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Secftion 1
About Infty Project




InftyProject

B R&D on Math Information Systems

B Main system development
InftyReader : Math OCR software

InftyEditor : Editor of math documents
Data conversion (XML, LaTeX, MathML, PDF, etc.)

ChattylInfty : InftyEditor + speech output, Authoring of DAISY

B URL:

Project site: /

Release & user support of Infty products:

Science Accessibility Net
http://www. .org/
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I ﬂ fty Read er” OCR software for math documents

B Demonstration.

Recognition result samples (
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Then the right—-hand side of the akove equation iz convergent in GLr(OE) and
satisfies the relation

Ao (T)= Y.
Since M is étale, ¥ is contained in GLr(OTg) by Proposition 3.1.5. Therefaore, the
assertion of Proposition 5.2.1 follows Lemma 3.3.2.
6. Proof of Lemma 5.2.4. In this section we prove Lemma 5.2.4 using
p-adic analysis. Assume that the residue class field £ of F is algebraically closed
throughout this section.

(6.1) Put mza:{er;{aIyHﬂé\p\a} for any positive number a. Let

OrK [[z]] ke the ring of formal power series and denote by 9 the endomorphism

on Ogaw[[z]] which is defined by the identity on Ogais and by ¢(z)=zp. We
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Then the right-hand side of the above equation is convergent in GL(0z) and
satisfies the relation

Agf¥)=7Y.

Since M is étale, ¥ is cortained in GL,,(OE) by Proposition 3.1.5. Therefore, the =
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Section 2
Toward Rich DML




Different levels In digitization

B Level 1: Bitmap images of printed materials
e.g. GIF, TIFF

B |_evel 2: Searchable digitized document
e.g. PDF with hidden text, Bib Link

B |evel 3: Structured accessible document
e.g. XML, HTML(+MathML), LATEX, ...

W |evel 4: (partially) Executable document
e.g. Mathematica, Maple

B | evel 5: Formally presented document
e.g. Mizar, OMDoc

http://www. .org/
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Different levels In digitization

B Level 1: Bitmap images of printed materials
e.g. GIF, TIFF

M | evel ZQL Infty : Level 1 — Level 3
e.g. PDF

B | evel 3: Structured accessible document
e.g. XML, HTML(+MathML), LATEX, ...

W |evel 4: (partially) Executable document
e.g. Mathematica, Maple

B | evel 5: Formally presented document
e.g. Mizar, OMDoc
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Process Flow of Digitization

@ @ => | Image File (TIF)

(=

~_~

PDF

Texts &
Math
symbols

Layout Analysis : Segmentation of Areas (Text, Table, Figure)

~_—

Recognition per line

(Character recognition, Math/Text segmentation, Math. Structure analysis)

e

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

@ Outputs
LaTeX, XHTML+MathML,

XML j> PDF, Braille codes, etc.

http://www.

.org/ 11



Layout Analysis

@ @ > | Image File (TIF)
(Pre processing) —J L

Segmentation of Areas (Text, Table, Figure)

—
- 104 SEQUENCES =
Sec. 10.4] SEQUENCES 595 Example 4. -
Example 4. 5 ! Convergent
Convergent Sequence Limit points at: ot divergent
Sequence Limit points at: or divergent
B E, 2, u {rionie) divergent
1,2,3,--- ‘ (none) divergent b ' 1 convergent
S AN | 1 convergent 0 N S 0 divergent
525354 | 0 divergent Liddsd v | and 1 divergent
IR XY O Oand 1 divergent :
pRenee an ) vergen A riumber which appears infinitely often in a sequence is to be regarded
A qun_qber_whlch appears infinitely often in a sequence is to be regarded as a limit point; this is 2 matter of#snvenience and convention.
as a limit point; this is a matter of convenience and convention. A sequence 2. %, * * - is said to be bounded, if there is 2 positive number
A sequence zy, z,, + * - is said to be bounded, if there is a positive number -
x5 X X x NI [ | L1
JR— 1111 L1 Il %3 - T4 1
0
3 *t 1 * Flig. 292, Last sequence in Example 4,
Fig. 292. Last sequence in Example 4.
(K such that all the 1erms of the sequence lie in a disk of radius X abont the|
K such that all the terms of the sequence lie in a disk of radius K about the otigin, that is, &
s . > 1
origin, that is, |2 < & for all .

|zl < K for all n.
For example, the second and the last sequences in Ex. 4 are bounded

For example, the second and the last sequences in Ex. 4 are bounded while thefirst and third are not. ‘We observe that the two bounded sequences
while the first and third are not. We observe that the two bounded sequences have Umit points. This illustrates the foliowing important thegrem,
have limit points. This illustrates the following important theorem. P ' slea 8 1P *
Theorem 2 (Bofzano* and Welerstrass®). A bounded infinite sequence has

at least one fimit point.

Progf. Ttis obvious that both conditions are necessary: a finitesequence
cannot have a limit point, and the sequence 1, 2, 3, -+, though infinite,
has no limit point because it is not baunded. To prove the theorem, con=
sider & bounded infinite sequence zy, z,, « - - and let X be such that [z,] < K]
forall #. If only finftely many values of the ¢,

Theorem 2 (Bolzano* and Weierstrass®). A bounded infinite sequence has
at least one limit point.

Proof. Ttis obvious that both conditions are necessary: a finite sequence
cannot have a limit point, and the sequence 1,2, 3, - - -, though infinite,
has no limit point because it is not bounded. To prove the theorem, con-
sider a bounded infinite sequence z, z,, - - - and let K be such that |z,| < K

for all n. If only finitely many values of the z,, y ¢ the

are different, then, since the sequence is in- Y 2 different, then, since the SRR I e

finite, some number z must occur infinitely I’e finite, B number z must occur 1“ﬁ?‘F°lY

many times in the sequence, and, by definition, [ times = the SEqUENTE, and, by definition,

this number is a limit point of the sequence. 1 2 this number is a limit point of the sequence, o
We may now turn to the case when the ——x % We may now torn to the case when the

sequence contains infinitely many different 3| a4 sequence cortaing infinitely many different

terms. We draw the large square Q, in Fig. terms. We draw the large square , in Fig.

293 which contains all z,. We subdivide Q, -K 293 which contains all z,. We subdivide

into four congruent squares. Clearly, at least nte four congruent squarss, Clearly, at least

one of these squares (each taken with its Fig, 293. Proof of Theorem 2. one of these squares (each taken with its Fig, 203, Proaf

* BERNHARD BOLZANO (1781-1848), German mathematician, a pioneer in the ©BERNHARD BOLZANO (1781-1948), Cénman mathematician, a plonees in th
study of point sets. tudy of point sets. 4k
° Cf. footnote 3 in Sec. 10.3. D i

http://\www.inftyproject.orq/



Layout Analysis

B

Image File (TIF)

= =

< |PDF

Segmentation of Areas = Table Analysis
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SEQUENCES
Example 4,

Convergent
Sequence Limit points at: or divergent

[,2,3, - (none) divergent

Li.4 4 1 convergent

52,53, 4.4, 0 divergent

S LhED 6 0and I divergent

595 \

A number which appears infinitely often in a sequence is to be regarded
this is a matter of convenience and convention.

- 15 said to be bounded, if there is a positive number /

as a limit point;

A sequence z,, z,, *
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Process Flow of Digitization

@ @ => | Image File (TIF)
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PDF

Texts &
Math
symbols

Layout Analysis : Segmentation of Areas (Text, Table, Figure)

~_—

Recognition per line

(Character recognition, Math/Text segmentation, Math. Structure analysis)

e

Document Structure analysis
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Process Flow of Digitization

@ @ =) | Image File (TIF) | <= |PDF
< 5

Layout Analysis : Segmentation of Areas (Text, Table, Figure)

~_—

Texts &
Math
symbols

Recognition per line «

(Character recognition, Math/Text segmentation, Math. Structure analysis)

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

XML j> PDF, Braille codes, etc.

@ Outputs
LaTeX, XHTML+MathML,
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Document Structure Analysis

M Detection of :

Title, Autor, Section, Subsection, Itemization, Bibltem,
Theorem, Lemma, etc.

i

- Currently, naive methods are used:

Line classification using the combination features such as:
Character size, Font Information (Bold, Italic, Small Capital),
Keywords, Indentation, Starting with Numbers or Special
pattern (e.g. “[Num]’), etc.

- Stronger method Is required in actual digitization.

B Hyperlink inside document.

http://www. .org/ 17



Section 3

Current state of the art
with demonstration

http://lwww.inftyproject.org

18



“I ﬂ fty Read er” OCR software for math documents

B Demonstration...

B Math recognition (Already shown)

B Multi lingual recognition « FineReader OCR plug-in

B Layout analysis,

http://\www.inftyproject.orq/
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HI n fty Read er” OCR software for math documents

B Demonstra

7. Gzech_aleebra.iml — InftyEditor B ] |
“File Edit Find Format TeX Function Setting  Help
|aF-HE -5 EEEER « 2 $BEX | TM&RSBE-I|z2s 5PN QE-

Math recoc

Multi lingu
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Layout ana

L_ogical stri

Utvofme mnozinu IIX® wvsech dvojic (7w, ), kdemell, pe®. Definujme
na mnozing II1 XD opperaci takto:

(T ) (T @ )=(T ),
kde prviy ™, ¢ jsou urdeny vztahy

?.r(m)za'] (fr2 (m)),
pm=g (z,0m).p,(m)") (a)

LD

Pak je IIXD grupa.
Dikaz. |

kde pro 7. ¢ plati (&) a pro ', <,D{ plati
T (m)=?:1(ﬂ'2 (n‘a(m))),
<p’(m)=<p(?:a(m)).cpg(m)=cpl(752(?:3(m))).goz(?:3(};1)).9;'3(}”)

[P Text 4
B! SheetView — [0020.tif] [Zoom=20.00%] — 1Ol =l
File Wiew Zoom Window

CHvofme munfian IT X @ viech dvojic (7, @), bde m e IT. ¢ e B. Definujme
ne muofing IT ) @ operacs takto:
(e 1) - (7 @) = (7 @),
Ede proky &, @ jsow wréeny vetahy
m(m) = mfmy(m)),
glm) = gy lmim)) . glm],*) {x)
Paj je IT < @ grupa.
Diikar. 1.
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HI n fty Read er” OCR software for math documents
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HI n fty Read er” OCR software for math documents
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Czech papel L inen
1 @ 5
- _gf.a{o }234C}21C}22
B Matrices == o
D<a<l hi:k;:k;
B [ayout anal R
a=oa W
1 "4 =

I PTex y
. I—Oq I Cal Stru El SheetView — [AIF_1999_6391if] [Zoom=30%] - ;lglgl

File Wiew Zoom Window
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ul ﬂ fty Read er” OCR software for math documents

MJ_51_MN1_2004_001-009 pdf - Adobe Acrobat Pro Extended -|EI|5|

. Demonc-?ﬂ»(m FEE HT0 TED GHRC FoAR) VT TREEAMA B s gL7H) *
S D Bleac @) ashi—say- @ wravros A BE- |5 oa-n- [y wumssor e PR

) = = &5 G =@ Y & @@ [ o (] [e=

VOROHAMA MATHEMATICAL
2004

" JovmKaz Voo 31,
. [ Intraduction

B |E| 1. Trigonometric Pulyngmial ON GENERALIZED SLANT TOEPLITZ OPERATORS
WITH CONTINUOUS SYMBOLS

[E] THECREM 2. ..,
By
m THECREM 7. ... 8. C. Anoka axn Buorma BaTha
=) [ﬂ 2. Continuous function ... (Reosived May 17, 200%; Revised August 19, H003)
¥ THEOREM 3. .. Abstract, Tn s poper, we male e of the BiekholT expois dheer 10
obtaln seme speciral properties of k' -order slast Toeplita operators. W also
. m THEOREM 11 e obtaiz the spectral radius of sech an sperator for contineoss symbal .

D References

Introduction

Let (=) = & ms' be a bounded function on the unit ebrele T, where
i

@ = {ip, £} 1s the i** Fourier coefficient of i with reapact to the usual standard
basis {z': i £ E} of the space L* = L3(T), Z heing the set of integers. For an
. integer k = 2, bet W, : L? = I be n operator defined as
Wals) = { R il is divisible by k
: i, atharwise.

A K'™_grder Slant Toeplitz speratar U, 1] is defined s U, = Wil M,
belng the multiplication operater on L = £3T) induced by . In[T] it s shown
that the spectrum of 7, with symbol i invertible in L™, contains o closed disc
that consists of the eigen values of [, with infinite multiplicities and the radns
of that disc is (r{0-1))~". Here we find the spectral radius of I, for frst a
trigonemetric symbol @ and then for eontinuous  in LT} and prove that it
is sane in both the cases.

1. Trigonometric Polynomisl

Lt 4 be a trigonametric polynamial. Suppose that

.
wiz)= 3 ac’
o =N
300 Mashematics Subject Chsslfication: 4TH35
Wy wirda and phrasmas; Tonplits Opreabers, Slant Torplits Ciperabant
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“I ﬂ fty Read er” OCR software for math documents

B Demonstration...

B Math recognition (Already shown)

B Multi lingual recognition « FineReader OCR plug-in

B Layout analysis,

http://\www.inftyproject.orq/
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Secftion 4
Large Volume Recognition

http://www.inftyproject.orq/
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Large Volume Digitization

B Adaptive method is efficient:

Get information from the target document:
- Character features,
- Math formula parameters,
- Layout parameters, etc.

(Directly) or After manual checking
(Semi-automatic)

Recognition

http://www.inftyproject.orq/
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Large Volume Digitization

M Process Flow using Batchinfty & InftyReader pro
1. Noise reduction, centering, etc.
2. Trial recognition

3. Extraction features:
- Document style — Logical structure analysis
- Character cluster images — OCR engine

4. Recognition & verification

5. PDF output

http://www. .org/ 27



Large Volume Digitization

B Generation of UserDictionary adapting OCR
engine to the target documents.

Trial recognition |j> [Clustering of the character images J

/

\

CharDataA: Centroides of the
clusters of text characters with
reliable score

CharDataB: Centroides of the
clusters of math symbols and
text characters with low score

(automatic) ﬂ

\é] (manual correction)

User Dictionary of Character Features

http://www. .org/
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Large Volume Digitization

=10 %]

W CharlmageMana
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0x0252 SigmalZ )
0x0255 Phifd )
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Ux0341 German—4
Ux0347 German—-B
Ux0345 German—-C
Ox0345 German—H
Ux034c German-—L
Ux034d German—M

[| 034 German—0
Ux0350 German-—FP
Ux0354 German-T
Ox0355 German—U
Ox0358 German—Y
Ox0441 Calligraphic—4&
00442 Calligraphic—-B
100445 Calligraphic—E
Ox0444 Calligraphic—F
00447 Calligraphic—G
Ox0448 Calligraphic—H
Ux044a Calligraphic—.J
(x044b Calligraphic—H

1

Ox044c Calligraphic—L
Ox044f Calligraphic—0
00450 Callgraphic =P o]

1aracter images J

B: Centroides of the
f math symbols and
wcters with low score

ual correction)

=

[~

|G:¥Data¥F‘MIHES¥TEST2¥GharDataB¥GharDataJ:im ICFO—Er = 226

FEA A—UH = 1356

ERA A%

http://\www.inftyproject.orq/
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Section 5
Open Problems
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Problems

M Further improvement of character/symbol
recognition and structure analysis of math
expressions.

B Touched characters, Broken characters in math area
B L ow resolution image
W Different type face (Old books, typewriter prints, etc.)

B Bold char detection in math area

http://\www.inftyproject.orq/
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Problems

B [_ogical Structure Analysis (Automatic detection
and manual correction) --- still difficult!

B Title, Autor, Section, Subsection, Itemization, Bibltem,
Theorem, Lemma, etc.

B Hyperlink inside document.

http://www. .org/
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Problems

W Detection/Analysis of Figures and Tables
W Detection of characters in figures
W Table structure analysis ( )
B Diagram recognition
® Chemical diagrams < Recently developing world wide

® ( ) < Future work

http://www. .org/
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Problems

W Detection/Analysis of Figures and Tables

W Detection of characters in figures

W Table structure analysis ( )
B Diagram recognition @
o Ch Sec. 10.4] SEQUENCES 595
en Example 4.
Convergent
o ( Sequence Limit points at: or divergent
1,2,3,--- (none) divergent
LR - R 1 convergent
52,33, 4.4, 0 divergent
44406 0and 1 divergent
A number which appears infinitely often in a sequence is to be regarded
as a limit point; this is a matter of convenience and convention.
A sequence z;, 2y, * * - is said to be bounded, if there is a positive number

http://\www.inftyproject.orq/
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M Detection/Analysis of Fi

Problems

W Detection of characters in fig
B Table structure analysis (
B Diagram recognition

® Chemical diagrams < R

¢ (

The Number of Fibrations af Fenus & en e Surfoce

||

where

M =4

'{EJ'L',- + |r|I|._| — Z L

The hicanonical map ®45 of 5 can be decomposed as follows ([4])
fop-! :
...D.."'r"..... . R PE—— ..'I'........_..f_l"_---i-

Paw 1 5

where i is defined by the linear system 'II'|
A& thearem of Kl.'m:-l-. Theoreme .':- rlaims that if § s a
with pa[5) > 3 and which has a peneil of genus 2, then |28 ;| has neither fixed part nor

poiat. In such ease, @ is & morphism

fa)-(d) i Section 1)

g If2 < Ki=

there 5 anly one hyperelliptic invelution

or 1 < K3 < pgl8) < 3 jie. Hhe coses

Pyl ) =

Prof, then i 2

i morphism g

-||'_::_ 'h_-_l.' - 4

If & has another hyperelliptic involution oy

By

o PRI Guch that ®ap = pzadyep Sipee Py £ P

||.'|l.'|' Hut |.-_l.' a theorem of :{i.:l'!--l Theoreme & I-E_ wie have CIrE '|'_.I-\._

4 in this case. This is a contradiction. O

pald) =
Proposition 2.2 Led 5 be a requlor minimel surfoce of general fype with 502 P 1

are afl tnest @

the cose fe) i Section 1), Then ther hyperelliptic inwoluiions.

.I".'.-_-._:‘I'
+ O

Simee Ill-!|. "J':l = 3, dew :I'.'.'-.

Suppose that 5 has a hyperelliptic involution o A gems 2

= 6, gyl f) = 3. Henee o is

f-5- In this case we have & = 1,

-2, Thus & P — P is

llr.u- Aszume that o is the minimal even resolution of I'.l'_.:. then P o O js aosinooth «

rover with branch locus B,

g Q
| v
|
ol i o
. .
Li e ", T 1
." = | - I|I.'
.
'
I .r.
4
1
|
L
[

minimal surface of Fenaral ty

v oruled surface P

iposed of G blow-

biase

Propozition 2.1 Let 5 b o regular tanimal sarfoce of general bype aith o pened of geeas

then

we shoukl

3 hecause

|.:.l|.I|iII:I

var with hranch locns

http://\www.inftyproject.orq/
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Conclusion

InftyProject.
m Research group of math information processing.

Demo (InftyReader) to show the current state of
the art.

Adaptive method to improve character and
symbol recogition (CharlmageManager).

Proposed some problems to be attacked.
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HI N FTY” an integrated OCR for mathematical documents

Thanks youl!

Masakazu Suzuki
(current address)
(permanent address)

InftyProject: http://www.inftyproject.org/en/
Science Accessibility Net: http://www.sciaccess.net/en/

http://\www.inftyproject.orq/
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