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40.936 issues: 46.931 articles, 20.532 images, 18.639 ads

>300.000 scans

308 publications: 134 with items



Segmentation / image pre-processing required

• Problem:

Project introduction: https://tinyurl.com/ecpo-intro



Towards full text - 1

First steps



Segmentation / image pre-processing required

• Problem:

Entertainment newspapers 小報 xiao bao:
Jing bao 晶報 (The Crystal) 1919-1940



Expanding data: towards fulltext

• Manual typing not feasible 

• Professional double-keying very expensive

• Challenges for OCR
• Image: secondary copies - noisy, stains, scratches, etc
• Document: dense layout, normal segmentation fails
• Characters: special characters (emphasis), handwriting







ca. 63% correctly recognized out-
of-the-box (Abbyy FineReader)



Towards full text - 2

Segmentation



Segmentation / image pre-processing required

• Problem:
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https://www.primaresearch.org/RDCL2019/



Document layout recognition and 
page segmentation:

Page structuring elements -
separators
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• Problem:
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Document layout recognition and 
page segmentation:

Page structuring elements –
registers
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Segmentation / image pre-processing required

• Problem:



Document layout recognition and
page segmentation:

Crowdsourcing



Crowdsourcing segmentation

• Pilot project with Pallas Ludens GmbH
• Let the (controlled) crowd help analyzing the pages

• Identify and label four item types: 
− image/drawing
− article
− advertisement
− additional information

• Closely monitored and supervised
• Crowd members NOT able to speak/read Chinese



Processing

2. Page segmentation (computer vision/ocr)



Grouping semantic units

2. Page segmentation (crowdsourcing)
• drawing – correcting – grouping 



Outcome of segmentation pilot

1. Page segmentation can be outsourced to expert crowd
• Requires supervision 
• Advanced user interfaces (high usability, efficiency)
• For more advanced tasks: Crowd should read Chinese 

(semantic grouping)

2. Jingbao 晶報 1919-21 (927 folds) completely segmented 
with qualified boxes, issues of April 1919 with semantic units

3. Further processing: 
• Computational Knowledge Lab (知識計算實驗室), Dept. 

Engineering Science and Ocean Engineering, Taiwan 
National University, http://www.cklab.org/

• Advanced Linguistic Technologies, Heidelberg

• Seeking partners for collaboration!

http://www.cklab.org/


Towards full text - 3:

Machine learning



Neural networks

Liebl and Burghardt 2020ICDAR 2019 – RDCL2019 challenge



Neural networks

Large research projects on (western, mostly Latin script) newspapers, three 
examples from Europe:

− Europeana newspapers http://www.europeana-newspapers.eu/

− Impresso https://impresso-project.ch/

− NewsEye https://www.newseye.eu/
− OCR-D https://ocr-d.de/

Re-usable (free, open source, open access) software, for example 
dhSegment - a “generic deep-learning framework for Historical Document 
Processing” https://github.com/dhlab-epfl/dhSegment

Our aims:
− Use for segmentation

− Train models to detect main element classes: 
Paratext (headers and marginalia), Advertisement and images, Text areas

− Requirement: Ground Truth

http://www.europeana-newspapers.eu/
https://impresso-project.ch/
https://www.newseye.eu/
https://ocr-d.de/
https://github.com/dhlab-epfl/dhSegment
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Ground truth



Funding for Ground Truth

Short term funding by Field of Focus 3 (ExStrat Heidelberg)

Small team with Duncan Paterson and 4 RA’s (typing)

• GroundTruth 1: Bounding boxes with semantic labels
• Coordinates in json and web-annotation format
• Jingbao April 1939 und April 1938
• Outcome: 70 folds, 6335 shapes, Ø 90,5 shapes/fold 



Annotation tool

Entwicklung: eXist-Solutions



Annotation output in json 



Funding for Ground Truth - II

Short term funding by Field of Focus 3 (ExStrat Heidelberg)

Small team with Duncan Paterson and 4 RA’s (typing)

• GroundTruth 1: Bounding boxes with semantic labels
• Coordinates in json and web-annotation format
• Jingbao April 1939 und April 1938
• Outcome: 70 folds, 6335 shapes, Ø 90,5 shapes/fold 

• GroundTruth 2: Texts
• Blind double-keying
• Jingbao April 1939 - 10 issues, 40 folds
• Outcome: ca. 245.000 characters, local XML format, 

Ø 6100 chars/fold (typing slow ~10h/fold)



GT full text

Local XML schema
• <fold> with @xml:id and recto/verso
• <div> with page, article, image, advert, other, head (for 

running head on top of page), margin (for marginalia)
• <p> (paragraph)
• <lb/> (line break) / <pb/> (page break)

Encoding in “UTF-8”:
• Characters according to original, wherever the respective 

Unicode code point was available
• Illegible: &gaiji;
• All characters entered in double-space form

Special feature in East Asian texts: different running directions
• <div> with @mode and @dir
• Default: mode=“vertical-rl”

https://github.com/exc-asia-and-europe/ecpo

https://github.com/exc-asia-and-europe/ecpo
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Texte auf GitHub - 3

Default setting per page: 
@mode=„vertical-rl“ and
@dir=„rtl“ (right-to-left)



Texte auf GitHub - 3

If needed, we encode changes in sub-
level <div>‘s
After </div> all changes reset to default



Texte auf GitHub - 1

Lokales XML Schema
• <fold>

mit @xml:id und recto/verso-Paar

• <div> (division)
mit page, article, image, advert, other, head (for running 
head on top of page), margin (for margin)

• <p> (paragraph)

• <lb/> (line break) / <pb/> (page break)

Encoding “UTF-8”:
• Zeichen nach Vorlage, wo immer Unicode codepoint 

verfügbar

• Unlesebar: &gaiji; ("&#xe111;“)

• Alle Schriftzeichen als double-space chars
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First results



Segmentation / image pre-processing required

• Problem:
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Segmentation / image pre-processing required

• Problem:
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Infrastructure



ECPO – Expanding the infrastructure

ECPO-DB 
SQL

Annotation tool
eXist App

IIIF Service

eXist-db

Fileserver

dhSegment
CNN



Closing remarks

(more challenges)



Challenges - I

Scalable infrastructure to accomodate additional modules, and (potentially) 
more data/traffic

• Solution: re-design of infrastructure, containerisation, XML-db (texts)

Neural networks require strong machines (e.g. GPU server)
• Solution: bwForCluster MLS&WISO (High Performance Cluster)

Looking for partners to collaborate
• Our data is available for re-use, if you feel challenged by Chinese 

newspapers from the Republican era – do go ahead

• If you are interested in any kind of partnership – do let me know



Challenges - II

Fighting the Latin-script bias
Algorithms working for European medieval manuscripts or 
19th ct. Newspapers can NOT just be re-used

Especially non-Latin / non-alphabetic script material shows 
characteristics, existing software solutions may still be 
unaware of

Solutions?
publish data-sets, make these characteristics more 
commonly known, explain specific challenges to the expert-
communities

Arnold | ECPO Database



Challenges - III

Fighting biased opinion - „Aren‘t the Chinese already doing it, anyway?“
• Little is known about Chinese research on processing historical material
• Research about Republican newspapers is no “hot topic“, like, for 

example, “handwritten text recognition”
• Academic projects using Neural networks for research are scarce
• Chinese Libraries usually “just” offer author-title indexes
• Access to academic research in China usually behind paywall and/or 

limited from outside China

=> Systematic literature overview (in progress) 
• Where can relevant information be found
• Which projects use neural networks for their research
• Which approaches were chosen, what worked, what did not
• Can results be reproduced, are models and datasets shared
• Are we able to re-use their algorithms, models, data sets

• Our report will be submitted to a Special Issue on Digital Humanities 
and East Asian Studies, IJDH (due May 2021)



Our Team

Duncan Paterson            Jia Xie 谢佳 Matthias Arnold

Part of the larger research group
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Contact

Matthias Arnold

matthias.arnold@uni-hd.de
http://tinyurl.com/matthias-arnold

http://uni-heidelberg.de/ecpo

https://github.com/exc-asia-and-
europe/ecpo



Thank you!
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