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Introduction

� Pen & Pencil or Keyboard? 

� Tablets – since the 1950’s

� Motivation



Handwriting Recognition

� On-line vs. Off-line

� Recognition Problems
� Language symbols (In Chinese – too many)� Language symbols (In Chinese – too many)

� Pattern recognition (Diff. styles in English)

� Shape discrimination (Similar symbols) 

� Noisy data

� Fundamental property of writing



Approach and Method

� The alphabet: {1, 2, 3, … 9, 0}



Approach and Method

� Learning Process:

Video file converted to 

image sequence



Approach and Method

� Representation:
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Approach and Method

How to choose the right symbol?

� Different methods:

1. Normalizing vector length using “stretching”

2. Normalizing vector length using interpolation

3. Using relative chain codes

4. Divide and conquer

� Final decision – Difference L1 norm



Results – using methods 1,2

The alphabet - 500*500 pixels each



Results – using methods 1,2
Average error (degrees)

1,      2,   3,   4,   5,    6,     7,    8,    9,   0

19,82,91,98,102,117,109,139,63,126

18,81,85,98,  94, 116, 83,142,85,127

Average error (degrees)

1,    2,    3,    4,     5,   6,  7,  8,  9,  0

82,87,46, 98,  75,78,67,76,82,93 (Method-1)

82,87,26,114,80,78,87,76,91,94 (Method-2)
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Results

The alphabet - 500*500 pixels each

Average error (degrees)

200*190

1,   2,   3,   4,   5,    6,    7,    8,    9,   0

Method 1:

53,89,84,116,116,112,31,101,106,126

Method 2:

61,15,80,100,112,103,17,101,103,60



Results – using method 3
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Results – using method 3

300*330240*240

Two compared vectors describing the same symbol:

Symbol ‘1’ in alphabet: 0, 0, 0, 0, 0 … 0, 0, -75, 0, 0, ………………………………………..    0, 0, 0

Symbol ‘1’ tested:         0, 0, 0, 0, 0 ………… 0, 0, -150, 0, 0,  ……………………………….. 0, 0, 0

Two compared vectors describing different symbols:

Symbol ‘1’ in alphabet: 0, 0, 0, 0, 0 … 0, 0, -75, 0, 0, ……………………………………….. 0, 0, 0

Symbol ‘0’ tested:         0, -5, -5, -5, 0 ………… -5, -5, 0, 0, -3,  ………………………..   -5, -4, 0



Discussion – method 4

Symbols consisting of 2 sections

Symbols consisting of 1 section Symbols consisting of 4 sections



Discussion – method 4

Symbols consisting of 2 sections

Symbols consisting of 1 section 0, 6, 8

1, 2, 3,9Symbols consisting of 2 sections

Symbols consisting of 4 sections

Symbols consisting of 3 sections

1, 2, 3,9

5, 7

4



Conclusions

� Chain codes consisting of absolute angles has 

shown useful

� Improvements� Improvements

� Using relative angles representation


