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Abstract

In this paper a part of the system for recognising off-line cursive
Czech text is presented. Recently, various systems for recognition of
cursive English text has been developed, however, to our knowledge
no method has been presented yet for Czech, a language rich in dia-
critic marks. This paper deals with preprocessing which is different for
Czech and English handwritten texts. For finding the letter bound-
aries a method based on minimising a heuristic cost function has been
used.

1 Introduction

Handwritten form of a language is used in notebooks, personal letters, on
envelopes, cheques, etc. Taking into account the possible importance of these
documents the benefits of automatic recognition of handwritten texts are
obvious.

The problem of handwritten character recognition can be subdivided into
two categories: off-line recognition [1, 2, 3] and on-line recognition [4, 5].
On-line recognition deals with real-time data processing and has the ability
to integrate pen-movement and pressure information. Off-line recognition,
however, is based on a static input of the data and relies only on pixel
information for the recognition of each word [6].

Off-line cursive script recognition has progressed in the past thirty years
from a novelty to a technology that can be implemented into commercial
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(a) (b)

Figure 1: Histograms of handwriting: a) in English, b) in Czech

applications. Processing the characters with diacritic marks that are common
in Czech, however, still represents a problem and has not been satisfactory
solved yet. This paper deals with the preprocessing part of cursive script
recognition in which specific features of a language rich in diacritic marks
play the key role.

2 Finding Text Line Boundaries

Before starting let us define a useful term we will use in the following text:
Smoothed pixel density histogram s is a histogram defined as follows:

s(i) =
∑

j=−2..2

h (i+ j) , (1)

where h(i) is a pixel density histogram at the point i.
Splitting the page to rows is the first step which needs specific handling in

Czech. The typical profile of a horizontal smoothed pixel density histogram
for an English text is shown in the Fig. 1a. In the case of a Czech text this
typical form is disturbed due to the acute accents and inverted circumflexes
that influence especially the characteristic form in the ascender part (see
Fig. 1b). Algorithms looking for the boundaries of the text rows could not
be therefore based on searching characteristic patterns in the horizontal his-
togram because the style of the upper part of the histogram differs in Czech
texts not only according to the style of writing (the slant of acute accents
and position of writing of the inverted circumflexes) but also to the contents
of the text (the number of diacritic marks above the characters on the row).

The second problem we deal with in this part is the position of acute ac-
cents and inverted circumflexes above the text. Acute accents and inverted
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circumflexes may be too high above the text and a simple algorithm for find-
ing the text rows could consider them an independent row. We have solved
this problem in this way: We suppose that the rows have approximately the
same height on the whole page. After an initial estimation of text lines the
algorithm adjoins too low rows to the following row. Based on our exper-
iments it is reasonable to assume that true rows are only those which are
higher than a half of an average row.

We have tried to find the borders of a line as precisely as possible. The
rows of a written text in Czech usually have not straight line boundaries.
The boundaries are often overlapped due to acute accents and inverted cir-
cumflexes and due to characters descending beneath the lower boundary.
For the first approximation of boundaries we should calculate the horizon-
tal smoothed histogram and estimate the baselines for all rows. Then the
contour following algorithm may be used for the parts of characters which
overlap the low borderline in order to find precise row boundaries. Possible
problems with some thin and slanted strokes can be avoided by using the 3x3
Gaussian mask for the scanned picture of handwriting before the algorithm
is applied.

3 Splitting Rows To Words

The first phase of row processing is based on finding the reference lines. The
reference lines of a text line are the four horizontal lines that mark the top
of the ascenders, the top of the main bodies of letters, the baseline and the
bottom of the descenders [7]. This phase should not be biased by Czech
diacritic marks. The only exception may be the situation when the acute
accents and inverted circumflexes are positioned too low above the text. In
this case it may be a problem to find the top reference line.

Let us suppose that the slant of a writing on a particular row is known
and we are trying to use it for splitting the row to words which is a logical
continuation of the whole process. The problems which arise are similar to
that with splitting a page to rows so that we can use an analogous way to solve
them. First we calculate the vertical histogram at the same angle as that
of the slant of written text and smooth it again. Then the spaces between
the words may be estimated using the values of calculated histogram (text
density). This approach works well if a good method for the estimation is
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employed. Corrections of erroneously split rows are possible after the words
are recognised by comparing them with a dictionary.

Serious problems could arise by an improper positioning of acute accents
and inverted circumflexes at the end of a word. If they are written too far
behind the text the algorithm could separate them as an individual word. To
avoid this situation a horizontal histogram for every short word is computed.
The process reveals whether the word found in this way is located on the
baseline of the text. A diacritic mark found in this way is joined to the
precedent word.

4 Extracting Style Parameters of Czech Text

In the previous section we supposed that the slant of writing is known. The
way to obtain its value along with other important characteristics of writing
is described in following text.

Histograms are not sufficient for the phase of splitting the words. The
inner structure of particular words is more complex than the structure of the
whole page or a row. Therefore, it is necessary to calculate the following
parameters that characterise the word to be split:

• dominant slant of writing

• thickness of the pen

• average width of characters

• average height of characters

It is obvious that the result of splitting the words largely depends on
the accuracy of determination of particular parameters. To minimise the
inaccuracy it is necessary to work not only with average values of these
parameters but also with their deviations and to take them into consideration
when the word is split.

The basic parameter used in handling with words is the slant of writing.
All the methods mentioned in the following text are based on it. Let h be a
histogram. Define d(h) as a sum of differences of all pairs of adjacent values
in histogram h. To determine the slant of writing the vertical histograms
at angles of −20, −10, 0, 10, 20, 30 degrees are created and the value of

4



d(h) is calculated for all of them. The angle with a minimum value is to be
considered the dominant slant.

The vertical histogram for the dominant slant of writing can be used
to find the thickness of the pen. As the average thickness of the pen the
average of the set containing the smallest non-zero elements of the histogram
in a given range is employed.

To determine the average width of characters we calculate the vertical
histogram at the dominant slant angle. Then we search for places where
the histogram value approximately equals to the determined width of the
pen and the histogram values are rising on the right side. We calculate the
average of the distances between these points as well as their deviations.
The determination of the average width of characters already in this phase is
rather difficult and the result is not fully reliable. Moreover, the characters
like n, u, m, w, etc. can be misread as pairs or triples of letters. This
problem can be eliminated in the phase of recognition and postprocessing
only.

In the determination of the average height of characters we can consid-
erably simplify the task by using the height of the highest character as the
searched value.

Vertical histograms are influenced by the diacritic marks much more than
the horizontal ones. The determination of the slant of writing is influenced
by diacritic marks because the slant of the acute accents and the style of
writing of inverted circumflexes considerably affect the histogram computed
at different angles. The style of writing diacritic marks may differ from
writing style of true letters and there is a risk that the slant of writing the
marks could override the true slant of writing in case of short rows with
a relative large number of letters with diacritic marks. The determination
of the average width of characters could be also influenced by an improper
position of acute accents. The influence of diacritic marks can be eliminated
by a proper heuristics. Therefore, we use the values based on the histogram
of the whole rows in which the deviation are eliminated by averaging.

5 Finding Letter Boundaries

The process of splitting words can begin after all style parameters are deter-
mined. The influence of diacritic marks is critical in this part of processing.
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In this stage we work only with particular words. Therefore, the deviations
in vertical histograms are not eliminated by averaging so that they can lead
to misinterpretation of data. The slant of acute accents manifests itself by
strong jumps in the histogram which prevent the algorithm from finding the
position of letters. Simply, the algorithm designed for splitting letters in
English texts does not work for Czech texts.

The solution of this problem can be temporal elimination of diacritic
marks. It is performed by using the algorithm for finding single graphical
objects in the upper part of the row. Then the original algorithm for splitting
words into particular characters can be applied. However, problems may arise
where diacritic marks are adjoined back to the letters because the acute
accents and inverted circumflexes are not written at the constant place with
respect to the position of the letter they belong to. Therefore, we decided
not to attach the diacritics back to the text in this phase but to process it
separately. A Czech text in which diacritic marks are absent is processed
in the same way as an English text (including the recognition of particular
letters). Diacritic marks are then adjoined to the final text. Re-attachement
of diacritic marks based on a language model only to the letters where it is
possible considerably improves usefulness of the algorithm.

The algorithm for splitting words is described in the following para-
graphs [7]:

In the first phase the procedure is similar to the determination of the
width of characters. Based on the prevalent slant of writing we choose the
set of four angles in its neighbourhood and apply the algorithm for the deter-
mination of the width of characters to the histograms at corresponding slants
with the following changes: When a proper place for division is found we add
its position to the set M which was initialised to be empty. This process is
repeated for all chosen angles. The set M can be, therefore, considered the
set of candidates for division of a given word and our task is to use the most
appropriate one. It is useful to order the setM after all candidates are added.

The first point in the ordered set M is chosen as the initial new point of
division. Then we create the set N of points which are from the initial point
distant of less than a half of the average width of character. This points
we remove from the set M . In the next step we remove the point with the
smallest value of the cost function (defined later) from the set N and insert
it to the set Q of the final division points. This process is repeated until the
set M is empty. Finally we unify the points in the set Q the inter-distance
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of which is less than a quarter of the width of characters. It is probable that
such points correspond to the same boundary of a character.

The detailed algorithm can be described by the following steps:

1. Find the division point p

2. Let the threshold point t be at a distance of a half of the width of
character from p.

3. Let the set N be the set of division points between p and t

4. If there are more division points with the same angle in the set N ,
delete all the points after the second one.

5. Chose the division point q with the smallest value of the cost function
from the set N and insert it to the set Q

6. Unify the points in the distance less than one quarter of a character in
the set Q

Finally we need to define the above mentioned cost function:

cost (α, p) = w1

(
p− pp

ew

)2

− w2

(
p− pp

ew

)
+ w3 (tc) + w4 (hc) (2)

The function is defined for the pair (α, p) where α is the angle of the division
line and p is the position of the division point on the baseline. pp is the
position of the previous division point on the baseline, ew is the average
width of characters, tc is the number of pixels intersected by the division
line normalised by the average width of the pen, and hc is the height of the
highest point intersected by the division line normalised by the height of
the row. Experimentally found constants w1, w2, w3, w4 control the correct
division of letter pairs and triplets.
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