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Summary
• Printed sources
• PanLex collection at Internet Archive
•Analytical tasks
•Tools
•Opportunities

2



Printed sources
70 formats
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Printed sources
Printed formats
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plx=# select count (ap) from ap;
 count 
-------
  3993

Printed sources
Printed sources in the source archive
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plx=# select count (ap) from 
(select ap from ap except select 
af.ap from af, fm where fm.fm = 
af.fm and (tt like 'pdf-%' or tt 
like 'prt%')) as tbl;
 count 
-------
  3719

274 
printed-
only



Printed sources
Printed sources in the world
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Printed sources
Printed sources in the world
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Internet Archive PanLex collection
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http://archive.org/search.php?query=collection%253A%2522panlex%2522%2520AND%2520%2528panlex%2520AND%2520collection%253Aamericana%2529
http://archive.org/search.php?query=collection%253A%2522panlex%2522%2520AND%2520%2528panlex%2520AND%2520collection%253Aamericana%2529


Internet Archive PanLex collection
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Internet Archive PanLex collection
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Internet Archive PanLex collection
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Internet Archive PanLex collection
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Internet Archive PanLex collection
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Internet Archive PanLex collection
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Analytical tasks
Same as for digital text, plus:

15

• Page imaging

• Spatial structural analysis

• Text identification and sequencing

• Script identification

• Font identification

• Face identification

• Character segmentation and sequencing

• Character identification



• Produces image file(s)

• Internet Archive produces JPG2000, PDF/A, Djvu, and 
Ebook files (in color)

• PanLex collection: format changes from “prt@Plx” to 
“PDF-img”

Analytical tasks
Page imaging
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Analytical tasks
Page imaging
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• Internet Archive resolution



Analytical tasks
Spatial structural analysis
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Analytical tasks
Text identification and sequencing
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Analytical tasks
Script identification
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СЕРА
CEPA



Analytical tasks
Font identification
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0123456789 Illinois
0123456789 Illinois
0123456789 Illinois



Analytical tasks
Face identification
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Analytical tasks
Character segmentation and sequencing
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Analytical tasks
Character identification
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Tools
Image-to-text conversion (“optical character 
recognition”) tools: competitors
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• Nicomsoft
• Tesseract
• OCRopus
• Abby FineReader
• Adobe Acrobat
• OmniPage
• Readiris
• GOCR
• LEADTOOLS
• Many others



Tools
Image-to-text conversion (“optical character 
recognition”) tools: properties
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• Commercial versus open-source

• Script-specific versus multiscriptal

• Language-specific versus multilingual

• Diaglottal versus synglottal (language-mixing)

• Immutable versus trainable

• Isolated versus integratable

• Fossilized versus actively developed



Tools
Prior research
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• Christa Mabee, “Optical Character Recognition in Multilingual 
Text: A Brief Survey”, 02012

• Christa Mabee, “Report on Internship Project: Optical Character 
Recognition in Multilingual Text”, 02012

• Marcin Heliński, Miłosz Kmieciak, Tomasz Parkoła, “Report on the 
comparison of Tesseract and ABBYY FineReader OCR engines”, 
02012 (PanLex copy)

• Ray Smith, Daria Antonova, and Dar-Shyang Lee, “Adapting the 
Tesseract Open Source OCR Engine for Multilingual OCR”, 02009

http://panlex.org/tech/doc/deriv/ocr-survey.pdf
http://panlex.org/tech/doc/deriv/ocr-survey.pdf
http://panlex.org/tech/doc/deriv/ocr-survey.pdf
http://panlex.org/tech/doc/deriv/ocr-survey.pdf
http://panlex.org/tech/doc/deriv/ocr-intern-report.pdf
http://panlex.org/tech/doc/deriv/ocr-intern-report.pdf
http://panlex.org/tech/doc/deriv/ocr-intern-report.pdf
http://panlex.org/tech/doc/deriv/ocr-intern-report.pdf
http://lib.psnc.pl/dlibra/docmetadata?id=358&from=pubindex&dirids=1&lp=261
http://lib.psnc.pl/dlibra/docmetadata?id=358&from=pubindex&dirids=1&lp=261
http://lib.psnc.pl/dlibra/docmetadata?id=358&from=pubindex&dirids=1&lp=261
http://lib.psnc.pl/dlibra/docmetadata?id=358&from=pubindex&dirids=1&lp=261
http://panlex.org/tech/doc/deriv/Heli%25C5%2584ski-ocr.pdf
http://panlex.org/tech/doc/deriv/Heli%25C5%2584ski-ocr.pdf
http://research.google.com/pubs/pub35248.html
http://research.google.com/pubs/pub35248.html
http://research.google.com/pubs/pub35248.html
http://research.google.com/pubs/pub35248.html


Tools
Prior research: conclusions

28

• Page imaging is hard

• Tool training is necessary but expensive

• Non-dictionary corpus integration has not been tried

• PanLex requires multiscriptal, multilingual, synglottal, 
trainable, integratable, actively developed tools

• Few (≅ 2) tools even aspire to all of these properties

• Most likely candidates now: ABBYY FineReader 11 
Professional Edition, ABBYY FineReader Engine, 
Tesseract



Tools
ABBYY FineReader 11 Professional Edition
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• Application

• Commercial

• SKU FRPFWA11E

• Windows 8 / 7 / Vista / XP; Windows Server 2012 / 
2008 / 2008 R2 / 2003

• Express edition (Windows and Macintosh) and web 
service are more limited

• Price per license: list $300, street $270+, direct (through 
31 July) $180 (or $120 for “upgrade”)

http://finereader.abbyy.com/
http://finereader.abbyy.com/


Tools
ABBYY FineReader Engine
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• SDK

• Commercial

• Version 10: Windows 7 / Vista / XP / 2000; Windows 
Server 2003

• Version 9: Linux (GCC 2.95–4)

• Version 8: Macintosh (OS X 10.4–10.8)

• Prices not published



Tools
Tesseract
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• SDK and command-line application

• Open-source (Apache License)

• Partly sponsored by Google

• Version 3.02: Linux, OS X

• Additional OSs: Windows with VC++ or CygWin, iOS, 
Android

• Used by about 40 other tools and projects

https://code.google.com/p/tesseract-ocr/
https://code.google.com/p/tesseract-ocr/
https://code.google.com/p/tesseract-ocr/wiki/3rdParty
https://code.google.com/p/tesseract-ocr/wiki/3rdParty


Tools
Script identification
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AFRP 11 AFRE 10 AFRE 9 AFRE 8 Tesseract
Latin

Cyri!ic
Greek

Armenian
Hebrew

Han
Hiragana/Katakana

Hangul
Thai

Arabic
Devanagari

Telugu
Tamil

Malayalam
Kannada
Bengali

Cherokee

◉ ◉ ◉ ◉ ◉
◉ ◉ ◉ ◉ ◉
◉ ◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ ◉ ◉ ◉
◉ (◉) ◉

◉
◉
◉
◉
◉
◉
◉



Tools
Quality comparison
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• Heliński et al.:
‣ FineReader was better on average than Tesseract, but worse on 

some tasks

‣ Test was entirely on Polish (thus Latin-script) text

• Mabee:
‣ FineReader was better on average than Tesseract

‣ Test was on Latin, Thai, Arabic, and Tibetan scripts



Tools
Training comparison
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• Both FineReader and Tesseract can (in principle) be 
trained, but:
‣ Bugs prevented Mabee from training FineReader

‣ Mabee found Tesseract training tedious and useless

• Approximate training costs for 1 font per Heliński et al.:
‣ FineReader by ABBYY: $40,000

‣ FineReader in-house: 25 person-days

‣ Tesseract in-house: 8 person-days



Tools
Extensibility comparison
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• Tesseract operates on more scripts than FineReader

• But both omit Georgian, Sinhala, Lao, Tibetan, 
Burmese, Khmer, Ethiopic, etc.

• So both need to be extended for PanLex

• Both permit defining new languages and providing new 
dictionaries



Tools
Integratability comparison

36

• Desiderata for PanLex:
‣ Dynamic integration of expression corpus (ex table)

‣ Dynamic integration of approved characters (cu and cp tables)

• ABBYY FineReader 11 Professional Edition: no

• ABBYY FineReader Engine: maybe

• Tesseract: probably



Tools
Performance on an easy source
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• FineReader

ruvengo hatred 
ruzha noise 
-rwa v. fight 
-rwara be ill; sick 
rwendo journey 
rwiyo song 

sachigaro chairperson



Tools
Performance on an easy source
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• Tesseract

ruvengo hatred
ruzha noise
-rwa v. fight
-rwara be ill; sick
rwendo journey
rwiyo song
S
sachigaro chairperson



Tools
Performance on a more complex source
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• FineReader

kari 2 [kari] vt decree good things 
kasany [kasan] vi cough USAGE May



Tools
Performance on a more complex source
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• Tesseract

kariz [kari] vt decree good things
kasany [kasap] vi cough USAGE May



Tools
Performance on a very complex source
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• FineReader

	 npf.	 P/
	 "kyaa	"kyaa
imp.
"kyaa, "kyoo
[    gar        qgar      qsp-       gar        ]



Tools
Performance on a very complex source
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• FineReader 
(“Finnish”)

	 npf.	Pf-
	 qg^' "kyää	 qspr "kyää
imp.
go,-,|q-
"kyää, "kyöö
[      |ar          qgof        qgq-        |aj-          ]



Tools
Performance on a very complex source
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• FineReader 
(“Finnish”, 
HTML 
output)



Tools
Performance on a very complex source
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• Tesseract

npf. pf. Imp.
magma" r1504" gm", §m'
'kyééi 'kyéi5 ‘kyéiéi, ‘ky66
pres. fut. pt. mzp.
[ gar agar qgw"
\F



Tools
Performance on a very complex source
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• Tesseract 
(“Finnish”)

npf. pf. ımp.
mgflı' rıgfıı' gfır, šfıı'
-kyää -kyää -kyää, -kyöö
pres. fııl. pt. mıp.
[ àfıı' ngfıı' fiıgw'
`f



Tools
Performance on a very complex source
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• Tesseract 
(“Finnish”, 
HTML 
output)



Opportunities
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• Benefits to PanLex from tool extensions

• Benefits from PanLex for tool extensions

• Which tool(s) to use and support?

• Multiple tools?
‣ Advantages: federation, complementarity, independence

‣ Disadvantages: expense, forfeiture of expertise

PanLex and image-to-text conversion tools



Opportunities
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• Tool developers

• Possessors of lexical data

• Tool consumers
‣ Internet Archive

‣ HathiTrust

‣ Google

‣ Project Gutenberg

Partnerships for tool development


