
Prototype Pruning by 
Feature Extraction for  

Mathematical Handwriting 
Symbol Recognition

Prototype Pruning by Prototype Pruning by 
Feature Extraction for  Feature Extraction for  

Mathematical Handwriting Mathematical Handwriting 
Symbol RecognitionSymbol Recognition

Stephen M. Watt Stephen M. Watt 
Xiaofang XieXiaofang Xie

ORCCAORCCA



Background & Motivation
Pattern Recognition

↓
Optical Character Recognition

↓
Handwriting Recognition

↓
Mathematical Handwriting 

Recognition



Background & 
Motivation(Cont.)

• Why mathematical handwriting 
recognition?

Provide friendly interface for 
mathematics software.
Make mathematics editing and inputting 
much easier.
Mathematical Handwriting recognition is 
challenging.



Problems Statement
Mathematical handwriting differs from the 

other forms of handwriting.
• The set of possible input symbols is very 

extensive. 
• No specific stroke order and stroke 

number.
• Spatial relation can use complex context-

sensitive two dimensional rules.
• All of the above affect the recognition      

accuracy and speed.



The Architecture of the recognizer



Data Collection
• IBM Cross Pad Data
• Tablet PC Data
• UniPen Data
• 240 symbols and a number of 

formulas.
• 227 symbols used in this 

presentation for comparison.





Preprocessing
• Re-sampling to reduce computation 

and remove writing speed effect.
• Smoothing remove noise.
• Size normalization 

Before 
Smoothing Average 

Smoothing
Gaussian 
Smoothing



Feature Extraction
• It plays an important role in recognition.

• Features are defined as abstract 
characteristics which are unique to a 
symbol or a group of symbols.

• Features are often used for recognition.

• We use features for pruning prototypes.



Variance Analysis
• In order to identify proper features, 

we need to do handwriting variance 
analysis



Feature Family
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Feature Extraction 
Algorithms

• Intersections:
Line segments are 
ordered. 

Modified Sweepline Algorithm



Feature Extraction 
Algorithms(cont.)

• Loops
Minimum 
distance pair: a 
pair of points 
which has the 
minimum non-
local distance in 
a given area.



Feature Extraction 
Algorithms(cont.)

• loops

Use parallel 
line to filter the 
wrong loops



Feature Extraction 
Algorithms(cont.)

• Cusps



Recognition

Elastic Matching



Experimental Results
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Experimental 
Results(cont.)
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Experimental 
Results(cont.)
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Conclusion
• We have made progress in handwritten 

mathematical symbol recognition area by using 
feature sets to prune the prototypes.

• We have attempted to identify these features, 
and analyzed thousands of handwriting samples.

• Our recognizer can recognize digits, English 
letters, Greek letters, most of the common 
mathematical operators and notations.

• Accuracy and speed are improved comparing with 
a recognizer in the literature.
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