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In computer vision and artificial intelligence, text recognition and analysis based on images play a key role in the text retrieving
process. Enabling a machine learning technique to recognize handwritten characters of a specific language requires a standard
dataset. Acceptable handwritten character datasets are available in many languages including English, Arabic, and many more.
However, the lack of datasets for handwritten Pashto characters hinders the application of a suitable machine learning algorithm
for recognizing useful insights. In order to address this issue, this study presents the first handwritten Pashto characters image
dataset (HPCID) for the scientific research work. This dataset consists of fourteen thousand, seven hundred, and eighty-four
samples—336 samples for each of the 44 characters in the Pashto character dataset. Such samples of handwritten characters are
collected on an A4-sized paper from different students of Pashto Department in University of Peshawar, Khyber Pakhtunkhwa,
Pakistan. On total, 336 students and faculty members contributed in developing the proposed database accumulation phase. This

dataset contains multisize, multifont, and multistyle characters and of varying structures.

1. Introduction

A significant work has been reported for the automatic
recognition of text or characters in images using different
classification and recognition techniques in the last de-
cade. Consequently, in any OCR system, a systematic
database must be created by collecting and scanning
written documents, which is easier nowadays due to the
availability of high definition cameras, mobile phones,
and many more. In spite of this abundance, many datasets
are developed in many languages including Arabic, Urdu,
English, Japanese, Chinese, and many others except
Pashto language. Pashto is followed as the state language
of Afghanistan and a major language in the northern areas
of Khyber Pakhtunkhwa province of Pakistan. During the
census of 2009, it was concluded that approximately 60
millions of people around the globe can speak or un-
derstand this language.

Urdu, Persian, and Arabic are considered as sister
languages of Pashto language, as the latter has either bor-
rowed or modified the characters of these languages in order
to form an indigenous dataset of 44 characters. Multiple

characters including machine printed and handwritten
formats databases are developed in those languages except
Pashto language. Bouressace and Csirik developed a dataset
that is named printed Arabic characters for OCR systems [1].
This dataset is developed by slicing text from ten different
Arabic newspapers comprising 2954 varying characters
images. This dataset contains letters varying in font and
styles and contains blurring effects and varying resolutions.
Abdalkafor performed a survey study on different datasets
developed in Arabic language [2]. Some researchers like
Khan et al. [3-5] and Ma’adeed et al. [6] have developed
datasets for their research, but these datasets are limited to
their work and not available online. Pechwitz et al. [7]
developed a database for Arabic languages known as the
IFN/ENET database. This dataset contains more than 2200
binary images collected from 411 different scholars. It
comprised of 26000 isolated words images. It contains the
information of Tunisian cities and villages.

This research work presents the first handwritten Pashto
characters database for the research community in the
computer science field. This dataset consists of 14784 binary
images of carved samples with labels for the automatic
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recognition systems in Pashto language. In the proposed
research work, the dataset and database represent the same
terminologies. Rest of the study is organized as follows.
Section 2 represents the background and literature relevant
to the proposed work in other languages. Section 3 gives
details about the proposed database that is collecting the
handwritten Pashto character samples and developing a
database for the future simulation purposes. Section 4
provides information about the proposed database followed
by the conclusion in Section 5.

2. Materials and Methods

Pashto is followed as the language of northern areas in the
Pakistan and the state language of Afghanistan. Pashto
language contains some distinguishing features as compared
to other languages spoken in the world. Slight changes in the
character’s shape can make the recognition process even
difficult. In order to tackle this problem, an automatic OCR
system for the recognition of handwritten Pashto characters
is proposed [3]. Cursive nature and variations in character’s
shape at different positions in the word are the additional
hurdles for the researchers in the proposed recognition task.
Table 1 presents the change in character’s shape with respect
to its position in the word.

Figure 1 shows the full character set of the Pashto
language. It consists of 44 characters. The Pashto character
set is classified into three categories: (1) the letters with no
diacritics/dots (13 characters out of 44 characters) that are |,
400 1,8 K J 6 3 6, and G, (2) the characters that
contains a circle below or beneath the basic shape that are ¢,
S, 4, and <&, and (3) the characters with diacritics
(remaining 27 characters except these two categories). This
can further be classified based on the characters that share
the same basic shape that only differs by number of dots or
some additional variations like .~ and U< or T and &, and
many more are the additional hurdles in developing an
optimal OCR system for the Pashto script identification.

Arabic language consists of 28 characters and uses Naskh
writing style [8]. Persian language has encapsulated the 28
characters of Arabic language plus additional four characters
specific to Perso language to make a 32 characters dataset. Urdu
language that is considered as a version of Perso language has
borrowed all the 32 letters of Persian language plus six more
special characters specifically for Urdu language to form a
dataset of 38 characters [9]. Urdu language follows Nasta’liq
writing style. Pashto has encapsulated all the 38 characters of
Urdu language with the modification of Urdu specific char-
acters as given in Table 2. After borrowing the 37 characters
from Urdu language, the Pashto language add seven more
special characters to the borrowed character to develop a
character dataset of 44 characters as shown in Figure 1. Table 3
presents the Pashto specific characters. Pashto follows Naskh
writing styles while Nasta’liq writing style to an extent.

3. Available Characters Datasets

The availability of an enriched character dataset is the key
task in any recognition system. Several datasets are
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TaBLE 1: Character’s shape in words with respect to its position.

Isolated character’s Starting Middle  Ending
shape shape shape shape
< < LN <
J ] ] J
o - -~ —_
@ c a a
d s ~ ¢
Pashto character set
S/No. Alphabet ~ S/No.  Alphabet  S/No.  Alphabet

1 i 16 31 ]

2 o 17 2 32 &

3 o 18 3 33 iy

4 e 19 3 34 Jd

5 (;1 20 J}. 35 e

6 o 21 O 36 )

7 d 22 O 37 )

8 ' 23 . 38 3

9 a 24 ua 39 ]

10 t 25 ol 40 &

11 c 26 .h 41 2]

12 ¢ 27 A e )

13 4 28 £ 43 <

14 | 29 8 44 s

15 3 30 «d

FiGUre 1: Pashto character set.

TaBLE 2: Urdu language characters modified in Pashto language.

S/No. Urdu characters Pashto equivalent
1 & G
2 X 3
3 3 B
4 L <
5 £ [
TaBLE 3: Pashto specific characters.
z z 2 o ¢ S s

developed in many languages by multiple researchers in
many languages such as Arabic, Urdu, English, and many
more, but there is no handwritten characters dataset
available for the Pashto language. Although a dataset is
developed for the simulation of the recognition algorithm by
Khan et al. [3] and Ahmad et al. [10], these are not available
online. Some of the datasets that are developed by the re-
searchers in other languages and available online are
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discussed in the following. Abed et al. [11] developed the
ADAB dataset for Arabic language. This dataset is developed
by Tunisian writers for online handwritten text recognition.
This dataset consists of the names of Tunisian cities, villages,
and towns. Each word is prelabelled using UPX file format
based on postcode that is a sequence of numeric character
references (NCR). This dataset consists of 20,000 words from
170 different writers.

Sabbour and Shafait [12] developed the Urdu printed
text image database (UPTI) for Urdu language. UPTI dataset
consists of 10,063 words and ligature images. Lamghari et al.
[13] developed the DBAHCL dataset for Arabic language.
DBAHCL stands for “Database of Arabic Handwritten
Characters and Ligature,” and it consists of 3400 characters.
The IBN SINA dataset for Arabic language is developed by
Moghaddam et al. [14]. This dataset, known as Iben Sina,
contains 60 pages containing more than 25000 words, where
every individual page consists of about 500 subwords.
CALAM is a dataset for Urdu text developed by Choudhary
and Neeta [15]. It consists of 1200 text images, 3043 lines,
64664 subwords, and 101180 ligatures. CENIP-UCCP char-
acters dataset is developed for Urdu language. CENIP-UCCP
abbreviated for “Center for Image Processing-Urdu Corpus
Construction Project” is developed by Raza et al. [16]. This
dataset encapsulates 400 digitized forms. During the devel-
opment phase of this dataset, 200 different writers distributed.

The IESK-ArDB handwritten Arabic text database was
developed by Elzobi et al. [17]. This dataset is developed by
the Institute of Electronics, Signal Processing and Com-
munication (IESK) at Otto-von-Guericke University,
Magdeburg in Germany. IESK-ArDB is the name proposed
to this dataset, where “ArDB” abbreviates “Arabic Data-
base.” It consists of 285 pages of historical manuscripts that
belong to fourteenth century. Also, it contains 6000 hand-
written word samples and more than 8000 isolated character
images. Especially, this dataset contains information about
parts of speech noun, pronoun, verbs, city/region names,
security terms, and words written for amount in bank
cheques.

Based on the literature study, multiple datasets (both
offline and online formats) are available for Urdu and Arabic
languages, but there is no dataset available for the hand-
written Pashto language (a few number of datasets are
developed for Pashto language, but these are only for printed
format). After analyzing the literature for a range of years
(2010-2019), a number of datasets are available for cursive
languages as shown in Figure 2. The proposed research work
presents the first handwritten Pashto characters dataset for
the researchers in the natural language processing field.

4. Dataset Development Process

Eventhough, a significant research has been reported
globally by many researchers to address the problems of
recognizing an unconstrained handwriting. Jehangir et al.
[18] developed a medium-sized Pashto characters database
for the simulation and experimental work. They performed
research work on OCR development for handwritten Pashto
characters. Huang et al. [19] developed a small-sized

| Pashto
Urdu
B Arabic

FIGURE 2: Number of benchmark datasets developed for cursive
languages.

handwritten characters database for the automatic recog-
nition of the handwritten Pashto characters. Rai and Li
developed visualization in smart devices for generating
associative images of Chinese characters [20]. Du and Duan
developed the English phrase recognition system using
continuous speech recognition and word tree algorithms
[21]. Ali et al. [22] developed a database of 103965 labelled
sentences in Urdu language. These sentences are classified
using the convolution neural network, recurrence neural
network, and deep neural network to extract event infor-
mation from these languages. Zhang et al. [23] proposed a
hybrid dataset of objects and text to analyze the recognition
capabilities of the YOLOV3 classifier for both text and object
detection purposes.

From the literature, it is concluded that an effective
solution to this problem is still a main hurdle for the re-
searchers. Without a dataset of handwritten characters, the
development of an efficient solution for the recognition of
inconsistent handwritten text is unfeasible. To address this
problem of recognizing handwritten characters in Pashto
language, this research work presents the development of a
database. The proposed database development process is
divided into the following three phases: the data collection
phase, scanning and characters extraction phase, and the
final labelling and organization phase.

Figure 3 shows the lifecycle of the handwritten char-
acters database development process.

4.1. Data Collection. For collecting the handwritten samples
of Pashto characters, we visited the Department of Pashto
in University of Peshawar, Pakistan. A4-sized paper is
selected for the collection phase, where each paper is di-
vided into 6 columns to collect variant samples (varying in
font, shape, and styles) from different and even from the
same student or faculty members. Table 4 presents the
contribution of students and faculty members based on
gender and age. Three hundred and thirty-six varying
handwritten samples are collected for each individual
character in Pashto script.
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Figure 3: HPCID development process.

TaBLE 4: Agewise and gender distribution in the collection phase.

Age (years) Males Females Percentage Samples
18-30 67 53 35.7 120
32-40 57 59 34.5 116
45-60 45 51 28.6 96
Total samples collected 336

4.2. Scanning and Character’s Extraction. After the data
collection, the next phase is to scan the handwritten doc-
uments, in order to convert it to the machine readable
format. Figure 4 shows the scanned form of the handwritten
characters.

After scanning, the next step is character’s extraction
that is discussed in detail in the following.

4.2.1. Character’s Extraction. After scanning the documents,
the characters are extracted from the rectangular box shown
in Figure 1. These characters are extracted based on the
coordinates of each box. Figure 5 shows the sliced characters.

During the accumulating process of characters from
different people, a predefined small-sized rectangular win-
dow is selected, till extraction of letters from tilted and
nontilted scanned images causes elimination of letter’s some
portion. In order to avoid this problem, morphological
operations such as erosion and dilation are followed to fix
letter’s shape for proper feature extraction and accurate
classification. Also, the sliced characters shown in Figure 5

contain black spots (noise in image processing terminolo-
gies). For better feature’s collection, it is pretty good to
remove this noise.

4.2.2. Thresholding. After zooming the extracted letter, these
dark spots can be easily seen as shown in Figure 6. In order to
remove these black spots, different mechanisms are handy in
this problem like average filtering and thresholding. In our
case, thresholding is prominent as averaging not only
removes the dark spots but it also removes the diacritics
(dots) with some letters in Pashto script. In our case,
thresholding not only removes the black spot but it also
retains the information relevant to the letter in our case.
Mathematical formula for thresholding is

0, ifn<e }

n, otherwise

T(x) = { 1

A threshold value of 140 is considered as an optimal
value in our case. A threshold value below 140 does not
remove the noise completely, while a threshold value above
140 removes the potential information in the letters as
shown in Figure 7.

Figure 8 shows the selected thresholded image.

4.2.3. Morphological Operations and Centralizing of
Characters. After thresholding the sliced image, some im-
perfections occurred in the sample’s character in the form of
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FIGURE 4: Scanned handwritten documents.

(a) (b (©)

FiGURE 5: The sliced handwritten characters.

FIGURE 6: Zoomed character affected with noise.

holes or cutting edges. Also, during the data collection phase,
some of the volunteers wrote characters at the top of the
rectangular box, some at the centre, and vice versa. For
accurate classification and feature’s extraction, it is man-
datory to remove these imperfections from the sliced images.
To address this problem, all the characters are centralized in
our case.

All the characters are centralized by finding the centre of
the image, and then, the character is centralized based on the
centre of the image. In our case, the central point is 32 x 32
as the sliced character image size is 64 x 64. After applying
this process, the character shape is fixed and centralized as
shown in Figure 9. All these steps are performed for all sliced
characters to develop a medium-sized database of 14784

handwritten samples for Pashto script, where 336 samples
are accumulated for each 44 letters in Pashto script. This
database is used for further experimental results of auto-
matic handwritten Pashto characters recognition. To the best
of our knowledge, this is the first database developed for
handwritten Pashto characters.

4.3. Labelling and Organization. After scanning, characters
extraction and centralizing the next phase is to develop a
database of the handwritten samples and label it in order to
identify each handwritten character. A fixed size of 64 x 64 is
selected for each character. Individual folder is created for
each handwritten character where all the 336 samples are
enclosed. The same process is repeated for all the 44
characters. An overall database is with 44 directories and a
total of 14784 handwritten Pashto characters. The characters
are labelled in each individual repositories based on total
number of count (1-336), and JPEG format is selected for the
character’s images.

5. Discussion

During the development of the proposed dataset, multiple
factors are considered in order to develop a standard dataset
for the experimental and research purposes. These factors
include the following.

(i) Multisize

(ii) Multifont

(iii) Multistyle

(iv) Varying structure

(v) Age of the selected personnel

(vi) Gender
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(© (d)

FIGURE 7: Resultant image at different threshold values. (a) Original character image. (b) Thresholded at 140. (c) Thresholded at 150.

(d) Thresholded at 130.

FiGure 8: Thresholded image.

FIGURE 9: Centralized character image.

Considering these factors during the accumulation
phase, we developed an optimum medium-sized dataset for
the handwritten Pashto characters.

6. Conclusions

This study presents the pioneer Pashto characters database that is
available for free online, namely, the handwritten Pashto
characters image database. In the proposed database, the
handwritten samples are collected from the students and
scholars of the Pashto department in University of Peshawar,
Khyber Pakhtunkhwa, Pakistan. Three hundred and thirty-six
volunteers contributed in the accumulation of handwritten
samples. The HPCID database consists of a wide range of
varying font size, shape, style, and structure. A main directory is
created for the database, where subfolders are created for each
individual Pashto characters, where each subfolder encapsulates
336 varying samples of each character. These characters are
labelled based on its counting (1-336). The database is freely
available for research purposes, and we hope it will assist the
Pashto handwritten characters recognition research community.

Data Availability

The data used to support the findings of this study are
available from the principal author upon request.

Additional Points

Implications. This developed dataset is fully explained (by
assigning labels, folders, and other required details) and is
intended for research community to test and evaluate their
techniques for an improved performance.
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