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Abstract. Text normalization is an important technique in wtoent image
analysis and recognition. It consists of many ppepssing stages, which inclt
slope correction, text padding, skew correctiorg atraight the wring line. In
this side, text normalization has an important lialenany procedures such
text segmentation, feature extraction and charsagognition. In the prese
article, a ew method for text baseline detection, straightgniand slan
correction for Arabic handwritten texts is propas&de method comprises a
of sequential steps: first components segmentatfondone followed b
components text thinning; then, the dtion features of the skeletons are
extracted, and the candidate baseline regionsedegndined. After that, selectic
of the correct baseline region is done, and finallye baselines of &
components are aligned with the writing line. Ex@erimentare conducted on
IFN/ENIT benchmark Arabic dataset. The results shimat the proposed methi
has a promising and encouraging performe

Keywords: Arabic handwriting script; baseline detection; handwrittertext
normalization;preprocessin; slant correction; sub-word extraction.

1 I ntroduction

For languages written horizontally such as the &rddénguage (see Table :
the text line virtually splits into three regiongpper, middle and lower regio
[1]-[2]. The upper region contains upper dots, uppacritic, and ascendet
The middle or the baseline region is the main pathe characters, where t
loops and connection points between charactersHiaglly, the lower regiol
contains descenders, lower dots and lower dia¢3]-[4].

In Arabic-text, writing baseline is defined as an unreal horiabstraight line
where all characters lay and join in a specifict pdreach charactels]. In
Arabic printed texts, the baseline is detected ligday using the horizont:
projection histogram. Thiss done by finding the row that contains the higl
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number of foreground pixels as shown in Figure .1f&8vertheless, there are
problems in using this method on the handwrittesh seich as the existence of a
wide variety of free writing styles and irregulgrih sub-words alignment. This
problem appears when one of these six lettdrg ¥ " is located in the
beginning or middle of the word, leading to an maate detection of a straight
baseline for the text, as shown in Figure 1(b).dustradicts the definition of
baseline as stated earlier in this paragraph. $laoiilem occurs if the vertical
primitives of the text are standing in slant form the text baseline. The text
slant existence affects directly in many processedfocument image analysis
especially in character segmentation process thatthe vertical projection
histogram.

Tablel Arabic Letters and Shapes in the Position of a.Text
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In this work, a text normalization method for baseldetection and slant
correction in handwritten Arabic-text for characesgmentation purposes is
proposed. The method consists of several stepshveie: components labeling
and segmentation, components text thinning, skedetdirection features
extraction, candidate baselines regions deternoinatorrect baseline region
selection, components baselines alignment and gstantection. Set of
experiments are conducted on a benchmark databiadeabic handwritten text
called IFN/ENIT. The result is compared with a sétwell-known methods
such as Pechwitz [6], Farooq [7], Boukerma [8] athorizontal Projection
Histogram [9]-[11]. The results of the proposed moet show a better
performance than the previous methods. This papesists of five sections:
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introduction to the study, the relevant literatutbe proposed framewor
findings of the study, and finally the conclusiondarecommendations fi
future studies.

D) e
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ot e— [ 1,

(b)

Figurel The Result ofJsing the Horizontal Projection Histogram Method-[9]
[11] in Baseline [@tection for Arabi(Text: (a) Success on a printed text, (b)
Failure ona handwritten te.

2 Redated Studies

Pechwitz proposed study on baseline detection method based on poiyly
approximated skeletoprocessing6]. A study conducted by Farooq propo:
another method that uses a -step linear regression, which is applied on
local minimal points of word contou7]. This latter method proved to be
better one compared to the previous study done dphwitz. However, th
results of both of these methods contradict thelbesdefinition. The probler
with these methods is that the linear regressigariihm does not ork well on
unaligned text.

In another study, Boukerma proposed an algorithrthatethat uses a pie-
wise painting scheme to estimate the baseline éytiiying a set of points use
in the estimation proces8]. However, this method is defective in caséehere
large diacritics and small characters exist. Gndther hand, Ziaratbzet. al.
proposed a baseline estimation algorithm using napl@e matching and
polynomial fitting algorithm 12]. However, this method is less effective
texts containig short words, dots and diacriti

A study conducted by Boubaker proposed a baselgtecdon method fc
thinning text [13. This is done by finding the relation between tegt's point
of alignment and their trajectory neighbor diresioHowever, tr algorithm is
not effective on short words that consist of onlgolated character
Nagabhushanet al proposed an algorithm method that uses a -wise
painting scheme to identify points that are use@dtimate the baselin14].
However, this algathm method is less effective on large diacriticsl amall
characters.
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From the above studies, it is obvious that moghe$e methods are influenced
by many factors such as diacritics, isolated characlong words as well as
binding points between the characters.

3 The Proposed M ethod

The detection process of baseline location is wegful in extracting accurate
information such as writing directions, ascendedgscenders, dots and
diacritics. Irregularities in Arabic script handtimg style lead to irregularity in

the writing of straight text components. A straidfatseline detection and text
slant correction are crucial steps in the pre-psicg stage as a text
normalization process.

As discussed above, most methods did not detectdfrect baseline in texts
consisting of short characters as well as of latigeritics. To overcome this
problem, a framework is proposed here to estim&i@saline for each sub-word
separately. Then, the estimated baselines aretasestimate a straight writing
line for the whole text. Figure 2 depicts the pegd framework.

The process steps of the proposed text normalizatie as follows:

Step 1. Binary the text imageThis is done using Eq. (1) from the method
proposed in [15]-[16] (Figure 3(a)) as follows:

2
Ty =my, — D O 1
w = T (mg+ ow)(9 adaptive+ow) ( )
whereTy is the thresholding value of the binarization vandm, is the mean
value of the pixels in the windowr, is the mean value of the global image
pixels; oadapiive iS the adaptive standard deviation for the windew;is the
standard deviation of the window.

Step 2: Extract theconnected components (sub-words) from the text image.
This is carried out using the method proposed T (Eigure 3(b)).

Step 3. Keep the main sub-words body onlfghis is important since the

presence of noise and dots affect the processdfdkeline detection. This step
works as the following; for components with theestf less than a threshold
value {T,) when calculated by the Eq. (2), they will be rewuh
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Figure2 The Proposed Framework for the Normalization of dVertten
Arabic Text.
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where 3¥/<4.V, is a non-constant value that depends on the $izeige, dots
and diacritics.

T, =
1 number of connected components

Step 4: Text skeletonA robust text-thinning algorithm [18] is applied éasure
that the size of the width of the text skeletomxactly one-pixel, as shown in
Figure 3(c).

Step 5: Text skeleton pixels analysiBerform a set of direction features [19] on
the text skeleton to detect the horizontal andicedradjacent pixels to draw a
closed shape, where each one of them takes a uiapet L, L, and L
respectively as shown in Figure 3(d) as follows:
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Closed shapes are detected using connected contpgecknique [17] and

are labelled by &

The rest of pixels are labelled based on theiticglahip with the 8-niebour

adjacent pixels.

« All pixels that are adjacent horizontally are labelwith Ly.

¢ All pixels that are adjacent vertically are labéligith L.

* Remaining pixels are labelled with;lor Ly that are labelled based on
their neighbour labelled pixels.

Step 6: Baseline detection and straightening

The steps of baseline detection and straightesiag igiven below: for each
sub-word,

The horizontal projection histogram [9]-[11] is &pd on each sub-word
(see Figure 3(e)).

Calculate the threshold value “T3", which is eqtathe mean value of all
the black pixels (see the vertical line in Figu(e)R

Detect the candidates’ baseline regions where evegjon is a set of
continuous rows of foreground pixels that exceddsthreshold value T3
(see Figure 3(f)).

Assign the landmark points to the pixels that gatietween two different
labels (see Figure 3(d)).

The region that has the most number of landmark<aitain the baseline,
which is the row that has the highest number oédoound pixels in the
original text image (see Figure 3(Q)).

Because of the existence of many sub-words inadheedext line, there will
be a baseline for each of them, which are calledllbaselines. All these
local baselines are aligned into one straight takbed a global baseline.
The exception will occur in cases of overlapping-stords which are
treated as a special case in the following processasure the vertical
distance between each of the overlapped sub-wdrdskline and the
nearest un-overlapped sub-words’ baseline as shoviigure 3 (h); the
sub-word that has the shorter distance is aligmed the global baseline
(see Figure 3(i)).

Step 7: Slant correction

Here, we designate how the text skeleton-base@septation of an Arabic text
provides a considerable role in slant correctiooppsed algorithm. Figure 4
illuminates the proposed method for slant correctiban Arabic-text.

For each sub-word (see Figure 4(a)), do the folouvi
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Figure3 An Exampleof a Baseline Detection and Straightening Results of a
Handwritten Textinage o)) After Completing the First Part of the Proposed

Method.
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* Look for the pixels labelled as VL that have an only one 8-neighbour
foreground pixel.
» For each pixel from the previous step:
« Trace its 8-neighbour’s pixels until it reachesnone “L,” labelled
pixel or it reaches to the end, re-mark as basetfsee Figure 4(b)).
« Shift all traced pixels labelled as yLstraight over the base-pixel (see

Figure 4(c)).
. [ N u [ P 5
mf =" o o T o
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Figure4 An Example of a Slant Correction Result of a Harittem Arabic
Text Image ¢=) After Completing the Second Part of the Propddethod.

4 Experiments and Results

The initial results are very promising in solvingmy important problems that
arise in baseline detection for both handwritted amachine printed cursive
scripts such as in the case of diacritics, isolafearacters and short words as
well as the binding points between characterslétyabn the baseline.

Due to the unconstrained nature of Arabic handmgitstyle from person to

person, there is no ideal position of the handemitiext baseline (see Figure 5
(f-))). In contrast with machine printed texts, thaseline is detected ideally
using the horizontal projection profile method (5égure 5 (a-€)).

Many experiments are conducted on the IFN/ENIT skit§20] to validate the
abilities of the proposed framework. To evaluate tproposed method
performance, the results of the proposed methodargared visually with the
results of Pechwitz [6], Farooq [7], Boukerma [8k¢ Figure 6). Based on
Figure 6, the proposed algorithm method shows bettgults. The proposed
method is also capable to process machine prietad s well as handwritten
texts without any modification.

This study hints about various crucial problemg #ivése in baseline detection
in handwritten Arabic text and their solutions. Theoblems of baseline
detection for handwritten text have been largelyesbin the proposed method
such as in the case of diacritics, isolated characind short words in binding
the points between the characters that lay over dhseline accurately.
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Moreover, all the sulrords are also intersecting on the straight baselimthe
right points.
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Figure5 Results of BiselineDetection Using: (a-e) the Ideal Baseline Obtained
from the Machine fBnted Text, (f)) the Horizontal Projection Histogram
Method [9]-[11] and (ke) the Proposed Method on Handwritten Text.

5 Conclusion

The objective of this paper a proposed text normalization method
handwritten Arabic script. The paper discussesrsenain stages involved
this method; connected component allocation, cateicbaseline regior
detection, text skeleton analysis, baseline allogator each \ord/subword,
baseline straightening procedure and lastly texantslcorrection fo
segmentation purposes. The visual results proveetin@rkabl performance o
the proposed method on the textual binary images.r&sults on the IFN/ENI
dataset used ithe experiments with the proposed method show raftsigntly
better performance compared to the Pechv6], Farooq [], Boukerma 8]
methods. The proposed method will enhance the peaioces of sever.
techniques such as, text segmentation, featurraction and charact
recognition.
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(h) (P)

Figure6 Results of: (e)the Horizontal Projection Histogram Methot®], (f-
j) Pechwitz Method [B (k-) Farooq Method [7], (m-n) Boukerma Method [8]
and (o-p)the Proposed Methc
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