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Section 1Section 1
IntroductionIntroduction
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Motivation  Motivation  

Digitization of  mathematical Journals
Searchable by Keywords, Definitions, Theorems, etc.

Re-usability of data
Reproduction of old books,
Conversion to LaTeX source or  XML data base, 
Verification by computer algebra systems, 
Knowledge database of mathematical theorems, etc.

Automatic transcription
Transcription into other languages, into Braille codes, etc.
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Different levels in digitization  Different levels in digitization  
Level 1: Bitmap images of printed materials 
e.g. GIF, TIFF

Level 2: Searchable digitized document 
e.g. PDF with hidden text

Level 3: Structured document with links
e.g. XML, HTML(+MathML), LATEX, …

Level 4: (partially) Executable document 
e.g. Mathematica, Maple

Level 5: Formally presented document. 
e.g. Mizar, OMDoc
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““INFTYINFTY”” an integrated OCR for mathematical documentsan integrated OCR for mathematical documents

We released a new version on 15/03/2004:
InftyReader Ver.2.4.1

downloadable from our web site:
http://infty.math.kyushu-u.ac.jp

Two editions:
1. InftyReaderE, English edition, free, no time limit,

uses no commercial OCR engine.                             
2. InftyReaderJ, Japanese edition, free, time limited, 

uses Toshiba’s ExpressReader SDK for Japanese 
character recognition.
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Different levels in digitization  Different levels in digitization  
Level 1: Bitmap images of printed materials 
e.g. GIF, TIFF

Level 2: Searchable digitized document 
e.g. PDF with hidden text

Level 3: Structured document with links
e.g. XML, HTML(+MathML), LATEX, …

Level 4: (partially) Executable document 
e.g. Mathematica, Maple

Level 5: Formally presented document. 
e.g. Mizar, OMDoc
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Different levels in digitization  Different levels in digitization  
Level 1: Bitmap images of printed materials 
e.g. GIF, TIFF

Level 2: Searchable digitized document 
e.g. PDF with hidden text

Level 3: Structured document with links
e.g. XML, HTML(+MathML), LATEX, …

Level 4: (partially) Executable document 
e.g. Mathematica, Maple

Level 5: Formally presented document. 
e.g. Mizar, OMDoc

InftyReader :  Level 1 → Level 3
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INFTYINFTY’’ss Flow  Flow  
Ideal Flow

Segmentation of Areas (Text, Table, Figure)

Recognition per line 
(Character recognition, Math. Structure analysis)

Document Structure analysis
(Chapter, Section, Itemize, Theorem description, References, etc.)

Outputs
LaTeX, HTML+MathML,
PDF, Braille codes, etc.XML
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INFTYINFTY’’ss Flow  Flow  
Current Version

Segmentation of Areas (Text, Table, Figure)

Recognition per line 
(Character recognition, Math. Structure analysis)

Outputs
LaTeX, HTML+MathML,
PDF, Braille codes, etc.XML
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INFTYINFTY’’ss Flow  Flow  
Future Version
(next version?)

Segmentation of Areas (Text, Table, Figure)

Recognition per line 
(Character recognition, Math. Structure analysis)

Document Structure analysis
(Chapter, Section, Itemize, Theorem description, etc.)

Outputs
LaTeX, HTML+MathML,
PDF, Braille codes, etc.XML
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Difficulty of Math. recognitionDifficulty of Math. recognition

Symbols (Greeks, various math. symbols…)

Fotns (Italic, Bold, Bbb, Caligraphic,etc.) 

Variation of sizes (subscripts, big integral, big 
summation symbol, etc.)

From two dimensional layout structure to 
mathematical context 

No “word dictionary” in math. expressions.

Distinction of noises and small symbols
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““INFTYINFTY”” an integrated OCR for mathematical documentsan integrated OCR for mathematical documents

Recognize page images of printed mathematical 
documents scanned by 400/600dpi,

Automatic segmentation of usual text parts, 
math-expression parts, figures, tables, etc., 

Recognition of mathematical formulae structures,

Outputs into various formats: LaTeX, XML, 
MathML, Braille codes, …
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““INFTYINFTY”” an integrated OCR for mathematical documentsan integrated OCR for mathematical documents

We have two styles of applications:
1. InftyReader (free software version) downloadable 

from our web site: http://infty.math.kyushu-u.ac.jp
2. InftyReader Pro (professional version), not yet open

to public.  

Demonstration….

http://infty.math.kyushu-u.ac.jp
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INFTYINFTY’’ss Recognition FlowRecognition Flow

Noise reduction / Layout Analysis

Character/Symbol recognition

Structure analysis

Merge, Verification

Usual Text Math expressions

Outputs
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Section 2Section 2
Layout AnalysisLayout Analysis
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Process of layout analysisProcess of layout analysis

Pre-processing
Noise reduction
Skew correction

Segmentation of Figures and 
Tables

Analysis of big symbols and 
small dot patterns

Segmentation of Math/Text areas
into lines

‥

‥
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Layout SamplesLayout Samples
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Layout SamplesLayout Samples
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Layout SamplesLayout Samples
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Method of Line SegmentationMethod of Line Segmentation（１）（１）

Horizontal 
projection 
histogram

Periodic minimal positions
＝Line segment boundaryNumber of 

black pixels

Math expressions breaks 
“periodicity”
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Line Segmentation (sample)Line Segmentation (sample)
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Line Segmentation (sample)Line Segmentation (sample)
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Line Segmentation (sample)Line Segmentation (sample)
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Line Segmentation (sample)Line Segmentation (sample)
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Line Segmentation (Sample)Line Segmentation (Sample)
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Line Segmentation (Sample)Line Segmentation (Sample)
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Method of Line SegmentationMethod of Line Segmentation（２）（２）
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Section 3 Section 3 　　
Character/Symbol RecognitionCharacter/Symbol Recognition
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Character/Symbol RecognitionCharacter/Symbol Recognition

Character/Symbol recognition
Character Recognition in Usual Text Areas
Character/Symbol recognition in Math. 
Expression Areas

Segmentation of Text / Math. Areas
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Character/Symbol RecognitionCharacter/Symbol Recognition

Recognition and Segmentation 
= Simultaneous Processing

Use of different OCR engines possibility
For text area:

InftyOCR + Toshiba Express Reader (option)
For math. Area :

InftyOCR developed in Suzuki Labo.
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Character/Symbol Character/Symbol RecognitionRecognition FlowFlow
222   toequals   valueThis zyx +Input:

Segmentation by vertical lines

22 zy +
“y?zs”

This value 2x
“This” “value” “at”

…

Text (Candidates)

Recognition as “Text characters” Dictionary

String check String

Math (Candidates)
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Character/Symbol Recognition FlowCharacter/Symbol Recognition Flow

This value 22 zy +2x
“This” “value” “at” “y?zs”

…
Text word candidates Math candidates

Check routine
This “This”＝ ？

2x “at”＝ ？

OK
NG

Text area Math area

This 22 zy +2xvalue …

Character sizes
and positions
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Character/Symbol Recognition FlowCharacter/Symbol Recognition Flow

“The” “root”

Text area Math area
22 zy +…

Symbol recognition and
structure analysis by Infty

22 zy +

ofrootThe

“The” “root”

Text area

…rootThe

Math area

of
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InftyInfty OCR engineOCR engine

Developed in Suzuki Lab.,using more than 
1,500,000 sample images of characters and 
symbols from various math. books/journals.
Recognizes more than 500 categories

Various math symbols
Various fonts: Roman，Italic，Calligraphic，Bbb, some 
German fonts, etc.

High speed 
Three step classification :
“rough” classification  → “strict” classification 
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３３ step classificationsstep classifications

classificationα

Input image

Directional element 
features（36dim）

Peripheral feature 
＋Density fearure
（128dim）

DB
Sectional features
（3dim）

classification
DB

classification
DB

daα

Recognition result（candidates）
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Voting methodVoting method
Order of candidates
(Scores)Directional 

element
feature（36dim）

Peripheral feature
（64dim）

Density feature
（64dim）

α σ a dd

θ α a ed

αa ed a

1st
(5)

2nd
(4)

3rd
(3)

4th
(2)

5th
(1)

1st
(5)

2nd
(4)

3rd
(3)

4th
(2)

5th
(1)

1st
(5)

2nd
(4)

3rd
(3)

4th
(2)

5th
(1)

aα d

1st
(14)

2nd
(9)

3rd
(7)

Candidates
（Total scores）
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Section 4Section 4
Structure Analysis Structure Analysis 

of formulaeof formulae
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Structure AnalysisStructure Analysis

Output（Tree Structure）

Horizontal Horizontal Horizontal

RSubScript

RSubScript

Input (image)
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Structure AnalysisStructure Analysis

∑
=

n
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n

a i
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Structure AnalysisStructure Analysis

χχ∫
a

b

x
2

d x
Virtual link network
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Structure AnalysisStructure Analysis

∫
a

b

x
2

d x
Search for correct
spanning tree
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Virtual link networkVirtual link network
Input image

Virtual link network

Nodes =Candidates of 
character recognition 

Each Link has a label and the link cost
Link: Horizontal, Upper, Under, Rsup, Rsub,Lsup, Lsub
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Extraction of Structure TreeExtraction of Structure Tree
Network

Optimization
under constraints 

• Minimum total 
cost

• Link restrictions
Structure
Tree
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Link CostLink Cost

h1
h2

c

(a) (b)

normalized
bounding box

c / h1

h2/ h1
1

horizontal

super-script

sub-script

0

no link
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Section 5Section 5
Ground TruthGround Truth

(=database with correct recognition results)(=database with correct recognition results)
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Outline of DatabaseOutline of Database
Extracted from ２５ different volumes of 
mathematics/phisics
２４ mathematical articles

Bulletin of American Math. Soc.,
Bulletin de la Soc. Math. France, 
etc.,

１ chapter of a book of physics
Years:１９７０～１９９９

Total page number = ４８５
Math articles ４５３ pages＋Physics book ３２ pages

Total character number ≒ 700,000
Text Area:５５0,000＋Math.Area:１５0,000



http://infty.kyushu-u.ac.jp 47

Outline of Database (XML)Outline of Database (XML)

Each character/symbol has:
Char code（category，font, id）
Math/Text attribute
Touched/Broken/Normal attribute

Tree structure for all math. expressions  in DB 
Link attribute
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Symbol category samplesSymbol category samples（１）（１）

Accent

Arrow

Big Symbol

Blackboard Bold

Calligraphic
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Symbol category samples Symbol category samples （２）（２）

German

Greek

Italic

Numeral

Operator
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Symbol category samples Symbol category samples （３）（３）

Others

Parenthesis

Point

Roman

Script
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Characters in DB per categoryCharacters in DB per category
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Characters in DB in Math/Text areasCharacters in DB in Math/Text areas

テキスト部
文字数
547140

数式部
文字数
152143

Text area：Math.area≒10：3

Number of characters/symbols 
in math. area

Number of characters
in text area
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Abnormal Abnormal charcterscharcters

Touched
characters

Broken
characters

Touched
and broken



http://infty.kyushu-u.ac.jp 54

Number of abnormal charactersNumber of abnormal characters

3/4 of abnormal characters are “touched”
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Number of abnormal charactersNumber of abnormal characters

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

Text Matn Total

Touched Broken Touched & Broken

The percentage of abnormal characters in math areas 
is usually larger than that in text areas. 
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Number of abnormal charactersNumber of abnormal characters
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Math expressions in the DBMath expressions in the DB

Number of math expressions having 2-dimensional 
layout structure → about 12,300

No math. structure

Math. structure
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Section 6Section 6
Experimental resultsExperimental results
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Number of abnormal charactersNumber of abnormal characters
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Error rates and abnormal characters in Math.Error rates and abnormal characters in Math.

論文１
6.21%

論文２
5.94%

Errors Abnormal characters in math.
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Ave. recog. rates for 13 papers with abnormal characters ＜ 1% in Math Area : 
Text area     99.82% (359030)
Math area    97.42% ( 65233)       Link error rate in math area     1.07%
Total           99.39% (424263)       Ave. number of chars in math  9               

Ver. 2.3.12
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Error rates and abnormal characters in Math.Error rates and abnormal characters in Math.

論文１
6.21%

論文２
5.94%

Errors Abnormal characters in math.
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Ave. recog. rates for 13 papers with abnormal characters ＜ 1% in Math Area : 
Text area     99.82% (359030)  → 99.91%
Math area    97.42% ( 65233)   → 98.53%
Total           99.39% (424263)   → 99.58%

Ver. 2.4.1
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Error rates per categoryError rates per category
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Best case and worst caseBest case and worst case
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Error samples in math. areaError samples in math. area
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Structure AnalysisStructure Analysis
Error rate of math. links 

(8 papers with abnormal characters < 1%) 

1.07 % (=324/30,143)

Success
case１

Success 
case ２



http://infty.kyushu-u.ac.jp 66

Structure AnalysisStructure Analysis
Error Samples:
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Processing speed Processing speed 

Process time per page:

約１０秒
（Pentium III, 1GHz)

約２０秒
（Pentium III, 700MHz)

About 20 sec. About 10 sec.
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Section 7Section 7
Future problems Future problems 
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ProblemsProblems

Improvement of character/symbol recognition
for italic fonts and various math symbols.
Segmentation of touched characters in math areas 
and unification of broken characters in math areas.
Analysis of document structure and automatic 
generation of hyperlinks.
Extraction of bibliographic data from reference table.
Etc., …. Many interesting problems are still unsolved! 
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““INFTYINFTY”” an integrated OCR for mathematical documentsan integrated OCR for mathematical documents

Thanks you! 

Masakazu Suzuki
Graduate School/ Faculty of Math.
Kyushu University 36, Fukuoka
812-8581 Japan
E-mail: suzuki@math.kyushu-u.ac.jp
http://math.kyushu-u.ac.jp/̃suzuki

http://infty.math.kyushu-u.ac.jp
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