B,=0,6x4+0,4x3=3,6-nuzep,
B,=0,6X3+0,4x2=26.
NudopmManimoHHbIil KOMUTET:
B,=0,6x5+0,4x6=>54—mmnep,
By =0,6x4+0,4x1=2,8,

By =0,6x3+0,4x0=1,8,
B,,=0,6x3+0,4x2=2,6.

6. BoiBO/IBI

Kak mokxaspiBaeT mpaKTHKa OOIECTBEHHBIX OpraHu-
3a1iil U OpraHoOB CTYJEHYeCKOTO caMoOyIIpaBJIeHUs, BCe
GoJiee CI0KHBIM 1 GoJlee aKTyaJbHbIM SIBJISETCS MMEHHO
rpaMoOTHOE paclpejiesieHue 4YJeHOB OpPTaHM3alluu B KO-
MaH/bl (KOMUTETDI).

B crarbe paccMoTpena Mojesib onpeieieHu s riaB s
TpeX KOMUTETOB, KOTOPbIe PYHKIMOHUPYIOT B paboTe cTy-
neHueckoro cenata XHYPO.

Monesib ocHOBaHAa Ha COIIMOMETPUYECKUX METO/AX,
KOTOpBIe TIPUHAJJIEKAT K TTOBEJECHYECKOMY TOAXOY Me-

o o

Pozenssnymi ocHo6Hi memoou, AKi 6UKO-
PUCMOBYIOMbCA 01 PO3NIZHABAHHA Mame-
Mmamuunux — Qopmyn 8  eneKmpoOHHUX
doxymenmax. 3pobieHa nopieHANGHA XAPAK-
mepucmura pisHux npoepamHux peanizauiil, 1K
INFTY, FineReader, CuneiForm

Knrouoei cniosa: OCR, pusuuna ma noeiuna
ceemenmauis, LaleX

= yu

Paccmompenvt ocogHbLe MemMOObL, KOMOPbBLE
UCNONBL3YIOMCA ONLSA PACNOZHABAHUSL MaAMeMA-
MmurecKux Qopmya 6 INeKMmpoHHbLIX 00KYMeH-
max. Ilposedena cpasnumenvnas xapaxmepu-
CMUKa pasiutHbIX NPOPAMMHBIX Peanru3auuil,
xax INFTY, FineReader, CuneiForm

Knroueswie cosa: OCR, pusuuecrasn u nozu-
yeckasn ceemenmauus, LaTeX

= yu

The article represents main methods, which
uses for recognition of mathematical formulas in
the electronic documents and comparative ana-
lysis for the different software implementations,
as INFTY, FineReader, CuneiForm

Key words: OCR, physical and logical segm-
entation, LaTeX

u] =,

1. Introduction

Over the past few years there has been a general trend
of electronic documents in favor of digital and electronic
storage options. As it becomes easier for the user to create
electronic documents and publish information through the
Internet. Many authors and researchers are taking advan-

HeJI)KMEHTA 1 CTPOSATCS Ha HOKeJaHUAX YIaCTHUKOB KOJI-
JIEKTUBA 110 OTHOMIEHUIO K COCTABY I'PYIIII.

Takum 06pazom, poiecc GOPMUPOBAHUSA KOMUTETOB
1 olpejieJieHUe TJIaB JJIsI HUX SIBJSETCS OYeHb BaKHOMN
npobieMoil st 061ecTBeHHbIX opranusanuii. [loaTomy
[pUMEHEHE 9TOH MOJeJIN Ha MPaKTUKE TT03BOJsieT n3be-
Kath omMOOK B paboTe 06IecTBEHHOI OpraHu3aIum.
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tage of it, they publish their articles and work even earlier
than they appear in magazines and books. There is a gro-
wing number of scientific papers, articles and publications
available in electronic and digital form. As a consequence,
there is a need of organizing, recording and understanding
these documents. The biggest complexity is the recognition
of mathematical notation, because nowadays we don’t have



an ideal algorithm which has 100 percent accuracy and does
not need human support for every recognition. Extracting
mathematical formulas is qualitatively different from the
extraction of plain text because it is a much more complex
task. It involves search and segmentation of regions cont-
aining mathematical formulas in the body document and
identification of individual elements of the formulas and save
the results in a convenient form.

2. Recognition of mathematical notation

The first step of OCR for every document is to create 3
streams, one of the steams will include only text, the sec-
ond stream will have mathematical symbols, and the third
will have diagrams, tables, logos and pictures. This will
help get higher accuracy for mathematical recognition,
because we can use a special recognizer that focuses only
on the mathematical symbols. We have two types of mat-
hematical symbols which can be found in the documents.
They are called display and in-line mathematics. Display
mathematics are easily to recognize, because they have
more spaces around every formula. They could be detected
as non-text, low density, unusual line statistic and smaller
words. Also they have a special regions on the page. In-line
mathematical symbols is a much harder case. A lot of mag-
azines try to save space, to put as much in-line symbols as
they can. Here is just one example : A=mr, as you see it is
the most indiscernible case, unless you have some context
for formulas. It is a big problem for segmentation [1].

We have the possibility to improve our accuracy among
in-line math symbols. If documents have TeX source, rec-
ognition of mathematical symbols would be much easier.
This is because all mathematical symbols will have a math-
mode or text within. And when we divide these symbols
as mathematical and text, we can put all possible symbols
to the math-box. If something was not recognized by the
special engine, a user can figure it out. After these proced-
ures we can get less errors, because the new symbols could
be identified. These symbols can then be changed in the
text-box and then re-group the math symbols which were
mistakenly grouped during the automatic process.

To avoid some errors, when you recognize the math for-
mulas were recognized as text, you can use these rules:

¢ A left parenthesis without math to the right.

* A trailing right parenthesis whose matching left par-
enthesis is missing from this clump.

A horizontal line unless it has math to its right, above
or below.

¢ A leading or trailing comma or dot in the clump.

e An isolated 1 or even 11 in the math bag that it is
within a single-character-space of text, which may instead
be l or an 1l. (We treat 1 and 1 equivalently).

* An isolated 0 or even 00 in the math bag that it is
within a single-character-space of text, which may instead
be o or an 0o. (We treated 0 and 0 equivalently).

Mathematical symbols have different size, location
of text lines, the letter and symbol frequencies, unusual
position, and layouts. After OCR it should not go directly
to ASCII text, before we have to have some meta—level
language.

Nowadays we do not have any special OCR solution wh-
ich can help recognize in all mathematic symbols. The OCR
system will try to decode all mathematical symbols as text,

pushed to baseline and in the end we can get only mess. The
other solution is to get the image of the formula which will
give higher accuracy and the possibility to manipulate and
evaluate it.

3. Segmentation methods of mathematical notation

Lee and Wang techniques:

Idea of the method is all mathematical symbols based on
the different criteria. Examples are higher symbols and diff-
erence in spacing between symbols. These are a good criteria
for the first math recognition, but it should have more steps.
Because it gives a lot of mistakes one example is that headers
are recognized as a formula and the method is not capable
to provide a formula with similar symbols. Characters that
are known as math symbols are used to add to the roots of
the sub trees, adjacent characters are added to the tree level
below.

Methods of physical and logical segmentation:

The method consists of two stages: The physical stage
and the logical segmentation stage. At the stage of the phy-
sical segmentation the body of the document is divided into
text boxes, lines, words and symbols. Then, in the logical se-
gmentation stage it allocates only formulas. For the selection
of isolated formulas it uses similar assumptions as the Lee
method. The set of the special characters finds the in-line
formula. For the display mathematics it uses the following
rules:

o «t», «=», «<» or “>"- captured the characters around;

* brackets - everything between the brackets;

« fraction bar - all above and below the line [2].

Fateman’s method:

Fateman’s method uses 3 stages for the recognition of
mathematic notation. First stage is pre-initialized — we have
2 empty “baskets” which should be complete by mathematics
and text. During the first stage symbols are added to the
mathematical “basket” according to the rules:

* special mathematical symbols: +, =, Greek letters, scie-
ntific symbols, large brackets, horizontal lines;

* text in italics and bold;

« figures;

* lower and upper indices;

* parentheses (), [];

* points, commas, colons, semicolons and other punct-
uation.

Everything else is regarded as text and placed into the
second "basket”. As a result, the "basket” with the math
accumulated surplus set of characters of which some can not
apply the mathematic notation (e.g. punctuation).

In the second stage, based on elements in the mathema-
tical baskets we construct the zone of proximity - a group of
characters, which includes components which are adjacent
to each other.

We obtain a domain, consisting supposedly of mathema-
tical elements, that is a free-standing mathematical express-
ion. Single mathematical symbols or “basket” is sufficiently
far from other mathematical symbols, and, simultaneously,
located near the symbols of text “baskets” are considered
as text and moved into the text “basket”. The criteria of
proximity is used for the distance between the minimum
bounding rectangle (bounding box) of each character. The
characters are considered adjacent if the distance between
them is less than some threshold.



At the end of the group, the areas proximity correction
is performed (it removes leading and trailing periods and
commas, the extra brackets, etc.). In the third stage mathe-
matical words are allocated such as sin, cos, log.

As a result, these groups of elements are segmented from
the document formula.

In general, this approach gives acceptable results, but it
still can have systematic errors:

« Italic’s row are considered as a mathematician

* Some expressions, such as “(2)”, “1:” also are regarded
as a mathematical notation.

Nowadays there is software that can find text recogniti-
on, as well as recognize mathematic symbols [3].

Cuinie and FineReader use the same methods for sym-
bol recognition. At first, it divides pages on different gro-
ups as text and pictures. After it converts text fragments
to text it compares every symbol with a raster pattern.
Symbol’s are superimposed with patterns in the database
and then it chooses the pattern with the minimum points
differing from original symbol. When the document has a
really bad quality, the structural recognition method of a
character’s distorted image stands out. It then compares
the specific details and compares within the structural
patterns of the symbols. As a result, the character is ch-
oosing with the set of all structural elements and their
location is the best matching to the recognizable symbol.

One of the most successful software for the mathema-
tical recognition is INFTY, which was developed by Japa-
nese scientists. They use two complementary recognition
engines, a commercial OCR engine for ordinary texts and
an original recognition engine for mathematical expressi-
ons. The main stages for recognition are: layout analysis,
character recognition, structure analysis of mathematical
expressions and manual error correction [1].

In the layout analysis procedure, which is the first
procedure of INFTY, several preprocessing operations,
such as binarization, noise removal, and deskewing, are
performed on the page images (scanned in 600dpi) of a
mathematical document. After all connected components
are extracted from the preprocessed page image, they are
separated into figure / table areas and non-figure areas.
The non-figure area is further decomposed into text li-
nes.

The character recognition procedure separates each
text line into mathematical expressions and ordinary
texts and recognize the characters on both ordinary texts
and mathematical expressions.

Structure analysis of mathematical expressions has
three roles in INFTY. The first role is to represent the
structure of each mathematical expression by a tree for

converting the mathematical document into XML, LaT-
eX, and other math-description formats. The second role
is to fix the character recognition result of the mathema-
tical expressions. The third role is to detect the ordinary
texts wrongly classified into the mathematical expression
part.

The structure analysis problem is can now be consi-
dered as the problem of searching for the minimum-cost
spanning tree on the weighted digraph prepared in the
previous section. The spanning-tree is somewhat peculiar
and different from common spanning-trees which will
consist of all nodes of the digraph and it consists of only
nodes which do not correspond to the same connected
component.

Once the minimum-cost spanning-tree of the weighted
digraph is obtained, the structure of the subjected mathe-
matical expression is represented as a (spanning-) tree and
the character recognition result is fixed. Thus, the first
and the second role noted at the beginning of this section
are fulfilled by this procedure. On the other hand, if the
spanning-tree is not obtained, the mathematical expression
is rejected as an ordinary text. Thus, the third role can be
fulfilled along with this procedure. Manual error can be
corrected using a graphical user interface.

From results on 476 pages of mathematical documents
it was shown recognition rates (99.44% on ordinary texts,
95.18% on mathematical expressions, and 98.51% in total)
and 89.6% mathematical expressions are perfectly analyzed

[4].

4. Conclusions

Mathematics recognition is a practically-important
and hard problem. Recognition is difficult because mathe-
matical notation involves a large alphabet of symbols and
a large range of font sizes, and contains little redundancy
in its representation of information. Comparison among
existing mathematics-recognition systems is complicated
by the myriad ways in which the mathematics-recognition
problem can be defined. In addition, some recognizers as-
sume pixels as input, whereas others assume that symbol-
recognition has already taken place. This great variation
in problem-definition makes it difficult to compare the
strengths and weaknesses of existing mathematics recog-
nition systems. One of the best software implementation
is INFTY, which gives the best results of formula’s rec-
ognition and Fateman’s method recognize more symbols
then Lee and Wand techniques or logical and physical
segmentation.
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