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Abstract—In this research work, we propose to identify an
imaginary line called baseline threading through the entire
stretch of text-line, with reference to which the location of
vertical extents of Persian characters could be accurately
interpreted. Depending upon the curvedness of the handwritten
Persian text-line the baseline also would be curved. In this
research a novel piece-wise painting scheme is proposed to
prepare patches of black and white blocks all along the text-
line, identify some candidate points, regress a curve through
these candidate points to trace the baseline which is
subsequently stretched straight horizontally and subsequently
we de-tilt the characters to align the text-line with the
horizontal imaginary baseline properly. The proposed
algorithm is evaluated with 108 Persian handwritten text-lines
containing 3612 subwords. Experimental analysis showed that
91.2% of the subwords are accurately aligned. Further, the
proposed scheme is tested with another dataset containing 600
text-lines [13] and more accurate results are achieved when
compared with the results reported in state of the art for the
same dataset. The effectiveness of aligning text-lines linearly is
demonstrated through OCRIing for readability of tilted printed
English text-lines and corresponding transformed text-lines,
which are obtained using the proposed procedure.

Keywords: Handwritten Document; Baseline; Piece-wise
Painting; Curve Fitting.

I. INTRODUCTION

In any OCR system, preprocessing is the primary step
that plays an important role in reliable segmentation, feature
extraction, and finally recognition. Skew detection/
correction as a preprocessing technique, is widely
studied/employed for enhancement of different OCR results
[1]. However, in an unconstrained handwritten text-page
written in any language especially Persian and all similar
scripts every text-line may not be only skewed, it also would
suffer a slow varying oscillation (non-linear alignment).
Moreover, a skew detection/correction technique, which
results in a global orientation for entire text-page/text-line,
cannot be utilized in case of an oscillatory text-line as a
preprocessing operation. This becomes a bottleneck in
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machine processing of handwritten text documents. The
problem would be more acute in case of Persian text-lines
because of natural cursiveness associated with the characters
and the vertical displacement permitted in placing character
segments. A Persian handwritten text-page with different
skews in different text-lines is shown in Fig.1, which clearly
shows the limitation of global skew detection/correction.
Moreover, in any OCR system subsequent to text-line
segmentation, word/character level segmentation is a
mandatory process to achieve the goal. Word/character level
segmentation of such oscillatory text-line is very complex
and crucial task [2], [3]. A wide study on text-line
segmentation as well as recent approaches for segmenting a
text-page into corresponding text-lines is presented in [4],
[5]. However, in case of Persian handwritten recognition
most of the research works have not gone beyond text-line
segmentation. To facilitate segmentation of a Persian text-
line up to character level, it is necessary to utilize some
specific characteristics of Persian script in different stages of
Persian document analysis and recognition [8], [9]. We
illustrate these particular characteristics of Persian scripts in
this section to get an idea about them, which can specially be
used in preprocessing phase.

Persian (Farsi) has 32 basic characters and each character
can have up to four forms. Each Persian, Arabic, or Urdu
word/subword consists of two or more characters. In a ruled
paper Persian text-lines, which contain a group of
words/subwords/characters, are placed with reference to the
apriori available printed lines. In an un-ruled paper, a Persian
text-line is however assumed to have been placed with
reference to an imaginary line called baseline. This
characteristic is one of the main properties of text-lines in
Persian and other similar scripts. The concept/importance of
baseline/reference line is also presented in pitman shorthand
text analysis and recognition since strokes are typically
written on ruled papers. However, locating the reference lines
when Pitman Shorthand Language (PSL) is written on a
white paper is a crucial problem in PSL [6], [7]. To
demonstrate the concept of baseline, horizontal projection
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profiles for perfectly horizontally aligned printed text-lines in
different languages are calculated. By looking at the results
of horizontal projection profiles presented in Fig.2-(a..d), it is
clearly revealed that there is no relevance between the
respective base lines in the printed English, Hindi and
Kannada text-lines, and positions of peak values in their
projection profiles. However, there is only one smooth and
long peak in the horizontal projection profile of Persian text-
line, which aligns with the position of baseline. This
characteristic of correspondence/ matching between position
of baseline and the peak value in the projection profile can be
used in Persian document analysis and recognition [8], [9].

In most of the research papers related to Persian/Arabic
character segmentation [8], [9], researchers have used several
techniques to detect the baseline of the word/subword or line
in the preprocessing step to use this information in
subsequent steps. It is shown that the baseline information
improved both the segmentation and recognition accuracies
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Fig.1. A Persian handwritten text-page with different skews in different
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Fig.2-b. A printed Hindi text sample and its horizontal projection profile (Peak value = Position of Matra or Peak value # Baseline)
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Fig.2-c. a printed Kannada text sample and its horizontal projection profile(Peak value = Position of Matra)
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Fig.2-d. a printed Persian text sample and its horizontal projection profile ( Peak value = Baseline position)

[l 1 1 1
1] 20 40 60 a0 100 120 140 160 120

Note: Lines with Black color indicate baselines (reference line) in the text-lines printed with different languages and Black color arrows indicate
position of baseline in horizontal projection profiles

In [8], [10], baseline is detected by finding peak value of
horizontal projection profile in a printed/handwritten text-
line. In [3], a modified projection technique is addressed. In
this technique by rotating word image through different
angular inclinations, the peak value of horizontal projection
profile in each angular position is obtained and the maximum
value and corresponding angle among all the peak values is
found. Subsequently by rotating the word with the obtained
angle, the baseline of Arabic word is identified. In [11], the
concept of baseline is used to find the best positions for
Arabic character segmentation. In [9], parameters such as
lower/upper baselines and distance from the uppermost text
pixel to the baseline and distance from the lowermost text
pixel to the baseline are used to derive a subset of
geometrical baseline dependent features. It is shown that
accurate baseline has direct effect in the feature extraction
and recognition methodology [9]. In [12], the baseline is used
for rough line separation and then by using contour
information the exact lines have been extracted. Recently a
two-stage Persian/Arabic baseline detection and correction
algorithm is presented in [13]. The first stage estimates the
writing path of a text-line by a fitted curve based on
candidate baseline pixels, which are detected using template
matching algorithm. Then the slant and position of the
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components in the line is adjusted. In the second stage, the
baseline for each subword is corrected.

However, the horizontal projection profiles [8], [10] and
its modified version [3] cannot be directly utilized for tracing
(detecting) the baseline in Persian/Arabic handwritten text-
line because each text-line generally suffers with oscillatory
placements of words/ subwords with respect to the imaginary
baseline. The template matching technique presented in [13]
results in improper candidate points in many cases, which
consequently provides inappropriate baseline alignment.
Moreover, because of curssiveness of handwritten Persian
texts, it is very difficult to see text-lines maintaining perfect
horizontally straight path. The upwards/downwards direction
skewed text-line could be the simplest setback; however
more severe would be when a text-line suffers oscillatory
placement, which the direction of text-line frequently
changing both upwards and downwards. These difficulties
and presence of some special properties in handwritten
Persian text such as various shapes for a group of two or
three dots like horizontal bar and circle, which appear
above/below the main body of the character far from the
baseline [3] make tracing/aligning the baseline more complex
and a challenging problem. In addition, the technique
presented in [13] as authors themselves have mentioned, is a
time-consuming preprocessing operation. In order to
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overcome such difficulties we propose a novel framework for
tracing and straightening the baseline in Persian handwritten
text-line, which can also be used for other similar scripts in
order to facilitate word/character segmentation. In the present
work, a new painting technique is proposed to prepare
patches of black and white blocks all along the text-line and
subsequently identify candidate points for tracing the
approximate baseline. Curve fitting is utilized to
approximately trace the baseline by fitting a curve through
the extracted candidate points. By using the candidate points
(pixels) presented in each component, corresponding average
slope for counter rotating the component is calculated. Each
component presented in the text-line is rotated by respective
average slope to approximately align with the imaginary
baseline. Further, to achieve more accurate baseline, each
component is lined up with respect to imaginary baseline.

The rest of the paper is organized as follows: A new
model for baseline tracing is described in Section 2. Section 3
presents the baseline alignment methodology. Experimental
results and discussion are reported in Section 4. Finally,
conclusions and future work are presented in Section 5.

II. A NEW MODEL FOR BASELINE TRACING

To trace the baseline, it is necessary to find areas, which
are very close to the baseline and these areas are called key
areas. Therefore, the input text-line (gray or BW image) is
converted into an image of painted strips (Fig. 3 & 4) using
the algorithm presented in [4], [14]. This algorithm [4], [14]
works based on decomposing the image into a number of
vertical strips with a certain width from the right side. Then
every pixel value in each row of the strip is replaced by a
gray intensity, which is the average intensity value of gray
values of all pixels present in that row of the strip.
Subsequently, the scripts are converted into two-tone
painting. The result of this step, which is an image with a
number of rectangular black blocks, is shown in Fig.4. In the
painted image, the black blocks with maximum height are
chosen in every vertical strip (Fig. 5). These blocks, which
are called key blocks (areas), help finding points (pixels),
which are very close to the baseline. Then the dot(s) and
strokes are removed from the input image based on sizes of
components present in the input text-line (Fig. 6). The
reasons behind this operation are: the dot(s) or strokes are
usually positioned in far locations from main body of
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words/subwords or characters and they make the process of
baseline tracing more complicated. Then by mapping the
input text-line image without dots and strokes on the black
blocks with maximum heights (key blocks) the key portions
in the text-line are found. Piece-wise horizontal projection in
the entire region of each key black block is calculated and
maximum piece-wise horizontal projection is found
respectively. Based on the maximum piece-wise horizontal
projections, the points (pixels) which belong to text portion
in each block are chosen as candidate points.

In unconstrained handwritten text document, each text-
line has different flow of writing and even it may not be a
straight skewed line. Therefore, in the present work, it is
decided to fit a curve on input text-line by utilizing
polynomial fitting algorithm [15]. Formula for polynomial
with degree of n is shown in (1).

1+...+a.2$2+ﬂ-1$+a0 (1)

flz) = a,2” + a2~
Where n is a nonnegative integer and a0, al, a2, ..., an are
constant coefficients and f(x) is defined for all values of x. In
the present work the (x, y) coordinates of candidate points are
mapped with (x, f(x)) in (1) respectively. The degree of
polynomial (n) is considered as 4 based on an assumption
that the oscillation of a handwritten text-line will not be more
than 3. So in case of oscillation more than 3 in a text-line a
curve is fitted with degree of 4 on the input text-line.
Moreover, we tested the system with 108 text-lines of Persian
handwritten using the degree 3, 4, and 5 for the degree of
polynomial and we found better experimental result with
degree of 4. Subsequently the polynomial coefficients are
also calculated using extracted candidate points. The result of
curve fitting operation is shown in Fig.7-(a) and
corresponding coefficients are tabulated in Table 1. This
curve is further used to align the oscillatory written input
text-line into a straight horizontal text-line, which facilitates
subsequent processes. More results of curve fitting operation
are shown in Fig.7-(b..f) and corresponding coefficients of
each curve are also tabulated in Table 1. The highest value
among the values of column a4 in Table 1 belongs to text
sample 1. It is evident that the text sample 1 is more complex
when compared with the other text-lines. By looking at Table
1, it is also clear that for some text-lines especially text
sample 3, a curve of degree 3 is good enough to be fitted on
its candidate points.
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Fig.3. A Persian text-line image after decomposing it into vertical strips
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Fig.5. Text-line image after selecting black rectangles with maximum heights in each strip and mapping the original text-line image on the selected black
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Fig.6. Text-line image after removing dots and strokes
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Fig.7-d. Fitted curve in the printed text-line sample 4 (without skew)
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Fig.7-e. Fitted curve in the printed text-line sample 5 (Skewed upwards)

Fig.7-f. Fitted curve in the printed text-line sample 6 (Skewed downwards)

TABLE. 1. POLYNOMIAL COEFFICIENTS OF DIFFERENT TEXT-LINES

s as o a; Ao
Sample 1 0.00000000007 -0.00000031583 0.00047564526 -0.19046234819 | 135.39963824961
Sample 2 -0.00000000001 0.00000005569 -0.00014227586 0.03197629125 289.12796011878
Sample 3 0.00000000000 0.00000000650 -0.00003880138 0.13563393873 6.04533525788
Sample 4 0.00000000004 -0.00000009987 0.00007183965 -0.01690945459 57.10543179244
Sample 5 -0.00000000002 | -0.00000000698 0.00003790800 0.16030916415 34.90633719825
Sample 6 -0.00000000002 0.00000000171 0.00001686790 -0.18181654990 | 172.21903233955

III. BASELINE ALIGNMENT METHODOLOGY

An unconstrained handwritten text-line suffers from a
slow varying oscillation in its components. To find the slope
for each component in the text-line instead of finding a
global slope for entire text-line, we use some language based
knowledge such as direction of writing in Persian and similar
scripts, which is from right to left. As a consequence of this
influence, subsequent to fitting a curve on the input text-line,
the rightmost point of the fitted curve is found. This point is
indicated with an up arrow in Fig.8. Further, all intersection
points, which occur between the curve drawn and the
components (words, subwords, dots and strokes) presented in
the input text-line, are obtained. The intersection points in
each component are used to find slope of component with
respect to horizontal line. To obtain the average slope for
each component, a hypothetical horizontal line passing from
the rightmost point of the fitted curve is drawn (Fig. 9 and
10). From the rightmost point, an additional straight line is
drawn to each intersection point in the corresponding
component. Slope between these lines and hypothetical
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horizontal line are calculated respectively and average of
them is obtained. In reality, different pixels in a component
should be rotated with different slopes; calculation of slopes
for all pixels in a component is a tedious task. Therefore, for
every component the average slope value is calculated
separately. Each component is rotated with its own average
slope to align with reference to the imaginary baseline. As it
is shown in Fig.9 and 10, if we assume there are two
intersection points in the component indicated by circle, it is
needed to draw two straight lines between these two points
and the rightmost point. The average value of the slope Bl
and B2, which is [(B1+p2)/2], is the corresponding slope for
rotating the component indicated by circle. In addition, there
are a number of components (shown with rectangles in Fig.
8), which do not have any intersection with the fitted curve in
the text-line. To rotate these components with accurate slope
a distance matrix is constructed based on the distances from
the center of gravity of every component to the center of
gravities of all other components. The corresponding slope of
such component is obtained by finding the minimum distance
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in corresponding row of the distance matrix. Figure 11 shows
the result of the first step of baseline alignment.

Figures 14 and 15 clearly show the significance of the
proposed technique on shapes of horizontal projections in
original input text-line image (Fig. 3) and the image after the
first stage of baseline alignment (Fig. 11).

As it is demonstrated in Fig.12, some components are not
placed in proper positions with respect to proposed baseline.
Therefore, it is necessary to shift those components in the
appropriate position to get more accurate baseline. To do so
for every component in the input text-line, horizontal
projection is computed and maximum horizontal projection
value and its position are found. Then the components, which
have at least one intersection point with the drawn baseline

Vol. 02, No. 04, 2010, 907-916

and place very close to the baseline, are vertically shifted
upward or downward. The difference between the position of
the drawn horizontal baseline and position of baseline of each
component is measured as value of shifting. The baseline of
the each component may be placed in the position of
maximum horizontal projection or end-points (uppermost/
lowermost).

For the components, which do not have any intersection
point with the drawn baseline, distance matrix is calculated in
the same manner as done earlier. For each such component
minimum distance with respect to the components having
intersection point(s) with the drawn baseline is obtained and
respective vertical movement is considered for vertically
shifting up/down the respective component.

Fig. 8. Rightmost point (indicated by arrow), a component having intersection points with fitted curve (indicated by circle) and some components that do not
have any intersection with fitted curve (indicated by rectangles)

ﬁlk?:lh_

(e t—

Fig. 9 and Fig. 10. Slopes 1 and 2 between horizontal line and lines drawn from rightmost point to two different intersection points in corresponding
component.

tt — 1t

Fig.12. Components, which need more alignment with respect to baseline

Fig.13. Result of the proposed algorithm
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Fig. 16. Horizontal projection of the final result

Fig. 17. Comparison of horizontal projections of all
The projection profiles

Fig. 18. Misaligning character/characters in a text-line after baseline alignment

IV. EXPERIMENTAL RESULTS AND COMPARISON ANALYSIS

The proposed algorithm is tested with 108 handwritten
Persian text-lines containing 3612 subwords written by
different writers and scanned in gray level with resolution of
300 DPI. For each text-line, accuracy of the proposed
algorithm is computed as the ratio of number of subwords
correctly aligned with respect to the baseline to total number
of subwords in the text-line. (e.g. in Fig. 8 the accuracy of the
proposed algorithm for aligning the baseline is
30/32=93.75% that means 30 subwords out of 32 subwords
present in the text-line are correctly aligned). We manually
evaluated the accuracy in each text-line. Finally, average
value of the accuracies in all the text-lines is considered as
overall accuracy of the proposed algorithm. From
experimental results, 91.2% of the subwords are correctly
aligned with respect to the actual baseline. Figures 14-16
show the results of horizontal projection in original image,
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image after first level of aligning the baseline and image after
second level of baseline alignment. Considerable
improvements in aligning the baseline can be observed in
figures 14-17. The underlined subwords in Fig. 18 are the
subwords misaligned with respect to actual baseline in the
chosen sample text-line. To the best of our knowledge, there
is no handwritten Persian text-line dataset with ground truth
information to help us for automatic evaluating the present
work and comparing our results with literature results.
Therefore, we tested the proposed scheme with the dataset
introduced in [13]. The dataset consists of 600 text-lines
containing 14,600 subwords [13] without ground truth
information. We fixed margin parameter, which was defined
as maximum allowable distance of aligned baseline from the
actual baseline of subwords [13], to 15 for having a proper
comparison. In subword level, we manually evaluated the
present work and out of 14600 subwords 14058 subwords
(96.29% of the subwords) were correctly aligned with respect
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to their baselines. From the work presented in [13] the result
of baseline correction with the same dataset and the same
margin parameter was reported to be 95.12%. From the
experimental results, it is clear that the proposed algorithm
shows better results when compared with the work presented
in [13].

The present work showed lower accuracy (91.2%) with
our dataset. This is because our text-line dataset is more
complex then the dataset introduced in [13]. To have the idea
about the types of text-lines in these two datasets some text-
lines are shown in Fig.19 and Fig.20.

To show applicability of the proposed framework on
other languages a few lines of printed English text with
different contents and skews from 10 to 20 degrees are
considered. We employed a tool (Readiris Pro 10) for
converting these text images into corresponding word file
format. We manually evaluated the results by counting the
number of characters, which are correctly recognized by the
OCR tools. By applying only the first stage of proposed
framework and then employing OCRing process, accuracy
has significantly improved from 40.03% to 98.01% in the
final OCRs’ result. Some results of the proposed technique
are shown in Fig. 21.
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Fig.19. two text-lines from our dataset
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Fig.20. Two text-lines from the dataset used in [13]

Fig. 21-a. Original printed English text-line
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We will focus on the fundamental coneepts of image processing. Space does not permif

Fig. 21-b. Result of the proposed technique

Fig. 21-c. Original printed English text-line

* mage Understanding image in -> high-level description ouy

Fig. 21-d. Result of the proposed technique

V. CONCLUSION

In this paper, a novel algorithm for baseline tracing and
alignment in Persian handwritten text-line is introduced. The
proposed algorithm is evaluated by 108 Persian text-lines and
91.2% of the subwords in our test dataset (text-lines) are
placed in proper location with respect to the actual baseline.
The present work is shown better result when compared with
the results of the literature. The main advantage of the
present work is very quickly finding the candidate points for
baseline tracing in the input text-line image and finding the
slope for each component in the text-line and straighten it
instead of finding a global slope for entire text-line.
Moreover, it is aimed that the proposed algorithm as a
preprocessing technique can facilitate segmentation of a text-
line into words/subwords and characters with more ease and
accuracy.

In future, we plan to work on automatically determination
of the degree of polynomial for best curve fitting and extend
the work by using piece-wise alignment, which may help us
to achieve better results.
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