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Section 1
Introduction




Motivation

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

B Re-usability of data

Reproduction of old books,
Conversionto LaTeX source or XML data base,

Verification by computer algebra systems,
Knowledge database of mathematical theorems, etc.

B A utomatic transcription

Transcription into other languages, into Braille codes, etc.
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Different levels In digitization

B | eve 1: Bitmap images of printed materials
eg. GIF, TIFF

B |eve 2: Searchable digitized document
e.g. PDF with hidden text

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

B |evd 4: (partially) Executable document
e.g. Mathematica, Maple

B Level 5. Formally presented document.
e.g. Mizar, OMDoc
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“I N FTY” an integrated OCR for mathematical documents

B \We released a new version on 15/03/2004:
InftyReader Ver.2.4.1
downloadable from our web site:

B Two editions:

1. InftyReader E, 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

B | eve 1: Bitmap images of printed materials
eg. GIF, TIFF

B |eve 2: Searchable digitized document
e.g. PDF with hidden text

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

B |evd 4: (partially) Executable document
e.g. Mathematica, Maple

B Level 5. Formally presented document.
e.g. Mizar, OMDoc
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Different levels In digitization

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

Blevel 21| InftyReader: Level 1 - Level 3 |
e.g. PDF

B | evd 3: Structured document with links
e.g. XML, HTML(+MathML), LATEX, ...

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

B |evel 5. Formally presented document.
e.g. Mizar, OMDoc
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INFTY's Flow

R -
@@ |deal Fl

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
XML j>

LaTeX, HTML+MathML,
PDF, Braille codes, etc.
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INFTY's Flow

@ @ Current Version

Segmentation of Areas (Text, Table, Figure)

= =

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

Outputs
E LaTeX, HTML+MathML,

PDF, Braille codes, etc.

XML
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INFTY's 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
XML j>

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

B Symbols (Greeks, various math. symbols...)
mFotns (Italic, Bold, Bbb, Caligraphic,etc.)

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

B From two dimensional layout structure to
mathematical context [

BNo “word dictionary” in math. expressions. ﬁ\

mDistinction of noises and small symbols@--
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“I N FTY” an integrated OCR for mathematical documents

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

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

B Recognition of mathematical formulae structures,

B Outputs into various formats. LalTeX, XML,
MathML, Braille codes, ...
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ul N FTY” an integrated OCR for mathematical documents

B \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.

B Demonstration....
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INFTY’s Recognition Flow

- B

Noise reduction/ Layout Analysis
| |

Character/Symbol recognition
Usual Text Math expressions
Structure analysis

Merge, Verification

~ =

Outputs

14
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Section 2
Layout Analysis
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Process of layout analysis

m Pre-processing

= Noise reduction — -
= Skew correction _:/@ ) —HK
m Segmentation of Figures and E— E—
Tables —
= Anaysis of big symbols and —

small dot patterns
m Segmentation of Math/Text areas

Into lines

)
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L ayout Samples

4 I The Complex Numbers

In Chapter 5, we will see that quadratic equations are not unique in this
respect: every nonconstant polynomial with complex coefficients has a zero
in the complex field.

One property of real numbers that does not carry over to the complex
plane is the notion of order. We leave it as an exercise for those readers
familiar with the axioms of order to check that the number i/ cannot be
designated as either positive or negative without producing a contradiction.

1.2 The Complex Plane

Thinking of complex numbers as ordered pairs of real numbers (a,b) is
closely linked with the geometric interpretation of the complex field,
discovered by Wallis, and later developed by Argand and by Gauss. To
each complex number a + bi we simply associate the point (a,b) in the
Cartesian plane. Real numbers are thus associated with points on the
x-axis, called the real axis while the purcly imaginary numbers bi corre-
spond to points on the y-axis, designated as the imaginary axis.

Addition and multiplication can also be given a geometric interpretation.
The sum of z, and z, corresponds to the vector sum: If the vector from 0 to
z, is shifted parallel to the x and y axes so that its initial point is z,, the
resulting terminal pointis z| + z,. If 0, z, and z, are not collinear this is the
so-called parallelogram law; see below.

2tz

The geometric method for obtaining the product z,z, is somewhat more
complicated. If we form a triangle with two sides given by the vectors
(originating from 0 to) 1 and z, and then form a similar triangle with the
same orientation and the vector z, corresponding to the vector 1, the vector
which then corresponds to z; will be z,z,.

This can be verified geometrically but will be most transparent when we
introduce polar coordinates later in this section, For the moment, we

&» T Collf ¥ MurE=rE

In Chapler §, =e will sex thal quadretic agueticns era mot naigue io Tis
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L ayout Samples

Sec. 10.4] SEQUENCES 595
Example 4,

Convergent

Sequence Limit points at: or divergent
1,2,3,-- (none) divergent

N S A 1 convergent
555354 0 divergent
PLEELDY ] Oand 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 zy, 2,, - - - 1s said to be bounded, if there is a positive number

x5 X x2 X
QR ¥ L1t 1
0

X3 £ 1 x

Fig. 292. Last sequence in Example 4.

K such that all the terms of the sequence lie in a disk of radius K about the
origin, that is,
lz,] < K for all n.

For example, the second and the last sequences in Ex. 4 are bounded
while the first and third are not. We observe that the two bounded sequences
have limit points. This illustrates the following important theorem.

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

Proof. Itis obvious that both conditions are necessary: afinite 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
forall ». If only finitely many values of the z,
are different, then, since the sequence is in-
finite, some number 2z must occur infinitely K
many times in the sequence, and, by definition,
this number is a limit point of the sequence. 1

We may now turn to the case when the X %
sequence contains infinitely many different 3 4
terms. We draw the large square Q, in Fig.
293 which contains all z,. We subdivide Q, -K
into four congruent squares. Clearly, at least
one of these squares (each taken with its Fig. 293, Proof of Theorem 2.

* BERNHARD BOLZANO (1781-1848), German mathematician, a pioneer in the

study of point sets.
® Cf. footnote 3 in Sec. 10.3.

Y
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L ayout Samples

10.1 Winding Numbers and the Cauchy Restdue Theorem 107

PROOF. Since

flay=

(2 = 20)f(2) = C_ + Co(z = 20) + C (2 = 2o) + - - -,

C
L b Co+ C(z—zg) + -+,
7

and
Jim (2 — 2)f(z) = €,

The second equality in (1) follows since

. - 1 (Z)
Jim (2 = z0)f(z) = lim (z = z0) 5
o (2) ~ B(zo)  A(z)
= ZIL)HZ‘OA (Z)/ z—zq T B(zg) .

(i) If f has a pole of order k at z,,
Cc = = 1)' dz" : [(z - zo)k[(z):l evaluated at z,.

PRrOOF. Setting
fY=C_(z—z2o) %+ - C_y(z—zp) '+ Co+ Cz — 2z} + -+
8(2) = (2= 20) f(2) = Ci -+ - C_(z = 20) 7'+ Cofz = 29"+ - - -
d*lg(2)
dzx!
and the equality follows. ]

=(k—1)C_,+k!Cy(z—zp}+ - -~

(iii) In most cases of higher-order poles, as with essential singularities,
the most convenient way to determine the residue is directly from the
Laurent expansion.

ExAaMPLES

. P

(1) Res(escz;0) = cos0 1.

ii 1L o h=Ll 1

(ii) Res( . = yyeRa
(i) Res(-L;0)=0.

z
(iv) Res(sin zl 1 ; 1) = 1, since
sin 1 1 __ 1 + 1

z=1 Z=1 31z-1y Si@z-1°

f

&= E)+ - |

E"«'nlﬂ-ﬂ'c—- *Cﬁfafl* Cofs =z + - - 4,

Hmﬂ[: —zgfiz] =T,
The pecond equality b E!: follows sinae

Jimn (: — Igfta) = Jm iz - zu] B‘Ez;

—rg

A—1E;

= Bz

1ij IF F REE & poie OfF oodet & Al £p,

.- (1_]—1:“- %ﬂ— )] evaiuzted at o

-]m:A{:j/ B BE) A | g

ROGT, Battig
Frym O a2 (e ) TR Gy i m )
Bleb= (s = sfe) = €k file = sl ™' ol = 3a)4

m_ E—I'C_ + K — [
el Gl SRR
and the squadity follows, 3
() Tn mowt cases 0f higher-order pale, B9 with essentisl singularities,
the mos converient way o dat the resldue i3 dirsctly from the
Laurant aspansicn,

12
) Resjernr; Oym Fluﬁ -],

) Res—l= a-—,-f

i) Ru(—
Hiv) F.-:u[au: —1— 11y ], nltee

S L T [ R
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Method of Line Segmentation

=

Horizontal
projection
histogram

%

A A A 4

>

Number of
black pixels

D

Periodic minimal positions
Line segment boundary

Math expressions breaks

“periodicity”
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Line Segmentation (sample)

Let M be an n-dimensional closed hypersurface in a unit sphere S”*!(1) of
dimension n + 1. Let S denote the squared norm of the second fundamental form
of M. It is well-known that Chern, do Carmo and Kobayashi [2] and Lawson [3]
obtained independently that Clifford tori are the only closed minimal hypersurfaces
of the unit sphere with S = n. When the scalar curvature of M is constant, there are
very nice results on the rigidity of the Clifford torus (see [5] and [6]). On the other
hand, Otsuki[4] studied the converse problem for minimal hypersurfaces in S$"*'(1).
He proved that if M is a closed minimal hypersurface in $”*!(1) with two distinct
principal curvatures and the multiplicities of them are at least two, then M is
S™(/m[n) x S"~"(/(n —m)[n) (1 <m <n —1). But for the case in which one of
the two principal curvatures is simple, he constructed infinitely many minimal
hypersurfaces other than S l(\/1/_n) x §"~1(y/(n — 1)/n) which are not congruent to
each other in S”*'(1). When professor K. Shiohama visited China in 1993, he
proposed the following interesting problem:

PROBLEM. Let M be a closed minimal hypersurface in S™* (1) with two distinct
principal curvatures A, and A, and one of them be simple (we assume A,). Is there a
constant € = e€(n) such that if |A, —A,0| <€ and |A, — Ay| <e€/(n —1) then M is
S ’(\/l_/—r;) x §"1(\/(n — 1)/n), where A, are the corresponding principal curvatures
of S'(/1/n) x 8"~ 1(/(n = T)/n).

htto:// ‘kvushu-u.ac.ip
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L1ne Segmentation (sample)

Let M be an n-dimensional closed hypersurface in a unit sphere S”*!(1) of
dimension n + 1. Let S denote the squared norm of the second fundamental form
of M. It is well-known that Chern, do Carmo and Kobayashi [2] and Lawson [3]
obtained independently that Clifford tori are the only closed minimal hypersurfaces
of the unit sphere with S = n. When the scalar curvature of M is constant, there are
very nice results on the rigidity of the Clifford torus (see [5] and [6]). On the other
hand, Otsuki[4] studied the converse problem for minimal hypersurfaces in S$"*'(1).
He proved that if M is a closed minimal hypersurface in $”*!(1) with two distinct
principal curvatures and the multiplicities of them are at least two, then M is
S™(/m[n) x S"~"(/(n —m)[n) (1 <m <n —1). But for the case in which one of
the two principal curvatures is simple, he constructed infinitely many minimal

hypersurfaces other than S'(\/1/n) x $"~'(\/(n — 1)/n) which are not congruent to
each other in S”*'(1). When professor K. Shiohama visited China in 1993, he
-

(v 1/m) x S” (/i = o
Sl( /I/n) % Sn-—-l( (n




Line Segmentation (sample)

Ac(Y)=Y

Since M is étale, Y is contained in GLr(Ol;) by Proposition 3.1.5. Therefore, 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 k of F is algebraically closed
throughout this section.

(6.1) Put m2® = {x ¢ Ozay | |x| = |p|*} for any positive number o. Let

Oza[[2]] be the ring of formal power series and denote by ¢ the endomorphism
on Oz llz]] which is defined by the identity on Oxatg and by ¢(z) = 2Z. We
sometimes use the same notation m= for the ideal m=*0~ 2agl[Z]] in Oz [l2]]
for any positive number a. Put §; = z4.

Note that, if V = 1, + > 2, V,2" (tesp. W = 1, + > 72, W,Z") is a matrix
in GL,(Oggl[2]]) such that |V,| < min{£",c} (resp. |W,| < min{¢", c}) for all
n > 0 for real numbers 0 < ¢ < 1and 0 < ¢ < 1, then VW and V~! also satisfy
same conditions.

htto://inftv_ kvushu-u.ac.in
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Line Segmentation (sample)

Ac(Y)=Y

Since M is étale, Y is contained in GLr(Ol;) by Proposition 3.1.5. Therefore, 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 k of F is algebraically closed
throughout this section.

(6.1) Put m2® = {x ¢ Ozay | x| = 1 ber «. Let

Oz, [[2]] be the ring of formal power serie O al and t:morphism
on Oz l[2]] which is defined by the iden K >3 = 2. We
sometimes use the same notation m=® for l m= — O Oza 2]
for any positive number a. Put §; = 2 f Kﬂfg

Note that, if V = 1, + > 72, V,2" (resg- S a matrix
in GL,(Oggl[z]]) such that |V,| < min{£",c} (resp. |Wy| = ‘< mm{&" c}) for all
n > 0 for real numbers 0 < ¢ < 1and 0 < ¢ < 1, then VW and V~! also satisfy
same conditions.
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Line Segmentation (Sample)

so for r large enough, J (2) = C,r® for
11111 J(rz)[r® and j*(z) = 11111 7(z"), whi

f—>-33 z—a—z

‘and positively homogeneous of order

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

n PSOO|temp,E|ZZC}éSOkt c. A k. An

oblem is again called time-optimal.
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Line Segmentation (Sample)

so for r large enough, J (2) = C,r® for
11111 J(rz)[r® and j*(z) = ]1111 7(z"), whi

F+3C 5—}5

‘and positively homogeneous of order

(S,-) for resource k and § s " ps .
leted, we get the correSpodIr1 time—
n PSoo|temp,d|Z):c};goktJ!_ Ckﬁ‘-_‘-fﬁ’kt-

oblem is again called time-_|
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Method of Line Segmentation

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

mmRalf(sY — Ra'l Tim Tm Fi»Y — Tm |
LLLAA AN I \”} AN ", LILAL LI..I.I.J \""} ALAL &
Z—>ZO z_>20

22, The function f(z) = 3(z* — 1)/(z — 1) is not defined for = = 1, but for all
other values of z it is equal to 3(z + 1). Using the definition of the limit, show
that lim f(z) = 6. (Note that the limit is established when some formula is

z—1
found for 6 as a function of €.)

21. Prove that (2) is equivalent to the pair of relations
lim Re f(z) = Re iim Im f(z) = Im [
z_>20 L2

\

22. The function Jr" ) = 3(z

’

other values of z it is equal to 3(

that 1im f(z) = 6. (Note that i

3
¢
-
r—t
7
v
wn
—
oo
=]
—
wn
s J
v
0.
=
=
q]
=
o
5
g
po—
Q
g
-
-
oo
el
oA
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Section 3
Character/Symbol Recognition
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Character/Symbol Recognition

m Character/Symbol recognition
m Character Recognition in Usual Text Areas

= Character/Symbol recognition in Math.
Expression Areas

m Segmentation of Text / Math. Areas

htto:// ‘kvushu-u.ac.ip
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Character/Symbol Recognition

m Recognition and Segmentation
= Simultaneous Processing

m Use of different OCR engines possibility

m For text area:
INnftyOCR + Toshiba Express Reader (option)

= For math. Area:
InftyOCR developed in Suzuki Labo.

htto:// ‘kvushu-u.ac.ip
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Character/Symbol Recognition Flow

Input: | Thisvaluex?® equalsto y* + z°

» 3
Recognition as “ Text characters’

String check String

NS

This| |vaue| x5 ---
“This” “value” “at”

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

Text word candidates Math candidates

his |value| |x? - y° +2°
“This” “value” “at” “y?ZS"

Check routine &« Characte j
This “This” \Lan

X2 ’

Text area Math area
This 6“> <M y>
— 32

“at




Character/Symbol Recognition Flow

Text area
/ The r oot

“The17

“root”

<£

Math area

Symbol recognition and
structure analysis by Infty

of

Text area

Math area

htto:// ‘kvushu-u.ac.ip
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Infty OCR engine

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

m Recognizes more than 500 categories
= Various math symbols

m Variousfonts: Roman Italic Calligraphic Bbb, some
German fonts, etc.

= High speed

m Threestep classification .
“rough” classification — “strict” classification

htto:// ‘kvushu-u.ac.ip
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|nput image

step classifications

04

3dim

Sectional features

——classification

features 36dim

L»Di rectional element

i o5

—+ classification

Peripheral feature

128dim

Wil

Density fearure |, classification

L A A/

04

a

d

Recognition resu

htto://
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Voting method

1t 2nd 3rd 4th 5th«—— Order of candidates

Directional B 4 (3 (@ (1) «— (Scores)
element | ol|oc|ald|d|—
feature 36dim

1st 2nd 3rd 4th 5th

G 4 G 2 I

Peripheral feat
1st 2nd 3rd
1st 2nd 3rd 4th 5th (14) (9 (7)
Sensity feat ® @ B @ I Candidates
ensity feature _
64dim 0 |ajald]e Total scores
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Section 4

Structure Analysis
of formulae

37
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Structure Analysis

Output Tree Structure

npUt (Image) @ Horizontal Horizontal G Horizontal

®p,(¢) ) RSW

D

Rsm}
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Structure Analysis

htto://inftv_ kvushu-u.ac.in
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Structure Analysis

b r2dx

Virtual link network

f i@%

htto://inftv_ kvushu
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Structure Analysis

[? x2da

Sear ch for correct

[[ax

htto://inftv_ kvushu-u.ac.in
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Virtual link network

mz

| nput image

:y2+:::2

Virtual link network

Nodes =Candidates of
character recognition

Each Link hasalabel and the link cost

Link: Horizontal, Upper, Under, Rsup, Rsub,Lsup, Lsub

42

htto://inftv_ kvushu-u.ac.in



Extraction of Structure Tree

o
: / Optimization

Networ k

under constraints

e Minimum total
cost
e Link restrictions

Structure
Tree

43
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Link Cost

clhy,
.
, | n/o//l/{/{/{//%
super-scrip
. M
horlzon al
! 0/ /hZ/ h]_

44



Section 5
Ground Truth

(=database with correct recognition results)

45



Outline of Database

m Extracted from

m etc.,

different volumes of
mathematics/phisics

I mathematical articles
= Bulletin of American Math. Soc.,
= Bulletin de la Soc. Math. France,

o chapter of abook of physics

m Yeas.

m Tota page number =

m Math articles

m [ext Area

pages Physics book pages
m Total character number 700,000

0,000 Math.Area:

htto://

0,000

‘kvushu-u.ac.ip
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QOutline of Database (XML)

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

m Treestructure for all math. expressions in DB
= Link attribute

htto:// ‘kvushu-u.ac.ip
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Symbol category samples

FaN A~ —_— L X % g

4N

> J 11

Accent

Arrow

Big Symbol
Blackboard Bold

Calligraphic

48
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Symbol category samples

B Cabe
['AOaSy

ABCabc
012345

+ — %/ <

German
Greek
Italic
Numeral

Operator

htto:// ‘kvushu-u.ac.ip
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Symbol category samples

#% ooVt
()43

? L

ABCabc
ABCDEF

Others
Parenthesis
Point
Roman

Script

htto://inftv_ kvushu-u.ac.in
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Charactersin DB per category

€
. |
¢0941v -
L8S/¢|
718LE| i
8.6 :
v110c .
€50.¢1
o N
c901TL €9CT I i
70T |
/7S
eyl
ceetll
0c6 [
7G5z O

50000 r
40000
30000
20000

1duIoS
uewoy
Jui0d
SIsayjualed
SJENTe)
l0jeladO
alIdWNN
olfey|
FEE)D)!
uew.I99)
olydesbired
qag
loquAshig
MO

1U920Y

51

Many italics parenthesis, ...

)
v

|
-‘4
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Charactersin DB in Math/Text areas

Number of characters/symbols

In math. area
152143

Number of characters

N text area
547140

(é?) Text area Math.area 10 3

htto://inftv kvushu-u.ac.ip
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Touched
characters

Broken
characters

Touched
and broken

Abnormal charcters

woW e
s M

%

htto://

‘kvushu-u.ac.ip
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14000
12000
10000
8000
6000
4000
2000

Number of abnormal characters

O Touched M Broken O Touched & Broken

, \ — \ \ oo L] e | | \ \ 1
= L —
o] O = = 4= o = =X @) o @ o
E & 9 o E o O o T o5 ©O € S m o
O 2 = < o < 0p) s
= v O D @)
98] p— m O
O © 2
al O
C
(af)]

gvg) 3/4 of abnormal characters are “touched”

htto:// ‘kvushu-u.ac.ip
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3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

Number of abnormal characters

O Touched B Broken O Touched & Broken

N

Text

Matn

Total

The percentage of abnormal charactersin math areas
Isusually larger than that in text areas.

htto://inftv_ kvushu-u.ac.in
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0 Touched B Broken [ Touched & broken

Number of abnormal characters

ﬂ-ﬂmﬂ-a!mﬂﬂﬂ.mﬂgagﬂ-mﬂ!

14%
12%
10%
8%
6%
4%
2%
0%

a7
aM

o4

066T CNL
€/6T CINL
666T BN
9e-LT INCH
G/6T SINC
T.6T MIAC
666T INAUI
06T INAUI
8661 4INSH
0/6T dNSH
866T SIvd
T/6T SINVY
/66T SNASY
0/6T SNASY
/66T ADUY
T/6T ADUY
06T INUUY
ZT481deyd NY
666T }IV
0.-696T IV
866T IN€IOY
0/6T Ne1Y

o6
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Math expressions in the DB

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

No math. structure

We assert that X is tor lig_h@f if X is llﬂt torsion-free
then it has a direct summan 1.~k <=|([2], p. 80),| X = C{p VP X

This implies that

I X/pttt X o C(p’{) o X"}rpﬁ'-l-lXi'I

which is contrary to
Ii{,/.pH‘X ~ C(pa:-+u)|
/

Math. structure

htto://inftv_ kvushu-u.ac.in
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Section 6
Experimental results
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0 Touched B Broken [ Touched & broken

Number of abnormal characters

ﬂ-ﬂmﬂ-a!mﬂﬂﬂ.mﬂgagﬂ-mﬂ!

14%
12%
10%
8%
6%
4%
2%
0%

a7
aM

o4

066T CNL
€/6T CINL
666T BN
9e-LT INCH
G/6T SINC
T.6T MIAC
666T INAUI
06T INAUI
8661 4INSH
0/6T dNSH
866T SIvd
T/6T SINVY
/66T SNASY
0/6T SNASY
/66T ADUY
T/6T ADUY
06T INUUY
ZT481deyd NY
666T }IV
0.-696T IV
866T IN€IOY
0/6T Ne1Y

59
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Error rates and abnormal charactersin Math.

Ver.2.3.12
I Errors —— Abnormal characters in math.
54 3h
4% |
3 | | 2%
2% | 10
T 1%
0% 0%
OWOO 10 dAN~NOIN~Nd0OoOoO0OoOO0OHdAMmMOWOMOOAOAM
~N O IO BI\I\CDI\OI\CDI\GI\CDI\I\OOCDI\QLLXJ
DO 1 OO | OO O
HIHI8HI%HI:I:IHIHIHIHIHIHIHIHIHIHI:HIHIHI
= = 220000 LWwLW n © P M
SEoSCEfigazzsacciRicEf
28E =<<<qgqg mm- -5 ¥
< <K < < < M M =
Ave. recog. rates for 13 papers with abnormal characters 1% in Math Area :
Textarea 99.82% (359030)
Math area 97.42% ( 65233) Link error ratein matharea 1.07%
Total 90.39% (424263)  Ave. number of charsin math 9

60
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Error rates and abnormal charactersin Math.

Ver.24.1
I Errors —— Abnormal characters in math.
5% 3%
4% |
3 | | 2%
2% | | 10
T 1%
0% 0%
NN E NN~ OONONNMNONOIL Y
DO 1 OO | OO O
HIHI8HI%HI:I:IHIHIHIHIHIHIHIHIHIHI:HIHIHI
= 2200 0nuLWwLw @
E§i<5EEEzzazc253323353¢
= cEe=n
<3 <§E<<<22mmmm 5 X
Ave. recog. rates for 13 papers with abnormal characters 1% in Math Area :
Textarea 99.82% (359030) - 99.91%
Math area 97.42% (65233) - 98.53%
Total 99.39% (424263) - 99.58%

61
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Error rates per category

%.'0| leioL

%9 [] SI19UI0
wz' /T[] plogpieooyoelg
wz'8[] Moliy

%.0| loqwAsbig

%og[] uod

%6'0T [] U820V
%g'T[ J0yesado

%T'0| Sisaylualed

%, T[| dUsWNN

Normal characters

7 |
%e'9T | Oludesbired

%0'ZE | uew.s9
7 |
%0'00T 1duos

%9'cl] X9949
%T' T[] Ouel

%T'0| UBwoy

9l 1013

62
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Error rate

18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Best case and worst case

O Text Area B Math Area O Total

16,0%

0.0%

=8
N =
<t =P
™
=
XX o X —
0 < —
o o o
—————
Best Worst Average

htto://inftv_ kvushu-u.ac.in
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Error samples in math. area

J=1

J
p—1
ZJ ~]1

1 1 1
2 K1

(Y Upsilon)

J..

U

L

htto:// ‘kvushu-u.ac.ip
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Structure Analysis

Error rate of math. links

(8 papers with abnormal characters < 1%)

v

1.07 % (=324/30,143)

success

case (% — f Wgp_1 flﬂ|f Sty - msa)|ds . f In|f(swe)|ds

el =

=1

&

L]

success
case

W =

3 v .Z;Llﬁjf\ﬁjJr.@pAép

(_

0 (=) (=p) ETE

+ = §

T
=qatey Nep+ be E e; N€j,
=2

htto:// ‘kvushu-u.ac.ip
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Structure Analysis

mError Samples.

@Dn (¢) — ® D7 (C)

f G| = Zo
(n — 1)! Effect of an
cpn—1 h (n — 1) error C-c

htto:// ‘kvushu-u.ac.ip



Processing speed

m Process time per page:

About 20 sec.
Pentium 11, 700M HZ)

About 10 sec.
Pentium I11, 1GHZz)

htto://inftv_ kvushu-u.ac.in
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Section 7
Future problems
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Problems

lmprovement 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!

69
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HI N FTY” an integrated OCR for mathematical documents

Thanks you!

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

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
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