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Text-line Segmentation Techniques for Arabic Handwritten Documents: A
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Abstract In this paper, a review of text line segmentation is conducted; more specifically, the focus was on Arabic
handwritten documents. Arabic handwritten has a lot of difficulties when it comes to segmentation since the handwriting
styles vary from one person to another, not to mention the skewness or inclined text-lines that might appear in the document
that makes it difficult to implement text-line segmentation on it, along with diacritics marks that can also pose intricacies for
the segmentation process. Therefore, in this research a general review about the related work that has been done in this field
is first conducted, and the miscellaneous text-line segmentation algorithms used in recent years are reviewed. Moreover,
comprehensive techniques for Arabic handwritten text-lines segmentation are presented, elaborating the results of each
method used along with datasets type. Finally, this review paper underscores the continuous need for innovative solutions
that can handle the complexities of text-line segmentation in Arabic handwritten documents, emphasizing the importance
of pattern recognition and computer vision techniques. This will pave the way for researchers to build upon this work and
invent robust new techniques to solve this problem in the future.
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1. Introduction

Text-line segmentation is generally considered as preprocessing steps for tasks like printed character, skew
correction and handwritten recognition. Frequently, a line segmentation engine is utilized prior to character
recognition. Character segmentation and identification accuracy are highly dependent on the line segmentation
engine’s performance [1]. Since text-line segmentation acts as a bridge between word segmentation and page
analysis, it is essential to layout analysis. For example, if we have the text-lines, we can segment them further or
group them into zones according to how comparable their orientation and alignment are. words are formed from
text-lines. Text-lines are therefore vital for understanding the hierarchy of document layouts [2]. Furthermore, there
is still a significant challenge when to segment text-lines in handwritten document due to variety in handwriting
styles [3], irregular spacing and potential overlapping components. In contrast, line segmentation in machine-
printed documents is normally easier because of uniform nature and the consistent of printed text, with regular
spacing and a clear baseline. In addition, Arabic document contains abundant of dots, strokes and diacritics that are
added to the top or the bottom of the Arabic script to give a certain meaning [4]. In such documents, a connected
component might be a whole word, a character, a sub-word, a dot or a stroke, the presence of these objects make
the segmentation process more challenging. The figures below show an example of line segmentation in Arabic
handwritten text.
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(a) (b)

Figure 1. (a) Original Image (b) Line Segmented Image

2. Related Work

Many studies of line segmentation are published for different languages such as Arabic, Urdu and Chinese.
However, the focus will extensively be on the line segmentation in Arabic-handwritten and machine-printed
documents along with the limitations of handwritten documents which will be emphasized in this article. Be that
as it may, one way to consider a document is as an organization of text-lines, words, characters, pages, and zones
in a hierarchical structure. This hierarchical structure is attempted to be extracted from an image representation by
layout analysis [5]. Previous work on machine printed document analysis relies on a large gap between neighboring
regions and homogeneity inside a region to segment a document at a specific level [6]. Prior work on layout
analysis often employed two approaches: top-down and bottom-up [7]. Connected components are grouped into
lines in the bottom-up paradigm, whereas the lines are divided into zones, and so on. A document page is initially
divided into zones under the top-down methodology, and then each zone is further divided into lines, and so on.
Even though machine printing techniques are advanced, analyzing a freestyle handwritten manuscript is far more
difficult for several reasons, including page-level non-Manhattan layout. Simple criteria, including grouping based
on the geometric relationships of nearby components or using curvilinear text-lines, cannot handle the uneven page
layout. Linear approximation and regression are not always correct in general, Connected words. It is not simple
to examine, filter, and process the linked components because of the connectedness between characters and words;
and Variation in character size. Character sizes could change significantly, even within the same page. It makes it
difficult to estimate the dominant character size, which is a crucial factor in text-line segmentation using a bottom-
up linked component approach [8]. Table 1 presents the miscellaneous text-line segmentation algorithms used in
recent years.

Table 1. Miscellaneous algorithms for text-line segmentation used in recent years

Paper Year Dataset Algorithms Findings

[9] 2019 Handwritten Persian
database

A novel projection
profile histogram
method

The proposed method showed
superiority in extracting lines in
the text images with an accurate
rate of 85.5%

[10] 2020 Urdu handwritten
and printed text

Counting pixel
approach

The proposed technique is tested
on printed and handwritten text
and induced an accuracy rate of
98.3% and 96.7% respectively.
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[11] 2020 Mushaf Al-Quran
Images Hough Transform

The proposed method is used
to detect lines for calculating
skew detection. It showed a high
accuracy rate of approximately
90%.

[12] 2020
ICDAR 2017 and
ICFHR 2010 hand-
written text datasets

Unsupervised deep
learning

The UTLS method that was pro-
posed showed good results, with a
93.78% F-measure on the VML-
AHTE dataset. It did better than
supervised methods when it came
to recognition accuracy. It also did
well on ICDAR 2017 (up to 95.5%
Pixel IU) but had some difficulties
with the very different text lines in
ICFHR 2010 (72.36% F-measure).

[13] 2020 cBAD datasets Learning-free
method

The method proposed accom-
plished 99.46% Line IU and
97.50% Pixel IU on the DIVA-
HisDB dataset, outperforming pre-
vious approaches. It also per-
formed well on cBAD datasets
with F1-score of 86.38%.

[14] 2020
MIDV-500 and
Census 1961 Project
datasets

CNN framework:
Artificial intelligent
neural network
and dynamic
programing

The proposed solution in this
paper showed a high accuracy rate
of 96.69% on natural datasets even
if it is being trained on purely
artificial data.

[15] 2021 Uchen Tibetan docu-
ments

Connected
component and
local baseline

The proposed method had a
99.45% F1-score beating earlier
methods. It dealt well with
distorted, skewed, and incomplete
strokes showing it was reliable in
dividing text lines. It also made a
baseline detection 100% accurate.

[16] 2021 RIMES, IAM and
READ

A unified end to end
model

The proposed method performed
well for three datasets and the
error rate for each are: 1.91%
for RIMES, 4.45% for IAM and
3.59% for READ.

[17] 2022 Handwritten
documents images

Unsupervised learn-
ing approach

The proposed technique achieved
a recall of 98.11%, precision
of 97.92%, F1-score of 98.02%,
and works well in documents
with globally monotonic text-
line patterns even with contacting
components, and slightly skewed
text-lines.
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[18] 2022 IAM dataset
Neural network
(non-recurrent
approach)

The proposed method demon-
strated a character error rate of
4.67% and word error rate of
15.45%, thus it surpassed the
recurrent seq2seq model.

[19] 2023
Malayalam
handwritten
documents

horizontal and verti-
cal projections

The method achieves a
MatchScore of 85.5%, recognition
accuracy of 99.39%, detection
rate of85.5%, and F-measure of
91.92%, outperforming existing
algorithms.

[20] 2024 Iranian newspapers
and PRIMA

Advanced document
layout analysis
(DLA)and voting
systems with
innovative text-line
detection (TLD)
techniques

The results obtained achieved a
2.8% accuracy improvement over
Tesseract-OCR 5.1.0 on the given
datasets.

[21] 2025
recently published
Indic and Southeast
Asian literature

LineTR, a two-
stage, dataset-
independent
method for text-
line segmentation in
old manuscripts

The results demonstrate effective-
ness of unified model and zero-
shot interference. It also achieved
scores up to 0.82 in IoU (intersec-
tion over union).

Figure 2. Text-line segmentation for printed documents

2.1. Text line segmentation challenges in Arabic written

From the beginning of time handwritten language has been an inevitable aspect of human life. It is the classic form
that will always remain, no matter how digital the world becomes. However, handwriting varies especially when
it comes to the cursive script, where the writer’s style of handwritten characters size is different [22]. Moreover,
Arabic-handwritten has unique characteristics such as diacritic marks, strokes and cursive nature. Henceforth,
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Arabic handwriting was considered a challenging task in computer vison [23]. Each person has his own way of
writing depending on shape of letter, habits, education, mood, health and other relative conditions of the writer [24].
In addition, each character in Arabic can sometimes be transformed into up to four different forms as illustrated in
Table 2.

Table 2. Printed and Handwritten Arabic Letters

Letter Beginning Word Middle Word End Word
Printed Handwritten Printed Handwritten Printed Handwritten

Segmentation often entails dividing a handwritten document into its constituent text-lines and words. Finding
text-lines and words in Arabic-handwritten texts is still difficult, nevertheless. Text-lines present difficulties such
as different skewing angles between lines and touching adjacent text-lines, but words are frequently segmented
into letters, sub-words, and words. The skewness of scripts varies, and there are regular gaps between words and
subwords. Figure 3 shows an example of straight text-line and an inclined text-line, for the first, it is much easier
to distinguish between the lines as the text typically is well aligned horizontally but separating diacritics from
the actual text remains a challenge in most cases. While for the skewed or the inclined text-line is difficult to
detect the lines due to the fact that it appears at various skews which makes the characters alignments uneven and
hard to process. Furthermore, the inclined lines make the diacritics and characters overlap more frequently, not to
mention the irregular spacing between words and letters that might exacerbate on the inclined texts, making the
segmentation process difficult.

(a)
(b)

Figure 3. a) Straight text-lines, b) Skewed/Inclined and connected text-lines
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2.2. Framework of Text-Line Segmentation in Arabic-handwritten

Pre-processing is an important stage in the image processing process. The primary duty for this phase is getting the
document ready for processing. Nonetheless, the Pre-processing stage includes the subsequent subsequence phases:
The segmentation process, which divides an image into several sections, makes an image representation more
understandable and simpler to analyze. The pre-processing and segmentation stages are depicted in Figure 3. The
feature extraction phase focuses on dimensionality reduction, which is the process of breaking down a set of initial
raw variables into smaller, more manageable groups while maintaining accurate and comprehensive representation
of the original dataset. The feature selection phase, also known as the selection of variables or attributes, is the
process of choosing pertinent features, such as predictors and variables, from a subset. The classification process
involves categorizing photos into several predetermined groups [25]. All these stages are very crucial as if an error
occurred in one of them, it would extremely affect on the succeeding ones. However, in this paper the concertation
will be on segmentation phase as our main idea is segmenting text-line from Arabic-handwritten documents, the
steps required to perform these operations are elaborated in the following Figure 4.

Figure 4. Text-line segmentation framework

- Image data: Collected images from diverse sources of Arabic-handwritten that have various writing styles are
uploaded first to start the image processing for test-line segmentation.

- Image preprocessing: As the image is inserted, the noise in the image will be removed and grayscale
conversion will be performed to make easy implementing binarization and reducing the color of the image.
Following that is converting to binary which has two values for each pixel which are black and white to identify
the important parts of the image. - Text-lines segmentation method: After the image is converted to binary, the
proposed method will take place to perform the desired task it is assigned to. This task could be any, however in
this case text-line segmentation technique is implemented to segment the image into distinguishable lines, these
techniques could be Projection Profile, Hough Transform, connected component, CNN framework etc.

- Detecting Text-lines: The proposed method’s task is to identify the start and end of each line of text. This is
crucial for precisely separating lines before further analysis. The process also involves detecting lines in upper and
lower limits of each text-line to separate them from adjacent lines. However, this might face a lot of challenges
such diacritics marks interference that might cause errors in segmentation, not to mention the cursive nature of
Arabic text especially handwritten that make it difficult to distinguish between the words or lines.

- Image output: Finally, after the above-mentioned process is taken, the image data will be generated to
eventually segmented text-line in Arabic-handwritten.

2.3. Summary of Previous Text-Line Segmentation Techniques for Arabic Handwritten

There are numerous techniques for text-line segmentation in Arabic-handwritten documents that have been
proposed in past years. Although there are not yet fully dependable segmentation methods for text-line
segmentation in Arabic handwriting documents due to the variety of writing styles and diacritics marks that
complicate the segmentation process, in this section a summary of literature review below is presented in Table 1
discussing the previously used segmentation techniques along with their results and datasets type. These methods
serve different purposes in relation to Arabic-handwritten text-line segmentation, aiming to contribute to a better
solution in this field.
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Table 3. Summary of previous text-line segmentation techniques for Arabic handwritten

Ref Year Technique Datasets Results

[26] 2007

bivariate Gaussian
densities and piece-
wise Projection
profile

Arabic, English and
children handwritten

The proposed method was tested
on 120 Arabic-handwritten
images and obtained an accuracy
of 98.62% of correct extracted
text-lines showing incredible
improvements over the previous
methods

[27] 2007

K-means
clustering and
vertical/horizontal
projection profiles

Handwritten or
printed historical
Arabic documents

The proposed method has
achieved 96% of accuracy
rate on set of 100 Arabic historical
documents

[28] 2008 Projection profile

50 handwritten
Arabic documents
that contain 150
text-lines

The proposed scheme evaluated on
50 documents with an accuracy
that reach about 97.6%

[29] 2009

A generalized adap-
tive local connectiv-
ity map using Steer-
able directional pro-
file

DARAPA
MADCAT Arabic-
handwritten
document database

The approach can successfully
isolate the handwritten Text-lines
correctly, even on challenging
images

[30] 2009 Morphology analy-
sis

100 documents of
Arabic-handwritten

The result obtained is equal to
96.88%, and 3.12% error rate

[31] 2010
Unsupervised
method, block
covering analysis

Historical Arabic-
handwritten
documents

The technique achieved high accu-
racy rate of 95% extracting text-
lines

[32] 2010 Graph-based
method

Arabic-handwritten
images

The method demonstrated robust-
ness in terms of line segmentation
of 96% of accuracy rate

[33] 2011 Dynamic program-
ming

Online Arabic
sentence datasets
(OHASD)

The proposed method showed
better results and got 94% of
accepted text-line segmentation of
total number of documents

[34] 2012
Morphological dila-
tion with a dynamic
adaptive mask

CENPARMI
Arabic-handwritten
database

The proposed approach demon-
strated effectiveness with preci-
sion and recall rates of 96.3% and
96.7%

[35] 2014
Horizontal
projection profile
analysis (HPP)

Arabic-handwritten
database (AHDB)

The proposed method achieved
a promising result of 84.8% of
correct segmentation rate

[36] 2014 Line height method
(LHM)

Arabic-handwritten
documents

Successful results were obtained
for line segmentation in Arabic-
handwritten

[37] 2014

A novel approach
based on adaptive
striping, dilation,
projection,
smoothing

Scanned
manuscripts of
Arabic Persian
handwritten

The approach has shown an accu-
racy rate that ranges between 91%
and 97%
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[38] 2014

Mathematical
morphology (MM),
outer isothetic cover
(OIC), MM-OIC
and HT-MM

IFN/ENIT, BSB
and KSU databases,
Arabic-handwritten

The results obtained for the two
proposed methods state that the
average rate of text-line segmenta-
tion for M-OIC is 75% and 45%
for HT-MM method

[39] 2015
Hybrid method, line
classification and
sliding window

Arabic-handwritten
documents

The three methods combined have
achieved an average execution
time of 12s and result of 90%

[40] 2015 Connected
component analysis

Arabic-handwritten
documents

The proposed method obtained
97.4% and 94.3% of F1-score, for
MS-threshold values are 90% and
95%

[41] 2016 Connected
components analysis

Arabic-handwritten
documents

The approach demonstrated a
promise for extracting curved
lines in Arabic-handwritten with
F1-score of 97.4% and 94.3%

[42] 2017 Watershed transform Proximity datasets,
Arabic-handwritten

The proposed method has
achieved a segmentation rate
93% and 95% of matching score

[43] 2018 Neural networks,
RU-net

Arabic-handwritten
from KHATT
standard Arabic
database

The proposed technique achieved
96.7% of the correct segmented
lines.

[44] 2018
Horizontal
projection profile
analysis (HPP)

Arabic-handwritten
database (AHDB)

The result obtained for line seg-
mentation has reach to segmenta-
tion rate of 99%

[45] 2018 Seam carving Proximity datasets,
Arabic-handwritten

The proposed technique showed a
line segmentation rate of 97.5%
and matching score of 90%

[46] 2019 Deep learning, RU-
net

Arabic-handwritten
from KHATT
standard Arabic
database

The method achieved success rate
no less than 97.7% for text-lines

[47] 2019 Hough transform
(HT)

Arabic handwriting
datasets collected
from IFN/ENIT and
AHDB

The proposed work achieved
98.9% of accuracy rate for
text-line segmentation

[48] 2019 Hough transform

Arabic handwriting
datasets collected
from IFN/ENIT and
AHDB

The proposed method has
achieved 98.9% on AHDB
and 97.4% on IFN/ENIT datasets

[49] 2019
Horizontal
projection profile
analysis (HPP)

Arabic-handwritten
database (AHDB)

The method showed a promising
result of 99% success rate of line
segmentation

[50] 2020 AR2U-net, neural
network

BADAM, public
datasets for baseline
detection in Arabic
manuscripts

The proposed model has achieved
best performance of 0.932% of
precision rate
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[51] 2020 Multi-agent system

Arabic-handwritten
manuscripts from
several sources like
KHATT and HAPD
datasets

The result obtained by the pro-
posed method is satisfactory with
F1 score exceeds 99% with both
KHATT and HAPD datasets

[52] 2020
VML-UTLS, unsu-
pervised segmenta-
tion

VML-AHTE,
Arabic-handwritten
text-line extraction

The proposed method achieved a
superior performance in text-line
segmentation even over supervise
methods

[53] 2024
Horizontal
projection profile
and path planning

KFUPM and
KHATT datasets of
Arabic-handwritten

The technique worked well for
segmenting straight or skewed
lines in Arabic-handwritten text

3. Conclusion

This paper examines text line segmentation techniques for Arabic handwritten documents while discussing the
specific difficulties that cursive writing and skew deformations, along with diacritics, introduce. The study evaluates
recent algorithms along with methods to explain both advancements and constraints within this field. Numerous
promising techniques exist, yet they face severe difficulties because of inconsistent writing styles and diverse
document quality, together with overlapping document components. Each data segmentation method has distinctive
theoretical foundations, such as projection-based methods, connected components, and learning-based models,
which demonstrate that none provides superior results across the board for every dataset. Hybrid models developed
to combine the advantageous aspects of various different techniques represent the main emphasis of the paper.
Despite the progress made, the comprehensive review discussed throughout this article relies heavily on reported
performance metrics without standardized experimental conditions, which could somehow impact the objectivity
of the comparative analysis, potentially leading to incomplete performance claims between studies. Since there is
still not a one-size-fits-all answer that can tackle all the issues in splitting up handwritten Arabic text lines. For
future work, researchers should consider creating hybrid models. These models could combine the best parts of
old-school and existing methods like projection profiles and Hough transform with state-of-the-art methods such
as CNNs and transformers. This combination could lead to more precise and flexible text splitting.
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