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ABSTRACT 

 

Pattern Recognition in Artificial Intelligence enhances the vision of smart devices in 

multiple ways. Character recognition is one of such smart device application that supports 

technical experts to convert smart notes in the form of computerized documents. The novelty 

features of those devices acquire the knowledge of neural network for the classification and 

recognition of different strokes in the documents. Nowadays, smart pen users face the 

overwhelming challenges in recognizing mathematical expressions especially in online 

handwritten documents. Since symbols in mathematical expression uses various styles having 

different shapes and position. In this paper, a fast Adaptive Neural Network Classifier 

(FANNC) is described, to identify different math symbol under several circumstance. The 

proposed classifier algorithm emphasis with the capacity to self organizes its network 

structure based on the instance fed, and henceforth it reduces the complexity and eliminates 

retraining of the network.  

  

Key words: Fast Adaptive Neural Network Classifier (FANNC), Character Recognition, Pattern 

Recognition, Recursive Component Extraction (RCE).  

 

 

 

 
 

 

INTRODUCTION 

 

Technical Experts in various fields such as Business, Educational Institution, and 

Journalist record the relevant meetings in smart device and translate it into documents by the 

novelty features of “Intelligent Character recognition (ICR)” system. The efficiency of this smart 

device relies on accuracy and recognition level of the algorithm used in the system. 

Mathematical character recognition is still a challenging task in intelligent character recognition 

system due to their two dimensional structure and large set of symbols. Expression in 

mathematics consists of symbols, digits and alphabets in both English and Greek letters. 

Recognition of handwritten mathematics is more important while transferring the handwritten 
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documents into electronic format and between machines when needed. The basic stage in 

character recognition system is shown in the Fig1.  

 

TESTING PHASE 

 

 

 

 

 

 

 

 

 

 

 

 

TRAINING PHASE 

Fig 1: Basic Character Recognition System 

 

PLOBLEMS IN MATHEMATICAL CHARACTER RECOGNITION 

 

1. Symbols in mathematics are extensive, originating from several different alphabets 

and sources creates the complexity.  

 

2. Writing mode of mathematical expression differs from person to person leads to 

unjustification.Since it has no pre-defined context.  

 

3. Formulas are considered to be text. The system, however, recognizes root symbols, 

fraction bars and other large symbols (correctly) as non-text. As the database does not offer a 

more detailed annotation for formulas, this problem cannot be overcome. 

 

4. Nonlinearity of Mathematical expression creates problem in understanding the role of 

the symbol in the expression. 

 

5. Ambiguity in creating the database based on the geometrical features (radius, height, 

width) of each symbol under various fonts. 

 

6. Database has to be updated in the Intelligent System automatically based on the 

versatility of the same symbol under different circumstance. Since there no specific rule for 

representing the strokes. 

 

In this paper a new concept is introduced that merges various stages such as Preprocessing, 

Recursive Component Extraction, Feature Extraction and Fast Adaptive Neural Network 
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Classifier. The versatility nature of adaptive NN classifier enables the proposed system to 

identify mathematical symbols under various circumstances; moreover the complexity of the 

system tends to degrade.  

   

 

SYSTEM OVERVIEW 

 

An overview of the proposed character recognition system is as follows. In the first 

section Preprocessing, Recursive Component Extraction and Feature Extraction are discussed. In 

the second section FAAC and the entire methodology is presented. 

 

PREPROCESSING 

  

Preprocessing is used to reduce the processing time and make the classification more 

accurate. The necessity of preprocessing is cited as follow: 

 

1. Noise generated from the certain electronic devices like tablets affect the stored 

handwritten expression. 

2. Certain tablet devices fail to satisfy Nyguist rate condition during the sampling process 

thereby requiring the insertion of additional points. 

3. Recognition result will depend upon the size of symbol, which tends to be the reason for 

introducing scaling process in preprocessing stage. 

4. Symbols can be represented as different orders and directions. 

In this stage the expressions are initially resampled, dehooked, normalized and then resize to 

proper dimensions with the removal of background noise and then provide it to next step to 

extract the features more simple and accurate. 

 

RECURSIVE COMPONENT EXTRACTION 

  

Primitive Extraction is the separation of symbols in the expression by recognizing the space 

between them. The two dimensional problems in math expression can be solved by taking the 

advantage of Recursive Components Extraction. The two modules in RCE are Vertical 

Component Extraction and Horizontal Component Extraction. The algorithm for RCE is given 

below: 

 

1. Read the expression for the preprocessing stage. 

2. Separate the expression into horizontal (HCE) and vertical component (VCE). 

3. VCE extract the vertical component in the expression by considering the white pixel 

present between the symbols in the expression. 
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4. Then HCE is applied to individual vertically segmented component. The above 

mentioned steps will proceed till single unit component is achieved. 

FEATURE EXTRACTION 

 

Features are the distinctive nature of the symbol that allows the classifier to predict peculiar 

symbol accurately. The performance of any recognition system lies on knowledge of feature 

extraction. The basic operation of feature extraction is to identify the group of effective features 

and compressing the high dimensional vector space into low dimensional vector space for 

effective classifier design. In this paper the proposed intelligent system works on feature of the 

symbol such intersection, loops, cusps, height, width, initial position, end position, initial 

direction and end direction of the pen based strokes. 

 

GEOMETRIC FEATURES 

 

CUSPS 

 

A sharp turning edge in the symbol is termed a Cusps and it is defined by point pi i=0, 1, 

2, 3, 4.and it is shown in fig. If the angle between the points is too small; cusp could exist within 

the given symbol. 

 

 
Fig 2: Example of cusps 

 
LOOPS 

 

 Loops can be defined as the pair of point that have minimum non-local distance in a 

given area .It may be in close or open form. 

 

 

INTERFACE FEATURES 

 

 Interface features capture the direction of pen trace while noting the symbol in smart 

devices. Various features under this category are number of strokes, number of points, point 

density and pen down/pen up. 
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NUMBER OF STROKE 

 

It creates the database based on fixed number of stroke for a single character. So that the 

proposed system can evade non-linearity problems. 

 
 

Fig 3: Number of Strokes/symbol 

 

PEN DENSITY 

 

Compute maximum ink distribution area for a stroke. In the case of symbol β, point 

density is high in the upper part than the lower part. In the case of symbol θ, point density will 

equal for the upper and lower part. 

 
Fig 4: Point density 

 

PEN UP AND PEN DOWN DIRECTION 

   

Notice the movement of pen direction while denoting the stroke in the tablet. 

 

DIRECTIONAL FEATURES 

 
Initial Direction: Starting direction of the stroke. 

End direction: Termination direction of the stroke. 

Initial - End direction: Direction from starting to terminating point of the stroke. 
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WRITING ANGLE 

 

 It estimates the writing angle of the stroke from a point to its preceding and succeeding 

direction. 

 
Fig 4: Writing Angle 

 

FAST ADAPTIVE NEURAL NETWORK AS A CLASSIFIER 
  

Classification is one of the remarkable applications of neural network. In research areas 

decision making is the challenging task face by the experts in dissimilar field, since nonlinearity 

and lack of database cause the prediction task more complicated. Fast Adaptive Neural Network 

Classifier is introduced here to deal with recognition problem more accurate and to increase the 

learning speed. The peculiar feature of ANNC is that it doesn’t require retraining, it need only 

one pass. The architecture of ANNC is shown if below fig 

 

 
 

Fig 5: Architecture of ANNC 

 

 In the above architecture the layers are interconnect bidirectionally, except for the 

connection between first and second layer. The function of second layer is to classify the input 

internally and the third layer separates the output internally. The first and second layers are 
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controlled by the sigmoid activation function and the output can be turned by adjusting Gaussian 

weight. 

 

LEARNING PROCESS OF FANNC 

 

 In ANNC the initial network include only input and output layer. The number of hidden 

layer will be zero till the instance are fed, this create the deviation from other classes of neural 

algorithms that assemble hidden unit prior to the learning process.ANNC will adaptively 

appended the hidden unit based on the instance fed as a result the features of those instance can 

be learned properly with reasonable epoch. The automatic adaptation process of unit hidden layer 

will proceed until all instances are fed. 

 

ALGORITHM FOR FANNC 

 

1. Start. 

2. Feed the features of the input to the first layer of the ANN. 

3. Based on the input the network will automatically append the second and third layer. 

4. The third layers connect the output units through feed-forward connection. 

5. The second layers connect the input through Gaussian weight and sigmodial function. 

6. Compute the network output  

 

If the error is not in allowable range 

  

Adjust the third hidden layer with minimum error. 

 

If the error from the third layer is in allowable range. 

  

Find the unit in second layer with maximum activation function; 

adjust the attracting basin of concern winner unit to cover with the 

current instance. 

 

If there is no winner in the second layer append one new second 

layer unit. 

  Else 

    Append two new units in third layer.  

  

  

      Else  

If the error is not in allowable range 

1. Adjust the responsive characteristics and responsive characteristic width 

of the Gaussian weight till all instance are fed. 

 

If all instances are fed stop the hidden layer appending condition 

                 

     End. 
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METHODOLOGY 

 

The entire structure of the proposed system is shown below 

  

 

 

 

 

 

 

 

 

 

 

Fig 6: Overview of the System 

 

   Online handwritten expression act as input to the system and initially the flow of operation 

enters into the preprocessing stage for removing the unwanted spike and distortion present in the 

data. Then the preprocessed data is split into horizontal and vertical component using RCE 

algorithm and based on its features FANNC will append its hidden layer automatically,i.e. the  

classifier gain the knowledge corresponding to the situation. The resultant response of the 

classifier is checked in the symbol database and final decision is made with maximum accuracy. 

  

CONCLUSION 

 

         Recognition of mathematical expression is difficult task in online handwritten documents 

due to the fact that math symbols have different form of representation, with same meaning. In 

this paper possible features of the symbol are covered and then two dimensional problem of the 

expression are solved using RCE.Finally decision are made based on the emphasis capability of 

FANNC .The further work of this paper is focus to work with the slant correction of the 

expression. 

 

 

REFERENCE 

 

[1] Zhihua Zhou  Shifu Chen  Zhaoqian Chen “FANNC: A Fast Adaptive Neural Network  

Classifier “Knowledge and Information Systems, 2000, vol.2, no.1, pp.115-129. @Spr 

inger –Verlag. 

 

[2] Stuti Asthana, Farha Haneef, Rakesh K Bhujade “Handwritten Multiscript Numeral 

Recognition using Artificial Neural Networks” International Journal of Soft Computing 

and Engineering (IJSCE) ISSN: 2231-2307, Volume-1, Issue-1, March 2011. 

 

[3] Sene‘n Barro Ameneiro , Manuel Ferncin-dez-Delgado, Jose Antonio Vila So- 

brino”Classifying Multichannel ECG Patterns with an Adaptive Neural Network” IEEE 

ENGINEERING IN MEDICINE AND BIOLOGY Jan/Feb 1998. 

PREPROCESSING 

RECURSIVE 

COMPONENT 

EXTRACTION 

FEATURE 

EXTRACTION 

FAST ADAPTIVE 

NEURAL NETWORK 

CLASSIFIER 

SYMBOL 

DATABASE DECISION 

ONLINE 

HANDWRITTEN 

DATA 
OUTPUT 



International journal of advanced scientific and technical research                      Issue 4 volume 2, March-April 2014          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com. Page 64 
 

 

 

[4] Azadeh Nazemi, Iain Murray “Mathematical Formula Recognition and Transformation to 

a Linear Format Suitable for Vocalization” International Journal on Computer Science 

and Engineering (IJCSE). 

 

[5] Steve Smithies, Kevin Novins, Kevin Novins “A Handwriting-Based Equation Editor”. 

 

 

 

 

 

 

 

 

 

 

 


