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- Automatic recognition of Chinese character signs in real 
time could ultimately form an important part of street 
navigation in an intelligent transport system. 

  
- In this paper the structure of Chinese characters is 

reviewed and seen to consist of a 3-layer hierarchy of 
character, radical and stroke.  

 
- Fuzzy possibilistic reasoning is put forward as an 

appropriate set of algorithmic tools to aid automatic 
recognition of these characters.  

 
- Associative memory artificial neural network algorithms 

form a suitable technique for realising these concepts.  
 
- Implementing these techniques several issues are 

explored: vagueness of radicals, their situation, position 
invariance, extraction order and shape.  

 
- Extensive results are obtained to demonstrate the quality 

of the algorithms in dealing with the range of difficulties 
inherent in the problem. 
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2. Elements of Language Theory 

 
Review of the Relationship between Semantics, Syntax 
and lexicons. 
 

- Lexical items put together in a special way (Syntax) to 
form a meaningful higher entity 

- These new higher entities are the lexical items for a 
new language level 

 
 

Syntax 
 
 
 
 
Lexical Items     Semantics 
 
 
 
 
 
 
        Lexical/Semantics 
        Transition boundary 
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Example: 
 
The sun is shining 
 
 

The sun is shining 
 
         Level-2  
         Lexical items 
 
 
         Semantic  
              Transition boundary 
 
 
 
t h e  s u n  i s  s h i n i n g 
 
         Level-1 

lexical items 
 

 
lexical items 
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Syntax 
rules 

Level-1 
Lexical 
items 

Lexical/Semantics 
Transition 
boundary 

Level-2 
Lexical items

Syntax rules 
 

- one dimensional, e.g. sequential 
language:  the  sun  is  shining 

 
The syntax is ‘distant’ from the 
semantics, i.e. syntax-semantics 
relationship is weak. 
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Two-dimensional/pictorial languages 
 

sun is shining    
 
 
 
syntax-semantic relationship is strong 
 

- each word in a 1-D language is a 2-d lanaguge item 
- each letter is also a 2-D item 

 
sentence/concept level 
 
semantic 
transition 
boundary-3 
 
     lexical item: word level   
semantic 
transition 
boundary-2 
 
 lexical item: letter level 
 
semantic 
transition 
boundary-1 
  

 
lexical item: stroke level 
 

the sun is shining 

T H E 
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The historical development of Chinese characters 
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3. Algorithm 
 

Expression: Generally, a possibilistic inference rule ℜj can 
be expressed by 
 
ℜj :  IF  ξ Sj  is  µj  THEN  ξ Tj  is  vj,    j = 1, ..., r, 
or 
ℜj :  IF  ξ S

j (1)  is  µj (1)  AND  ξ S
j (2)  is  µj (2)  THEN  ξ T

j  is  
vj,  j = 1, ..., r, 
 
 
The algorithm contains two phases: learning and training.   
 
In the learning phase, the associative memory function is 
used to form the connectivity matrix W for training a set 
of input patterns Xi (u) and output patterns Yj (u),  
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In the training phase, the algorithm aids convergence 
because its value in equation (3.1) is either reduced or to 
remain constant during the recall procedure [Wan94], 
providing the following conditions are satisfied. 

 

 
 

 

The 
relation 
ℜ of all 
rules is 
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4. Implementation 
 

 

Vagueness of radicals 
 
 
 

 
 

Position Variance: The domain of position variable is defined by  
 
P = {width, length}. 
 
Because a radical may keep an independent position in a character, the 
possibility distribution of position variance of a radical on the domain P, 
shown above is defined by  
 
π(P) = {outside, inside, top, bottom, left, right, middle} 
Possπ (P) for π(P) is defined by, for instance, 
Possπ (left) = {width ≤ 2/3 width of P, length = length of P}. 
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Shape Vagueness 
 

 

Angle of strokes connected 
 

 

Location of strokes connected 
 

 

Discontinuous contour 
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Architecture of the Associative Memory Neural Network 
 
 

 
Figure12:  Architecture of the associative memory neural network 

 

 

Figure 13:  Function of the hidden-2 layer 
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5. Results 
 

Extraction of Radicals 
 

 

Test characters 

 

Different shapes of radicals 
 

Different Positions:  
 

 

Results of different orders 

 

Examples for expansibility of rules 
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Classification and Recognition of Radicals  
 

 

Classification of test radicals 

 

Some learning patterns 
 

 
 

Classification  
 

Learning Phase  
 

The Modified Network  
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Test results with setting the parameters θi and ϕj to 0 
 

 

Test results with modifying the parameters θi and ϕj 
to ½ ∑Wij 
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6. Conclusions 
 

- Automatic navigation around city streets depends on 
several elements, one of which would rely on the use of 
computer recognition of illuminated text such as Chinese 
language signs.  

 
- The work described in this paper represents a significant 

advance towards using the method of three-layer 
hierarchy character-radical-stroke for the representation 
of the structure of Chinese characters, and the process of 
character-radical-chain code to identify it.  

 
- Although work in the pre-processing stage has classified 

positions of radicals in a character, a case that allows 
omitted and difficult radicals in a character has not been 
considered yet.   

 
- Basically, a character in such a case has a very complex 

structure and it is written in a complex style.  Applying 
fuzzy possibilistic rules to such characters and more 
complex characters can be investigated in future 
development. 

 


