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2. THE APPROACH 

2.1 Problem Statement 

The problem of improving recognition result of Khmer 
OCR can be stated as follows: 

Let C = {ci}the list of candidate characters produced by 
recognition phase of OCR systems with R = {ri} their 
ranking. 

Let c’ and c’’ the recognition result of the two previous 
characters. 

Let P(ci |c’c’’) the probability of character ci knowing 
that the two previous characters are c’c’’. 

The problem is to choose the correct character ci from 
the list of candidate characters. 

Our approach is to convert the ranking into 
probabilityP(ci). As long as the recognition module is 
concerned, P(ci) is the probability that ci is the correct 
character. So the problem becomes like  this: finding ci 
which maximize the value: 

 
a*P(ci) + b*P(ci | c’c’’)   (Eq. 1) 

 
wherea and b are weights we give to the two 
probabitiesP(ci) and P(ci | c’c’’). Finding the good value 
for a andb is a challenging task. 

The following sections will describe how to convert 
rankinig into probability, how to compute character 
trigrams and how to apply this approach to our Khmer 
OCR system. 

2.2 Conversion of Ranking into Probability 

Recall that ri is the ranking of ci. If higher value of ri 
means higher ranking, P(ci) can be computed with this 
formular:  
 

P(ci) = ri / Sum(ri)   (Eq. 2) 
 
whereSum(ri) is the sum of all ri. 
However if lower value of ri means higer ranking, P(ci) 
can be calculated using this formular:  
 

P(ci) = (1/ri) / Sum(1/ri)   (Eq. 3) 

2.3 Computation of Character Trigrams 

The character trigrams are computed from a text corpus. 
They are calculated using this formular:  
 

P(ci | c’c’’) = C(c’c’’ci) / C(c’c’’)  (Eq. 4) 
 
where: 

- C(c’c’’ci) is the number of occurrence of the 
sequence of characters c’c’’ci. 

- C(c’c’’) is the number of occurrence of the 
sequence of characters c’c’’.  

 
When computing character trigrams, data sparseness 

issues must be taken into account. Data sparseness is a 
very serious and frequently occurring problem since the 
size of the corpus never seems to get enough. It means that 
if there is unseen trigram, the probability of the sequence is 
zero due to the equation above. The smoothing techniques 
make the distribution more uniform and redistribute 
probability mass from higher to lower probabilities. In this 
research, Laplace smoothing technique is selected to 
handle the issue. The basic idea of Laplace technique is to 
add one to every count. The formular becomes: 
 

P(ci | c’c’’) = (C(c’c’’ci) + 1) / (C(c’c’’) + B)    (Eq. 5) 
 
Where B is the total number of characters. 

2.4 Application to Khmer OCR System 

We apply this approach to our Khmer OCR system by 
enhancing the recognition module with character trigram. 
This approach cannot be applied to our OCR system as is 
because Khmer word writing is not always in the same 
order as visually seen. For example, the sequence of 

characters “ក” and “្រ◌” renders as “្រក”. The character 

“្រ◌” is written after “ក” but is place before “ក” when 

rendering. Moreover,  while some characters produce 
different disconnected parts when rendering other 
sequence of two characters produce only one connected 

component. For instance the character “ញ” has two 

connected components. The sequence of characters “ច” 

and “◌ា” renders as one connected component “ច”. We 

will refer to these connected components as symbol. 
So instead of character trigrams, we use symbol 

trigrams. ci will represent symbol not character. The 
recognition module of our system produces a list of 
candidate symbols ranked by the distance from candidate 
symbol to the image to be recognized. So lower value of ri 
means higher ranking. We use the formularin	 ሺEq.	 3ሻ to 
compute P(ci). 

For symbol trigrams, we have to convert text corpus 
into correct sequence of symbols as visually seen to 
compute symbol trigrams. For example, for the text 

“ចញ់”	 composed	 of	 sequences	 of	 the	 following	

characters	 “ច”, “◌ា”, “ញ” and “◌់”	 will	 be	 converted	
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