
 
 

 

  
Abstract—An online handwriting Tibetan character 

recognition scheme of syllable-base association is proposed in 
the paper. First basic characteristics of the Tibetan language of 
letter, character, syllable and word are explained, and the 
different writing styles are introduced as well. At the some time, 
character’s characteristics as recognition unit in our study are 
analyzed. In the proposed syllable association scheme, not only 
recognition speed but also recognition veracity is separately 
improved after isolated character recognized in our online 
handwriting Tibetan character recognition system. The 
research show, if adopt effectual method to improve the 
recognition rate of isolated character, the method will bring 
into play a more efficiency. 
 

Index Terms— Online Tibetan character recognition, 
syllable-based associational, syllable structure, statistic, 
recognition rate 
 

I. INTRODUCTION 
During recent years, the task of online handwriting 

recognition has gained an immense importance in every day 
application, mainly due to the increasing popularity of the 
personal digital assistant, electronic pen, electronic paper, or 
table PC notebooks [1][2]. And owing to the availability of 
both temporal stroke information and spatial shape 
information, online character recognition is able to yield 
higher accuracy than offline recognition, the target of 
recognition has shifted from regular script to fluent script in 
order to better meet the requirement of practical applications 
[3]. At the some time, with the widespread use of computer, 
the need for friendly human-machine interfaces is on rise [4], 
and different language man-machine interfaces. About 
Tibetan input in keyboard, we have developed an intelligent 
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and past input system [5][6]. In the area of Tibetan character 
recognition, printed Tibetan character recognition has 
acquired some achievement of study [7][8] and practical 
application software has been used in Tibetan region. So far, 
however, online handwriting Tibetan character recognition 
still in the phrase of study, and there is very little work in this 
aspect. On the basis of previous work [9][10], in order to 
farther improve recognition performance, an associational 
scheme for online handwriting Tibetan character recognition 
is proposed in the paper, the method greatly improving 
efficiency of recognition. 

   The problem of online handwriting recognition is 
usually divided into four sub-problems: pre-processing 
(which can include segmentation), individual character 
recognition, candidate string generation, and 
post-processing. We focus post-processing part in this paper.   
This paper is organized as follows: in section 2, the 
characteristics of the Tibetan language script are introduced. 
Syllable-based associational Tibetan recognition scheme are 
discussed in section 3. Section 4 is experiment result and 
analysis. In section 5, we draw some conclusion and suggest 
direction for future work. 

 

II.  CHARACTERISTICS OF THE TIBETAN LANGUAGE 
SCRIPT 

A. Letter, character, syllable and word in Tibetan language 
There are 30 consonant letters:  

And 4 vowels:  which are not separate written. 
       Syllabic structure in Tibetan language. A syllable 

may contain from one to seven letters. The simplest syllable 
consists of a isolated radical letter, while the most complex 
comprises seven letters in the following combination: a 
prefix (a prefixed letter placed immediately before the radical 
letter, 5 prefixes), a superscript (a superscripted letter placed 
immediately above the radical, 3 superscripts), a radical 
(corresponding to one of the 30 consonants), a subscript (a 
subscripted letter placed immediately below the radical letter, 
4 subscripts), a vowel accent (a vowel accent placed above or 
below the radical consonant, there are 4 vowel accents, and 
the A is implied by default), a first suffix (a first suffix placed 
immediately after the radical) and secondary suffix (a second 
suffix placed immediately after the first suffixed consonant). 
Even if there is theoretically a very large set of possibilities, 
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the actual number of complex syllables is relatively limited. 5 
prefixes are:  ; 3 superscript letters  

are   is distortion of ; 4 subscripts 

 are distortion of  
respectively; 10 first suffixes are          

 respectively; 2 secondary suffixes are: 

. 
      The principles of spelling. As a general rule, when a 

syllable contains several letters, they are spelled out in the 
following order: prefix, superscript, radical, subscript, vowel, 
first suffix, second suffix. In other words, the letters are 
spelled out horizontally from left to right and vertically from 
top to bottom (except in the case of superscripted vowels, 
which are pronounced after the subscripted consonant)   

   Syllable is basic language unit in Tibetan language 
contains single-character syllables, double-character 
syllables, triple-character syllables and quadruple-character 
syllables. For example:  which are 

single- character syllable, double-character syllable, 
triple-character syllable and quadruple-character syllable and 
just they have same root: .  

   There are 562 characters, which are vertically stacked by 
consonant letter and vowel, consonant letter each other and 
they and vowel themselves. This stacked layer number is not 
better than 4 in modern Tibetan. The character is a 
recognition unit in our study.  

A word can be one syllable, two syllables or 
multi-syllables. A dieresis was used between different 

syllables.  For example, the word  (lesson) 

combined by two syllables  and .  
    The sentence of Tibetan language can be formed by 

rules of syntax by words, but without blank between words. 
For instance:  (means: this is a black 

pen.), the simple bar “ ” express comma or a full stop. 

B.  The different styles of writing 
The many styles of writing Tibetan may be grouped into 

two main categories: “with a head” or “white letters”, used 
mainly for the purposes of printing, and “without a head” or 
“black letters”, which includes the various cursive and 
ornamental styles. The cursive styles exceeding differ from 
printing styles. 5 lines in same sentences are showed in Fig, it 
indicate one type of the printing styles (order number: 1 and 
2) and some cursive styles (order number: 3,4,5). 
Handwriting printing styles (order number: 1 and 2) are used 
in our study.  Tibetan style is baseline alignment from left to 
right, the above vowels appear in the top position of baseline 
in a character. 

(1)    

(2)    

(3)     

(4)   

(5)    

              Fig 1. “with a head” and “without a head” 

      Fig 2 shows some handwriting samples as    “with a 
head” or  “white letters”. 

 

                  
                       Fig 2. Tibetan writing samples  

C. Character characteristics of Tibetan language 
The main characteristics of character as follows: 

      (1) The amount of character is many. There are 562 
characters in modern Tibetan language barring punctuation, 
symbol etc., and more than 3700 Sanskrit characters. We 
only study online handwriting the character of modern 
Tibetan language in this paper. 

      (2) The stroke is complex. There are many curve 
strokes and across strokes in character set. Fig 2 shows the 
character of simple stroke and the character of complex 
stroke. 

 (3) The highs of characters not equal. All consonants 
don’t equal in high, such as consonant  and , character 

 and   
(4) There are many similar pairs character in Tibetan 

language. Due to the similar of two above vowels, make 
about 100 similar character pairs, excess 1/3 of whole 
character set. For example and  ,  and , etc. In 
addition, there are about 12 pairs very similarity characters 
due to the similar of consonant letter of composing character, 
namely similar pairs of  and , other similar pair like  

and ,  and ,  and  etc.  
(5) The writing habits 

According to the writing habits of Tibetan language, 
writing begins from baseline position ordinal down. If a 
character take below vowel, usually last stroke is the below 
vowel; while if a character take above vowel, last stroke is the 
above vowel. Above vowels and below vowel can be written 
with one or two strokes. It some time is exceptional, however 
writing begins from above vowel, so the stroke order will be 
neglect in our study. 
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III.  SYLLABLE-BASED ASSOCIATIONAL SCHEME FOR 
TIBETAN CHARACTER RECOGNITION 

A. Associational rules 
We have indicated in section of the 2.3 that there is a lot 

of similar character pairs in Tibetan language, so similar of 
character distinguish to be an important aspect to online 
handwriting recognition. For improve recognition rate and 
input speed, there are many ways can be used, one of means 
is to use language knowledge base on context-sensitive, or 
speaking, syllable-based associational function by Tibetan 
language rules in which mean syllable’s spell. In our study, a 
syllable-based association recognition method is proposed. 
The rules of syllable-based association recognition are as 
following:  

(1.) If a recognized character is one of 5 prefix letters, 
then possible syllables are: (ⅰ) “prefix + radical character + 
suffix + second suffix”, such as ; (ⅱ) “prefix + 

radical character + suffix ” such as ; (ⅲ) “prefix + 

radical character” such as ;  
     (2.) If a recognized character is one of the 30 letters, 

possible syllable will be one type of following: (ⅰ) “radical” 
as a syllable such as ; (ⅱ) “radical + suffix” such as ; 
(ⅲ) “radical + suffix + second suffix” like  

(3.) If a recognized character is a stacked (involve only 
with vowel) character, possible syllable form: ( ⅰ ) 
single-character syllable like ;  (ⅱ ) double-character 
syllable that form is “radical character + suffix” such as ; 

(ⅲ) triple-character syllable that form is “radical character + 
suffix+ second suffix” like  .  

Fig 3 shows the relationship between each element in a 
syllable that it is radical-center form by prefixed, suffixed, 
superscripted and subscript based on definite rules. Where, 
every component is marked with circle; straight or arc the 
arrowhead indicated the relation between each component in 
a syllable. Specially, thick arc denote the relation of prefix, 
radical, suffix, and secondary suffix; void arc denote the 
relation of prefix, radical and suffix; thin arc denote the 
relation of radical, suffix and secondary suffix.  The three 
cases above (1),(2) and (3) can be explained by the figure. 
Where, characters take without vowel, only one above vowel 
or one below vowel.                

B.  Syllable-based associational recognition scheme 
     A syllable-based associational recognition block is 

shown in Fig 4. 
The library file in Fig 4 can be created by associational 

algorithm in D section. 
User can use associational method to input a syllable 

after character is recognized, by this time the “ Library File” 
in action. If user only input single character one by one, then 
the input will be “Character Code” after “Character 
Classification ”. 

The associational method is much more efficient in our 
online handwriting Tibetan recognition. The most salient 
characteristic is fast input and the results will be show in 
Table 2 Ⅳ section. 

 
 

Fig 3. Relation between each element in syllable 
 

 
     Like recognition system of other character, our system 

of online handwriting Tibetan character recognition contains 
5 parts, they are pre-processing, feature extraction, and 
character classification and post-processing respectively. We 
will be not discussed the front parts in this paper. Our 
emphases will focus on “Association Syllables”. The output 
of system obtains 10 characters of candidate by reliability in 
pattern recognition section “Character Classification”.    

C. The statistic of syllable 
The syllables, which accord with the spelling rules of 

syllable, are called theoretically syllables, and they can be 
generated by algorithm and program. We have finished the 
task; the total amount of syllable is 14892. Where, numbers 
of single-character syllables, double-character syllables, 
triple- character syllables and quadruple-character syllables 
are 445, 4985, 7212 and 2250, respectively.   

The syllables that are obtained from statistical angle by 
corpus are called actual syllables which numbers are 415 
single-character syllables, 2475 double-character syllables, 
2423 triple-character syllables, 524 quadruple-character 
syllables respectively, and all together there are 5837.  The 
numbers is far less the numbers of theoretically syllables.  
The statistical results of Tibetan syllables are in language 
databank with a size of 50 megabyte. 

Character Segmentation and Pre-processing 

Feature Extraction and Pattern Description 

Character Classification 

Syllable Codes 

Association Syllables  Library File

Fig 4. Block Diagram of Recognition System 

Handwriting Trajectories 

Proceedings of the International MultiConference of Engineers and Computer Scientists 2009 Vol I
IMECS 2009, March 18 - 20, 2009, Hong Kong

ISBN: 978-988-17012-2-0 IMECS 2009



 
 

 

 In a corpus that is containing 6709466 syllables, times, 
frequency and accumulative frequency of syllables of 
different length are studied respectively. As shown in Table 
1, the syllable of the most frequently is “pa” in 
single-character syllable, 13.2% of all single-character 
syllables put together. Only 62 single-character syllables can 
cover about 90.2% and all the other 352 syllables account for 
less than 9% of the total amount of syllables, which are 
available in Tibetan language. Out of 2489 double-character 
syllables, only 305 syllables are responsible for the coverage 
of 90% of texts and the accumulative frequency of all the 
other 2184 double-character syllables account for less than 
9% of the coverage of the texts in corpus. Triple-character 
and quadruple-character syllables also indicate 
non-uniformity in the frequency and accumulative 
frequency. At the same time, we concluded that only 12% of 
syllables in actual use appear in more than 90% of the texts. 

 
Table 1. Frequency distributing of syllable 

 
  Table 1, these statistical results indicate: (1) the number 

of the high frequency is less, 87.7% of the syllables that are 
covered within the corpus are normative and a great number 
of non-normative syllables exist; (2) Of more than fourteen 
thousand syllables, 39.2% is found to be syllables in actual 
use. And the theoretical value of these syllables of different 
length is respectively as following: single-character is 
93.26%, double-character syllable 49.65%, triple-character 
syllable 33.6% and quadruple-character syllable 23.3%. 

     The statistical results show actual use of syllables is few 
than theoretic syllables and high frequency syllable much 
less, so after character recognized to utilize associational 
method to associate full syllable that are an excellent method.   

D.  Associational algorithm  
     A syllable-based associational algorithm as following: 
     Step1. Transform Tibetan character in the syllabic 

frequency list to the index number of character. 
Step 2.  All of syllables are divided into 562 character 

categories by the first character’s index number,  a Tibetan 
syllable belonged to the categories after syllable frequency 
list was ergodic dealt with. 

Step 3. Count the numbers of syllable in each character 
categories, and sort all syllable in each character categories 
by frequency of syllable. 

Step 4. Create an associational library file.   
Step 5. Load the library file while startup the online 

handwriting Tibetan recognition system. 
Step 6. Export all of Tibetan syllable with the character at 

its head by the index number of the recognized character in 
the character list. 
 

IV.  EXPERIMENTS AND RESULTS 

A.  Specification of sample 
300 sets samples, and 168600 character samples are 

collected from 300 Tibetan students’ writing. 192 sets sample 
are used in the system.        

B.  Results of isolated character 
     142 sets sample as training and 50 sets sample as test, 

the recognition rate of varied characters between 98% and 
64% by test to isolated, and the average accuracy is 84.78% 
for top 10 candidates for test sample in our system.      

C. Associational results   
    Fig 5 shows the interface of system. There are 4 parts: 

writing-box, results area of 10 candidates characters, 
association results area of syllable and pushbutton area of 
symbol containing numbers, special symbol and punctuation.  

   The first character of   just is itself in candidates, 

associational syllables may are and 

so on,   all of syllables display in the scroll bar of rectangular 

area, prefix is   or  radical is , by their frequency, 

described  in A. (2) of Ⅲ . 
                Fig 5.  The interface of recognition system 
 

      The associational method has very obvious effects in 
our online handwriting Tibetan recognition. For example, if 
we input character one by one not to select associational 
syllable, and use the results of associational syllable, will 
have a great time difference, the column of “Word” is some 
Tibetan words. The column of “Syllable number”, “Character 
number”  is numbers of syllable,  numbers of character in 
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Table 2. Time difference of isolate character input and association of syllable input 

 

 

a word respectively. The column of “Time difference” 
T denotes the time difference of both 1T  and 2T : 

         21T TT −=  

Where, 1T  :   consuming time when input the word by 
character recognition one by one . 

2T  : consuming time after character recognition to use 
associational syllables. 

 

 

 
 

 

V. CONCLUSIONS 
 

In this paper, a syllable-based associational online 
handwriting Tibetan language character recognition scheme 
is proposed, the method improve the performance both 
recognition rate and recognition speed.  Its efficiency will be 
very high while isolated character recognition rate attain a 
high level. Therefore our aim is farther improvement 
recognition rate of isolated character to adopt different 
methods such as HMM, the combined method of online and 
offline handwriting recognition and so on, we will farther 
consider online handwriting recognition of syllable as well.   
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