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Abstract—This paper describes embedding a mathematical
formula recognition module into the OCR system OCRopus
aiming at developing a OCR system for scientific and technical
documents which include mathematical formulas. OCRopus is
a open source OCR system emphasizing modularity, easy ex-
tensibility, and reuse. This system has several basic components
such as preprocessing, layout analysis, and text line recognition,
so it is a challenging project to embed the mathematical
formula recognition module into the OCRopus system. We have
developed the math OCR module, then report how to embed
our module into the OCRopus system in order to realize a
math OCR which can deal with wide variety of documents
including mathematical formulas.
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I. INTRODUCTION

Since 1990s a lot of studies of document image analy-
sis/recognition have been done and some commercial OCR
software are available. However, these software have been
specialized for particular applications. There remains still
many problems to achieve a math OCR for digitizing large
scale documents including mathematical formulas [1], [2].

OCRopus [3], [4] is an open source OCR system and has
been developed to overcome the problems related to OCR.
It enables us to evaluate or reuse OCR components such
as preprocessing, layout analysis, and text line recognition.
The OCRopus system can be considered as a commonly
used test bench for OCR related researchers or engineers. It
is challenging to add a new function into OCRopus.

We have studied and developed the document recognition
system which can recognize mathematical formulas [5]-[7].
This system consists of some components such as formula
structure analysis and character recognition but is required to
improve its performance to deal with wide variety of specific
documents. Therefore, we aim to build a math OCR system
by using the OCRopus system which is expected for further
improvement.

The mathematical formula recognition has been discussed
by many researchers, and INFTY [8] is the only practi-
cal system to recognize documents including mathematical
expressions to our best knowledge. INFTY can recognize
many kinds of mathematical expressions with considerable
precision but more research is required to digitize existing
various documents.
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In this paper, we report how to embed our mathematical
formula recognition module into the OCRopus system. To
realize it, it is required to separate mathematical expressions
(embedded or displayed expressions) from ordinary text. For
the first step of this project, we plan to develop a math OCR
for displayed expressions.

The rest of this paper is organized as follows. Next
section describes the architecture of the OCRopus system.
Then, Section III describes how to embed the mathematical
formula recognition module into the OCRopus system. In
Section IV, some experimental results are shown. Finally,
Section V presents the conclusions of this work.

II. ARCHITECTURE OF OCROPUS

OCRopus has been developed in IUPR Research Group
and hosted by Google Code [9]. Its overall architecture
consists of three major components, namely layout analysis,
text line recognition, and statistical language modeling.

Layout analysis
Physical layout analysis identifies text columns,
text blocks, text lines, and determines the reading
order.

Text line recognition
Text line recognizer separates text line images
into the collection of characters, then perform the
character recognition based on a hypothesis graph.

Statistical language modeling
Statistical language modeling integrates alternative
recognition hypotheses with prior knowledge about
language, vocabulary, grammar, and the domain of
the document.

III. EMBEDDING MATHEMATICAL FORMULA
RECOGNITION MODULE

In this section, embedding the mathematical formula
recognition system which has been developed in our labora-
tory into the OCRopus system is described. Our recognition
system consists of two major modules, symbol recognition
module and structural analysis module.

1) Symbol recognition module performs the segmenta-
tion of touching symbols, the unification of separated
symbols and symbol recognition.

2) Structural analysis module analyzes expressions from
left to right by checking types of symbols, their sizes
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and relative locations. This module produces structure
of mathematical expressions as KIgX or MathML [10]
formats.

In printed documents, expressions appear in two manners,
namely, embedded (mixed with text and also referred as
inline expression) and displayed (typed on a separate line).
However, for the first attempt our system only deals with
displayed expressions.

A. System overview

The whole processing steps including the mathematical
formula recognition are shown in Figure 1. In this figure, the
steps indicated in colored rectangles are implemented in this
work, and the other rectangle modules are the components
from the OCRopus.

Primary processing steps are as follows. Some of the
OCRopus commands perform each processing step.

1) Preprocessing including binarization, skew detection
and correction, and noise removal. In the OCRopus
system, ocropus-binarize command performs these
processes.

2) Layout analysis identifies text regions and the other
regions such as figures or tables. The text regions
are segmented into text lines. In this step, the coor-
dinates of each text line are obtained and used for
identification of mathematical formulas. ocropus-pseg
command executes the layout analysis and extracts text

lines.
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Figure 1. System overview
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More precisely, for a sequence {a,},> o of real numbers, and for every z and w in D, K

is of the following form:

a K(@z,w) = X a,z"w*".
o

n=

(a) document image

More precisely, for a sequence {a,}, of real numbers, and for every z and w in ID, K|
is of the following form:

)

©
K(z,w)= 3 a,z"w*".
n=0

(b) RAST algorithm result

Figure 2. An example of text line segmentation error

3) Each text line is segmented into characters and the
coordinates of each character are obtained. The clas-
sification of displayed expressions from ordinary text
lines also uses the features based on these coordinate
informations.

Text lines identified as displayed expressions are pro-
vided to the mathematical formula recognition mod-
ule. The other text lines are recognized by the OCRo-
pus system. ocropus-lattices and ocropus-align per-
form the character recognition based on a hypothesis
graph.

Each recognition result is integrated into the whole
document recognition result. ocropus-hocr outputs the
recognition result.

4)

5)

Some of the above processing steps are described in the
following in detail.

B. Text line segmentation by layout analysis

The features to classify displayed expressions are not
computed correctly if the bounding boxes of the text lines are
segmented improperly. The OCRopus system provides some
algorithms for the text line segmentation, and each algorithm
can be evaluated individually. The default RAST algorithm is
based on whitespace identification and text line finding [11].
However in our experiments, RAST algorithm sometimes
fails in the segmentation of displayed expressions. It often
produces multiple lines for a displayed expression with
upper or lower subexpressions such as:

0o
D> an
n=0

Figure 2 shows an example of the segmentation error.
Therefore, we need to select an algorithm for the text line
segmentation. For the time being, our system supposes that
input documents are composed of one column. For this
type of document, the 1CP (1 Column Projection) algorithm
shows the best performance for the text line segmentation.
1CP algorithm extracts text lines by a method based on the
horizontal projection.



C. Character segmentation

Character segmentation is performed by the OCRopus
system and the information about character sizes and lo-
cations is used for the following step.

D. Identification of mathematical formulas

1) Features of mathematical formulas: Some studies
dealing with identification of mathematical formulas have
been done [12]-[16]. Our identification method of dis-
played expressions is based on Garain’s method [17],
but additional features are proposed and the classification
method is changed. We use the following three features
(fws, fms> fmn) proposed by Garain, and these features are
slightly modified from original ones:

h
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where r denotes the average of the white space (measured
in number of pixel rows) above and below a text line
and r,, denotes the mean of the white space between two
consecutive text lines. o, denotes the standard deviation
among the y-coordinates of the lower-most pixels of the
characters of a text line. h is the height of a text line in
terms of pixel rows and h,, is the mean of all h-values.
Additional new features are defined as follows:

2

where o, denotes the standard deviation among the aspect
ratios of the bounding boxes of the characters in a text line,
and ind denotes the left indent (measured in number of pixel
rOWS).

2) Proposal method: In Garain’s method, the features
get combined and mapped into a scalar value by using
an averaging method. Then, the value is compared with a
threshold determined empirically to identify a text line as
an ordinary text or a displayed expression.

Our method uses the support vector machine (SVM) for
classification. We adopt SVM'9"* [18] for the reason for
license.

3) Training: Some documents are scanned and seg-
mented into text lines by the OCRopus system, then each
text line is labeled as ordinary text line or displayed ex-
pression manually. This dataset is used for training for the
SVM.

fma = 0a, fmi = ind,

E. Character recognition

Text lines classified as non displayed expressions are
recognized by the OCRopus system.

F. Mathematical formula recognition

Text lines classified as displayed expressions are rec-
ognized by our mathematical formula recognition module.
Figure 3 shows an example of the mathematical formula
recognition result in I&TEX format.
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15i<j=d

Ou
J(x):=deta= (x; — x;).

(a) An example of displayed expression in a document

\begin{math}

J \left ( x \right) : \det

\frac{\displaystyle{\delta u}}{\displaystyle {\delta x}}
\displaystyle{\prod _{{1 \legg i < j \legg d }}"{}}
\left ( {x }_{i } " {}- {x }_{J } " {}\right)

\end{math}

(b) The recognition result in I£TEX format

Figure 3. A mathematical formula recognition result for a displayed
expression
G. Coding

The overall document recognition steps are executed by
the pseudo code in Algorithm 1.

Algorithm 1: Math OCR for displayed expressions

Input: document image
Output: overall recognition result

image < preprocess( document image );

pseg < segmenter(1CP).segment( image );
textlines <— extract( pseg );

foreach line in textlines do

height < line.height;

white_space <— mean( line.above_white_space,
line.below_white_space );

bboxes < character_segmentaton( line );

ws <— white_space / mean( textlines.white_space );
ms <— std_coord_y( bboxes.bottom_coord_y );

mh < height / mean( textlines.height );

ma < std_aspect( bboxes.width / bboxes.height );
mi < line.left_coord_x;

identification( ws, ms, mh, ma, mi );

if line is displayed expression then
math_OCR( line );
output_result( line );
else
| output_recognition_result( line );
end

end

The above source code and math OCR module can be
found in public at http://syorserv.cs.shinshu-u.ac.jp/src/ocr.

IV. EXPERIMENTAL RESULT

The scanned mathematical journal, Archiv der Mathematik
from the project “Retro-digitalization of mathematical jour-
nals, and their integration searchable digital libraries” [19]
are used for both of training and testing. The documents are



The theorem below shows there is an abundance of Gaussian cubature formulae;
nevertheless, the two methods to construct such formaulae, besides being surprising, seem
to be the only one known so far. For the bivariate case thesc results have been studied
carlier by the second and last named authors in [11].

Before we formulate the theorem, let us recall some facts from Linear Algebra which
will be needed in the sequel, see e.g. H. Weber [12, Vol. I). A polynomial f € 119, is called
symmetric, if f is invariant under any permutation of its variables. In particular, the
degree of f, considered as a polynomial in R[x;], 1 £i < d, remains unchanged; we
denote it by 7(f).

The clementary symmetric polynomials in R [x,, x,, ..., X;] are given by

W= {xy,...x;) = > X; X k=1,2,...,d,

15i<<ihga L
and any symmetric polynomial f{(x,,...,x,) can be uniquely represented as
LIRS
Cay,oy 2 W1t Uyt
Dtdg+ TS o)

With x = (x,,...,x;) and # = (u,, ..., u,), the Jacobian of # = #(x) can be expressed as
Ie!
Jei=detz = [T (x—x,).
06X ggi<jsd

Since J2 is a symmetric polynomial, we shall further usc the notation A (u):= J2(x).
As above, let pe R, and let {x, ,}7_, be the zeros of g, = p, + pp,_,, now ordered
by X, <. <X, For y=(,..,7) 1Sy, <0 and i=1,2,....d, let x,, =
Oy, meevns Xy, ) and 2, = u(x, ).

Furthermore, let D = {xe R: x; < x, - < x,}, let R = (D), and let the measure v
on R be defined by dv(w) = du(x):= du(x,} - du(x,) — we hope the notation will not
lead to any confusion.

Figure 4. A part of an example test image

scanned in 600 dpi. Dataset for the training consists of 50
pages from the journal. The pages include 1074 ordinary text
lines and 174 displayed expressions. The proposed system
have tested on other 64 pages. Figure 4 shows a part of an
example test document.

A. Identification results of mathematical formulas

The test dataset includes 542 displayed expressions and
531 expressions are identified correctly. Figure 5 shows re-
sults of text line segmentation and identification of displayed
expressions for the above test document. In Figure 5, black
regions show text lines classified as displayed expressions.
In this example, all displayed expressions are identified
correctly.

B. Final recognition result

Figure 6 shows a part of the recognition result of the test
document. In this trial, OCR results for ordinary text lines
are represented by HTML format and displayed expressions
are represented by MathML. The HTML source created by
the OCRopus system is based on hOCR [20]. MathML is
a markup language for describing mathematics aiming at
inclusion of mathematical formulas in Web pages, so the
HTML and MathML output is suitable to represent the
whole document including mathematical formulas.

V. CONCLUSION AND FUTURE WORK

The OCRopus system is adequate to embed newly devel-
oped modules. In this paper, embedding our mathematical
formula recognition module into the OCRopus system is
discussed. As the first step of this research, developing
a math OCR for displayed expressions is intended. In
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A part of recognition results for the test document by Firefox

this development, how to embed our mathematical formula
recognition module into the OCRopus system is investigated.
Then, identification of displayed expressions are studied.
Some experiments show the possibility of developing a math
OCR using the OCRopus system to convert scientific or
technical documents into digital forms.

Future work will involve investigating a method to iden-
tify inline expressions in ordinary text lines, and devel-
opment of a math OCR for whole scientific or technical
documents.
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