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Abstract

This paper discusses pattern-based online handwriting Uyghur character recognition. A statistical analysis
result showed that the sub-word is the basic unit of Uyghur writing. As a first step of the implementation of a
sub-word-based recognition system, the one-character sub-words were recognized using Approximate Stroke
Sequence String Matching method, and got a recognition rate about 97%. Experiment result proved this method
also effective to the recognition of other sub-words. To get a clear idea about sub-word patterns, the sample of
containing 4 million characters was collected and analyzed. Based on the analysis result, a pattern-based
sub-word recognition approach is suggested. The recognition result of one-character sub-words is indicated.

We discuss that it is possible to recognize 726 kinds of two-character sub-words by the recognizing half of
their patterns only. In addition, it is believed that an ideal recognition rate can be obtaining by combining other
features such as sub-word frequency. The recognition of other sub-words is the targets of our future work.
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1. INTRODUCTION

Many works has been done on the recognition of
Latin, Chinese, Japanese and Arabic characters, both
of online and off-line, but very little has been done on
Uyghur. It is a difficult task because of the cursive
writing and the different sizes of different characters.
Also, it is true that the research of the online
recognition is much less than off-line recognition.

There is no concrete result has been accomplished
yet though some researchers are studying on Uyghur
character recognition, specially in off-line recognition
[1][2]. Even an off-line document recognition system
was proposed and developed by the researchers of
Xinjiang University and Tsinghua University in
China, but it is said that the system was not able to be
achieved at the actually applying level because of the
low recognition rate and various unsolved problems.

In this research, it aims at the online recognition of
Uyghur characters written with pen tablet, and
develops the recognition system as a user interface
for the portable digital devices; finally makes Uyghur
script can be used freely on the every digital product
in Uyghur society.

In this paper, the sub-word structure of Uyghur

script is explained; our previous works and its results
are presented, sub-word patterns and its frequency in
real writing are analyzed, and a pattern-based
recognition system is suggested.

2. ABOUT UYGHUR LANGUAGE

The Uyghur (also spelled as Uighur) is an ethnic
group who lives primarily in northwestern China.
They have their own language and script. Uyghur
language belongs to the southeastern branch of the
Turkic language family. It is spoken by over 10
million Uyghur people in the world.

2.1 Uyghur script

The language traditionally used a modified
Perso-Arabic alphabet, known as Chagatai script
since the 10th century. A further modification of the
Arabic script, with additional diacritics to distinguish
Uyghur vowels, was introduced in 1983 and is being
used now.

Uyghur language has 32 basic characters in the
alphabet. Each character contains more than two
different shapes. They are: initial, medial, final and
isolated. The initial shape is connected to others at its
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tail, the medial shape is at both sides, and the final
shape is to others at its start; otherwise they are
regarded as isolated shape.

2.2 Primary stroke and secondary stroke

Uyghur text is constructed by 126 different shapes
of 32 basic characters. Some characters are written by
one stroke only, but many characters are composed of
two parts, primary stroke and secondary stroke [3],
and some characters only differ by secondary
stroke(s) but the primary stroke is exactly the same,
shown as Figl. Using a combination of these
secondary strokes above and below of these primary
strokes, the full complement of 32 characters can be
constructed.

e e
y i e t

n p b

Figl. Characters differ by secondary stroke

2.3 Sub-word

Uyghur script is a cursive script and written from
right to left. The sizes of characters differ from
character to character and from one shape to another,
making recognition techniques difficult. However, a
word contains one or more basic isolated blocks. We
defined these blocks as sub-word. A sub-word
constructed by one or several shapes. Each sub-word
is separated from others by a small space. The text
can be easily resolved to sub-words by this respect.
The sample text which means "Uyghur Language"
including 2 words, 4 sub-words and 9 characters, is

shown in Fig2.

Word: ¥ ¥ ¥ 1
3 )3 8

Sub-word: 4 4 M4

Character: L4444 T_ﬂ ) 4

Fig2. Word and sub-word

3. PREVIOUS WORK

A feature of our former work is that the various
shapes of one character are considered as different

characters. The characters chosen for the experiment
are the whole 126 different shapes of 32 basic
characters.

3.1 Sub-word structure analysis

We held a sub-word analysis on a sample text
consists of about 1.4 million characters. Analysis
result showed in Tablel.

Tablel. Sub-word statistics

Characters Number of %
per sub-word sub-words

1 267682 40.803
2 207183 31.581
3 91112 13.888
4 42016 6.405
5 25959 3.957
6 11470 1.748
7 6740 1.027
8 2315 0.353
9 1056 0.161

>=10 506 0.077

Total 656039 100

This sample consists of 656039 sub-words. The
average word length is 6.25 characters or 2.92
sub-words, and average sub-word length is 2.13
characters. Based on this result we discuss that, the
basic block to be dealt with in Uyghur character
recognition system should be the sub-word rather
than the word.

Sub-words can be classified into 3 groups
according to the numbers of the characters they
contain. First group is the sub-words consisting of
only one isolated shape. Hence, it is not necessary to
segmentation. Second group is the sub-words
consisting of two shapes. It needs segmentation in
two parts only. Last group contains of all other
sub-words, and it needs segmentation in three or

more parts [4].

3.2 Recognition method

Various recognition methods are used in online
character recognitions. The adopted method in this
research is that converting the input data to sequence
string, and comparing it to the standard character



models in database by the method of Approximate
Stroke Sequence String Matching (ASSSM) [5].

In first step, the stroke sequences of input data is
extracting into integer array based on the 8-direction
stroke convention, shown as Fig3. The distance
(which means disparity) between two strokes would
be computed by ASSSM after the stroke sequence
array is obtained. Input character would be compared
to every referencing characters in sequence string
database and best compatible character (which one
that has the shortest distance) could be found. In
other words, the input character is recognized.

A 32 1
« > |[=]|4 0
P 5 6 7

Fig3. The 8-direction stroke convention

3.3 Recognition rate

We get a recognition rate about 97% in average on
a sample of freely-written 8 data sets, showed in
Table2 as N-best accumulative recognition rate [6].

Table2. Recognition rate

4.1 Sub-word patterns

We defined 16 patterns in one-character sub-word,
showed in Table3. The patterns of initial, medial and
final shapes are showed in Tabled4. The initial shape
patterns are 8 and the final shape patterns are 16. It is
said that, the patterns of two-character sub-words are
8x16=128 at most. Also, the patterns of medial shape
are 8, and it makes 1024 patterns for three-character
sub-words at most.

Table3. One-character sub-word patterns

1 { K G4
s ® J J3 g
- O < 3
z zez
3 ] & Y
- % F ¥ 8
P PIV IS b 332333
e g - PR
> (] )
2 é i >

Table4. Patterns of initial, medial and final shapes

N-best accumulative recognition rate (a) Initial Shape (b) Medial Shape
1 ~2D ~3 ~5 ~10 B L R T R R Y UNGU P S SRS &
Rate(%) | 91.35 | 96.59 | 97.7 | 98.17 | 99.21 - . e SEA )
Recognition rate was improved by using the = Z - a
imaginary stroke information [3], recognition with IR R - s
character separation based on character structure [7], 3 152 < i L : < <
and improving sampling algorithm.
It is believed that an ideal recognition rate can be - i
obtain while using other characteristics such as = = ma na
word/sub-word frequency, pen pressure and other (¢) Final Shape
useful information in handwritings.
L - - e
4. PATTERN-BASED RECOGNITION . — ~ >~z 2
In the purpose of develop a none-segmentation and B I —
stroke-number-free or stroke-order-free recognition “ o ~ o
method, the pattern-based recognition is attracting — ——
our attention. the base of our opinion is that, many - - l o
characters and sub-words only differ by secondary S K NG I S e
strokes but their primary stroke is almost the same - b b e - -
(Figl). The patterns can be classified based on the
. . ‘)L )L Q— Q—
primary strokes in the sub-word.




4.2 Pattern analysis

In the purpose of understand the pattern features of
Uyghur writing, we collect a sample text consists of
4,140,413 characters and held a statistics of patterns
for the sub-words consists of one-character to
four-character. The result of one-character sub-word
patterns is showed in Table5.

Table5. Pattern in one-character sub-words

Pattern | Frequency | Pattern | Frequency

2 176040 12349
K 108227 o 8178

) 62780 ¢ 4148
] 50194 T 1598
A 43114 k| 722
— 37608 & 309
Jd 19169 g 263
& 16741 < 150

The results showed that, the total isolated
characters in this sample are 541,590, makes about
13.06% of total characters. Analysis result also
showed that, it is possible to recognize all
one-character sub-words by the recognition of 16
patterns. It meaning that, the recognition processing
will be decrease by about 50% and the recognition
time can be shortening.

The analysis results of the sub-words constructed

by two characters are showed in Table6.

Table6. Pattern in two-character sub-words
4,140,413
539,702
Possible combinations of sub-word | 726

Total characters

Sub-words by two-characters

Sub-words appears actually 305
Possible combinations of pattern 128
Patterns appears actually 79

The resuits showed that, it is possible to recognize
all two-character sub-words by the recognition of
about 300 sub-words or only 80 patterns actually
appeared in real writing. It is said that, the
recognition processing will be decreasing by about
37%.

The results of three-character sub-words also

showed that, it is possible to recognize 1676 actually
appeared  three-character sub-words by the
recognition of about 320 patterns (31% of total) only.

Based on these results we discuss that, it is
possible to one-character
sub-words to the three-character sub-words by using
a pattern database consists of about 420 patterns.

In next step, the combination rule is needed for the
processing that combines the recognized pattern with
the secondary

recognize from the

strokes and makes recognized

sub-word outputs.

4.3 Combination rules

Based on above discussion, we implemented a
combination process for our recognition system. In
recognition process, the input character is dividing
into primary stroke (PS) and secondary stroke (SS),
and recognized respectively. The final recognized
character (or sub-word) can be combined in
combination process.

4.4 Recognition system

In the purpose of develop a stroke-order-free
recognition system such as [8], we implemented a
pattern-based recognition process with combination
rules, showed in Fig4.

I Dividing to PS, SS1, SS2... |

3
, R-PS PS-DB
[is

Fig4. Recognition system

here:
PS: Primary stroke
SS: Secondary stroke

73‘7



R-PS: Recognition result of primary stroke
R-SS: Recognition result of secondary stroke
PS-DB: Pattern database of primary stroke
Nss: Number of secondary stroke

C: combination process

In this process, the longest stroke in input data is
considered as primary stroke and others as secondary
stroke. The number of secondary stroke will be
checked after primary stroke is recognized, or
combination process is finished. The process will
finish and brings a recognized output character or
sub-word when the number of secondary stroke equal
to 0. Thus, it is possible to give the same result by the
combination processing even when the stroke order is
different.

4.3 Experiment

The recognition and combination process tested on
a sample of freely-written 8 data sets. The recognition
results of one-character sub-word are showed in
Table7.

Table7. Recognition result with combination

Data set | Previous work | Pattern recognition

T01 84.85% 93.94%

T02 84.85% 96.97%

T03 84.85% 90.91%

T04 84.85% 81.82%

T05 84.85% 93.94%

T06 75.76% 81.82%

T07 78.79% 84.85%

TO8 78.79% 84.85%
Average 82.20% 88.64%

The table showed that, our process is effective to

one-character sub-word patterns: The average

recognition rate is improved about 6.44%.

5. CONCLUSION

We have proposed pattern-based recognition
method for online handwriting Uyghur character

recognition. Experimental results showed that, it is
able to obtain higher recognition rates.

It is believed that, the pattern-based recognition
method is more effective to recognize other
sub-words; for two-character sub-words, it is possible
to recognize all 22x33=726 sub-words by the
recognition of 8x16=128 patterns. Besides, a lot of
patterns are never used in real writing. This not only
makes the recognition at shorter time possible but
also a higher recognition rate can be obtained.

The testing of pattern-based recognition of other
sub-words is one of the targets of our future works.
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