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InftyReader Flow

Segmentation of Areas (Text, Table, Figure)

= =

Recognition per line
(Character recognition, Math Structure analysis)

=

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

SUIPHES I LaTeX. HTML,
XML |:> Human readable TeX
Braille codes, Speak data,

gEomdEs R EE A B AT X -FhHEE T -k hitnAvww

etc.

htin
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InftyReader Flow
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Segmentation of Areas (Text, Table, Figure)

==

(Character recognition, Math Structure analysis)

—

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

@ Outputs 1 rex HTML,

XML Ej> Human readable TeX
Braille codes, Speak data, etc.
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Line Segmentation (Sample)

so for r large enough, J(z) = Oy for
n J(rz)[r® and j*(z) = lim j(2'), whi

“and positively homogene of order

n PSoo|temp,d| Y Y chow: + ¢t A% i An
pblem is again called time-optimal.

(S,-) for resource k and schedule S. If re
leted, we get the corresponding time—const

Bl dEeSR A AT R TP UT -2k hitn/iwww
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Line Segmentation (Sample)

so for r large enough, J(z) = Oy* for
(2"), whi

lim J(r2)[re and  j*(z) = lim

of order

‘and positively homogeneous

o ad

(S,-) for resource k and § 3= =
leted, we get the correspo dIIl t1

pblem is again called time-

n PSoo|temp,d| Y 3" CkPhtf- Cké+@kt
- I

BEEERESMEAY AT R -FHESE TRk hitnfwww
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Method of Line Segmentation

21. Prove that (2) is equivalent to the pair of relations

Ii

Z—

22, The function f(z) =3(z* — 1)/(z — 1) is not defined for z = 1, but for all
other values of z it is equal to 3(z + 1). Usmg the definition of the limit, show

that lim f(z) = 6. (Note that the limit is established when some formula is
=1
found for § as a function of €.)

"3
£
£

5 (7 —
F\

L\

i
<
™
)
N
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-

2i. Prove that (2) is equivalent to the pair of relations
i Refzr=Rei iimimf{z) =imi
z—zy Z—Zy

—— e

b
n
]

u.m
o
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e
»n
L&
(‘v)
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™
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=
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Q
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i
=
w
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Q
=
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InftyReader Flow

Segmentation of Areas (Text, Table, Figure)

==

(Character recognition, Math Structure analysis)

e

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

@ Outputs [ rex HTML

|:> Human readable TeX

Braille codes, Speak data, etc.
RS AN AT Z- TP T -2k hitn e
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Math/Text Segmentation

Number of characters in Math area is about 20% of

all the characters in pure math journals.
Simple math elements

/

We assert that|X| ( '
then it has a direct summand C(p*), = k <=|([2], p.
This implies that - ) -

| XJp X = CH @ Xp X'

¥ lis tnrsi(m—fr,ﬁ if is zot_torsion free
o), X =C(p) @ X"

X[p+ X = Cp)]

4

EAEEAESE AG A TR FHBS PSRk hitn fun

which is contrary to /

27

s

Math/Text Segmentation

' Recognition of ordinary texts and separation of Math
expression areas ----- Simultaneous process using DP

Combination of different OCR engines

2. Score using relative position check

Current version:

Infty + Two commercial OCRs (T + M) + A(Option)

28




Methods

/Method 1 (Recognition of words)

Niithama-gun,

F:

~

N i hama-gun,

Nii harna-gun,

e REE

Nii/zama—gun/

HAT VR -FHEEUTo- 2wk hitn/www, 29

RSN A

Methods

/ﬁethod 1.

|
i
i
|
|
|

F:
E :

\\1:

Niithama-gun,

\

|

N i hama-gun,

Nii harna-gun,

EEEERESE A AT

Nii/zama-gun/

FhHEUE T -2k hittnhwww 30




Methods

/ﬁethodl - \{
N ama-guin,

Result zzha m5a§ g u n,

F:

E :

\I

B REo R AN (TR TSP UT e yk hitnlwww sciaciess po 31

Methods

Zﬁethod 2 (Use character sizes and positions)\f

Consider the metric g defined in € by

(2, By =&, th

onzider the metric Q defined in O by
du + 5 UL
= JATL if Lillti -o0. {cloo.

\\\i\is ot difficult to show (cf., e.g.. Ohtsuka [7]) tfiii//

SEEERFREE A AT R TP TRy hifodvww co s ocess not 32




Methods

me_th_gd_; (Use character sizes and positions)\

Consider the metric g defined in £ by

e ——

It is not difficult to show (cf., e.g., Ohtsuka [7]) that JIIANERIESGRIES
g it (e, 5)+2

[Consider the metric O defined in 0 by
Yo + ikdu¥ .. o
= JOTL it Zlle), -o0.<cloo,

It

\\rg rot difficult to show (of., e.2., Ohtsuka [7]) H“ﬁ)

A SRR A AT R PP TRk howww soiaceess rel 33

Math/Text Segmentation

# Recognition of ordinary texts and separation of Math
expression areas ----- Simultaneous process using DP

Combination of different OCR engines

2. Score using relative position check
3. Font information (I {A. &H#&K)

4. Linguistic information (partially)

n

etc.

B R EE A AT R TP Tk hitnfwww sciaree s oo 34




InftyReader Flow

Segmentation of Areas (Text, Table, Figure)

= =

Reeogmtlon per line
(Character recog 1, Math. Structure analysis)

JL

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

@ Outputs
EZ>

LaTeX. HTML,
Human readable TeX

Brallle codes, Speak data, etc.

HrdrEREESE AF AT R -FHR EF 2wk hitn
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InftyReader Flow

Segmentation of Areas (Text, Table, Figure)

= =

Recogmtlon per hne

(Character recognition, '

JT

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

@ Outputs
—

LaTeX. HTML,
Human readable TeX
Braille codes, Speak data, etc.

HrEEIEEE A AT R -PHEUE T -k hitnAvww
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Formulae recognition

* R. Anderson, Syntax directed recognition of hand-printed two
dimensional mathematcs.

Interactive System for Experimental Applied Mathematics,
M Klerer and J. Reinfelds, Eds, Academic Press, 1968, pp. 436-459
* M. Okamoto and H. Twaakyondo, Structure analysis and
recognition of mathematical expressions, 3rd ICDAR, 1995,
Montreal, (1995), 430--437.
e R. J. Fateman, T. Tokuyasu, B. P. Berman and N.Mitchell,
Optical Character Recognition and Parsing of Typeset Mathematics,
Journal of Visual Communication and Image Representation vol.7,
no.l1, (1996), 2--15.
Y. Eto and M.Suzuki, Mathematical formula recognition using
virtual link network, 6 ICDAR, 2001, Seattle, IEEE Computer
Society Press , 430--437

Structure Analysis of Formulae
@‘Horizontal@ Horizontal Horzont
@D,;, () E> RSLm 3
Rsm}
38




Structure Analysis of Formulae

S
S G

b
S G

ETEIEERESIE AU AT R -PHEEUT - Rob  hitnwww 39
Structure Analysis of Formulae
= Some difficult cases :
Collapsing of quotient spaces of SO(n)\SL(n,R) at infinity 203
_ - n=1/ A,(x) \ar-an
= —Clog e eex 1 (5475)" "}
= —C log Ap(x)%E™%k+1
— C log (nffA (x)ak+1—ak> -
k=1 k
":%T‘E'E’Ek‘éii‘:‘%%.z: KA T Fhb P Tk htnwvww 40




Structure Analysis of Formulae

= Some difficult ¢/~ ™

Collapsing of quotient space A k (x )a k - k + 1

= —Clog ‘{A"C)\;\/ /

= —Clog  Ap(x)*s et

— C log (EAk(x)“kH‘“k) 0o

PoRLE T gk b 41
Structure Analysis of Formulae
= Link possibilities :
= ¢*(23)
42




Structure Analysis of Formulae

= Similar characters :

2* e §N-1

s
IAY] J—
Y
~
~ < -~
- eJ
7 Y
f?!’ 4%%“
A AS
49
EBrEdradlEeE A G AT R-PHEI T -2k hitn/hwww 43

Structure Analysis of Formulae

44




Structure Analysis of Formulae

ﬁf r2dx

Virtual link network

cc2:y2—|—z2

Nodes =Candidates of
character recognition

Each lLink hasa ~ = and the link -
Link: Horizontal, Upper, Under, Rsup, Rsub,Lsup, Lsub

46
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Extraction of Structure Tree

e Minimum total
cost
e Link restrictions

2
U
T Pt EUT Rk 47

Extraction of Structure Tree

Extraction of minimum cost P

spanning tree is "P-hard! -
| * Minimum total
Strategy of the current version: cost
* Link restrictions
N ,
2 e 2

48




Extraction of Structure Tree

2,9

C

(¢, Horizontal 10)
(€', RSupScript,50)
(¢,x.Horizontal.100)
(C' . Horizontal , 100)
(2.2.RSupScript, 10)
(x,2.RSupSeript,50)
(2, Horizontal 10)
(v,y,Horizontal,100)
(2,3, Horizontal 10}

(.3, RSupScript, 10)

49

a0

(e, Horizontal, 10)
(€' x.RSupScript.50)
(e.x.Horizontal 100)
(C' .z Horizontal 100)
(r,2,RSupScript, 10)
(\.2.RSupScript.50)
(z,y.Horizontal,10)
(x.y.Horizontal, 100)
(2.3,Horizontal,10)
(.3.RSupSeript.10)

T UR-Fhb T -k b JIWWW ERincceRs

3
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(¢, Horizontal, 10)
(C',x,RSupScript,50)
(¢,x.Horizontal, 100)
(¢’ Horizontal . 100)
(2,2 RSupSeript, 10)

(x,2.RSupScript,50)
C (. Horizontal 10)

(\,y.Horizontal 100)
9 (2.3.Horizontal,10)
E  (y.3.RSupScript.10)

3l

51

A (e, Horizontal 10)
(€' x.RSupScript.50)
(e.x.Horizontal . 100)
(C'2 . Horizontal 100}

B (#,2,RSupScript,10)
(x.2.RSupScript.50)

C  (2.y.Horizontal, 10)
(x.y.-Horizontal 100)

D (2.3,Horizonial, 10)

L (y.3.RSupScript,10)

#Az1k

[}

. RITHG
e | HAT R P ETr-nub hitn/Avww = 52
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Search of spanning tree

g -
PR ol x| 2] |¥] |3
| BISAA | k
*yhD— E L P L] L1 A
IDEE ~ . M e

o w, L] A =]

i _ L
| NSRS | \
P \
i i / \\
&zmvrr;é //
gm@mj; ) /

P / A ~
 BRTYTTENETIZERLE |
 NREARNDEVEDHE—TE |
- D{EZ (=Beam) ZREFLT. XD
RTFYITHATS

Link Cost

Definitions of :

Normalized size (NSize) and
Normalized center (NCenter)

x]

at
x:y:z=28:51:21

(dafault value)

NSize

= NCenter
54
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Link Cost

/ h,
e

super-script
h1 “2"_‘jc . ////
%‘ : %/ W/f/// ' hz/hl
‘ ™\ hormalized %/ sub-script
bounding box __ //// //
(b)

h)

\§
§\

‘“1\\

HrEdEEAEEE AT AT R P EUF -k htin Avww = 55
Link Cost
Distribution map in the (H,D)-plane
500 Character pairs
400 4
Horizontal position
200
0 ¢ “, . Superscript position
200 400 1200 1400
200 =§ 1 . Subscript position
-400 1 :
-600 o
56
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Alphabets—Alphabets Alphabets—Operators

600 - 600 I
400 £y 400
200 . 200
200 1260 1400 2 00 1400
-200 i -200
-400 -400
-600 -600 ]
Integrals—Alphabets Big Operators—Alphabets
600 S = Emaeaeu
400 =
200
Lo ‘: | 0 s
200 400 600 800 1000 1200 1400 200 400 600 ~ V808 o 1000, *®4200™ 1400
200 -200
~400 -400
—600 -600 =
AU AT 2T h b s ek BB www s 57
Search of spanning tree
Each path
corresponds to a |
spanning tree the |
1 network 5
B
Local cost + global cost E]
| | | 58
BE (TR -FHEEUST - mwb Rty




Effect of global cost

1
~)c]+l<] _ |a{2)n

(53) k(\'(Cx 'J) = Z Cn,a.q (} _ c . :'\)n-l»&*’l(\]r — C <z

g=0

n—1

— (1= 2Py, 1 dc} A(dz - dgy

< [la=C-apmaes.

z-dgAa(dz - dg) 1/\8] 2AC- d(,]l

+aPr
n—{
l
(5 }))iaf( *)-“Z(nxq 7 1247
=0 5 4) al®)

«:', ,) [)j:x —(3,} "~ (/ s
d¢ A (d7 - dg}‘-’*f Dz2AC - (H(

Effect of global cost

-1 1
(1 = Jal)"

5.3) /fa (,z) = Cn,ong -
() ) (¢, 7] q;)( . ,q(]_g<z)n+ﬂ“'q(]_g»~

+qP \

” z dC/\< dz dc)@‘4'1‘?)\5;:12/\?-05@}5‘,

(:')fi) ];U( (l\ :) - Ci).rn‘!; — S\ Ry —g
Z ‘ (17’\‘-:) } i(l~g’-7) (/—a 2y

q=0

VPO g — (1 — | e du f\u; de)?
i n—g—135_

vqf

P AC-dd],

/H(I ~C-z
P E dCA (d7 - dC

"PATAE S
Phte s on (b hilnwww
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=  WDML (World Digital Mathematical Library)
# Project Euclid , NUMDAM, DML-CZ, J-Stoer, etc.
= EuDML (2011~)
BFRE X IG

B4 TEIR

BHLGR, FRAERSNZR
BHIITH

EHRERK

= OB
= b DEH

SRR RIESN S A A TR Tt BT kol hitn www




Problems

= (EFEREER

i
1. The theorems. Let {U,}, 0 <
up of linear. (=additive, continuous
re F to K |

UU,=U,p Us=I (=th

h that

B EERESE ASAT R FHOL P - Rwbk hiipwww aoiacre : 63

Problems

= SATER | |
flag variety X = G/B., £()) the invertible @X—m

l-dimensional B-module X € Hom(B, CLI).'and Di

distributions of (. In characteristic 0, the D

y! (X, €(x)) and H

%

B S, Lo

0+, (X, z(sa'l)) are iso
Bz,

-1, where - is the dot multiplication and o i
the other hand, we will find in § 2 that in po

they are isomorphic iff <x, av> = -1. General

BRI EERESIE A AT R - PO P T e awb hitn/Awww ecizone & 64




Problems

= A TEIR
Theorem 1.2. (cf. [Sk-11} Iet D and ¢ be as above, and let
{resp. (gi)i EN) be a system of holomorphic functions on D (resp. a se
of holomorphic functions). Iet o > 1 v and let g = inf(n,p-1}) (resp.

Then, for any £ € A(D) such that

[ 1etoran e,
D

there exist p functions hie A(D) (resp. a sequence (hi) ieN ) such

p as
£ = 5:'11 glhl (resp. £ = gglhl)
Y deeRliEshik AT 2T EilZ 2%k GRp Taw 65
Problems

= WDML (World Digital Mathematical Library)
= Project Euclid , NUMDAM, etc.
= EuDML (2011~)
IR ARR LTI
A TENRI
BHLER, SENERRSNR -
BHETTATE =
LA 7 ET
OF:
b= DEREH

[}

66
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P/ 11

ROEms

4 AR L SRR Paik
= WDML (World Dig; s ERoRAOUTEREL LS,
= Project Euclid , = P
= EuDML (2011 Z
& ARG FE 5t s -
54 TER -
BRIGR. FEN
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