Implementation Challenges for Nastaliq Character Recognition
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Abstract. Character recognition in cursive scripts or handwritten Latin script has attracted researchers’ attention recently and some research has been done in this area. Optical character recognition is the translation of optically-scanned bitmaps of printed or written text into digitally editable data files. OCRs developed for many world languages are already in use but none exists for Urdu Nastaliq – a calligraphic adaptation of the Arabic script, just as Jawi is for Malay. Urdu Nastaliq has 39 characters against Arabic 28. Each character then has 2-4 different shapes according to its position in the word: initial, medial, final and isolated. In Nastaliq, inter-word and intra-word overlapping makes optical recognition more complex. Character recognition of the Latin script is relatively easier. This paper reports research on Urdu Nastaliq OCR, discusses challenges and suggest a new solution for its implementation.
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1 Introduction

A single script with its basic character shapes is adapted for writing in multiple languages e.g. Roman script for English, German and French while Arabic for Persian, Urdu, Malay, Uygar, Kurdish, Sindhi, etc. Nastaliq is a beautiful calligraphic and most widely used style of writing Urdu using an adapted Arabic script that has 39 characters as against 28 in Arabic. In Urdu, many character shapes have multiple instances. The shapes are context-sensitive too – character shapes changing with changes in the preceding character or the succeeding one. At times even the 3rd, 4th or 5th character may cause a similar change as depicted in an n-gram model in a Markov chain.
Research in Urdu text recognition is almost non-existent; however, considerable research has been done on Arabic text recognition that uses the Naskh style of writing. The Arabic script is considered to be a difficult one with a much richer character set than Latin; the form of the letter is a function of its position in the word: initial, medial, final or isolated. It changes its shape depending upon its position, and each shape has multiple instances, words written from right to left (RTL) [1]. Arabic characters have features that make direct application of algorithms for character classification in other languages difficult to achieve, as the structure of Arabic is very different [2].
The Latin, Chinese and Japanese scripts have received ample research and work has been done on the optical recognition of these scripts. Compared to this only few papers have specifically addressed the recognition of Arabic text and languages using the Arabic script like Urdu, Farsi and Malay, for various reasons. One of them is the complexity of the Arabic script itself while a lack of interest in this regard accounts for another [3]. Khorsheed et al. [4] presented an approach in which the system recognizes an Arabic word as a single unit using a Hidden Markov Model. The system depends greatly on a predefined lexicon, which acts as a look-up dictionary. All the segments in a word are extracted from its skeleton, and each of the segments is transformed into a feature vector. Then each of the feature vectors is mapped to the closest symbol in the codebook. The resulting sequence of observations is presented to a Hidden Markov Model for recognition [4]. Malik et al. [6] proposed a system that takes online input from the user writing the Urdu character with the help of stylus pen or mouse, and converts handwriting information into Urdu text. The process of online Handwritten Text Recognition is divided into six phases, each of which is implemented using a different technique depending upon the speed of the writer and the level of accuracy.
Fanton [5] has discussed the features that Arabic writing has, and identified the fact that these features impose computational overload for any Arabicized software. He also noted that the way in which Arabic is printed imitates handwriting. He pointed out that Finite State Automata give an efficient solution for the translated problems, which can be formalized as regular languages.
Chen et al. [7] addressed the problem of automatic recognition of an image pattern without any consideration of its size, position and orientation. In this regard, the extracted image features are made to have properties that are invariant with image transformation including scale, translation and rotation. They approximated the transformation by affine transformation to preserve collinearity and ratios of distances.
2. Urdu Nastaliq Character Set

Urdu uses an extended Arabic adapted script; it has 39 characters as against Arabic 28. Each character then has 2-4 different shapes depending upon its position in the word; initial, medial or final. When a character shape is written alone, it is called an isolated character shape. Each of these initial, medial and final character shapes can have multiple instances, the character shape changing depending upon the preceding or the succeeding character. This characteristic of having multiple instances of these character shapes is called context sensitivity. A complete language script comprises an alphabet and style of writing. Urdu uses an extended Arabic script for writing. It has two main styles, Naskh and Nastaliq. Nastaliq is a calligraphic, beautiful and more aesthetic style and is widely used for writing Urdu.
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Fig 1. Urdu Alphabet
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Fig 2. Urdu Numerals
2.1 Nastaliq Script Characteristics
Nastaliq script has the following characteristics:

· Text is written from right to left
· Numbers are written from left to right

· Urdu Nastaliq script is inherently cursive in nature

· A ligature is formed by joining two or more characters cursively in a free flow form

· A ligature is not necessarily a complete word, rather in most of the cases a part of a word, sometimes referred to as a sub-word

· A word in Nastaliq is composed of ligatures and isolated characters
· Word forming in Nastaliq is context sensitive i.e. characters in a ligature change shape depending upon their position and preceding or succeeding characters

3. Problems Pertaining to Nastaliq Script

Here we describe the complexities of Nastaliq script with particular reference to optical recognition of printed text.
3.1 Cursiveness
Nastaliq, with its inherent cursive nature, makes a complex script. A single word in the script can comprise several ligatures formed in turn by combining several characters cursively joined together, along with isolated characters.

3.2 Context Sensitivity
Ligatures in Nastaliq are unique combinations or units of characters that change their shape according to their position within the unit. An initial “BAY”,for example, which is the second character in the alphabet, is quite different from medial, final or an isolated one. Added to this is the dependence of each character on the preceding or succeeding characters it joins with. A character might take as many as 20 different shapes according to the character it is joining with. Sometimes even the 3rd, 4th or 5th preceding or succeeding character may initiate a change in shapes.

3.3 Position/Number of Dots

[image: image1.emf]Several Urdu characters (17 out of 39) are differentiated by the presence of dots placed over, below or within them.
Fig 3. (a, b, c) Dots
Three situations of ambiguity arise because of this. In the first instance, one character may have a dot while the other does not Fig 3(a). In the second case, two similar characters have different numbers of dots to distinguish their different sounds Fig 3(b). Lastly, two characters may be different only because of the difference in the position of dots Fig 3(c).
3.4 Kerning

For better visual appeal, the space between pairs of characters is usually reduced or kerned. If we attempt to reduce the natural space between two characters, it causes a slight overlapping of the characters making them less identifiable and more difficult to differentiate. When scanned, the lack of white pixels between the two characters makes them read as a single continuous character shape.

Although the problem appears infrequently in Latin script, e.g. , it is a common one in Nastaliq, because kerning implies further cursiveness, overlapping characters in numerous possible ways.
5. Nastaliq Character Recognition

Character recognition of Arabic Naskh script is relatively more difficult than Latin script. However, character recognition of Nastaliq script is even more complicated due to the inherent characteristics of this writing style.
In Latin script character recognition there are three levels of segmentation, namely: lines, words and characters. First, the text region is segmented into lines of text, then each of the lines of text is divided into words, and then each word into its constituent characters.
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Fig 4. Segmentation levels in Nastaliq text

Character recognition in Nastaliq script has only two levels of segmentation; first the text is segmented into lines, then the lines into ligatures and isolated characters.

Further segmentation of ligatures into character shapes has more challenges and is an open field for research.

Our proposed system for Nastaliq character recognition does not require segmentation of a ligature into constituent character shapes, but rather requires only two levels of segmentation. It then uses cross-correlation for recognition of characters in the ligatures line-by-line, writing their character codes into a text file in sequence, as the character is found in a ligature.

As the recognition process is completed, the character codes in the text file are given to the rendering engine, which displays the recognized text in a text region.
The segmentation phase is shown in Fig 5, where the text image is first segmented into lines, and then each of the lines into ligatures and primitives. Here we call isolated characters and diacritics primitives.

The horizontal axis measures the number of black pixels, while the vertical axis unit is number of elements, either ligatures or diacritics. Fig 5 also shows that the text line under consideration is 5th in the text image and is further segmented into a total of 63 elements having 38 ligatures and 25 diacritics.
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Fig 5. Ligatures and isolated characters identified

6. Results and discussion
We used Matlab for rapid prototyping and experimentation; however the Urdu Nastaliq character recognition system was developed in Microsoft VC++ 6.0.
We performed experiments on a small subset of Urdu Nastaliq words keeping the same font size, and the results are very encouraging.
Our Nastaliq character recognition system requires a character-based True Type Nastaliq font, and an image of Nastaliq printed text written with the character based True Type Nastaliq font.

After the segmentation is completed, the isolated character shapes and the ligatures have been identified. In the recognition phase, the True Type Nastaliq font file is loaded into the main memory, and each of the character shapes in the font file is matched with the shapes identified in the text image using cross-correlation for recognition of character shapes, line-by-line, writing their character codes into a text file in sequence as the character is found.
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Fig 6. Recognition result

Conclusion and Future Work
In this paper, we discussed the complexities of the Urdu Nastaliq style of writing, which uses an adapted Arabic script and poses more challenges for the implementation of character recognition than the Arabic script which uses Naskh style of writing. We also discussed our new Urdu Nastaliq character recognition system with its results on a small subset of Urdu Nastaliq words.

For the future, we plan to extend our system to include a greater set of Urdu Nastaliq words.
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