End-to-end Handwritten Paragraph Text
Recognition Using a Vertical Attention Network

Denis Coquenet!3, Clément Chatelain®?, Thierry Paquet!3

LITIS

INormandie Université, Normandie, France
2INSA de Rouen, Normandie, France

3Université de Rouen, Normandie, France

SIFED 2021

g RUNIVERSITY

Olitis " (¥§orkoie

row
End-to-end Handwritten Paragraph Text Recognition Using a Vertical Attention Network 1/22




Context
e0

Handwritten text recognition

@ Goal: to recognize the text from a scanned document, in the correct order

@ Constraints: writing diversity (character shape, slant, size, spacing),
input of variable sizes (number of pixels, characters, words, lines),
arbitrary document layout with strong variabilities
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Context
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State of the art

Explicit line segmentation, followed by text line recognition

@ Segmentation based on object detection approach: [1], [2]
@ Segmentation based on start-of-line prediction: [3], [4]

— Needs line-level segmentation label and cumulates errors

End-to-end implicit segmentation & recognition

o Attention-based models: line-level [5], character-level [6]
e FCN models: [7], [8]
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Datasets
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Datasets

acteristics
Dataset Level Training Validation  Test charset size Language # lines
Line 10 532 801 778
RIMES O] pyragraph 1400 100 100 100 EEI 218
Line 6 482 976 2915 .
TR ) Paragraph 747 116 336 ® i 213
Line 8349 1 040 1138 Early Modern
£Y 1-26

READ 2016 [11] 1584 179 197 German

Paragraph

@ Handwritings
@ Resolution of 300 dpi
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Datasets
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Datasets
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VAN: Vertical Attention Network [12]
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@ Seq2seq architecture with attention (recurrent process)
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VAN
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VAN - Focus on the hybrid attention mechanism
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VAN - Focus on the hybrid attention mechanism
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VAN
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VAN - Focus on the hybrid attention mechanism

Hybrid attention:
Hy — location-based + content-based
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VAN - Focus on the hybrid attention mechanism
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VAN - Focus on the hybrid attention mechanism
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VAN - Focus on the hybrid attention mechanism
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VAN - Focus on the hybrid attention mechanism
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Line-by-line alignment with the CTC loss:

L

L= Lcre(pi i)
k=1

where L is the number of lines.
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VAN - Focus on the hybrid attention mechanism
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VAN - Visualization
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Résultats
e0

IAM RIMES READ 2016

Architecture Attention CER (%) WER (%) CER (%) WER (%) CER (%) WER (%) # Param.
Two-step approaches

[1] RPN+CNN+BLSTM X 15.6

[2] RPN-+CNN+BLSTM X 85

[13] RPN+CNN+BLSTM X 6.4 232 21 93

End-to-end approaches

[7] FCN X 47 16.4 M
[8] FCN X 5.45 19.83 4.17 15.61 6.20 25.69 192 M
[6] CNN+MDLSTM character 16.2

[14] CNN+Transformer character 6.7 27 M
[5] CNN+MDLSTM line 79 24.6 2.9 12.6

[12] Ours (VAN) - FCN4+LSTM  line 4.45 14.55 1.91 6.72 3.59 13.94 27M
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Résultats
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Conclusion

@ Seq2seq architecture using hybrid attention

@ Results beyond the state of the art on three datasets

@ Pretraining requirements (isolated lines / cross dataset)

@ Limited to single-column document

Paper

@ Under review (Arxiv: "End-to-end Handwritten Paragraph
Text Recognition Using a Vertical Attention Network")

@ Available source code and pretrained weights: https://
github.com/FactoDeepLearning/VerticalAttentionOCR
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Perspectives
[ ]

Perspective

Handle complex layout

@ Multi-column of texts, non-textual items...

@ Use transformer architecture with attention at character level
[15, 14]

New challenges

@ Lack of public datasets
@ Images of whole documents more voluminous

@ Doubtful reading order (maps, schema)
— inadequate metrics / losses

@ From line to character attention
— the number of iterations increases dramatically
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VAN - End-of-paragraph detection
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VAN - FCN
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Features

B4 CBs CB6  DSCB

CB : Convolution Block, DSC : Depthwise Separable Convolution Block
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CB : Convolution Block

Instance
Norm.

DMD : Diffused Mix Dropout

End-to-end Handwritten Paragraph Text Recognition Using a Vertical Attention Network



[e]e]e] le]e}

DSCB : Depthwise Separable Convolution Block

DSCB DSC_1 DMD DSC_2 DMD : DSC3 DMD

DMD : Diffused Mix Dropout
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Training details

Preprocessing: resolution reduced to 150 dpi + normalization

Data augmentation: contrast, lightness, resolution,
perspective, projection, elastic distortion, dilation and erosion

Optimizer : Adam
Initial learning rate: 10~
Mini-batch size: 16 for lines, 8 for the VAN
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Connectionist Temporal Classification

Image from Hannun, "Sequence Modeling with CTC", Distill, 2017.
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