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ABSTRACT

In this paper, a brief history of the evolution of Farsi (Per-
sian) script is presented, including how the Farsi alphabet
was derived from the Arabic alphabet. Important features,
similarities and dissimilarities between Farsi and Arabic
scripts, from the Optical Character Recognition (OCR)
point of view are discussed. Also, a brief review of some
of the state-of-the-art techniques in off-line and on-line
Farsi script recognition and segmentation, as well as chal-
lenges ahead are briefly presented.

1. INTRODUCTION

Farsi (Persian) and Arabic are two important cursive scripts
used mainly in the Middle East and some other neighbor-
ing countries. Farsi is the main language used in Iran and
Afghanistan, and it is spoken by more than 110 million
people, including some people in Tajikistan, and Pakistan.
Arabic is spoken in all Arab countries, both in the Middle
East and in Africa, and it is used by 234 million people
worldwide. In western countries, it is commonly thought
that Farsi and Arabic scripts are the same. Although, the
Farsi alphabet was derived from the Arabic alphabet, mi-
nor yet important differences exist in their alphabets and
their styles of writing. Due to these differences, a system
adjusted for automatic recognition of one script might not
perform well for the other one. While much research on
Arabic recognition has been published and introduced in-
ternationally, most of the research in Farsi recognition has
been presented only in Farsi Journals and Iranian confer-
ences. To the best of our knowledge, research in Farsi
script recognition has not yet been widely introduced to
the research community. This paper is organized as fol-
lows: Section 2 presents a brief history of the evolution
of Farsi script, and its historic connection to Arabic script.
In Section 3, similarities and dissimilarities among Farsi
and Arabic scripts from the OCR point of view are high-
lighted. Section 4 presents the general structure of a Farsi
Script recognition system. Sections 5-7 review some of
the research efforts towards off-line on-line Farsi script
recognition/ segmentation. Section 8 introduces some of
the existing databases for research on Farsi script recogni-
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tion. Section 9 lists some of the remaining challenges in
Farsi script recognition, and draws the conclusion.

2. HISTORY AND EVOLUTION OF THE FARSI
(PERSIAN) SCRIPT

In this section, we briefly review the history of Persian
script and its connection to Arabic script. Historically,
evolution of the Persian script falls into three periods: Old,
Middle, and Modern.

2.1. Old Persian Script (550 to 330 B.C.)

Old Persian script was a cuneiform type script dating from
the time of the Achaemenid dynasties in Persia (6th-4th
century B.C.) [1],[2] . In that script, characters were made
of strokes, which could be impressed upon soft materials
by a stylus with an angled end. Figure 1 shows the alpha-
bet and numbers used in Old Persian script.

Fig. 1. Old Persian (cuneiform type): alphabet and num-
bers.

2.2. Middle Persian (300 B.C. to 900 A.D.)

Middle Persian includes the Iranian dialects as they ap-
peared from about 300 B.C. to about 900 A.D. Middle
Persian is generally called Pahlavi (a derivative of the old
Persian word ’Parthian’). It was the language of quite a
large body of Zoroastrian literature, the state religion of
Sassanid in Iran. An example of Pahlavi Script is shown
in Figure 2.



Fig. 2. A sample of Pahlavi (Middle Persian) script.

2.3. Modern Persian Script (after 7th century)

After the fall of the Sassanids and conquest of Persia (Iran)
by the Arab Muslims (in the 7th century - 650 A.D), Pahlavi
script gradually gave way to the Arabic script. The in-
troduction of Islam brought a massive infusion of loaned
words from Arabic to the Persian language. The Arabic
alphabet was gradually adopted as the Persians’ new al-
phabet, as the script of politics, religion, and education.
An example of modern Persian script is shown in Figure 3.

Fig. 3. A sample of Modern Persian script.

3. SIMILARITIES AND DISSIMILARITIES OF
FARSI AND ARABIC SCRIPTS

3.1. Farsi and Arabic Alphabets

The Farsi alphabet has four more letters than the Ara-
bic alphabet. Figure 4 shows the Farsi alphabet, which
has 32 letters; whereas, the Arabic alphabet has only 28.
In the specified figure, the letters that are identified by
a closed circle are not included in the Arabic alphabet.
These letters represent phonemes that do not appear in
Arabic phonology. In both Farsi and Arabic Alphabets
there are several letters that share the same basic form and
differ only by a small complementary part. The comple-
mentary part could be a dot, a group of dots or a slanted
bar. It can lie above, below or inside the letter. In fact,
all the letters in the Farsi alphabet are derived from 18 ba-
sic shapes. These letters are distinguished by placing one
dot (10 cases), two dots (3 cases) or three dots (5 cases)
above or below of them. The vowels for A, E and O have
no letters and may be shown as a small diagonal under-
bar stroke (for E), an over-bar stroke (for A), or a small
comma (for O). Therefore, another characteristic of both
Farsi and Arabic scripts is the existence of some diacritics
marks written above or below the letters. These diacritics
indicate vowels, where consonant letters are connected to-
gether to make their pronunciation easier. This is also an-
other important feature which must be considered when
designing OCR systems for these scripts

Fig. 4. Farsi alphabet. Letters identified by a closed circle
are not included in the Arabic Alphabet.

3.2. Cursiveness of the Words and Connection of the
Letters

The Arabic scripts and all of its derived forms (includ-
ing Farsi Script) are inherently cursive. In both of these
scripts, the position of each letter in the word and its pre-
ceding or following letter in the same word (if there is
any), are the factors that determine the shapes of the let-
ter. In the Farsi alphabet, similar to the Arabic alphabet, a
letter can appear in four different forms: detached, initial,
medial, and final. All Farsi letters (with seven exceptions
/ six in Arabic) can be connected to other letters from both
the right and the left sides. The seven exceptional charac-
ters can only be connected to other letters from the right
side. Therefore, if any of those seven letters appear in the
middle of a word, there will be a gap in connectivity.

3.3. Farsi and Indian (Hindi) Digits

Farsi and Indian (Hindi) digits look very similar; how-
ever, there are minor but important differences between
Farsi and Indian (Hindi) handwriting of digits [3]. Indian
(Hindi) digits are used in most Arabic countries. Farsi dig-
its are used mainly in Iran, and normally form 13 classes
of shapes because of the two different ways of writing the
numbers 0, 4 and 6. At the same time, Indian (Hindi)
digits normally form 11 classes because of the two differ-
ent ways of writing the number 3. Also the number 5 is
written differently in these two scripts. Figure 5 compares
Arabic, Farsi and Indian (Hindi) handwritings of digits.
Note that Arabic digits (used mainly in Latin and English
countries), are written differently from Farsi and (Indian)
Hindi digits.

Fig. 5. (a) Arabic digits (used mainly in Latin and English
countries), (b) Farsi digits (used mainly in Iran), (c) Indian
(Hindi) digits (used in most Arabic countries).

In the next sections, we briefly explain some of the
state-of-the-art techniques and developments in off-line,



and on-line Farsi script recognition systems.

4. OFF-LINE FARSI SCRIPT RECOGNITION

The earliest work in off-line Farsi script recognition was
conducted by two Iranian researchers: Parhami and Taraghi
[6]. Their system was demonstrated by analyzing news-
paper headlines; sub-words were segmented and recog-
nized according to features such as concavities, loops, and
connectivity. This section briefly reviews some of the
research efforts towards off-line Farsi script recognition
based on the types of features used for recognizing iso-
lated Farsi digits or letters: structural features, and statis-
tical features.

4.1. Structural Features

Structural features are those incllude loops, branch-points,
endpoints, and dots, which are based on the instinctive
aspects of writing. One of the reasons that structural fea-
tures are more common for the recognition of Farsi scripts
is that the primary shape of many Farsi letters are alike
and only their number of dots and the locations of their
dots are different. Therefore, to differentiate such letters,
structural features are used for capturing dot information
explicitly.

In a sample paper found in the literature ([13]) struc-
tural features are used. After thinning, each digit is seg-
mented into lines. Then for each half of the line, average
and variance of the coordination differences of points on
the line are calculated separately for directions of x, and
y. Therefore, for each line, 8 features are extracted which
are then normalized using their maximum values. These
features are invariant to scaling and location, but are sen-
sitive to rotation. This way the feature vectors extracted
for the digits could have a length of 16 to 72. To equal-
ize the length of feature vectors, PCA method was used
to make the length of feature vector equal to 75. The re-
sult of 94.44% is attained using 2240 samples for training,
1600 samples for testing.
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Fig. 6. Structural features are extracted from the skeleton
of digit ‘2’.

4.2. Statistical features

Statistical features are numerical measures, computed over
the images or regions of the images. Some examples of
statistical features used in Farsi script recognition include:
pixel densities, geometric moments, Zernike moments, Ps-
eudo Zernike moments, Wavelets coefficients, histograms

of chain code directions, Fourier descriptors, and features
extracted from profiles. In Figure 7, samples of statisti-
cal features extracted from outer profiles, projection his-
tograms, and crossing counts are shown, which were used
in [3], [8], and [15].

Fig. 7. (a) Outer profiles from four directions, (b) projec-
tion histograms from two directions, (c) Crossing counts
from two directions.

In a study on Farsi/Arabic handwritten isolated digit
recognition [8], authors generalized the method in [3],
they used profiles features, also they combined with three
other types of features including: Crossing counts, Projec-
tion histograms, and Size feature (for distinguishing zeros
from other digits). These features are shown in Figure 8.
They used different orientations for the profile features,
and they tested three different sizes using Support Vector
Machines (SVM) as classifiers. They collected their own
database of samples which has 5000 training samples and
4000 testing samples of handwritten digits written by 90
writers. The best results that they reported was 99.57%
recognition rate with 257 features, on their collected data-
base, using SVM classifiers with RBF kernels.

Fig. 8. A combination of four different features used
in [8]: (a) profiles, (b) histograms, (c) crossing counts,
(d) size (for distinguishing zeros from other digits).

In another paper [12] the idea of showing Farsi dig-
its using a 12-Segment display pattern was employed in
order to extract features. Figure 9 depicts the pattern. Al-
though this pattern does not look like to be an appropriate
segmentation pattern, it is utilizable. The proposed pat-
tern has one degree of freedom (control point). Figure 10
shows how the control point can move. Using moment of
inertia and center of gravity of each image in the training
set, and weight functions for each digit, an optimized con-
trol point model was found. For extracting features, after
a 12-Segment pattern is mapped on the image matrix in
the bounding box, the control point’s location is extracted
based on the described model. Now to form the feature
vector, for each segment the number of black pixels is ex-
tracted, and divided by the whole number of pixels in that
segment (which makes it invariant to scaling). For train-
ing the neural network, 230 samples from 23 writers were
used, and for testing the recognition system, 500 samples



from 50 writers were fed into the system. The achieved
recognition rate was 97.6%.

 

Fig. 9. Segmentation pattern and mapping of all Farsi dig-
its from 0 to 9 on to the pattern.

 

Fig. 10. Adjusting the control point for a digit.

4.3. Combining classifiers for off-line Farsi Script Recog-
nition

In a system described in [9], authors used a combination
of three Neural Network classifiers for recognition of iso-
lated handwritten Farsi digits. The architecture of their
systems has been shown in Figure 11. First, they extracted
81 features for each digit based on concavity features, then
they reduced the dimensionality of the feature vectors to
15 features, using a PCA (Principal Component Analysis)
transformation. They trained three Multi Layer Percep-
tron (MLP) Neural Network with a different number of
neurons in their hidden layers, as three different experts
(classifiers). Then they trained another neural network as
the combiner of the decisions of these three classifiers,
and producing the final decision of the system. Their ex-
periments on 2430 Farsi digits (1000 samples for training
experts, 900 samples for adjusting the combiner, and 530
samples for testing the complete system) show 87%, 85%,
83% recognition rates of for the experts, and 91% recog-
nition rate for the complete system (including combiner of
the experts) on the testing set.

5. ONLINE FARSI SCRIPT RECOGNITION

In a recent attempt in the area of online Farsi handwriting
recognition, Razavi et al. [10] designed a system for iso-
lated character recognition. Isolated Farsi letters were di-
vided into 11 classes based on the number of dots, shapes
and locations of their diacritic marks, as shown in Fig-
ure 12.
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Fig. 11. A system which uses a combination of three ex-
perts (classifiers) for the recognition of isolated Farsi dig-
its.

Fig. 12. Farsi isolated characters Divided into 11 groups

In order to recognize an input pattern in the suggested
system, first, the complementary parts and their locations
are recognized by two multi-layer perceptron neural net-
works. If the character belongs to a group which has
more than one member, the each character’s main shape
will be analyzed by another neural network for further
recognition. For this purpose, for any of groups 2 to 8
(in Figure 12), a three-layer neural network is used with
20 and 10 neurons in the input layer and hidden layer,
respectively. The characters main shape, after size nor-
malization is represented in ten points. These coordinates
are considered as features in the second stage of recogni-
tion. In the methodology used, the first group is discrimi-
nated from the rest of the groups based on the aspect ratio
and the number of strokes. The reported recognition rate
was 93.9% (for 4,144 letters) using the database reported
in [11]. Both complementary and main shape recognition
had misclassifications; 198 and 53 cases respectively. Fig-
ure 13 shows some misclassified cases due to the mistakes
made by the main shape recognizer. This method assumes
that the character’s main body is written in the first stroke
and also fixed numbers of strokes are assumed for each
character. These assumptions, although valid in most of
the cases, are not always guaranteed. Using the number of
strokes as a discrimination criterion decreases the robust-
ness to the writing variations even in the scope of isolated
characters.



Fig. 13. Erroneous cases due to mistakes in main shape
recognition.

6. SEGMENTATION OF TOUCHING DIGITS

A method for segmentation of handwritten numeral strings
in Farsi presented in [5], is briefly described here. This
method is based on combining features from the foreground
and background of the image. The method uses an new
algorithm for extracting features in the foreground and
background which is called skeleton tracing. Also for
finding background features it combines vertical top and
bottom projection profiles and their skeletons. Based on
a combination of this information, and some global in-
formation from the string image, this algorithm tries to
construct the best segmentation paths for separating the
touched digits. Figures 14, and 15 show an example of
this algorithm for feature extraction in the foreground and
background.

Fig. 14. (a) Original image (4 touching 3), (b) Original
skeleton, starting point, and ending point are depicted by
S, and E, respectively, (c) From starting point (S), skeleton
is traversed in two different directions (clockwise: dashed
arrows, and counter-clockwise: dotted arrows) to the end
point (E), (d) Mapping of intersection points on the outer
contour by bisectors to form foreground-features.

Fig. 15. (a) Pre-processed and slant corrected image, (b)
Background region, (c) Top/Bottom background skele-
tons, (d) Top/Bottom-background-skeletons after remov-
ing skeleton parts which are lower/higher than the middle
line.

After finding all the feature points in the foreground

(denoted by in Figure 14-d), and background features (de-
noted by in Figure 15-d), this algorithm assigns feature
points from top to bottom, or from bottom to top, alterna-
tively together to construct all possible segmentation paths
(denoted by dashed lines in Figure 16.

H

Fig. 16. Feature points on the background, and foreground
(from the top and bottom) are matched, and assigned to-
gether to construct segmentation paths.

This algorithm was able to correctly segment 75% of
the testing samples in a testing set of 150 touching Farsi
digits collected by the authors.

7. DATABASES FOR FARSI SCRIPT
RECOGNITION

Standard databases are essential requirements of research
and development in the field of off-line and on-line hand-
writing recognition. Recently, some databases were re-
leased for Arabic handwriting recognition such as CEN-
PARMI Arabic Cheques in 2003 [14]. Among the latter
two, CENPARMI’s database consists of legal and cour-
tesy amounts on bank cheques, and isolated handwritten
digits. Since the digits in Arabic and Farsi are alike; CEN-
PARMI’s Indian digits and Arabic courtesy amounts data-
bases can also be used for Farsi handwritten numeral recog-
nition. Until recently, there was no standard Farsi database
available for researchers; however, very recently two stan-
dard databases have been developed for research on Farsi
off-line handwritten recognition in [15] and [16]. In [15]
authors collected and generated a comprehensive standard
databases in Farsi language which consists of 6 sets in-
cluding isolated Farsi digits (1888 samples), isolated Farsi
letters (11900 samples), Farsi numerals (7350 samples),
Farsi legal amounts (8575 samples), Farsi dates (175 sam-
ples) and a small set of English digits (3500 samples) writ-
ten by 175 different writers in Iran. This database also in-
cludes both gray scale and binary versions of these sets.
The only online Farsi database was developed in 2004
by contribution of 124 writers [10]. One thousand of the
most frequent sub-words were extracted from the online
archives of some newspapers in Iran, containing more than
300,000 words as candidates for data collection. We hope
these databases will become popular and will be used by
researchers in the area of Farsi script recognition. Also,
we hope more comprehensive databases which cover all
aspects of Farsi script will be soon available for research
on both off-line and on-line Farsi recognition.

8. CONCLUSION AND CHALLENGES AHEAD

This paper reviews the evolution of Farsi (Persian) script
and its relationship to Arabic script. It discusses similari-
ties and dissimilarities between these two scripts from the



OCR (Optical Character Recognition) point of view. A
brief review of some of the state-of-the-art techniques in
off-line and online Farsi script recognition/segmentation,
as well as available databases are also presented. There
are still many unsolved problems in Farsi and Arabic script
recognition systems. The main problem is the lack of stan-
dard database with huge number of samples of words, let-
ters, digits for off-line and on-line Farsi script recogni-
tion. So far, developed methods have been mainly tested
on the small and private databases collected by the authors
and have not always been available to others. We hope
introducing new developed databases can fill this impor-
tant gap in this research area. Cursiveness of Farsi/Arabic
handwriting makes segmentation of words and numerical
strings a very difficult challenge. There has been little
research in the segmentation of handwritten words and
numerals in Farsi. A large part of the work in both off-
line and online recognition consists of isolated character
recognition, which is hard to generalize for cursive word
recognition and related real world applications. Finally,
most of the research in Farsi script recognition during the
past 10 years has been presented in Iran in Farsi local
journals/conferences, and the international research com-
munity does not know very much about those research
works and their achievements. The lack of comprehensive
surveys on Farsi recognition (recognition methodologies,
segmentation, databases, etc.) sometimes yields to repeti-
tion of the same research by different groups in different
labs. We hope the results of the efforts in Farsi and Arabic
script recognition will be unified and will be made avail-
able internationally in order to yield high performance
recognition systems for these two important scripts.
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