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Abstract 

Handwritten character recognition is the extensive research area for many years. The developments in the technology and field of 
data mining lots of algorithms and procedures have been invented and making recognition easier and faster but the accuracy still 
tends to 100 percent. In this review we have studied various researches done on handwritten character recognition and this study 
gives us lots of information to design new advance system for the handwritten character recognition applications using latest 
technological developments. 
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1. Introduction 

Most people learn to write and read in their first few years of childhood education. After some time they 
have grown out of adolescent, they have already acquired very good grasping skills, including the ability to read 
most texts, whether they are printed in various fonts and styles, or handwritten neatly or cursively. People don’t face 
problem in reading the light prints or heavy prints; vertical or horizontal prints; advertisements in fancy font styles; 
characters with flowery designs and missing parts; and even characters with funny decorations, stray marks, broken, 
or fragmented parts; misspelled words; and artistic and figurative designs. At times, the characters and words may 
appear rather distorted and yet, by experience and by context, most people can still figure them out. On the contrary, 
despite more than five decades of intensive research, the reading skill of the computer is still way behind that of 
human beings. Most OCR systems still cannot read degraded documents and handwritten characters/words. 

Similarly patterns exist universally. They are pervasive in nearly every aspect of our daily lives. We, as 
humans, are naturally inclined to seek out and recognize these existing patterns using our precisely tuned abilities 
for discriminating ordered arrangements or sequences. Over time, these abilities become subconscious routines used 
to recognize visual or aural patterns such as characters and words as we read, or friends and family members that we 
hear on the telephone. Even more impressive is the fact that humans can recognize patterns that deviate from what 
we consider to be the norm. For example, we can typically recognize the faces of individuals at a class reunion 
despite changes in their appearance due to aging. 
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Despite its much obvious strength, pattern recognition in humans is not without limitation. The recognition of 
fingerprints is typically an intractable problem for the human pattern recognition system due to the complexity of the 
images. Our recognition capabilities are inhibited by clutter, speed, and intensity scaling.  

2. History of character recognition 
It is always fascinating to be able to find ways of enabling a computer to mimic human functions, like the 

ability to read, to write, to see things, and so on. OCR research and development can be traced back to the early 
1950s, when scientists tried to capture the images of characters and texts, first by mechanical and optical means of 
rotating disks and photomultiplier, flying spot scanner with a cathode ray tube lens, followed by photocells and 
arrays of them. At first, the scanning operation was slow and one line of characters could be digitized at a time by 
moving the scanner or the paper medium. Subsequently, the inventions of drum and flatbed scanners arrived, which 
extended scanning to the full page. Then, advances in digital-integrated circuits brought photo arrays with higher 
density, faster transports for documents and higher speed in scanning and digital conversions. These important 
improvements greatly accelerated the speed of character recognition and reduced the cost, and opened up the 
possibilities of processing a great variety of forms and documents. Throughout the 1960s and 1970s, new OCR 
applications sprang up in retail businesses, banks, hospitals, post offices; insurance, railroad, and aircraft companies; 
newspaper publishers, and many other industries [18, 19]. 

 

3. Technological advancements 

As OCR research and development advanced, demands on handwriting recognition also increased because 
a lot of data (such as addresses written on envelopes; amounts written on checks; names, addresses, identity 
numbers, and dollar values written on invoices and forms) were written by hand and they had to be entered into the 
computer for processing. But early OCR techniques were based mostly on template matching, simple line and 
geometric features, stroke detection, and the extraction of their derivatives. Such techniques were not sophisticated 
enough for practical recognition of data handwritten on forms or documents. The constant development of computer 
tools leads to a requirement of easier interfaces between the man and the computer. Handwritten Character 
Recognition may for instance be applied to Zip-Code recognition, automatic printed form acquisition, or checks 
reading. The importance of these applications has led to intense research for several years in the field of Off-Line 
handwritten character recognition. As the years of intensive research and development went by, and with the birth of 
several new conferences and workshops such as IWFHR (International Workshop on Frontiers in Handwriting 
Recognition), ICDAR (International Conference on Document Analysis and Recognition), and others [20], 
recognition techniques advanced rapidly. Moreover, computers became much more powerful than before. People 
could write the way they normally did, and characters need not have to be written like specified models, and the 
subject of unconstrained handwriting recognition gained considerable momentum and grew quickly. As of now, 
many new algorithms and techniques in preprocessing, feature extraction, and powerful classification methods have 
been developed [20, 21]. 

The main structure of such a recognition system is illustrated at the figure below. The first step is the 
segmentation one, which consist in analysing the digitalized image provided by a scanning device, so as to localise 
the limits of each character, and to isolate them one from each other’s. Despite the constrains of writing that does 
often exist on the original printed form, the segmentation process is not so easy in practice. Indeed, these constrains 
are not always respected, and, moreover, they do not encourage people to use automatic character recognition 
systems. 

 

 
Fig. 1 General Recognition Model 
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The aim of the second step of the recognition structure is to extract discriminant information from an image 

of a character, as well as to reduce its dimension of representation. This reduction is required in order to make easier 
the conception of the classification system, when discriminant feature extraction allows to present competently a 
character to the classifier. Once discriminant features have been extracted, they are submitted to a logic decision 
system whose task is to identify the character that they represent and to assign them the corresponding ASCII code. 
This is the classification step, at last. 

For some years, Artificial Neural Networks, and especially Multilayer Perceptrons, have shown good 
capabilities in performing classification tasks. This is due to the non-linearities that are included in these 
connectionist sytems, and to the discriminant training phase that they are submitted to. However, their performance 
is strongly affected by the quality of the representation of the characters. This may require a large number of 
parameters to represent the character, which then results in difficulty in establishing the rules for recognition. In 
other words the MLPs become difficult to train. Moreover, the greater the size of the network, the greater is the 
computation time. This can greatly restrict their practical use. So, it is necessary to perform efficient features 
extraction on the one hand, and to optimize the lay-out of the artificial neural network on the other hand. 

4. Applications 
One application of CR system is handwritten word recognition. Current research aims at developing 

constrained systems for limited domain applications such as postal address reading, check sorting, tax reading, and 
office automation for text entry. Since we can make use of the entire word at once, it is possible to exploit 
correlations between adjacent characters. One way to do this is through contextual knowledge of syntax and a 
dictionary of possible words, which has been shown to be successful for reading handwritten address information of 
postmarked mail. Another potential application of CR systems is in script recognition. CR systems also find 
applications in newly emerging areas, such as development of electronic libraries, multimedia database, and systems 
which require handwriting data entry. 
 

5. Related recent work 
There is a large corpus of research on the application of character recognition in many different domains, 

but a much smaller subset of literature on the off-line handwritten character recognition using HMMs.  

• Selvi, P.P. ; Meyyappan, T. recently published their work [1] on Recognition of Arabic numerals with 
grouping and ungrouping using back propagation neural network.  In this paper, the authors propose a method to 
recognize Arabic numerals using back propagation neural network. Arabic numerals are the ten digits that were 
descended from the Indian numeral system. Although the pattern of 0-9 is the same as in Indian numeral system, the 
glyphs vary for each numeral. The proposed method includes preprocessing of digitized handwritten image, training 
of BPNN and recognition phases. As a first step, the number of digits to be recognized is selected. The selected 
numerals are preprocessed for removal of noise and binarization. Separation process separates the numerals. 
Labelling, segmentation and normalization operations are performed for each of the separated numerals. The 
recognition phase recognizes the numerals accurately. The proposed method is implemented with Matlab coding. 
Sample handwritten images are tested with the proposed method and the results are plotted. With this method, the 
training performance rate was 99.4%. The accuracy value is calculated based on receiver operating characteristics 
and the confusion matrix. The value is calculated for each node in the network. The final result shows that the 
proposed method provides an recognition accuracy of more than 96%. 

• Wang, C. ; Lai, J. ; Suen, C. ; Zhu, J. worked on [2] Multi-Exemplar Affinity Propagation and this work 
they explained Affinity Propagation (AP) clustering algorithm has received much attention in the past few years. 
AP is appealing because it is efficient, insensitive to initialization, and it produces clusters at a lower error rate 
than other exemplar-based methods. However, its single-exemplar model becomes inadequate when applied to 
model multi-subclasses in some situations such as scene analysis and character recognition. To remedy this 
deficiency, we have extended the single-exemplar model to a multi-exemplar one to create a new Multi-
Exemplar Affinity Propagation (MEAP) algorithm. This new model determines automatically the number of 
exemplars in each cluster associated with a super exemplar to approximate the subclasses in the category. 
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Solving the model is NP-hard and we tackle it with the max-sum belief propagation to produce neighborhood 
maximum clusters, with no need to specify beforehand the number of clusters, multi-exemplars, and super-
exemplars. Also, utilizing the sparsity in the data, we are able to reduce substantially the computational time and 
storage. Experimental studies have shown MEAP's significant improvements over other algorithms on 
unsupervised image categorization and the clustering of handwritten digits. 

worked on [3] Devnagari Handwritten Character Recognition using LBG vector quantization with gradient 
masks and they discussed Several ways to generalize the Devanagari handwritten character       ecognition have 
been proposed in the past. In this paper, novel method of Handwritten Character Recognition with Shape and 
Texture features has been proposed. The method proposed here does not need the Preprocessing and Character 
To kenization. The Shape features and Texture feature are more unique, so a novel technique based on 
combination of these is derived and proposed here. For extracting shape features standard gradient operator such 
as Robert, Prewitt, Sobel, Canny and Laplace are used and for texture feature vector quantization technique. The 
gradient mask images of the character images are obtained and then LBG vector quantization algorithm is 
applied on these gradient images to get the codebooks of various sizes. These obtained LBG codebooks are 
considered as shape texture feature vectors for handwritten character recognition. In all 40 variations of the 
character recognition method are proposed using five gradient operators and 9 code book sizes (from 4 to 1024). 
For experimentation the database having 72 images from 6 samples per character with 12 different characters is 
used. The crossover point of precision and recall is considered as performance comparison criteria for 
proposed character recognition techniques. The best performance is observed in LBG for codebook size 8 of 
Sobel operator and the next best is seen for codebook sizes 8 and 16 of Prewitt and Laplace gradient mask for 
feature extraction. 

• Zhou, X. ; Wang, D. ; Tian, F. ; Liu, C. ; Nakagawa, M. worked on [4] Handwritten Chinese/Japanese 
Text  Recognition Using Semi-Markov Conditional Random Fields. This paper proposes a method 
for handwritten Chinese/Japanese text (character string) recognition based on semi-Markov Conditional Random 
Fields (semi-CRFs). The high-order semi-CRF model is defined on a lattice containing all possible 
segmentation-recognition hypotheses of a string to elegantly fuse the scores of candidate character recognition 
and the compatibilities of geometric and linguistic contexts by representing them in the feature functions. Based 
on given models of character recognition and compatibilities, the fusion parameters are optimized by minimizing 
the Negative Log-Likelihood (NLL) loss with a margin term on a training string sample set. A forward-backward 
lattice pruning algorithm is proposed to reduce the computation in training when trigram language models are 
used, and beam search techniques are investigated to accelerate the decoding speed. We evaluate the 
performance of the proposed method on unconstrained online handwritten text lines of three databases. On the 
test sets of databases CASIA-OLHWDB (Chinese) and TUAT Kondate (Japanese), the character level correct 
rates are 95.20% and 95.44%, and the accurate rates are 94.54% and 94.55%, respectively. On the test set 
(online handwritten texts) of ICDAR 2011 Chinese handwriting recognition competition, the proposed method 
outperforms the best system in competition. 

• Soman, Soumya T ; Nandigam, Ashakranthi ; Chakravarthy, V.Srinivasa worked on [5] An efficient 
multiclassifier system based on convolutional neural network for offline handwritten Telugu character 
recognition. We combine the strengths of four different pattern analysis techniques to develop a powerful and 
efficient system for handwritten character recognition. The four techniques are: 1) Convolutional neural 
networks (CNN), 2) Principal Component Analysis (PCA), 3) Support vector machines, 4) Multiclassifier 
systems. The proposed system that embodies the above-mentioned four techniques is used for recognition of 
offline handwritten Telugu characters. Telugu aksharas of consonant-vowel (CV) type, with 36 consonant 
classes and 15 vowel modifier classes, are used for the study. Telugu dataset consisted of 47428 CV images in 
the training set and 5156 CV images in the test set. In addition to Telugu dataset, MNIST database consisting of 
60000 digits for training and 10000 digits for testing was used in this study. The proposed system yields a 
performance of 98.5% on MNIST numeric data, 92.26% and 92% on consonants and vowel modifier of Telugu 
characters respectively. 

• Zhu Dan ; Chen Xu worked on [6] The Recognition of Handwritten Digits Based on BP Neural Network 
and the Implementation on Android and the disccused about offline handwriting recognition has become one of 
the hottest directions in the field of image processing and pattern recognition. It can transform any handwriting 
to plain text file and has been widely used in cheque recognition, mail sorting, reading aid for the blind and so 
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on. In this paper, we attempt to recognize handwritten digits with feature extraction by Back Propagation(BP) 
neural network. The MNIST database of handwritten digits is applied to train and test the neural network. In 
addition, we introduce the Principal Component Analysis (PCA) for feature extraction which can improve the 
performance of the neural network and immensely shorten the training time. On the other hand, we make 
comparison of the recognition rate among three methods: neural network method, thirteen features method and 
Fisher discriminant analysis method. Finally, we succeed in porting these algorithms to Android. 

• Gomathi, S. ; Devi, R.S.U. ; Mohanavel, S. done some work on [7] Trimming approach for word 
segmentation with focus on overlapping characters where document image analysis methods fail in case of 
freestyle handwritten documents, in which texts are curvilinear and gaps between words are nonuniform. This 
paper introduces a relatively simple method, which is more tolerant to such cases. In the proposed method, word 
segmentation requires the document to be already segmented into text lines. The proposed system begins with 
pre-processing the scanned image of the handwritten text, to increase the accuracy of recognition by enhancing 
some features and eliminating some inconsistencies. It solves the issue of spatial measure and threshold, which 
are sensitive to shape the connected component (CC), by reducing the region of interest to core region. This 
method rectifies the problem of segmenting words from lines using bounding box (BB) method, which 
suppresses the structure of character. Trimmed mean (TM) is used to detect the core region and also as threshold 
for gap discrimination in this segmentation method. The system was developed in Java and its performance was 
evaluated on word images selected from the IAM database. Applying the segmentation scheme on 1100 text 
lines earned 96.7% of accuracy; on the other hand BB method produced only 90.1%. 

• Waghmare, V.S. ; Ragha, L.R. done [8] Application of genetic algorithm for handwritten Kannada 
characters Automation of character recognition system is an open research problem. Many researchers have 
worked on recognition of printed characters, numerals but a very little amount of work is available on 
handwritten character recognition. Our work is just a step towards checking the applicability of genetic 
algorithm for the recognition of handwritten Kannada characters. Unfortunately, results obtained are very poor. 
First we have used Euclidian distance method as a fitness function for our genetic algorithm. Then we have used 
Mahalanobis distance method as a fitness function. Results of the two are compared to check their effects on 
recognition rate of genetic algorithm. 

• Salvi, D. ; Jun Zhou ; Waggoner, J. ; Song Wang [9] Handwritten text segmentation using average longest 
path algorithm Offline handwritten text recognition is a very challenging problem. Aside from the large variation 
of different handwriting styles, neighboring characters within a word are usually connected, and we may need to 
segment a word into individual characters for accurate character recognition. Many existing methods achieve 
text segmentation by evaluating the local stroke geometry and imposing constraints on the size of each resulting 
character, such as the character width, height and aspect ratio. These constraints are well suited for printed texts, 
but may not hold for handwritten texts. Other methods apply holistic approach by using a set of lexicons to guide 
and correct the segmentation and recognition. This approach may fail when the lexicon domain is insufficient. In 
this paper, we present a new global non-holistic method for handwritten text segmentation, which does not make 
any limiting assumptions on the character size and the number of characters in a word. Specifically, the proposed 
method finds the text segmentation with the maximum average likeliness for the resulting characters. For this 
purpose, we use a graph model that describes the possible locations for segmenting neighboring characters, and 
we then develop an average longest path algorithm to identify the globally optimal segmentation. We conduct 
experiments on real images of handwritten texts taken from the IAM handwriting database and compare the 
performance of the proposed method against an existing text segmentation algorithm that uses dynamic 
programming. 

• Randhawa, M.K. ; Sharma, A.K. ; Sharma, R.K. worked on [10] Off-line Signature Verification with 
concentric squares and slope based features using support vector machines an Off-line Signature Verification 
System (OSVS) with a novel feature extraction procedure has been described. Fusion of concentric squares 
having geometric features, zone based slope as well as slope angle have been considered as input patterns. The 
strong feature set thus obtained makes the OSVS accurate. Verification was performed by using Support Vector 
Machine (SVM) technique with different kernels. Empirically, Radial Basis Function (RBF) based SVM model 
exhibited the best results as compared to that based on linear and polynomial kernels. That is, the system attained 
False Acceptance Rate as 1.25% and False Rejection Rate as 1.66%. 
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• Soni, Rajesh ; Puja, Durga done work on [11] performance evaluation of multilayer feed forward neural 
network for handwritten English Vowels Characters where they compares the performance of Gradient descent 
with momentum & adaptive backpropagation (TRAINGDX) and BFGS quasi-Newton backpropagation 
(TRAINBFG) of Backpropagation Algorithm in multilayer feed forward Neural Network for Handwritten 
English Characters of Vowels. This analysis is done with five samples of Handwritten English Characters of 
Vowels collected from five different people and stored as an image. After partition these scanned image into 4 
portions, the densities of these images are determined by using MATLAB function. An input pattern will use 
these 4 densities of each character as an input for the two different Neural Network architectures. In our 
proposed work the Multilayer feed forward neural networks will train with two learning algorithms; those are the 
variant of Backpropagation learning algorithm namely Quasi-Newton backpropagation learning algorithm and 
Gradient descent with momentum and adaptive backpropagation learning algorithm for training set of the 
Handwritten English Characters of Vowels. The performance analysis of both Neural Network architectures is 
done for convergence and nonconvergence. Different observations have been considered for trends of error in 
the case of nonconvergence. From the observation of the result, it can be shown that in the performance of these 
above two learning algorithms with the training set of handwritten characters of Vowels, there is limitation of 
gradient descent learning algorithm for convergence due to the problem of local minima which is inherit problem 
of backpropagation learning algorithm.  

• Xu-Yao Zhang ; Cheng-Lin Liu worked on [12] writer Adaptation with Style Transfer Mapping Adapting a 
writer-independent classifier toward the unique handwriting style of a particular writer has the potential to 
significantly increase accuracy for personalized handwriting recognition. This paper proposes a novel framework 
of style transfer mapping (STM) for writer adaptation. The STM is a writer-specific class-independent feature 
transformation which has a closed-form solution. After style transfer mapping, the data of different writers are 
projected onto a style-free space, where the writer-independent classifier needs no change to classify the 
transformed data and can achieve significantly higher accuracy. The framework of STM can be combined with 
different types of classifiers for supervised, unsupervised, and semi-supervised adaptation, where writer-specific 
data can be either labeled or unlabeled and need not cover all classes. In this paper, we combine STM with the 
state-of-the-art classifiers for large-category Chinese handwriting recognition: learning vector quantization 
(LVQ) and modified quadratic discriminant function (MQDF). Experiments on the online Chinese handwriting 
database CASIA-OLHWDB demonstrate that STM-based adaptation is very efficient and effective in improving 
classification accuracy. Semi-supervised adaptation achieves the best performance, while unsupervised 
adaptation is even better than supervised adaptation. On handwritten text data, semi-supervised adaptation 
achieves error reduction rates 31.95 and 25.00 percent by LVQ and MQDF, respectively. 

• Azzopardi, G. ; Petkov, N.  worked on [13] trainable COSFIRE Filters for Keypoint Detection and Pattern 
Recognition. in this work Keypoint detection is important for many computer vision applications. Existing 
methods suffer from insufficient selectivity regarding the shape properties of features and are vulnerable to 
contrast variations and to the presence of noise or texture. Methods: We propose a trainable filter which we call 
Combination Of Shifted FIlter REsponses (COSFIRE) and use for keypoint detection and pattern recognition. It 
is automatically configured to be selective for a local contour pattern specified by an example. The configuration 
comprises selecting given channels of a bank of Gabor filters and determining certain blur and shift parameters. 
A COSFIRE filter response is computed as the weighted geometric mean of the blurred and shifted responses of 
the selected Gabor filters. It shares similar properties with some shape-selective neurons in visual cortex, which 
provided inspiration for this work. Results: We demonstrate the effectiveness of the proposed filters in three 
applications: the detection of retinal vascular bifurcations (DRIVE dataset: 98.50 percent recall, 96.09 percent 
precision), the recognition of handwritten digits (MNIST dataset: 99.48 percent correct classification), and the 
detection and recognition of traffic signs in complex scenes (100 percent recall and precision). Conclusions: The 
proposed COSFIRE filters are conceptually simple and easy to implement. They are versatile keypoint detectors 
and are highly effective in practical computer vision applications. 

• Cao Xinyan ; Yu Hongli; Wang Xin doing work on[14] Handwritten Mathematical Symbol Recognition 
Based on Niche Genetic Algorithm where Handwritten character recognition is a kind of technology that 
recognizes the handwritten symbols automatically. Aim at the complexity and limitations of the traditional 
handwritten character recognition method, a NGA-BP model for character recognition which combines the niche 
genetic algorithm and neural network is built. This method makes great use of the searching ability of ecological 
niche genetic algorithm and the nonlinear mapping and associative ability of BP neural network, it extracts the 
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coarse grid characteristics, the projector features, cross-cut characteristics and structural features, then makes use 
of the operation of choice, cross, variation and obsolete of the ecological niche genetic algorithm, optimizes the 
initial weight values and threshold of BP neural network, finally, makes the well-trained NGA-BP network 
recognize the mathematical symbols. The test results show that the recognition method of combining the 
ecological niche genetic algorithm and the artificial neural network in this article is a good solution to the 
problem irrational network initial value, and it symbolizes the complexity of algorithm, increases the speed of 
network convergence. Compare with traditional ways, this model has great feasibility and validity, also has 
higher recognition rate and better reliability. 

 

6. Basic recognition procedure 
The study investigates the direction of the CR research, analyzing the limitations of methodologies for the 

systems, which can be classified based upon two major criteria: the data acquisition process (on-line or off-line) and 
the text type (machine-printed or handwritten). No matter in which class the problem belongs, in general, there are 
five major stages in the CR problem: 

• Preprocessing 
• Segmentation (see fig. 2) 
• Representation 
• Training and recognition 
• Post processing 

       

Fig. 2 Result of Segmentation 

The preprocessing stage that enhances the quality of the input image and locates the data of interest. The feature 
extraction stage that captures the distinctive characteristics of the digitized characters for recognition. The 
classification stage that processes the feature vectors to identify the characters and words.  

 

7. Conclusion 
 

After study of the above research work the topic handwritten character seems the tremendous area of 
creative research and has the great scope of improvement with the use of modern technology and devices, followed 
by their interactive applications in modern gadgets such as tablets and smart phones and security equipments.  The 
techniques discussed in the above researches like CBCR- Content based character recognition, HMM (Hidden 
Markov Model) based character recognition, Neural Network Based Character Recognition, Optical Character 
Recognition(OCR) and other the hybrid algorithms will be helpful in developing the new algorithms. 
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