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Input: Doc Images Output: Layout/Text

🤖

Deep Learning Models
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2017

17%
More work focus on DL, pushing SOTA

Large datasets

Better computation infrastructure 

2019

42%

* We count papers with either Deep Learning, DNN, or Neural Network appeared in the abstract. Source data is from Semantic Scholar.  

ChallengesThe Task Exciting Progress



Deep Learning for Document Image Analysis

Model code exists in different GitHub repos,  

using inconsistent DL backends & APIs

ChallengesThe Task Exciting Progress
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Deep Learning for Document Image Analysis

The research advances becomes less accessible

for DIA researchers

ChallengesThe Task Exciting Progress

hard to reproduce the results & improve models 

🤯
for end users 

who might come from non-technical backgrounds 

😩



What should an ideal toolkit be?

Simple ExtensibleCustomizableComprehensive 

Open Platform 
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$ pip install layoutparser

$ python

>>> import layoutparser as lp

>>> # Ready to go!

Installation Layout Detection Optical Character Recognition

Layout Parser usage example 



Installation Layout Detection Optical Character Recognition

Layout Parser usage example 

>>> model =  
lp.Detectron2LayoutModel()

>>> image = load_image()

>>> layout = 
model.detect(image)



>>> ocr_model =  
lp.TesseractAgent()

>>> ocr_text =  
ocr_model.detect(image)

>>> ocr_text.to_json()

Installation Layout Detection Optical Character Recognition

Layout Parser usage example 
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Layout Data Annotation

Multi-backend support

Sharing Platform 

Tutorials & Examples

Community Support

OCR Engine SupportLayout Visualization Data Import and Export

Layout Data Structure 

Deep Layout Models
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No standard way for sharing and re-using existing models 

Standardized Modeling API Model ZooChallenges
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Deep Learning Models for Layout Detection 
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>>> layout = model.detect(image)
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Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

Standardized Modeling API Model ZooChallenges

▼ Specify the model configuration



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

PubLayNet

▼ Training Dataset Name

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

mask_rcnn_R_50_FPN_3x

▼ Model Architecture Name
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Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

model = lp.Detectron2LayoutModel(config)

▲ Standardized Model Initalization 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

Detectron2

▲ The Deep Learning Backend Name 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)layout = model.detect(image)

▲ Standardized Model Detection API

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

What if we want to make some changes? 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PubLayNet/faster_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

faster_rcnn_R_50_FPN_3x

Switch to a different model architecture? 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = "lp://PrimaLayout/mask_rcnn_R_50_FPN_3x/config"

>>> model = lp.Detectron2LayoutModel(config)

>>> layout = model.detect(image)

Switch to models trained on another dataset? 

PrimaLayout

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> config = “lp://PubLayNet/ppyolov2_r50vd_dcn_365e/config"

>>> model = lp.PaddleDetectionLayoutModel(config)

>>> layout = model.detect(image)

ppyolov2_r50vd_dcn_365e

PaddleDetection

Switch to a different model architecture from another DL backend? 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 

>>> model = lp.AutoLayoutModel("lp://detectron2/publaynet")

Even simpler! 

Standardized Modeling API Model ZooChallenges



Deep Learning Models for Layout Detection 
Standardized Modeling API Model Zoo

Layout Parser has pre-trained models on 6 datasets, including: 

PubLayNet Newspaper Navigator PRImA Layout HJDataset TableBank Math Formula Detection

Challenges



What if we need to post-process model outputs? 
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Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

>>> layout = model.detect(image)layout

Convenient APIs that simplify postprocessing 



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

>>> layout = model.detect(image)

Convenient APIs that simplify postprocessing Select layout regions in the left column:

>>> width, height = image.size

>>> left_column = \ 
   lp.Interval(0, width/2, axis="x")



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

>>> selected = layout.filter_by( 
left_column, center=True)

>>> selected.sort()

Select layout regions in the left column:



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

Interaction between layout regions and OCR

>>> layout = model.detect(image)

>>> ocr_text = ocr_model.detect(image)



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

>>> for block in layout:
segment = block.crop_image(segment)
block.text = ocr_agent.detect(segment)

Perform OCR for each BlockInteraction between layout regions and OCR

>>> layout = model.detect(image)



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

Highly configurable visualization 

>>> draw_box(image, layout )
show_element_type=True

,
)

show_element_id=True
,

)
box_width=4,
color_map={...})

,

>>> draw_text(image, ocr_text),
with_box_on_text=True, ...)



Layout Parser Infrastructure APIs
Layout Data Structures OCR Engine Support Layout Visualization Load & Storage

>>> layout.to_csv()

>>> layout.to_json()

>>> layout = lp.load_csv()

>>> layout = lp.load_json()

Exporting Loading

Currently supports

PAGES METS/ALTO hOCRCSV JSON

More formats will be added:

!!...



What if we want better models? 
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Deep Learning Model Customization

How different is the target data? 

Why

Very Similar Very DifferentVery Similar Very DifferentVery Similar Very Different
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Accuracy/efficiency requirements?
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Deep Learning Model Customization

How much training data is available? 

Why

None MoreNone MoreNone More

Accuracy/efficiency requirements?
Very Accurate Very Efficient

How different is the target data? 
Very Similar Very Different
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None More

Similar Different

Accurate Efficient

Target Data Difference

Accuracy/efficiency trade-off

Available training data

Multi-backend Support

Deep Learning Model Customization

EfficientDet 

PaddleDetection

And more in the future

Accurate

Efficient 
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Deep Learning Model Customization

None More

Similar Different

Accurate Efficient

Target Data Difference

Accuracy/efficiency trade-off

Available training data

Model Fine-tuning

▲ Layout Parser comes with the script that fine-
tunes existing models to new datasets. 
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Deep Learning Model Customization

None More

Accurate Efficient

Accuracy/efficiency trade-off

Available training data

Similar Different

Target Data Difference Annotation & Model Retraining

▲ Layout Parser incorporates labeling toolkits from existing 
resources to streamline the labeling and improve efficiency. 



How about sharing your work with the community?
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Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 

Document Layout Coverage 
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Make it easier to find the ideal model



Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 
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3

6

August, 2020 August, 2021 

6

14

14 models for 6 datasets, 2x in the past year, with the help of community 
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Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 

DIA pipelines have multiple steps: 

Layout Detection

Character Recognition 

Postprocessing

Storage

Preprocessing

Can we share them as a whole? 



Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 

Table Extraction

▲ Layout parser has been used for extraction tables 
and other layout elements in legal documents. 

Examples: 

Scientific Document Parsing 

▲ Layout parser is used in a research project that studies how 
layout information can improve scientific document analysis. 



Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 

Examples: 

Scientific Document Parsing 

▲ Layout parser is used in a research project that studies how 
layout information can improve scientific document analysis. 

Historical Document Analysis 

▲ Layout parser is also used for large-scale digitization of 
Historical Japanese Documents 



Layout Parser Open Platform 
Share Layout Models  Share DIA Pipelines 

Examples: 

Historical Document Analysis 

▲ Layout parser is also used for large-scale digitization of 
Historical Japanese Documents 
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Future Work 
Generalized Models Multimodal Modeling

🤖🤖🤖🤖🤖🤖🤖
Can we have a single model for multiple layouts? 
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Future Work 
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Future Work 
Generalized Models Multimodal Modeling

Image Layout Text

🤖
Can we design better ways that model doc image, layout, and text together?



Future Work 
Generalized Models Multimodal Modeling
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Our Contributions 

A unified DIA toolkit 

Layout Parser 

Open the box usage 
Deep learning integration
Simple APIs + customization 
Open platform & community



Community & Discussion 

Twitter SlackGithub

Layout Parser 

layout-parser.github.io @layout-parser @layoutparser layout-parser.slack.com

* No “-“ for twitter account name, as it disallows…

Website

https://layout-parser.slack.com/join/shared_invite/zt-ohjd14k1-OrJ2HltwVRGrxhLeHMfW_w#/shared-invite/email
http://layout-parser.github.io


Layout Parser 

Ruochen Zhang Melissa Dell Benjamin Lee Jacob Carlson Weining LiZejiang Shen

Twitter SlackGithub
layout-parser.github.io @layout-parser @layoutparser layout-parser.slack.com

Open Sharing Platform 

Deep Learning Integration

Open-the-box Usage

DL Models Customization

Modularized Design

Layout Data Annotation Multi-backend support

OCR Engine Support

Layout Visualization 

Data Import and Export

Modeling Tutorials Commandline Tools*

@ZejiangS @ruochenz_ @MelissaLDell @lee_bcg @ J_S_Carlson @WeiningLiCA

Website


