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Abstract:  Character recognition has been one of the most interesting and challenging research areas in field of image processing and pattern 
recognition in the recent years. This paper describes the techniques for better character recognition in document into machine readable form. Several 
techniques like OCR using Feature extraction and OCR using neural networks are reviewed in this paper. Before going to future research work, 
analyze and update recognition techniques in detail which are implemented previously. The purpose of this paper is to discuss various algorithms, 
techniques, processes, and achieve direction towards research work to improve the problems faced by existing systems to get more recognition rate. 
 
Index Terms: Image processing, Pattern recognition, Preprocessing, Feature extraction, Feature selection, Classification, comparison.   
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1 INTRODUCTION                                                      
It is always the frontier area of research in the application of 
image processing as pattern recognition, document analysis, 
image retrieval, artificial intelligence, machine learning and 
deep learning approaches. English script is the most widely 
used script in the world. In the field of OCRs, this script is the 
most mature as work on English script was started from the 
1940s [1]. Here we are presenting the latest literature review 
on state of art methods. The character recognition is the 
process in which machine or computer understand the image 
of handwritten data and convert it into a particular character. 
There are two ways of character recognition (CR) i.e. online 
CR or offline CR as observed in Fig 1, which shows the 
classification of different character recognition systems. In 
Online character recognition, a data is prepared from a 
pressure sense of transducer at the time of the user is writing 
because of the successive movements of the pen are altered 
into an electronic signal having memory and can be analyzed 
easily by the computer. Commonly, magnetic character 
recognition (MCR) or optical character recognition (OCR) is 
to recognize handwritten as well as printed data. Similarly, 
offline character recognition includes the conversion of text 
into an image into letter codes. According to Suman Avdhesh 
Yadav et. al. [2], the off-line handwriting recognition is more 
difficult as compared to online recognition because of 
different people have different handwriting styles, variations in 

shapes, angles, size, thickness etc. Whereas, on-line 
handwriting text recognition (HTR) could be used as a more 
natural way of interaction in many interactive applications. 
There are many consequences in the improvement in errors 
rates in HTR, in which the information from the specific task 
allows to constrain the search and therefore to improve the 
HTR accuracy [5]. 

 

 
 
Basically, there are the various steps involved in the character 
recognition system is explained by Nisha Sharma [3] in 2014, 
as data acquisition (input image character), preprocessing unit 
(remove noise, binarization, thinning, resize etc.), 
segmentation (isolation), feature extraction (extract the 
essential and differentiable characteristics), classification 
(decision making), post-processing (output image character) 
as shown in fig 2. 

 

 

 

Fig. 2. The procedural steps for character recognition system  

 

Fig. 1. The classification of different character recognition 
systems  
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Here, the paper is organized in various section as first part 
types. In section II, dataset is explained in detail.  
 
Preprocessing with various techniques are introduced in 
section III. Section IV theoretically explicated feature 
extraction and feature selecting algorithms in section V. 
Classifiers are explained in section VI. Section VII gives 
analyzes comparative of various characters, classifiers, and 
optimizing algorithms with recognition rate. Finally, conclusion 
and summary are drawn in the last unit. 

 
2 RELATED WORK 
Mandal et al. [4] proposed algorithms for the line, words, and 
character segmentation. The line is segmented into words by 
using a contour tracing algorithm from the extreme left of the 
paragraph. Words are segmented by tracing white pixels in 
between words. Character segmentation algorithm use 
Baseline Pixel Burst Method for remaining character 
segmentation. Some noise removal methods are used to 
increase accuracy up to 95%. Inaccurate line segmentation 
problem is highlighted as a hurdle in the segmentation of Urdu 
text [6]. Israr Ud Din et al. [6] proposed a segmentation of lines  
and ligatures as a necessary step in pre-processing. The 30 
documents comprised a total of 310 text lines 306 of which 
were correctly segmented using the proposed technique 
reporting a line segmentation accuracy of 98.7%. Naz et al. [7] 
presented an Urdu Nastalik line recognizer using a 
multidimensional approach in which it handles diagonal text 
(Nastalik style). It uses an output layer of the neural network to 
recognize Nastalik text lines. This approach gives 98% 
accuracy on printed text. For line segmentation, In addition to 
some heuristics rules, the projection profile method gives good 
accuracy. In many Urdu OCR, studies ligature is considered as 
a basic component to be segmented. Javed and Hussain [8] 
segmented the thinned strokes in the window and Discrete 
Cosine Transform (DCT) features are computed for each 
window. The DCT vectors from the sequence of windows for 
every segment is being used to teach the HMMs for 
identification and sequenced to produce the ligature. The 
system has 92. 73% base form recognition accuracy. Diacritics 
are rarely handled in Urdu segmentation and cause wrong 
segmentation [9]. Rana et al. [10] use pre-segmented data and 
then segmented the Urdu words in two segmented categories 
of primary ligatures and secondary ligatures (consisting of 
diacritics). Its difficult task to extract a feature of handwritten 
text in even English language (in which each character is 
written separately), when it comes to cursive language like 
Urdu than its hard to proper segment each ligature. In this 
section, we review segmentation of handwritten cursive scripts 

and different methods that are used to overcome complex 
segmentation problem in the last few years. Saabni et al. [11] 
proposed language independent line segmentation 
techniques. Two different segmentation approaches are 
proposed for grayscale and binary images of historical Arabic, 
English and Spanish text. Energy map constructs using Signed 
Distance Transform for the image to identify text line and 
upper and lower limit of the text line. Proposed technique 
tested on four different datasets (ICDAR2009 Contest, Private 
Collection, ICDAR2009 and Evaluation protocol) and get 
above 98% accuracy on average. Brodic [12] modifies linear 
water flow algorithm, by changing its linear function by power 
function. Water flow deals linearly straight lines, in this 
modified algorithm bounding boxes, are added to handle 
angular dimensions of the text. Bounding boxes contain 
characters or words, each line of a text document is enclosed 
in bounding boxes. This results in extracted required line 
regions. Abhishek et al. [13] proposed a segmentation method 
for handwritten cursive English text. The proposed method 
uses modified horizontal and vertical projection for line and 
word segmentation. It even accurately segments multi-skewed 
lines. The method was tested on IAM dataset giving promising 
results for line and word (95 and 92% respectively). Horizontal 
projection approach is used for text line extraction of 
Handwritten Kannada Historical Script Documents after the 
pre-processing stage and connected component labelling [14]. 
Projection profile is used to collect text line information and 
additionally neighbourhood search is used to assign text to a 
line. To segment palm leaf manuscripts of Dai, Peng et al. [15] 
use algorithm based on HMM, to evaluate all segmentation 
paths. Afterward, optimal segmentation paths are computed by 
projection properties of the corpus. The system evaluated the 
historical collection of Dai manuscripts gives an accuracy of 
89.9%. Projection profile is the most extensively used 
technique when there is a sufficient gap between lines. In [16] 
Pastor Pellicer et al. used the Conventional neural network for 
text line extraction of historical English documents. Initially, 
extract line layout analysis and estimates the text area 
between corpus line and baseline. Further, the Watershed 
transform is used to extract text lines. This approach is tested 
on two datasets Saint Gall (98.74%) and Parzival corpora 
(94.24%). In another study Quang Nhat et al. [17] proposed a 
multilingual text line segmentation approach. In which trained 
fully conventional network (FCN) is used to figure out text lines 
pattern. Through FCN, line map is extracted through which 
initial segmentation is done and after that line, adjacency 
graph is used to handle overlapping words between lines. This 
gives 98.6% accuracy on ICDAR-2013. 

 
3 DATASET DIGITIZATION AND PREPROCESSING 
In the process of digitization, paper based information is 
converted in to electronic form. The data from the paper will be 
captured through optical scanners or cameras. This electronic 
information is termed as sample dataset, used for training or 
testing purpose. Generally, the data set of 26 small, 26 capital 
and 10 numbers of different size, shape, style etc. should be 
prepared by many writers. Here, the benchmark dataset can 
be easily available with variety of writers as shown in table 1. 
Following are the preprocessing steps involved in OCR. 
 
3.1 Remove Noise 
The difficulty of the problem lies in the fact that the family of 
noise patterns that appear in handwritten images could be 

TABLE 1 
BENCHMARK DATASETS 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 12, DECEMBER 2019       ISSN 2277-8616 
 

980 
IJSTR©2019 
www.ijstr.org 

large (or virtually unlimited). Therefore, the author proposed an 
unsupervised learning approach that does not rely on the 
noise patterns belonging to any particular distribution. They 
formulated the noise removal and recognition as a single 
optimization problem involving latent variables using the EM 
algorithm in order to find the values of the latent variables (and 
therefore the noise patterns) based on an optimization criterion 
which is defined to be the recognition score for the input image 
after noise removal. To remove noise elements in the image 
various techniques are delivered by various researchers. 
Pepper and salt noise from the scanned images is removed by 
J. R. Prasad [18], has been used median filter and perform 
thinning operation to reduce character to minimum one pixel 
thickness, instead low pass filter has also been used by R. M. 
Suresh et al. [19].  
 
3.2 Binarization 
It is the process for obtaining the image in black (binary 0) and 
white (binary 1) color only. The captured RGB colored image 
should be first converted in to gray image and then binary 
which has been represented with two values for  pixel as all 
the gray levels values of 129 to 255 by binary value ‗0‘ for 
absence of writing and gray levels values of 0 to 128 by binary 
‗1‘ for presence. The Otsu method is used to convert any 
image into a binary form. In which all the intensity values are 
representing either in black or white separated by the 
threshold value. All intensity values below a threshold, are 
presented by one intensity and above the threshold are by 
other intensity [3], [20]. Global thresholding technique is also 
useful for binarization of image. In this technic, dilation of 
edges is obtained and holes are filled in it [21], [22], it is also 
called by skeletonization [23].  
 
3.3 Thining 
The Thinning is the technique of converting the character 
images to a single pixel. Zhang Suen Algorithm [24] was used 
for thinning purpose. This a process of identifying the elements 
of an image is also called by thinning. This process is required 
to locate the areas of the document for printing and 
distinguishing them from figures. Also, with the help of thinning 
the boundaries and edges of the character image can be 
possible. Anubhav Jain et al. [25] have applied Prewitt 
Operator in this step as the color of the image is inverted for 
black boundaries. 

 
3.4 Normalization 
The process of equating the size of all extracted character 
images is referred by normalization, in which the aspect ratio 
of the images should be considered and normalize them to 
different sizes. It should be selected differently by various 
authors in terms of pixel or inch. Sometimes this process is 
also useful to reduce noise as mentioned by Suman Avdhesh 
Yadav et al. [2]. It is also referred by histogram stretching that 
changes range of intensity values of pixel. Therefore 
histogram equalization is dominant technique is in image 
processing for normalization. 
 
3.5  Segmentation (Isolation) 
In machine learning, image segmentation is useful for 
segregating an image into sets of pixels or super pixels. It 
simplifies the representation of an image into the segmented 
image for easier analysis.  So, by taking lines and curves 
objects and boundaries are located in the image. Parshuram 

M. Kamble et al. has used the bounding box for this process 
[20]. One another method is projected by J. Pradeep et al. [22] 
for segmentation. In this system, the isolation of characters is 
done by allocating a number to each character, provides 
information about the number of characters in the image. 
Anubhav Jain et al. [25] has developed the segmentation 
algorithm as the connected components are labeled based on 
pixel connectivity. It utilizes the horizontal and vertical 
projection technique for segmenting the histogram into lines 
and then to words and individual character. A. Venkata 
Srinivasa Rao et al. [26] has used drop fall algorithm which is 
based on the principle of permitting a hypo theatrical marble 
fall in between two connected characters and making the cut 
where the marble lands. The main issue in implementation is 
where to drop the marble from is solved. Jun Tan et al. [27] 
has addressed one more method for tackling nonlinear 
segmentation of text lines into characters as a nonlinear 
clustering method. Two nonlinear clustering methods viz. 
spectral clustering and kernel clustering based on the 
Normalized cut (SegNcut) and Conscience On-Line Learning 
(SegCOLL) respectively. G. Louloudis et al. [28] has articulated 
a Hough transform and word segmentation algorithm for 
segmentation. The Hough transform is applicable to minima 
points in a vertical strip on the left of the image. By grouping 
cells in an exhaustive search in six directions, the alignments 
are searched starting from the main direction. After the moving 
window, assigns the remaining units to alignments associated 
with a clustering scheme in the image domain.  Z Shi et al. 
[29] has designed the Smearing method. The fuzzy RLSA 
measures the calculation of standing at a pixel along the 
horizontal direction. Here, a new grayscale image is created 
and binarized then the lines of text are extracted from the new 
image. Bruzzone et al. [30] has introduced projection profiles 
algorithm, based on the analysis of horizontal run projections 
are split on a partition of the input image into vertical strips for 
skewed text. The ascending and descending characters from 
been corrupted by arbitrary cuts are preserved in it. Itay Bar-
Yosef et. al. [31] give model-based segmentation method for 
highly degraded historical grayscale images. Initially, 
confidence map is created in two steps as superimpose model 
on the grayscale image and the small window is placed 
around every point along the model. Then correlation in 
between the corresponding portion of the model and that of 
the image and this value is assigned to contour point. For 
comparison, the fast image inpainting algorithm is used, 
proposed by Oliveira et. al. [32].At present, various models of 
image segmentation are introduced by Kass et al. [33] in which 
active contour is decimated in two models viz. edge-based 
and region-based model. The active contour is attracted to the 
higher gradient of image boundaries in the edge based model, 
whereas in the region based model, the image is partitioned 
into several homogeneous regions. 

 
4 FEATURE EXTRACTION 
The process of feature extraction is to inspect the input 
dataset and identify characteristically recognition of the image, 
and classification is the process of selecting extracted features 
to recognize the input images. To identify features; statistical, 
directional, topological and geometrical features have been 
employed. Statistical feature extraction method is used by 
calcuEnglishg the percentage of black pixels character for the 
segmented image. The image is divided into various zones 
and data is taken from each zone as a feature. In geometrical 
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features, the center of the skeleton is calculated for the 
normalized image. Topological features are deriving endpoints 
with respect to the zone, used to reduce jumbles among 
various features. Chain Code Histogram (CCH) is applied to 
identify directional features, based on the outline of an image. 
Since codes are computed for each character should different, 
there is difficulty in comparison of features. Thus, many times 
chain code histogram is used as the feature. 
  
4.1 Gabor Texture Feature 
Ivan Kitanovski et al. [34] introduced Gabor feature extraction. 
As edges are detected from the image, the features are 
selected by a linear filter called as Gabor feature extraction. It 
gives a bunch of wavelets in which energy is captured by 
wavelet according to scale and direction so that image can be 
extracted by the bunch of energy distribution. It can also be 
used as the classifier which consists of 48 features. 
 
4.2 Principal Component Analysis 
Khalil Khan et. al. [35] worked on PCA, which is very much 
useful in machine learning and pattern recognition. For a huge 
dataset, the extraction of features is computed in PCA. It 
reduces dimensions of the image, transform into Eigenvalues 
and Eigenvectors of an image, and increases speed without 
any loss of data.  Initially, 2-dimensional images are 
transformed into single dimension by concatenation of rows 
and columns into a vector and mean is calculated. Then, 
Eigenvalues and vector are calculated and vectors are stored 
corresponding to values in descending order, the maximum 
Eigen value shows the greatest variance in an image. 

 
4.3 Independent Component Analysis 
It is the extension of principal component analysis, in which 
factor analysis is performed. Bruce A. Draper et. al. [36] 
introduced ICA, based on blind source separation problem, 
and used for performing large operations on an image to 
extract its feature. In this method, the new variable can be 
defined by finding the linear and nonlinear combination of all 
undefined variables, which are called by an independent 
component. These independent components as features are 
computed to extract feature vector, which is selected by 
performing various optimization algorithms. 

 
4.4 Haralick Texture Feature 
The combination of thirteen features i.e. Angular (horizontal 
and vertical) movement, inverse difference movement, 
contrast, average, mean square, sum variance, difference 
variance, entropy, sum entropy, difference entropy, correlation, 
information measures of correlation, Maximal correlation 
coefficient [34]. The working principle of haralick texture 
extraction is based on image co-occurrence matrix, which 
shows the special dependency of grayscale along with 
horizontal and vertical direction. Likewise, other parameters 
can also be calculated by using image co-occurrence matrix. 
 

5 FEATURE SELECTION ALGORITHM 
This section represents the handwritten character recognition 
based on various soft computing algorithms. The discussion is 
based on the research methodology used during the last 
decade. 

 
5.1 Particle swarm optimization (PSO) Algorithm 
PSO algorithm is a global algorithm, which has a strong ability 

to find the global optimistic result. The Particle Swarm 
Optimization (PSO) algorithm is designed by Kennedy and 
Eberhart in 1995. PSO is a population-based searching 
method which imitates the social behavior of bird flocks or fish 
schools. The population and the individuals are called a swarm 
and particles, respectively. Each and every particle will try to 
subordinate with fittest (best) solution. According to closeness, 
the terms personal best (pbest) and global best (gbest) are 
denoted and encountered by all particles of the swarm, 
communicated with all other particles. The gbest will gives 
overall best value and its location obtained by any particle in 
the population. It consists of changing the velocity of each 
particle as per values of pbest and gbest in each step. It is 
weighted by separate random numbers being generated for 
speeding up near pbest and gbest. PSO optimize random 
solutions particle from the population in D- dimensional space. 
So that, in PSO neither mutation calculation nor overlapping 
will have occurred. This method is also discussed by Nai Jen 
Li et al.[37], in which fuzzy clustering methods are used. It is 
one of the simple and efficient methods, even though it falls 
into local minima. This problem is tackled by fuzzy clustering 
methods, which are based on particle swarm optimization 
(PSO). Also, it hybridizes with a traditional partitioned 
clustering method such as FCM. It is demonstrated in the 
literature that methods that hybridize PSO and FCM for 
clustering have an improved accuracy over traditional 
partitioned clustering approaches. Due to it, the results are 
better than the other methods. Two adaptive particle swarm 
optimization methods for fuzzy clustering were proposed by 
the author. The first one is a hybrid method that combines the 
improved self-adaptive particle swarm optimization (IDPSO) 
and FCM. The second one (FCM2 IDPSO) also combines 
IDPSO and FMC but includes the initialization of one of the 
solutions/particles of FCM IDPSO through a previous 
execution of FCM. Muhammad Sarfraz et al. [38] has 
proposed an Arabic character recognition system with particle 
swarm optimization. Moment invariants have been used as 
features. PSO has been used to assign an optimal set of 
weights for these features so as to maximize the recognition 
rate using the minimum number features.. Satish Lagudu et 
al.[39] has increased the efficiency of particle swarm 
optimization as PSO-BP, is an optimization algorithm 
combining the PSO with the BP, Similar to the GA. The PSO 
algorithm has a disadvantage in that the search around global 
optimum is very slow. Therefore BP algorithm, on the contrary, 
has a strong ability to find a local optimistic result, but its ability 
to find the global optimistic result is weak. 
 
5.2 k-nearest neighbor algorithm 
The k-nearest neighbor algorithm is used for selecting 
neighborhood characters in the feature. The distance between 
the test samples and all the stored samples are computed to 
find the nearest value and obtained distances in ascending 
order. On the basis of similarity measurement, the 
classification and recognition are performed. J. Pradeep et al. 
[40] has used this algorithm and compare it with other 
methods. A neural network based offline handwritten character 
recognition system without feature extraction has been 
introduced in this paper for classifying and recognizing the 26 
English alphabets. 

 
5.3 Elastic matching algorithm 
Seiichi Uchida et al. [41] has proposed an elastic matching 
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algorithm which plays important roles in the recognition 
methods. The elastic matching between these images are 
defined as an optimization problem with respect to a 2D–2D 
mapping, F described as a 2I2-dimensional integer valued 
vector, i.e., Deformations in handwritten characters have 
category dependent tendencies used by the author. The Eigen 
formations are estimated by the principal component analysis 
of actual deformations automatically collected by the elastic 
matching. For the better performance of elastic matching 
based handwritten character recognition; the estimation and 
the utilization of Eigen-deformations were investigated. The 
Eigen-deformations are the intrinsic deformations within each 
character category and can be estimated by the principal 
component analysis (PCA) of actual deformations 
automatically collected by the elastic matching. In the present 
elastic matching based recognition method, the estimated 
Eigen-deformations are utilized in a posterior process [42]. 
 
5.4 Heat Kernel Signature algorithm 
Xi Zhang et al. [43] has discussed on Heat Kernel Signature 
(HKS) which was first proposed for 3D shape recognition. 
Based on the 3D coordinates of all the points on the shaping 
surface and their triangular mesh structure, heat kernel can 
capture the characteristics of the shape with the Laplace 
Beltrami operator. The heat kernel is an isometric invariant, 
due to the invariance property of the Laplace Beltrami 
operator. Therefore, the heat kernel can even match the same 
human or animal with different poses. Moreover, due to its 
multi-scale property, it can be captured by the features in its 
near neighborhoods or on the global shape, so that if two 
points have similar features in their small neighborhoods, but 
they may have very different features on the whole shape. 
Therefore, two points can be matched by the features from 
their small neighborhoods to large domain. After the key points 
are detected in the word images, HKS descriptor will be 
extracted from a local patch centered at each key point. Heat 
Kernel Signature can capture the local geometry of 3D shapes 
with short time scales and gradually represent to global 
characteristics as time becoming larger. The heat kernel has 
the properties of invariant to isomeric, and stable to non-rigid 
deformations. Moreover, it can capture both local and global 
characteristics. 
 
5.5 Discrete wavelet transform 
Any image can be processed either in frequency domain 
analysis. Frequency domain processing of an image includes 
processing of its pixel values as it is. Whereas the rate of 
changes of different pixel values of an image is analyzed in the 
frequency domain. During the analysis different variations of 
wavelets are used successfully in many image processing 
applications. The present work is based on DWT (Discrete 
Wavelet Transform) in which different wavelets are discretely 
sampled. Wavelet has its advantage over popularly used 
Fourier transform in terms of temporary resolution, which 
means it can capture both frequency and location information 
with respect to time. Sk  Md  Obaidullah et al. [44] has 
expended Daubechies wavelets which belong to the family of 
discrete wavelet techniques and is more advantageous as it 
includes easy computation with minimal resource and time 
requirement. These orthogonal wavelets are characterized by 
the maximum number of vanishing moments for some given 
support. An image can be decomposed into different 
frequencies with different resolution using wavelet 

decomposition. That is why wavelets are used for multi-
resolution analysis. In general, Daubechies wavelet is denoted 
as ‗dbN‘, where ‗db‘ denotes wavelet family and ‗N‘ represents 
the number of vanishing moments. In present work, 
Daubechies wavelets for db1, db2 and db3 are computed on 
the original numeral word level images generating four 
coefficients namely approximation coefficients, horizontal 
coefficients, vertical coefficients, and diagonal coefficients. 
Then different parameter like entropy, mean, standard 
deviation etc. are computed on each of these coefficient 
matrices. 
 
5.6 Levenshtein Distance algorithm 
Made Edwin Wira Putra et al. [45] has discussed on 
Levenshtein distance algorithm which is a string edit distance 
algorithm and utilize dynamic programming for its operation. 
Levenshtein distance is the minimum distance required to 
change one string into another. The change operations are 
insertion, substitution, and deletion, applied to each string's 
elements sequentially. The edit distance between two strings is 
obtained for this method. 

 
6 CLASSIFIER 
Classification is nothing but the new learning scheme in which 
digital computers understand trained input data and classify for 
approximated output. As feature extraction perform various 
algorithms and techniques, classifier is used to categorized 
data or patterns with the help of various machine learning tools 
to firmness various problems in image processing and 
computer vision. This is the system in which trained data and 
its category is mapped. 

 
6.1 Support Vector Machine (SVM) 
Parshuram M. Kamble [20] has proposed SVM as a classifier 
to obtain robust performance to identify characters in the 
recognition system. The SVM is able to reach error-free 
recognition on input characters. It is resolved by navigating the 
input data onto a higher dimensional feature with the 
maximum margin between the two classes, which are 
nonlinear to the input. A maximum margin hyperplane is built 
with kernel function in the gene. Without any computations in 
the higher dimensional feature with the help of kernel 
functions, in which optimal separating hyperplane is to be 
calculated. In character classification, Radial Basis Function 
kernels is used to transforms the input data to a high 
dimensional space where the problem is solved. 
The multi-model concept for bib number or text recognition in 
the marathon, athletic or race images/videos using torso 
detection is introduced by Palaiahnakote Shivakumara ―[46]‖. 
According to the author, this method is robust and give better 
results as compared to RBNR data. The Support Vector 
Machine (SVM) classifier is used for identification of number or 
text. 

 
6.2 Deep belief network (DBN) 
Md. Musfiqur Rahman Sazal et al. ―[21]‖ has used DBN for 
Bangla characters. The DBN is a multilayer neural network that 
can work as a probabilistic generative model. The DBN is the 
composition of several layers of stochastic hidden variables and 
one layer of visible units. The basic module of a DBN is called 
Restricted Boltzmann Machine. Investigated a feature learning 
based approach by the DBN for handwritten Bangla character 
recognition problem. They also have used traditional supervised 
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learning approach to show the effectiveness of deep learning. 
The author is focused to demonstrate the power of unsupervised 
feature extraction and learning. 

 
6.3 Lexicon reduction system 
The lexicon reduction system is based on the shape indexing. 
Youssouf Chherawala et al. [47] has discussed in detail on this 
method. First, the descriptor of the query word is computed 
and compared to the reference database in the descriptor. 
Then, according to their distance from the query word 
descriptor, the reference data base entries are sorted in the 
ascending order. The reduced lexicon is finally obtained by 
considering the labels of the first entries of the sorted 
database. The recognition rate is improved by testing all the 
lexicon word hypotheses, although this is achieved at the 
expense of a loss of recognition speed. Arabic word descriptor 
for word indexing and lexicon reduction. It encodes the shape 
of each connected component of the image through a 
structural descriptor (SD) based on the bag-of-words model. 
The sorting and the normalization of the SDs emphasize the 
symbolic features of Arabic words, such as the sub-words and 
the diacritics. Experiments on Arabic word databases 
demonstrate the suitability of the AWD for lexicon reduction 
and its computation efficiency and high accuracy of reduction. 
Experimental results occurred 95%. 

 
6.4 MLP classifier 

Sk Md Obaidullaha et.al. [44] used MLP classifier for the mapping 
of an input set to the output set. MLP is multilayer perceptron, a 
type of feedforward Artificial Neural Network which can be 
represented by a direct acyclic graph where the direction of the 
signal flow is specified. In this classifier, each node of an MLP is 
impersonating of an artificial neuron. MLP classifier is having 
three layers as input, hidden and output layers, and connected by 
synaptic connection because synaptic connections are tuned 
during the training process. The connection of two neurons is 
associated with weight to show its capacity. According to the 
number of features selected for pattern recognition, the total 
number of neurons are used in the input layer and an output layer 
the number of neurons is the same as the target classes. 
Purnendu Banerjee et. al. [48] used Scale Invariant Feature 
Transform (SIFT) descriptors which are located on a regular grid 
of 5 pixels of size 60*60 pixel. At every grid point, the SIFT 
descriptor passes the input feature vector to MLP network which 
shows response from each and every grid point in the form of 
character. Therefore at every response text regions should be 
localized in input video frame. 

 
6.5 Hidden Markov Model 
Yousri Kessentini et.al. [49] focused on the improvement of the 
accuracy rate with the help of HMM. The liability of an HMM-
based handwriting recognition system, by the use of Dempster 
Shafer Theory (DST). To finely combine the probabilistic 
outputs of the HMM classifier, an evidential combination 
method is proposed and a global post-processing module is 
developed to improve their liability of the system to a set of 
acceptance/rejection decision strategies. Finally, an alternative 
treatment of the rejected samples is proposed using multi-
stream HMM to improve the word recognition rate as well as 
the reliability of the recognition system. The multi-stream HMM 
is developed by combining various individual feature steam 
using co-operative Markov model. It improves the recognition 
rate as compared to mono stream HMM. 

 
6.6 Backpropagation neural network 
The backpropagation neural network algorithm is proposed in 
two phases. In the forward phase, the input pattern is into the 
network layer. The network banquets pattern from layer to 
layer until the output pattern is created. In backward phase, 
the mode of classification is discussed as, if the input pattern 
is different from the required output, an error is calculated and 
then propagated backward through the network layer. The 
weights and bias are updated as the error. This algorithm has 
been proposed by Nisha Sharma et al. [3], to recognize text 
from scanned document images, where data can be in 
machine printed or handwritten format. The author has 
surveyed on optical character recognition can improve the 
interaction between man and machine in various applications 
including data entry, office automation, digital library, banking 
applications, health insurance, and tax forms etc. 
Classification is done using the multilayer perceptron neural 
network (NN) with backpropagation and support vector 
machine (SVM) classifier. In 2014, J.M. Alonso Weber [50] has 
defined problems in text recognition when addressing the 
offline variant, operates on digitized images and lacks 
information about the strokes, sequencing, and timing of the 
writing process. He achieved successive improvements in the 
recognition rate and very low error rates are needed for 
standalone applications for automated recognition because 
even error rates of 1% or lower imply the need for human 
supervision. Extending the training set through pattern 
deformations is effective but to a certain limit. Reducing the 
input dimensionality with an interpolation method decreases 
the size of the parameter space, which in turn helps the 
gradient descent to be more effective. Here the limit is the 
need to preserve a minimal image resolution for a correct 
recognition. The additive noise annealing is hybridized with 
pattern transformation to improve recognition rate and 
interpolation method is used to decrease the size of parameter 
space so that gradient descent is more effective. 
 
 6.7 Feedforward neural network 
A feedforward neural network algorithm based offline 
handwritten character recognition system without feature 
extraction has been introduced by J. Pradeep et al. ―[22]‖ for 
classification and recognition of alphabets. The more numbers 
of inputs are obtained from the hybrid feature extraction 
techniques. All the neurons use log sigmoid transfer functions. 
The number of hidden layers and neurons are determined 
through trial and error. For training the neural network, the 
resized character (segmented image) is used and because of 
that, the complexity is reduced as compared to offline methods 
using feature extraction techniques. The highest recognition 
accuracy of 90.19%. 
 
6.8 Deep Convolutional Neural Network 
Shimeng Yang et. al. [51] has introduced a Light and 
Discriminative Deep Networks for Off-line Handwritten 
Chinese Character Recognition (HCCR) in 2017. The 
recognition rate is 93.75% obtained by Deep Convolutional 
Neural Network. In this method, they used MCDNN, ATR-CNN 
or HCCR Gabor Google Net to extract deep HCCR features. 
The performance is improved by taking large datasets of 
offline HCCR. Also, by utilizing center loss trained by a light 
model with the supervision signal of softmax loss based on 
CNN for HCCR with the fine tune to the joint supervision signal 
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of softmax loss and center loss. Therefore the recognition rate 
is improved by 1.5% again. Finally, post-processing of 
recognition system is done. With this step, the corresponding 
recognized characters are printed in the particular text form. 

 
7 COMPARATIVE ANALYSIS 
Handwritten character recognition has been proposed and 
presented by many researchers with their work in it, Table 2 
represents the comparative analysis of various researchers' 
work. 

 

8 CONCLUSION 
The main approaches used in the field of handwritten 
character recognition during the last decade have been 
surveyed in this paper. This article gives complete information 
about handwritten character recognize with the help of various 
processes and different performing methods, and useful 
collection of literature. The recognition rate is improved by 
following all the steps involved in processing unit as remove 
noise, binarization, thinning, resize, isolation etc. From various 
studies it can be discussed as the selection of relevant feature 
extraction and classification algorithm is an important task is to 

improve the performance of the character recognition rate. 
This review inaugurates a complete system that to convert 
scanned images of handwritten characters and numbers to 
text documents. Also, various papers with different 
segmentation technic, classification algorithms are discussed 
in detail in this paper. But, still, there are so many untimely 
problems are faced by many researchers for 100 % 
recognition rate. So, In the future, there is lots of work to 
remove drawbacks.  This material serves as a guide and 
update for researchers working in the area of character 
recognition. In general, traditional hand-crafted feature 
extraction based methods consist of several steps, which 
make the detection system complicated and inefficient, and 
easily result in error accumulation. Moreover, they need too 
many manual optimizations of classification rules. Deep 
learning based methods, however, inherit the merits of 
machine learning. As long as having sufficient number of 
training samples, they could outdistance the traditional 
methods in terms of both accuracy and efficiency. Above short 
comes can be focused by effective techniques for achieving 
better recognition rate. 
 

 
TABLE 2 Comprative Analysis 

 
 
 

 
 
 

Language Number of samples 
Normaliza
tion 

Feature Extraction / Selection 
Algorithms 

Classifier Rate of recognition 
Referen
ces 

English 
2600 samples of 100 
writers 

20 x 20 
Cross-corner, diagonal, 
directional feature extraction 

Feed forward neural 
network 

86.74% [2] 

English 

3517 Char (Upper case) 
+ 2340 char (lower case) 
+ 1804(numbers) + 
8(special char) 

20 x 20 
Geometrical & topological 
feature extraction 
 

1.MLP Back 
propagation neural 
network 
2. SVM 

Upper: 95.35% 
Lower: 92% 
Number: 98% 
Sp. Char: 96.5% 

[3] 

English 70,000 Numbers 14 x 14 ANN Back propagation 92.82% [50] 

Marathi 8000 samples of 40 char 20 x 20 
R-HOG feature extraction 
(Rectangular histogram 
oriented gradiant) 

Feed forward & SVM 
Feed forward:97.15% 
SVM: 95.64% 

[20] 

English 2000 18 x 18 Particle swarm optimization 
 

93.39% [52] 

Arebic 448 … 
1.Feature using templet 
matching 
2.Particle swarm optimization 

 
82% [38] 

Bangla … … 
Unsupervised feature 
extraction 

1.Deep belief network 
2.Back propagation 

90.27% [21] 

English 1300 30 x 20 Without feature extraction 
Multilayer feed forward 
neural network 

90.19% [22] 

English 5200 … 
Hybrid feature extraction 
(Diagonal & direction base) 

1.k-nearest hybrid 
network 
2.Feed forward neural 
network classifier 

95.96% [40] 

English … … DST Technique 
Multi stream HMM 
classifier  

86.53% [53] 

English 23941 … Genetic algorithm 
Extension of Fisher 
Linear Discriminator & 
covariance matrix 

97.99% [54] 

Chinese 40000 20 x 20 
Discriminative quadratic 
feature learning 

Gradient direction 
histogram 

90.45% [55] 

English 13000 … 
Elastic matching by Eigen 
deformation  

99.47% [41] 

Tamil 5423 20 x 20 
Set of vertices on or near 
pattern boundary 

Fuzzy technic 89.70% [19] 
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Guajarathi 3000 16 x 16 … 
Multilayer feedforward 
neural network 

82% [56] 

Number 4000 
140 x 340 
pixel 

Discrete wavelet transform MPL classifier 82.20% [44] 

English 1300 
15 x 12 
matrix 

Feature extraction 
Multilayer feed forward 
ANN 

85.62% [57] 

Chinese 3214 … 
Discriminative feature 
extraction 

Modified quadratic 
discriminator function 

89.55 to 94.85% [58] 

English 24045 
28 x 28 & 
36 x 36 

1.Local gradient feature 
descriptor 
2. k-nearest neighborhood 
algorithm 

SVM 97.35% [59] 

English 1445 … 
Curve extraction & string 
feature representation 

Approximate subgraph 
matching & 
levenshtein distance 

83.56% [60] 

Malayala
m 

… … Haar wavelet transform 
SVM machine 
classifier 

90.25% [61] 
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