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Abstract— In this paper we present and announce a novel off-

line sentence database of Urdu handwritten documents along 

with a few preprocessing and text line segmentation 

procedures. Despite an increased research interest in Urdu 

handwritten document analysis over the recent years, a 

standard benchmark dataset, which could be used in Urdu 

handwriting recognition tasks, has been missing. Based on our 

own developed and updated corpus named CENIP-UCCP 

(Center for Image Processing- Urdu Corpus Construction 

Project), we have developed an Urdu handwritten database. 

The corpus is a collection of a variety of Urdu texts that were 

used to generate forms. These forms were subsequently filled 

by native writers in their natural handwritings. Six categories 

of text were used to generate these forms with each category 

using approximately 66 forms. Up till now, the database 

comprises 400 digitized forms produced by 200 different 

writers. The database is completely labeled for content 

information as well as content detection and supports the 

evaluation of systems like Urdu handwriting recognition, line 

segmentation and writer identification. The database was also 

experimented with the proposed Urdu text line segmentation 

scheme rendering promising segmentation results. 
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I.  INTRODUCTION  

The development of standard databases is important in any 

research domain. This provides a platform for the 

comparison and evaluation of different algorithms and 

techniques on the same grid, without any bias [2, 11]. 

Recent years have witnessed an increasing demand of such 

benchmarking datasets in different research areas. Such 

databases not only save the researcher from the tedious task 

of compiling and labeling the data but also provide the 

possibility of objectively comparing different systems on 

the same data set.  A step ahead to this is the organization of 

various evaluation campaigns which allow the comparison 

of different techniques under the same experimental 

conditions [16, 22]. The document analysis and recognition 

(DAR) community has also developed a number of standard 

databases allowing researchers to quantify their techniques 

on common benchmarks. The most popular of these are the 

databases for handwriting recognition. These include the 

databases like CEDAR [12], MNIST [13], CENPARMI 

[14], IAM [11] and RIMES [16] for offline, while IAM-

OnDB [18, 19], UNIPEN [23] and IRONOFF [24] for 

online document recognition. These databases have been 

used for a variety of recognition tasks like character and 

word recognition, line/word segmentation, word spotting, 

document layout analysis, document segmentation and, 

writer identification and verification. 

Urdu is one of the major languages of the Indian sub-

continent with speakers all over the world. Urdu document 

analysis and recognition has gained research interest during 

the last decade [2-9, 15, 17]. Current areas of interest 

include Urdu OCR, handwriting recognition and word 

spotting based retrieval systems. With the advancement in 

these areas, there will naturally be a need to evaluate and 

compare the proposed techniques on standard data sets. To 

the best of authors’ knowledge, there is no unconstrained 

database of Urdu handwritten documents that could be 

employed for Urdu handwriting recognition and related 

tasks. Only one constrained collection of Urdu handwritings 

can be found in the literature [7]. This data set, however, 

comprises a limited vocabulary and does not capture the 

semantic and syntactic variations of the script so conclusive 

experiments cannot be performed. 

In this paper, we present the first version of a database 

comprising complete Urdu sentences. At present, the 

database consists of 400 handwritten forms, written by 200 

different writers and contains a total of 23833 printed Urdu 

words in 2051 lines of text. To capture the maximum 

syntactic variations, forms were filled by a variety of writers 

having diverse backgrounds and coming from 

geographically distributed locations in Pakistan. The 

database is labeled by finding the coordinates of each line of 

text as well as its transcription and hence can be used to 

evaluate handwriting recognition and related systems. 

In the next section, we discuss corpus acquisition followed 

by generation and filling of forms. We then discuss some 

characteristics and statistics of the collected data and present 

the naming conventions and ground truth labeling. Next we 

discuss the proposed text line segmentation procedure and 
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its results. Finally, we give the concluding remarks and 

discuss some future enhancements to the present database. 

 

 

II. CORPUS  ACQUISITION 

In the first phase of database development, the corpus was 

extracted from authentic sources and arranged as plain text 

called plain corpora [11]. Electronically available resources 

are the most suitable for collection of text but unfortunately 

there are very few repositories of Urdu text in UTF-8 

format. Most of the sources present Urdu text as graphics 

which cannot be used in any text based application [3, 4, 

30]. In our case, text was extracted from 6 broad domains 

with content not older than 2010. Text was extracted from 

two reliable and updated electronic sources which include 

BBC (British Broadcasting Corporation) Urdu [34] and Jang 

Pakistan [35]. In some cases, in addition to Urdu content, 

the text also contained occurrences of numerals. All such 

occurrences were separately identified and recorded as well. 

In the next section, we discuss in detail the design and 

structure of forms and their filling.  

 

III. FORMS & WRITERS 

To generate the forms, the corpus was split into 4 to 6 lines 

of text containing approximately 5 to 6 sentences with at 

least 50 to 65 words. This fragmented text was then copied 

to forms which were printed and distributed to writers for 

copying the text in their natural handwritings. Each writer 

was given two forms with different texts on each form. 

The structure of the forms is inspired from that of the IAM 

database [11] and is indicated in Figure 1. Each form 

consists of four parts. The first part comprises the title 

“Urdu Text Database” and a unique identification number. 

To generate the form numbers, each category is assigned a 

letter code, each form within a category is assigned a two-

digit code and each writer is assigned a three-digit code. 

These codes are then used to name the forms according to 

the following convention: 

 

[CategoryCode]-[FormCode]- [WriterID] 

 

For example “S-01-001” specifies that the text of the form 

belongs to the text category “Sports”, 01 represents form 

count in this category while 001 identifies the writer of the 

form.    

Second part of the form consists of 4 to 6 lines of printed 

text from the corpus while the third part of the form was left 

blank where the writers were asked to copy the printed text. 

In the last part, the writers could optionally provide their 

names. 

For collecting writing samples, we selected individuals 

belonging to different backgrounds and geographically 

distributed across Pakistan to fill the forms. Writers were 

asked to copy the printed text in their natural handwriting 

without any constraints on the writing style or the writing 

instrument. In most of the cases, individuals used blue or 

black ball points as the writing instrument. Twenty data 

collection sessions were organized with 10 individuals per 

session (on the average). 

The filled forms were scanned with HP-Scan jet 6800 using 

Redires 9.0 as the scanning software. The resolution was set 

to 300dpi in true color. The scanned forms were saved in a 

TIFF format with LZW compression. Each form was 

completely scanned including printed as well as handwritten 

part. This allows the utilization of these forms in an 

application to distinguish between handwriting and printed 

texts [11] as well. 

 

              
 

               
 

Figure 1.  Sample printed and filled forms 

 

IV. CHARACTERISTICS & STATISTICS 

The database comprises a total of 400 filled forms 

contributed by 200 writers. The corpus used to generate the 

forms was extracted from two huge and authentic electronic 

sources namely BBC Urdu [34] and Jang news [35] in six 

different categories as listed in Table 1. These categories are 

chosen to be science fiction, entertainment, sports, blogs, 

religion and editorials. The number of forms in each 

category is summarized in Figure 2 while more detailed 

distribution of sentences and words in each of the categories 

can be found in Figure 3 and Figure 4 respectively. The 

distribution of words per line of text is indicated in Figure 5.  

There are a total of 23833 printed Urdu words in the 

database. Corresponding handwritten words are 23812. The 

database contains a total of 2068 Urdu sentences with 2051 

Urdu lines. The database also contains 783 numerals. More 

detailed statistics of the database can be found in Table 1.  
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Figure 2.  Distribution of forms in categories 

 
 

 

Figure 3.  Distribution of sentences in categories 

 

 
 

Figure 4.  Distribution of words in categories 

 

 

Figure 5.  Distribution of words in lines 

V. GROUND TRUTH DATA LABELING 

The labeling of ground truth data is imperative to any 

database. This, naturally, is a time consuming, expensive 

and error prone task [1, 11]. For our collection, we have 

carried out two types of labeling, one for content 

information and the other for content detection. Each text 

line in the handwritten text is identified manually using 

simple software (Figure 6) that allows opening an image and 

drawing rectangles over the textual regions. The x and y 

coordinates and the width and height of each line of text are 

stored in a data file. This data can be used to evaluate line 

segmentation algorithms. The next level, word 

segmentation, has not been considered in the present version 

of the database and will be included in the next version 

allowing evaluation of word segmentation schemes as well. 

 

Figure 6.  A snap shot of ground truth labeling software for content 

detection 

For evaluation of handwriting recognition systems, the 

ground truth data corresponds to the actual transcription of 

each line of text. For this, we generated two data files for 

each scanned document, one containing the transcription of 

the printed text in a paragraph while the other containing the 

ground truth text corresponding to each line of handwritten 

text. An illustration of these files can be seen in Figure 7. 

(a) 

 
(b) 

 
 
Figure 7.  An example of the date files corresponding to Figure 1 (a): 

ground truth of the handwritten text. (b): ground truth of the machine 

printed text. 
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VI. TEXT LINE SEGMENTATION  

In this section we present the proposed text line 

segmentation procedure and compare the segmentation 

results with the manual segmentation. The procedure is 

primarily based on a set of image processing operations. A 

general flow of the scheme can be seen in Figure 8. As a 

first step we apply cubic interpolation to the input (gray 

scale) image as this gives a smooth estimate of the gray 

level at any desired point in the image [25]. This is followed 

by the application of a median filter to remove any salt and 

pepper noise that may be introduced during image 

acquisition. 

We then detect and extract handwritten text from the form. 

Since the handwritten part of the form is separated by long 

black horizontal lines, one may detect these lines and extract 

the handwritten part. This is done using the well known 

Hough transform for line detection [32, 33]. A horizontal 

line separating two parts is characterized by a high peak in 

Hough transform. These separating lines were also used to 

detect and correct the skew in the scanned forms. 

Once the handwritten part is extracted, we binarize the 

extracted region of interest. After evaluating a number of 

binarization techniques [26-29], we used the classical Otsu’s 

global thresholding algorithm. To split the binarized text 

into individual lines, we employed the well-known 

horizontal projection profiles [20, 21, 36] which are scanned 

for local minima. If the value at a local minimum is zero, it 

corresponds to an ideal separation between two text lines. If 

the value is greater than zero, it means there is some 

intersection between the words of upper and lowers lines.  

To handle these intersection issues, we first find the 

connected components in the image and filter out all the 

components with area below a predefined threshold. These 

components are assumed to be dots and diacritic marks and 

are not considered for line segmentation. For each of the 

remaining components, we compute its centroid. If the 

centroid lies above the cutting line of the horizontal 

projection profile, the component is assigned to the upper 

line otherwise it is assumed to belong to the lower line. The 

line segmentation procedure is illustrated on an image in 

Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8.  A general flow of Urdu text line 

segmentation procedure. 

 

 

 
Table 1 Some statistics of the database 

Category Category 

Symbol 

Number 

of 

Forms 

Average   

Urdu 

words/ 

Form 

Average   

Urdu 

lines/ 

Form 

Average   

Urdu 

sentences/ 

Form 

Average 

numeral(s) 

/Form 

No of 

Writers 

Total 

Urdu 

Sentences 

Total 

Urdu 

words 

Total 

Urdu 

Lines 

Total 

numerals 

Sports S 66 57 5 

 

4 2 33 264 3694 334 

 

132 

Science 

Fiction 

F 66 54 6 5 1 33 330 3635 337 130 

Entertainment E 68 60 6 5 1 34 340 3935 356 134 

Urdu Blog B 68 71 6 6 2 34 408 4620 348 137 

Religion R 66 57 7 7 1 33 462 3970 336 126 

Editorials N 66 57 5 4 1 33 264 3838 340 124 

Overall - 400 59 6 5 1 200 2068 23833 2051 783 

            

 

Input Form 

Segmented text lines 

Text Line Segmentation 

 

 

 

 

 Noise removal 

ROI Extraction (Hough Transform) 
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Projections 

Filtered CCs 

 Global Thresholding  

Connected 

Components 
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Decision 
Centroids of 
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Interpolation 

Assign CC to upper or lower line 

492



  

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

 

Figure 9.     Various steps of text line segmentation procedure; (a): 

origional form; (b): hough transform for line  detection; (c):ROI extracted; 

(d):filtered connected components and centroids of connected components. 

(e):Horizontal projection profile; (f): HPP based line segmentation 

VII. EXPERIMENTAL RESULTS 

Experiments are carried out to compare the performance of 

the automatic text/line segmentation scheme with that of 

manual segmentation. The handwritten text is extracted 

from the forms with no errors. For line segmentation, out of 

2051 text lines, 2001 were correctly segmented and only 50 

(2.4%) could not be properly segmented. The detailed 

segmentation results can be found in Table 2.This category 

wise result distribution in Table 2 signifies the challenge of 

text line segmentation in each category which is naturally 

dependent on writings produced by the writers of that 

particular category. We also compared the line segmentation 

results with and without skew correction the former, 

naturally, comes out to be more effective. The segmentation 

results with and without skew correction for each of the 

categories are summarized in Figure 10. 

 

Table 2.   Urdu text line segmentation results for each category of text. 

 

 
 

Figure 10.  Line segmentation rate comparison with skew correction and 

non-skew correction parameters of forms. 

VIII. FUTURE PERSPECTIVES 

In this paper, we have presented a novel sentence database 

of Urdu handwriting. The database is based on our own 

developed corpus named as CENIP-UCCP. The database is 

labeled with coordinates of each line of text as well as the 

transcription of the printed and handwritten texts. The main 

aim of the present study was to provide a benchmark 

sentence database in Urdu language. At present, the 

database mainly supports tasks like Urdu text/handwriting 

recognition, line segmentation and printed/handwritten text 

segmentation. Since the writer ID is also stored on each 

form, the same data set can be used to evaluate writer 

identification/verification systems as well. The database was 

also experimented with an automatic line segmentation 

scheme reporting high segmentation rates. 

In future, we intend to enhance the size of the current 

version of database. We hope that the size of database 

would be doubled encompassing diversity of more natural 

writing styles in its future version. We also plan to provide 

ground truth data at word level allowing the evaluation of 

word segmentation algorithms. The database would be made 

publically available soon. The authors expect that this 

S/No Category 

Symbol 

No of Correctly 

Segmented 

Lines 

Lines 

with 

error 

Error 

% 

1 S 322 12 0.6% 
2 F 322 15 0.7% 

3 E 346 10 0.5% 
4 B 344 04 0.2% 
5 R 331 05 0.2% 

6 N 336 04 0.2% 

Overall - 2001 50 2.4% 
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database would be helpful for researchers working on Urdu 

handwriting recognition and related tasks.  
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