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Abstract—Handwritten Identification is an ability of the 
computer to receive and translate the intelligible 

handwritten text into machine-editable text. It is 

classified into two types based on the way input is given 

namely: off-line and online. In Off-line handwritten 

recognition, the input is given in the form of the image 

while in online input is entered on a touch screen device. 

The research on off-line and online handwritten Sindhi 

character identification is on its very initial stage in 
comparison to other languages. Sindhi is one of the 

subcontinent's oldest languages with extensive literature 

and rich culture. Therefore, this paper aims to identify 

off-line Sindhi handwritten characters. In the proposed 

work, major steps involve in characters identification are 

training and testing of the system. Training is performed 

using a feed-forward neural network based on the 

efficient accelerative technique, the Back Propagation 
(BP) learning algorithm with momentum term and 

adaptive learning rate. The dataset of 304 Sindhi 

handwritten characters is collected from 16 different 

Sindhi writers, each with 19 characters. The novelty of 

proposed work is the comparison of the recognition rate 

for the single character, two characters and three 

characters at a time. Results showed that the recognition 

rate achieved for a single character is more than the 
recognition rate of multiple characters at a time. 

 

Index Terms—Off-line Handwritten, Neural Network 

training, Back Propagation (BP) algorithm, Sindhi 

Character identification. 

 

I.  INTRODUCTION 

Handwritten character recognition (HCR) is advancing 
the communication between human and computer; it 

takes the world toward automation [1]. Off-line 

handwritten recognition is a somehow easy and fast way 

of inputting data to the computer. As plenty of Sindhi 

literature is available in Sindh literature departments in 

hard form, has taken too much space and will take too 

much time to access any information. Therefore it is 
necessary to preserve that information in the digitized 

form so that globally everyone can access easily. Hence 

Sindhi HCR is a very initial step to preserve the Sindhi 

literature on the web to use it at the worldwide resource. 

Handwritten recognition is a very challenging task in 

computer vision and pattern recognition since every 

writer has a different writing style, different shape of 

characters and font, image quality [2]. As Sindhi is 
cursive language in which characters are connected to 

form words, hence it is a more difficult job when it comes 

to recognize the off-line Sindhi handwritten characters. 

Another problem in recognition of Sindhi characters is  

similarity in 1) basic shape of characters, 2) position of 

dots and 3) the number of dots of different character [3]. 

Though much work has been done on other languages 

such as English [4], Chinese [5], Arabic [6] and other 
languages but very less work has been done on Sindhi 

HCR at the best of the knowledge, so a lot of work is 

required to be done in this direction. Since Sindhi is the 

regional and provincial language of Pakistan spoken by 

60 million people in Sindh and different areas of the 

world [7]. 

Basically, HCR is classified into two types first one is 

off-line and another is online. Both these types vary from 
one another by the way the input is given to the system. 

In the off-line handwritten recognition, the input is given 

in the form of a paper document, image etc. that will be 

static in nature. While in online the input is given on the 

touch screen device such as Tablet etc., that input will be 

dynamic in nature. 

The proposed work main purpose is to identify the off-

line handwritten Sindhi characters using the BP algorithm  
with adaptive learning and momentum which reduce the 

training time of the network. An additional contribution 

of this research is to perform the comparative analysis in 

the recognition rate for a single character and multiple 

characters at a time. This system is based on the graphical 

user interface (GUI) which is developed using MATLAB 

2017a programming environment by utilizing its 
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computer vision and neural network tools. It is trained 

through the dataset of 304 characters, collected from 16 

different Sindhi writers and tested by same and different 

writers test images. The paper is organized in the 

following sequence: In section II, a literature review of 

presented work will be enlightened. Then, in section III, a 

block diagram of the proposed methodology and detail of 
its every step with their result will be given. After that, 

the system performance will be evaluated on the basis of 

the recognition rate by testing the system using test 

images in section IV. In the last section, V conclusion 

and future work will be presented. 

 

II.  RELATED WORK 

From recent work study, it has been observed that 
limited work has been done on Sindhi handwritten 

recognition which is discussed in this section. 

In paper [8] Nasreen Nizamani et al. compares various 

thinning based pre-processing algorithms on Sindhi 

printed dataset which is the initial step for character 

recognition. Those algorithms included Z.-Suen Thinning, 

Thinning based morphological operation (TMBO), 

Skeletonization based morphological operation (SBMO) 
and Huang Wan Liu (H.-W.Liu) algorithm. Thinning of 

4707 Sindhi characters is analyzed based on text 

connectivity and processing time. The results have shown 

the H. W. Liu thinning algorithm is suitable algorithm 

than other three for thinning of Sindhi characters. This 

algorithm preserves the connectivity of characters and it 

also requires moderate processing time. 

Authors in the study [3] proposed work on online 
Sindhi Handwritten word recognition using Self-

organizing map algorithm which is the type of artificial 

neural network. An application based on an Android 

platform has been developed to recognize the words 

written on the touch screen of a device.  The dataset 

consists of 1200 words, collected from 60 Sindhi 

language native writers. This work is tested by 25 Sindhi 

writers and characters are recognized with an accuracy 
rate of 83% and the processing time of 20-30 

milliseconds. 

Work in the study [9] has been proposed work on two 

objectives: 1)complexities occurred in recognizing Sindhi 

characters and 2) to present experimental work of isolated 

Sindhi handwritten character recognition using BP neural 

network algorithm. For training, the dataset of total five 

hundred twenty input patterns is collected from five 
native and five non-native writers. Given the system is 

tested from two native writers and two non-native writers, 

taking 52 characters from each writer. Experimental 

results showed that the recognition accuracy achieved for 

a native writer is 91% and for non-native writers, it is 

71%. Average recognition accuracy obtained is 87.75%. 

A technique based on morphology is presented in 

paper [10]. The authors reviewed importance of Sindhi 
morphemes such as nature, function and structure. Also, 

comparative analysis has been presented between Sindhi 

and English language morphology to understand the 

Sindhi language morphology. Moreover, the paper 

presented the detail of the word formation with respect to 

the words suffixes, prefixes and its type. 

Authors in a study [11] worked on multi-digit 

handwritten Sindhi Numerals using SOM (Self-

Organizing map). This system is able to recognize any 

style and different font size numerals. For the training, 

only one sample of each pair of multi digits numerals is 
required. The dataset of 4000 multi-digits numerals 

consisting of two digits from 10-50 is collected and for 

testing the system, 50 multi digits numerals are taken 

from 50 users. The recognition accuracy achieved from 

various experiments is 86.89%. 

Dil Nawaz Hakro et al. in [12] presented the work on 

Sindhi Named entity recognition (SNER) which means to 

search and classify meaningful information such as the 
name of cities, persons, locations etc., from a given text. 

The system can extract and classify Sindhi words 

includes city names, person names and other entities. The 

achieved accuracy in extracting and classifying the Sindhi 

words is 79%. 

 

III.  PROPOSED METHODOLOGY 

The proposed methodology is demonstrated on the 
GUI developed in MATLAB 2017a programming 

environment using its computer vision and neural 

network toolbox on a PC with window 10, a 64-bit 

operating system with 4GB RAM. The detailed steps 

deployed in the proposed work with their results are 

discussed in this section. The block diagram of the 

training and testing phases is shown in Fig.1. 

 

 

Fig.1. Training and testing phases deployed for off-line handwritten 

Sindhi characters identification



 Off-line Sindhi Handwritten Character Identification 11 

Copyright © 2019 MECS                                              I.J. Information Technology and Computer Science, 2019, 6, 9-17 

A.  Dataset Collection 

Suitable dataset is necessary for the training of the 

neural network. Therefore, a dataset of 304 characters is 

collected from 16 Sindhi writers on plain white paper by 

using any colour pen. Each writer allowed for writing 19 

Sindhi characters. The dataset of characters is shown in 

Fig.2 (a). & Fig.2 (b).The proposed dataset presented 
many challenges because of the different position of dots, 

writing style, number of dots and thickness [13]. Before 

using the dataset for training, the preprocessing algorithm 

is applied to it. As there is saying about preprocessing 

techniques “Rubbish in, Rubbish out”. Results obtained 

from the preprocessed dataset are special attributes of 

characters mapped for training. The extracted attributes 

contain the numerical values that are stored in an array. 
 

 
(a)  

 
(b) 

Fig.2. Dataset of 304 characters from 16 Sindhi writers (a) Dataset of 9 

Characters (b) Dataset of remaining 10 characters. 

B.  Scanning 

Handwritten images for training and testing are 

scanned through a mobile camera with high resolution. 

During scanning the light illuminating on images must be 

uniform otherwise noise will occur in the scanned image. 

The noise will affect the accuracy of the characters 

recognition rate. Scanned image result is shown in Fig.3. 

 

 

Fig.3. Scanned Image 

C.  Pre-processing 

After scanning, all images are pre-processed which is 
consisted of a sequence of operations. The main objective 

of preprocessing is to enhance the images by modifying 

its attributes to make the images suitable for the 

recognition. Applications based on the character 

recognition system uses grey or binary images since high 

computation is required for processing colour images. It 

is difficult to extract characters from scanned images 

without applying suitable preprocessing techniques since 
images may contain noise or watermark; desired results 

for recognition purpose is a binary image with only 

characters [14]. Pre-processing includes several 

techniques which are binarization, edge detection and 

morphological operations (dilation and filling). All the 

training and testing images are passed through these steps. 

1.  Binarization 

This step will convert the grey level image into bi-level 
form in which the background pixels are converted into 

white and foreground into black pixels. This process is 

called binarization and method used for it is termed as 

thresholding. In proposed work, Otsu’s global 

thresholding method [15] is employed, that will apply one 

threshold on the entire input image estimated from the 

background level intensity of image histogram. The 

binarization result is shown in Fig.4. 
 

 

Fig.4. Result of Binarization operation 

2.  Edge Detection 

After thresholding operation, edge detection is applied 

to the binary images to find the boundaries of images 
using a Sobel edge detection algorithm [16] and the 
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resultant image is shown in Fig.5. 

 

 

Fig.5. Edge detection applied to Sindhi characters 

3.  Morphological Operations 

Morphological operations process the images based on 

shapes. The basic operations of morphology are erosion 

and dilation. In which image’s pixels are adjusted 
according to the value of a neighbour’s pixel value to 

construct the structuring element. 

3.1.  Dilation 

Dilation is a basic type of morphological operation, it 

enlarges the white region in the image, or it increases the 

pixels in foreground characters. It will also connect the 

characters which are broken. The resultant image of 

Sindhi characters after applying dilation is shown in Fig.6. 
 

 

Fig.6. Sindhi characters after applying dilation operation 

3.2.  Filling 

This operation fills the holes in characters which 

are formed in the dilated image.  As in ‘م’ and 'ح ‘, 

there are holes in the middle which are filled after 

this operation as shown in Fig.7. 

 

 

Fig.7. Sindhi characters after applying filling operation 

 

 

D.  Segmentation 

Segmentation goal is to extract regions which are 

internally similar in texture. Images are segmented into 

regions to allow analysis and processing of each segment 

independently. The pre-processed image is fragmented 

into individual characters by assigning a number to every 

character using the labelling process [17]. The result of 
the segmentation operation applied to the pre-processed 

image is shown in Fig.8. 
 

                            
(c)                        (b)                      (a) 

             
(f)                        (e)                      (d) 

Fig.8. The result of Segmentation operation applied to the  

pre-processed image 

E.  Feature Extraction 

Feature extraction plays an important role in 
recognizing the characters effectively. This will extract 

the high-level information from the segmented image to 

facilitate it for recognition [18]. The segmentation step 

provided the isolated characters, therefore, characters 

normalized by fixed size that is decided on the basis of 

the experimental or empirical technique used for feature 

extraction. Hence, all the pixels in images containing the 

important features of characters are extracted by resizing 
the cropped binary image into 100*290 pixels for 

facilitating the training and testing. Feature extraction of 

segmented Sindhi characters is shown in Fig.9. 

 

                           
(c)                         (b)                         (a) 

                           
(f) )                      (e)                          (d) 

Fig.9. Feature Extraction result of each segmented Sindhi character 
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F.  Training  

Training is one of the important steps in identifying 

off-line Sindhi handwritten characters. Instated work, the 

type of model used for training and classification is BP 

learning with momentum and adaptive learning based on 

Feed Forward neural network [19]. Here the adaptive 

learning rate and momentum factor are employed to 
accelerate the training by adjusting momentum at each 

iteration, unlike the conventional Bp algorithm in which 

the longer training time and slower convergence are the 

main disadvantages. The BP is an optimization algorithm  

based on gradient descent used to reduce the system error 

by repetitively adjusting the weights of neurons. The 

process of weight adjustment continues until the 

minimum mean square error (MSE) is obtained. For 
training the network, 290 input neuron and 19 output/ 

target neurons are used which is shown in the neural 

network panel in Fig.10 (b). The number of time the input 

neurons are used and their weights are adjusted during 

training is called an Epoch. In the given system 858 times 

neurons weight is adjusted as shown in progress panel of 

Fig.10 (b).  Here adaptive learning and momentum are 

increasing the learning rate to the extent that trains the 

network without significantly increasing error. The time 

required for training the network is five seconds as shown 

in progress panel of Fig. 10(b). The neural network 

training performance shows the minimum error obtained, 

instated network obtained error is (0.00886). The 
recognition accuracy of characters will be maximum 

when the minimum error will be achieved. Here gradient 

(9.94e-06) shows the variation occurs in the error. 

G.  Recognition 

In recognition step trained neural network is tested 

using the test images taken from the same and different 

writers. The MATLAB GUI for testing the system is 

shown in Fig.11. 
 

 
Fig.10 (a). MATLAB GUI for the training of 19 Sindhi characters 

 

Fig.10(b). Neural Network training 

 

Fig.11. MATLAB GUI for testing the proposed system 

 

IV.  RESULTS & DISCUSSION 

Results are obtained after applying all the steps 

explained in section III on the training and test images in 

software MATLAB 2017a. The trained neural network is 

tested using test images, which are taken from the same 

writers and different writers. Here the same writer means 

from whom dataset characters are collected while the 
different writers mean writers from which dataset is not 

collected. As there is a total of 19 characters dataset is 

collected for the network training. So for testing, per 

character five test images are taken from same and 

different writers. In the proposed system, the recognition 

rate is calculated by taking the ratio of recognized 

characters to the total test characters taken from the 

writers.  
 

Recognition rate =
Recognized characters

Total characters  taken for testing
          (1) 

 

When the system is tested by the same writer the 

recognition rate achieved for the single character is 

85.2% as shown in Table 1. As every writer has their own 

written style so the recognition rate differs for each writer.  
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Table 1.System Tested by the same writers for a single character 

S. no 
Single Sindhi 

character 

Total Test images were 

taken for Testing 

Correctly Recognized 

Characters 
Recognition Rate (%) 

 100 5 5 ا 1

 80 4 5 ح 2

 100 5 5 ل 3

 80 4 5 م 4

 80 4 5 ع 5

 80 4 5 ھ 6

 80 4 5 ط 7

 80 4 5 ک 8

 80 4 5 س 9

 80 4 5 ظ 10

 100 5 5 ر 11

 100 5 5 و 12

 80 4 5 گ 13

 80 4 5 ص 14

 100 5 5 د 15

 80 4 5 ڊ 16

 80 4 5 ڪ 17

 80 4 5 گھ 18

 80 4 5 ء 19

Average Recognition rate (%) 85.2% 

 
The recognition rate obtained for different writers for single 

Sindhi character recognition is 81% by testing the system using 
five test images for each character. The average recognition rate 
for the different writers is given in the following Table 2.  

Table 2.System tested by different writers for single character 

S. no 
Single Sindhi 

Characters 

Total Test images were 

taken for Testing 

Correctly Recognized 

Characters 
Recognition Rate (%) 

 100 5 5 ا 1

 80 4 5 ح 2

 80 4 5 ل 3

 80 4 5 م 4

 80 4 5 ع 5

 80 4 5 ھ 6

 80 4 5 ط 7

 80 4 5 ک 8

 80 4 5 س 9

 80 4 5 ظ 10

 80 4 5 ر 11

 80 4 5 و 12

 80 4 5 گ 13

 80 4 5 ص 14

 80 4 5 د 15

 80 4 5 ڊ 16

 80 4 5 ڪ 17

 80 4 5 گھ 18

 80 4 5 ء 19

Average Recognition rate (%) 81.0% 

 

Also, the system is tested for two characters at a time 

taken from the same writers. Total sixteen different pairs 

of Sindhi characters are tested by taking five test images 

for each pair of Sindhi characters. The recognition 

accuracy obtained for two characters identification is less 

than one character recognition at a time as shown in 

Table 3. 
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Table 3.System tested by the same writer for two Sindhi characters at a time 

S. No 
Pair of two Sindhi 

characters 

Total Test images 

were taken 

Recognized characters from 

test images 
Recognition Rate (%) 

ڪ ا، 1  5 4 80 

ک ا، 2  5 3 60 

ھ ل، 3  5 2 40 

و ،ط 4  5 3 60 

م  ح، 5  5 2 40 

ا س، 6  5 3 60 

ع ک، 7  5 4 80 

 60 3 5  س ڪ، 8

م ص، 9  5 2 40 

د ، ء 10  5 3 60 

ا ، گھ  11  5 3 60 

 60 3 5  ڪ ک، 12

ع د،  13  5 3 60 

م ر، 14  5 3 60 

ص د، 15  5 4 80 

ع ر، 16  5 4 80 

Average recognition rate (%) 61.25% 

 

The proposed system is also tested for the combination 

of three characters at a time. The average recognition rate 

of 40% is achieved for the test images containing three 

characters as given in Table 4. 

Table 4.System tested by the same writer for a combination of three characters 

S. No 
Pair of three Sindhi 

characters 

Total Test images were 

taken 

Recognized characters 

from test images 
Recognition Rate (%) 

د ل، ا، 1  5 3 60 

ک ا، س، 2  5 2 40 

س ا، و، 3  5 2 60 

د ر، ح، 4  5 2 40 

و د، ا، 5  5 3 60 

ا ک، م، 6  5 2 40 

ک د، ھ، 7  5 1 20 

ل ر، ح، 8  5 1 20 

ر ا، ل، 9  5 2 60 

ط ء، و، 10  5 2 40 

ر ھ، گ، 11  5 1 20 

د ل، ،ڪ 12  5 2 40 

ڪ و، ع، 13  5 1 20 

م ا، ح، 14  5 2 40 

ھ گ، و، 15  5 1 40 

ک س، ر، 16  5 1 40 

Average recognition rate (%) 40% 

 

Fig.12. shows a comparison of the same writer’s 

recognition rate for the single character, two characters 

and three characters at a time. It has been analyzed that 

system recognition accuracy in recognizing a single 

character at a time is highest while recognition rate 
decreased when the system is tested for the images 

contain two characters and three characters. 

 

 

Fig.12. Comparison of recognition rate for single,  

two and three characters 
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It is concluded from experiments that at a time the 

system is able to recognize more than one character from 

test images as shown in Fig.13 (a) and Fig.13 (b). But 

recognition rate obtained in recognizing the single 

character is highest then the image contains more than 

one character, the recognizing accuracy decreased 

because there are some characters having a same basic 
shape like ‘س’ and ‘ 'ص   others ‘ ح’ and  ع' . Hence, these 

characters often recognized interchangeably. The simple 

shaped character such as a  has the highest ھ‘ ،'ر'،'و'، ،'ل' ''ا'

recognition rate. Meanwhile, characters like 'ک' ،'م'،  and ، 

 has achieved less recognition rate because of 'گ'

complicated geometrical shape. 

 

 

Fig.13 (a).Four Sindhi characters are recognized at a time from the 

given test image 

 

Fig.13 (b).Two Sindhi characters recognized from a given test image 

 

V.  CONCLUSION & FUTURE WORK 

In this paper off-line handwritten Sindhi character 

identification has been implemented on MATLAB 2017a 

by developing a GUI. The proposed system is first trained 

by collecting the dataset of 304 characters from 16 Sindhi 

writers; per writer 19 individual characters were written.  
The main contribution of the given research is the 

recognition rate comparison of the single character, two 

characters and three characters test images taken from the 

same writers. Based on experimental results average 

recognition rate achieved for the single character is 

85.2%, for two characters the recognition rate 61.25% 

and for three characters 40% recognition rate is obtained. 

This decreasing trend in recognition rate is due to the 
complicated nature of the few characters and similar 

geometrical shape of some characters. 

The system has some limitations such as 

interchangeably recognizing the characters having a 

similar basic shape which results in reduce of the 

recognition rate. In future, work will be done to improve 

the recognition accuracy by increasing the characters 

dataset. Secondly, for improving the network training, 

other algorithms can be used such as proportion factor 

(PF) and Levenberg-Marquardt algorithm. Additionally, 

work can be extended for recognizing remaining Sindhi 

characters. Furthermore, our work opens the new window 
for researchers to work in the Sindhi language for words 

and sentences recognition. 
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