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Abstract- This paper presents the survey of work done on 

Gujarati characters recognition, success rate and limitations 

of it. Many researchers are working on different character 

recognition processes for Gujarati characters as well as 

numeric. They all have used different methods to recognize 

characters. We have listed some of them with their methods 

and results. So we can get idea about the current status of 

research work in this field, and one can decide their own way 

of research in the same field. 

 

I. INTRODUCTION 

 

 Pattern recognition is one of the core logical 

footmark in most actively growing field of OCR in linguistic 

digitalization. Digitalization modulate methodologies of 

preserving documents and also transfer of document. A huge 

literature and lots of government documents are there written 

by hands and needed to store in digital form to use it further. 

We can scan the document using scanner and can get image of 

it, but it will be only readable copy of it. If we want to modify 

it or update it we need to generate an OCR( Optical Character 

Recognition) for particular language. 

 

India is a country with a large population of people 

with different culture and using verity of languages in routine. 

Approx 22 languages are spoken in India from which Gujarati 

is used by the people lived in Gujarat. Gujarati is reach with 

huge literature work and lots of document are available in 

Guajarati. In Gujarati language, there are 34 characters known 

as vyanjan, 13 vowels known as Swar, and 15 modifiers 

known as Matra as shown in fig 1. 

 
Fig.1 

Gujarati is a language with large character set, 

number of combination of these characters are possible. It is a 

difficult task to recognize it, some tools are able to recognize 

printed characters but we found a research gap in recognition 

of handwritten gujarati characters. 

 

In this paper we have analysed work done by other 

researchers and tried to find some conclusion for 

implementation of Gujarati Handwritten Character 

Recognition System. 

 

II. RELATED WORK 

 

First, we will start with need to convert handwritten 

documents to digital form. It is very useful for data entry of 

handwritten form, automatic conversion of prescription or 

script to digital form, automatic music notation reading etc. 

[1]. Gujarati handwritten documents will be first stored as an 

image, and we have to implement various processes to convert 

image into proper format so that we can use it for character 

recognition. The following are the steps to implement OCR in 

fig.2. 

 

 
Fig.2 

 

Binarization: It is a process to convert image into binary form 

(only black and white). K.Ntirogiannis et al[17] defines 

binarization as the process that segments the document image 
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into the text and background by removing any existing 

degradations.  

 

There are many type of binarization techniques 

available like Gradient Based Thresholding, Niblack Method, 

Otsu Method, Nick Method, Bradley Method, Bersen Method, 

Local Adaptive Thresholding. Wan Azani Mustafa et al [15] 

have compared all the methods but using any method is not 

accurate for binarization. They have found Fuzzy C-Means 

algorithm with 97.02% accuracy for binarization[16].  

 

Fu Chang [18] proposed a new method named 

Hadamard multiresolution analysis to get improvement in the 

output of binarization for OCR.  

 

Thinning of image: It is a process of thinning of 

characters to a single pixel notation. Thinning is very useful 

process in image compression, biomedical image analysis, 

printed circuit board analysis, fingerprint analysis, etc.[19] and 

it is considered as an essential step for many OCR[20].Shaikh 

& shaikh[21] have listed the imitations of Lei-Hang’s 

algorithm and proposed a modified algorithm for thinning 

process, which overcome the limitations of Lei-Hang’s 

algorithm. 

 

Maloo & Kale[2]  defines steps for OCR as 

Binarization, Removal of noise, Thinning of image, Skew 

Detection and correction, Segmentation, Feature Extraction, 

Recognition using Classifiers. For binarization, they are using 

Threshold technique with level 0.4. Noise is wrong pixel value 

that are added to the image while scanning the image. 

Thinning process removes pixels those are not required for the 

characters; it will apply thinning repeatedly while all 

unwanted pixels removed.  

 

Suthar, Goswami & Thakker[4] defines thinning as a 

crucial part before feature extraction, because to identify 

endpoint and starting of new character, if we have a thin line 

instead of thick line, it will be easier to detect. They have 

classified thinning process in two major class, 1) Serial 

thinning and 2) Parallel Thinning. In Serial Thinning, one 

point at a time will be processed and in parallel thinning all 

the points will be processed simultaneously. They define some 

essential properties for thinning as 1) thinning should be done 

till thickness of one pixel. 2) Connection of two characters or 

characters with modifiers should be preserved. 3)End point 

and junction point position should be preserved. 4) noise 

should be eliminated. 5) shape of the line and curve should be 

preserved. The authors have analyzed various Thinning 

algorithms like Hilditch, Stentiford, LW, ZW and ZS for 

normal dataset of printed text image as well as handwritten 

numerals and thick size of characters in dataset. They have 

defined 4 parameters that is Thinning Rate (TR), Number of 

Components, Noise sensitivity (NS), Endpoint accuracy for 

performance analysis. Using these parameters, they have 

found ZW algorithm is better in comparison of other because 

it gives 0.9827 performance in normal dataset and LW 

algorithm is better for thick character dataset with 0.8712 

overall performance. 

 

Skew Detection and Correction: When a document is 

scanned, some amount of tilt will be included, this tilt is 

known as skew angle. Skew angel should be removed from the 

image for correct input to recognition process.Arwa Al-

Khatatneh et al[22] have compared (i) Projection Profile 

Analysis (ii) Hough Transform and (iii) Nearest Neighbour as 

skew detection techniques and given the strength and 

weaknesses of each algorithm. They found Nearest Neighbour 

method as the fastest method for skew detection. Chaudhary & 

S. Chaudhary [23] has implemented cross-corelation method 

for skew detection and found success with Monte Carlo 

technique for sampling. Gari et al [24] considers the skew 

angle detection as the most important component of OCR. 

They have implemented Harris Corner feature points and 

Hough Transform to detect the skew angle successfully for 

printed characters. 

 

Shah, Patel & Maniar[4] have worked on Skew 

Detection and Correction of image. There are some important 

approaches for skew detection are Correlation, projection 

profile, hough transform and Linear Regression. Linear 

Regression is powerful technique for this. The authors have 

implemented Linear Regression for printed text as well as 

handwritten characters. It is providing 59.63% accuracy for 

printed document and 45.58% accuracy for handwritten 

documents. They suggest linear regression method is giving 

good result in 15-to-40-degree rotation, but less useful for 

minor rotation. 

 

 Chaudhary & Gulati [5] find the segmentation 

problem as the most important problem in the process of 

recognition of characters, because, segmentation improves the 

result of recognition rate. In Gujarati handwriting, 

implementation of segmentation is difficult due the different 

style of each writer. It can be affected by the type of pen used 

for writing. If gel pen is used, recognition is more difficult. To 

use ball point pen is recommended. The segmentation should 

be done first for the line, than for word and lastly for 

characters. The authors define main problems in 3 categories, 

1) Problem in Line Segmentation. 2) Problem in word 

segmentation. 3) Problem in character segmentation. Problem 

in line segmentation includes problem like, overlapping of 

modifiers of two lines, zigzag of line and words and unusual 

spacing between lines. Problem in word segmentation is 
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unusual spacing between words of same line. Problem in 

character segmentation can be further divided as problem in 

upper region, problem in middle region, and problem in lower 

region. That can be further divided in problems like, unusual 

size of modifiers, touching of modifiers to the next character, 

touching of upper modifier with another modifier, determining 

presence of lower modifier, unusual spacing, touching of 

lower modifier to next consonant in middle region, touching+ 

of two consonants in middle region, touching of modifiers 

with consonant in middle region, touching of half character to 

full character, broken character, skewed characters. They have 

concluded that rate of successful segmentation will be 

decreased from printed document to handwritten documents. 

 

Mendapara & Goswami[6] talks about identification 

of strokes, it is important part after character segmentation. 

Once we have segmented, we should identify strokes in the 

image for better feature extraction. For stroke identification 

and directional feature extraction of handwritten Gujarati 

numerals authors have used k-NN algorithm and achieved 

88% accuracy.    

 

Prasad & Kulkarni [7] have worked on feature 

extraction classification using Adaptive Neuro Fuzzy 

Classifier (ANFC) with Fuzzy Hedges (FH) for Gujarati 

character recognition. The authors say that using fuzzy 

hedges, we can find and remove noisy features and can select 

important features from the image. Feature Extraction can be 

using four features like 1) Gabor Phase XNOR pattern. 2) 

Pattern Descriptor. 3) Contour Direction Probability 

Distribution Function. 4) Autocorrelation. Using these 

features, they have achieved 58.78% accuracy for character 

recognition.  

 

Hassan et al [8] have implemented MKL (Multiple 

Kernel Learning) for classification. They have implemented it 

with DAG framework and compared with 1-vs-1 framework 

using KNN classifier. They have implemented Shape 

Descriptor, Fringe Map Feature and Histogram of Oriented 

Feature (HOG) for classification of MKL. For binary MKL, 

Decision DAG framework is used. They have found best 

result using combination of Shape Descriptor and Fringe Map 

Feature. 

 

Goswami & Prajapati[10] have listed many 

algorithms for classification like Pattern Matching, ANN, 

HMM, SVM, KNN etc. They have used Self Organizing Map 

based k-Nearest Neighbour(k-NN) classifier. They have got 

82.36% of accuracy for selected characters in Gujarati printed 

character set. They have implemented this algorithm for 

various size and font of characters in different Gujarati news 

papers. Similar looking characters like tha, ya, pa, sha, gha, 

dha are difficult to classify, but unique characters are 

classified with their algorithm.   

 

Desai[13] have used feed forward propagation neural 

network technique for recognition of Gujarati numerals. They 

have divided the process into 4 phases: digitization, Pre-

processing, Profile vector and classification. In digitization, 

the captured image is converted into binary format. Pre-

processing is divided into contrast correction, resizing, 

thinning and rotate training set. This proposed network give 

them 81.66% accuracy in recognition of gujarati handwritten 

numbers. 

 

Patel & Desai[14]  have defined three zones and two 

line to separate zones for any character: Lower zone, Middle 

Zone, Upper Zone and Mean Line, Base Line. They have 

described the importance of zone identification in the phase of 

segmentation. In Gujarati Language, most of the consonants 

are written in Middle zone, only the modifiers of them may 

written in Upper zone or Lower zone. So, if we identify the 

zone, we get help to identify character. They found self 

defined ANN algorithm useful for this segmented characters 

to identify,  and got 60 % accuracy for 4 characters, that is (ga, 

na, sha, la). 
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III. CONCLUSION 

 

All the papers we have studied, have implemented 

OCR for Gujarati characters. Different result got by different 

authors. In gujarati characters recognition maximum 81% 

accuracy achieved. We are focusing on Analysis and 

recognition of Modifiers of handwritten gujarati characters. 

We have one paper that is concentrating on modifiers and 

achieved 60% accuracy with only four characters. So, we have 

a huge scope for analysing modifiers with all the gujarati 

characters. As we know that characters may fall under three 

zones, we are concentrating on the modifiers comes under 

upper and lower zone.  
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