the recent DIBCO benchmark datasets. Experimental results show 

that our proposed method outperforms other state-of-the-art document image binarization algorithms in terms of F-measure, 

pseudo F-measure, PSNR and DRD, with 5.58%ɻ2.47%ɻ0.86dB and 1.19%.  

Key words: document image binarization; contrast enhancement; morphological closing operation; u-net; global optimal 

thresholding 
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Fig. 1 Algorithm flowchart 
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1.2 ᵆ  
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Fig. 2 Image enhancement 
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1  

Table 1 Training results 

dD  FM dD  FM dD  FM 

1 73.349 11 87.927 21 87.210 

2 81.205 12 87.914 22 87.124 

3 84.848 13 87.793 23 87.059 

4 86.498 14 87.667 24 86.984 

5 87.454 15 87.603 25 86.947 

6 87.783 16 87.537 26 86.886 

7 87.897 17 87.443 27 86.833 

8 88.070 18 87.387 28 86.787 

9 88.036 19 87.337 29 86.750 

10 87.975 20 87.270 30 86.693 
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3 U-Net  

Fig. 3 The architecture of U-Net 
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Fig. 4 Document image clipping 
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Fig. 5 Error rate curve 
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Fig. 6 U-Net output and gray histogram 
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7 ԋṿ Ἕҍ ‰ Ἕ 

Fig. 7 Binary image and ground truth 

2 ҍ 2016 2017 ԋṿ

╠҈ (№≢ ҹ TOP1ȁTOP2ȁTOP3)ᵬ ̆

ᵀ ṿ ᴨԍ╠҈ ̆ ₮

ΐ ‰ Ȃ 

2 2016ĺ2017 DIBCO╠҈  

Table 2 Comparison with the top three algorithms in the 2016-2017 

DIBCO 

  FM p-FM PSNR DRD 

DIBCO2016 

TOP1 87.61 91.28 18.11 5.21 

TOP2 88.72 91.84 18.45 3.86 

TOP3 88.47 91.71 18.29 3.93 

 89.88 93.57 18.80 3.77 

DIBCO2017 

TOP1 91.04 92.86 18.28 3.40 

TOP2 89.67 91.03 17.58 4.35 

TOP3 89.42 91.52 17.61 3.56 

 91.64 93.33 18.40 3.33 

3 ҍ ԋṿ 2016 DIBCO

҉ ₮ ̆ῒҬ ï ף ṿ̆Time ף

̆ Ἕ ( ᵝҹ s)Ȃ
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ῒҬ̔ { }FM, p-FM, PSNR, DRDy= ҹ ᵀ ̆Nҹ

Ἕ ̆ M ҹ ̆ bҹ Ȃ 

ҹ ᵀ ̆ NVIDIA GTX1080 8G 

GPUҊ ̆ ԍ Time ῀ Scoreṿ

̆ TimeҌᵬҹ ᵀ ‰Ȃ 

ᵀ Ҭ Tensmeyer p-FM

ṿ̆ Tensmeyer Ἕ № ȂOtsu

ṿ ῃ ԋṿ ̆ Ἕ ̆

FMȁPSNRṿ̆ DRD Scoreṿ̆

ԍ Ȃ 

4 2017 DIBCO ̆ῒҬ

Howe_base PSNRṿ̆ Howe_base

₮ ҍ ‰ Ἕ ᵌ Ȃ FMȁ

p-FM ṿ̆ DRD Scoreṿ̆׆ ṿ

Howe_alg3 ᴰ ԋṿ ̆

ᴨԍ Tensmeyer ₮ Ȃ 

3 DIBCO2016 ᵀ ṿ 

Table 3 Evaluation results of various algorithms in DIBCO2016 

 Rank Score FM p-FM PSNR DRD Time(s) 

 1 68.15 89.88 93.57 18.80 3.77 6.763 

Wolf [6] 2 72.45 87.75 91.20 18.49 4.16 0.076 

Tensmeyer[15] 3 73.83 87.67 94.73 18.04 4.36 62.500 

Howe_alg2[12] 4 74.30 88.12 92.76 18.30 4.38 45.455 

Sauvola[8] 5 76.51 87.78 90.62 17.95 4.58 0.075 

Howe_base[12] 6 76.58 87.81 92.59 18.03 4.62 1.812 

Kligler [14] 7 82.16 87.61 92.40 18.11 5.21 43.478 

Howe_alg3[12] 8 83.57 87.47 92.28 18.05 5.35 12.500 

Howe_conf[11] 9 85.14 86.26 90.22 17.24 5.44 2.597 

Otsu[5] 10 86.26 86.59 89.92 17.79 5.58 0.015 

LMM [9] 11 86.95 84.75 88.94 17.64 5.64 0.086 

Howe_alg1[12] 12 191.50 79.62 85.23 17.63 6.28 4.167 

Niblack[7] 13 1035.85 42.31 42.56 6.94 106.08 0.074 

BESE[10]*  14 - 87.53 91.33 18.62 4.10 16.949 

4 DIBCO2017 ᵀ ṿ 

Table 4 Evaluation results of various algorithms in DIBCO2017 

 Rank  Score FM p-FM PSNR DRD Time (s) 

 1 218.84 91.64 93.33 18.40 3.33 7.811 

Howe_alg3[12] 2 279.45 86.06 90.86 17.54 4.52 18.519 

Kligler [14] 3 298.65 90.10 91.48 18.52 5.13 62.500 

Howe_base[12] 4 308.61 89.87 91.19 18.72 5.36 2.033 

Howe_alg1[12] 5 317.94 88.68 90.08 17.43 5.53 6.329 

LMM [9] 6 319.42 85.86 87.24 18.39 5.60 0.093 

Howe_conf[11] 7 334.42 82.25 87.79 15.84 5.78 2.833 

Howe_alg2[12] 8 353.07 86.86 89.43 16.32 6.30 66.667 

Otsu[5] 9 358.47 81.75 87.07 15.58 6.32 0.019 

Tensmeyer[15] 10 366.38 87.29 89.40 16.89 6.62 71.429 

Sauvola[8] 11 366.85 85.82 87.39 16.02 6.58 0.092 

Wolf [6] 12 767.98 77.74 80.05 13.85 15.54 0.093 

Niblack[7] 13 3054.91 47.76 48.35 7.16 66.86 0.092 

BESE[10]*  14 - 89.57 91.53 17.03 4.55 19.608 

̔*BESE DIBCO2016_8ȁ DIBCO2017_1ȁ

DIBCO2017_2ȁ DIBCO2017_3ȁ DIBCO2017_4ȁ DIBCO2017_5₮

̆BESE ṿ ҹ╧ ̆
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Fig. 8 Comparison of binarization results 
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