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Abstract. This paper presents a novel method for recognition of 68 printed Thai characters in image
sequences captured along a line of characters, based on their shape appearance such as the height and width,
the top, bottom, and right edges, the numbers and positions of the circles (head of Thai characters) and the
end points. Since each character appears in more than one frame of the image sequence that moves along
the line, an algorithm to identify the arrangement of the characters in each line is necessary for accurate
recognition results. We tested our system on image sequences with four different Thai fonts. The
recognition rate is about 85.64% correct.
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1. Introduction

Computer Vision is camera image processing (similar to like human eyes) to be able to remember and
classify things like humans. Currently, computer vision is more involved in various fields. For example, in
security systems, computer vision is used to enhance the security and monitor crime. For industrial areas,
computer vision is used for product sorting and quality check. In addition, computer vision has begun to be
use for educational purposes such as help in reading book for the visually impaired or pronunciation
practice with children. We realize the importance of education, so we want to develop a system which uses
camera to read the text along the line and process the character recognition, then convert into the speaking
voice to facilitate the visually impaired in reading books. Character recognition system designed for this
study focuses on reading the Thai Alphabet along the line continually via video camera which is different
from character recognition system processing the text from camera (or scan) image taking the whole page
in single shot. By camera shooting method, there will be only one image for analyzing, and the image may
not be clear caused by many factors such as unstable light conditions, shading, and blurry text from shaking
camera. Thus, these factors considerably affect character recognition. Moreover, text need to be sorted out
line by line before processing, so this makes it a time-consuming process. Besides, single image processing
need high resolution picture that can clearly show every single letter on page, but most normal camera
cannot take enough resolution image.

In this study, we decided to create a recognition system for analyzing a sequences of images from the
video camera in normal resolution capturing character continually in each line of text due to many
advantages: (1) The system could take advantage from the character that appear in more than one frame of
the image sequence, so the results of character recognition is more precise; (2) The system does not require
line separating process as in image analysis because video camera capture text along the line as well; and (3)
High resolution camera that can clearly capture the whole page in single time is not require.

2. Related Concepts

Characters of the Thai alphabet that we analysed consist of 44 consonant letters, 9 vowel letter and 5 tone
marks, total 68 characters. We test our recognition system with text image sequences in 4 fronts which are;
Angsana New, Cordia New, Tahoma and TH Sarabun New. Our recognition system consist of 3 main
processes which are: (1) The preparing of image sequences before character recognition process [1]; (2)
Recognition process of each character; [2 — 5] and (3) The grouping of characters in each line and display
text recognition [1].

2.1. The Preparing of Image Sequences before Character Recognition Process Related Concepts

We use camera that has resolution 240*320 pixel and frame rate is 30 FPS. Video for processing must
detect continuous text along a line. A sequence of images from video cameras at a short period consists of

several and similar tiled frames. The processing of every frame of image sequences consistently will takes a
very long time, be redundant and also lead to the inability to give real time result of recognition, so we
choose only some frames for processing. We found that by moving camera along the line in rate of about
0.9 mm per second, the proper rate for choosing a frame to process is in every 20 frames. In other words,
the system will select the 1, 20, 40t frames from image sequence to analyze to get real time recognition
of text along the line from the system. With this frame selecting rate, we found that the same character will
appear in analysed frame at least 3 frames continuously.

Each frame is selected for analyses are sent through image segmentation algorithm to separate each
character before passing to recognition algorithm. The algorithm for image segmentation includes: (1)
Separating background from the character, we use thresholding method because the analyzed image will be
obviously divided into 2 parts; the white background and the dark-printed characters. This method is
uncomplicated and effective immediately, which saves time; (2) After that, the system will break each
character to find out the number and placement of each character in each frame by using the connected
components method, the result showed in Fig. 1(a). It shows that a frame consists of complete character in
the middle the frame, incomplete ones on the left and right of the frame; (3) Incomplete characters delete
method, these characters will result in recognition errors. In this method, the system considered the
elements that linked together that connected to the edge of the frame as incomplete character, in Fig. 1(b).
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Then, the system will send each character through character recognition algorithm which is described in the
next section. After that, keep the recognition results in sets as in Fig. 2 which each row assigned to be
segmentation and recognition character from each frame. The result from next frames will be placed in new
row until all the frames are processed. The number of frames and rows will be used in character
arrangement algorithm later [1].

REGIEPAL N IEeY

(@ &)

Fig. 1. Delete character which recognize error: (a) Image from video; (b) Image from deleting character.

W&l & WHEd

1 T a 1
1 T a 1
1 M a 1

Fig. 2. Select image and rearrange in matrix.
2.2. Character Recognition

The series of information from previous stage will be processed to identify the character, and each
character has unique shape appearances that we use for classification as follows [2, 3]:
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1. The height and width

Height of vowsl Q_
"""""""" I | |

Height of alphabet ) -a- -j i -8 w- i : : :
0. o0 _ Q)
I
I

Height of vowel - _q ____________

Width of vowel
2. The top, bottom, and right edges
The top and bottom edge

o QU

Size of right edge

3. The numbers and positions of the circles (head of Thai characters)

N3 U

Numbers of the circles

Positions of the circles

4. The end points

The numbers and positions of endpoint
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5. Direction from circles

Counterclockwise and Clockowise

We will use these appearances to classify characters into four main groups as the following first [4, 5].
e Growp19v88880001008089

o Growp2U939Fs5UUTIWTA1ILLLLY

e Growp3NAAAAYNNANONUNNNNANAATNN

e Group 4t &) Al €Y

Then make sub-classifications of recognition by using unique shape appearance above until get the
result of recognition for each character. For example in Group 4 which includes aia a, we use positions of
the circles to classify 3 characters again. As we can notice that character “u” is only one in group that has
circle on the right side, we can distinguish “a” from others and code it 66 as showed in Fig. 3. Each
character are coded and shown in Fig. 4.

Code of character £4 €3 £E

«_ 9

Fig. 3. Recognition “a”.

A 30| s6|wuw 57| 3|1 a|E o
1 15|49 30|u 18|@ 451 38| d 2
a 17| g5 63| 19| w 23|ex 674 13
Ao40|§ 31| w 59| & 49|@1 27| 8 11
mo52|w 62|66 42|w 558 4|4 12
u 60| 65|w 61| 443 6 |d 8
9 28|m 66| 43|a 248 14| g 5
A 30|m 41|a 47|88 26[F 7 [ - 10
2 50| @ 53w 53|g 32| L 25
1 2|8 46| 8 164 33| 4 68
1 21w 54| ¢ 36|77 29|41 3
@ 64| s 22| a 4|1 3|4 1

Fig. 4. Code of character.
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In this process, there are 4 special characters; “az”, 617, “uo”, “” and “3», so the system has to re-check to
tind these characters, with different conditions as follows. “ez” and “ue”, when system find adjacent “&” or «e”,
the code will be changed into “ez” and “1e” and the code second character as 0. “617, when the system finds
code 3, code next character as 0 because “61 is divided into “o” and «1” and result in recognition error. g,
when the system finds code 56, code next character as 0 because “g” is divided into two characters. “g7, when
the system finds code 31, the previous and next character will be checked. If they are below 15, they will be
recoded as 0 because g is divided into two characters and can be checked from side character, and we

cannot identify location of character.
2.3. Grouping and Display the Character Recognition on Each Line

After make thee code of each character, we will group and order them to increase the accuracy of each
character. We use the code of each character for grouping. If similar codes are not found, system will create
a new group and delete the member that contains less than 2. Then system will calculates the mode of each
group and shows the character of each line as shown in Fig. 5 [1].

C1 €2 €3 €4 C5 C6 Cl C2 € €4 C5 C6 €7 C2 C3
4] | 34 | 28 | 35 | 38 | 48 41 | 34 28 | 39 58 | 48
4] | 34 | 28 | 35 | 38 | 48 41 | 34 28 | 39 58 | 48
34 | 28 | 35 | 38 | 48 34 23 | 3% 38 | 48
34 (28 | 46 | 58 | 48 34 28 36 | 58 | 48
25 | 28 | 39 | 58 | 48 25 | 23 | 38 58 | 48
28 | 39 | 58| 45 28 | 39 58 49
@ (4]
Cl €2 €4 €5 CT 8
a1 |34 | 28 | 39 | 58 | 48
a1 |34 |28 |39 |33 |48 C1 € C4 €5 CT C8
34 | 28 | 39 | 38 | 48 41 | 34 | 28 | 39 | 58| 48
34 | 28 58 | 48 (dy
28 | 39| 58 | 48
28 | 39 | 58 alala|n|ula
(C) (€}

Fig. 5. Grouping and display: (a) Result of recognition; (b) Grouping same code; (c) Select group; (d)
Select code per group; (e) Convert code to character.

3. Results and Discussion

In character recognition algorithms, we used 1762 samples of characters for test which results are shown in
Table 1. Since we used 4 forms of character font, some character recognitions are errors.
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Table 1. Result of character recognition processing.

Chaacter | Numbes of chacactes Number of character :‘fu.rnl.:ne.t of character
correctly meorrectly
Alphabet 1162 FTE ( 8417%) 184 ( 15.83% )
WVosrel 445 404 { B0.79% ) 41{ 1%
Tone marks 155 127 ( 51.54% ) 28 { 15.06% )
Total 1762 1505 { B5.64% ) 253 { 14.36% )

The analysis found that the process of recognition errors may be due to several reasons, which are: (1)
The same letter with some different looks in each font may cause classification error in recognition, for
example, “¥ from each font showed in Fig. 6 are different with circle; (2) Errors in the recognition may lead

from the effects of characters segmentation process are incomplete, as shown in Fig. 7 which the right edge
of “o” is disappeared; (3) The characters are overlapped, for example, @528 is overlapped with the end point

of “”as shown in Fig. 8; (4) The errors may be due to the quality of the video that capture the character
caused by light and shadow, so it is not easy to capture the text clearly.

(@) (b) © @

Fig. 6. Font of character: (a) Angsana New; (b) Cordia New; (c) Tahoma; (d) TH Sarabun New.

131

Fig. 7. Character is not complete.

173

Fig. 8. Ovetlap character.
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In the character grouping process using 1598 characters from each frame results in four categories: (1)
Characters that can be classified all correctly as shown in Fig. 9(a); (2) Characters with some classification
errors such as *v in vimih are classified as *vw, then become wmiias shown in Fig. 9(b); (3) Characters with

all correct classification, but there are other characters that should not appears, for example, “¥” appear

between “v” and “»” in i as shown in Fig. 9(c); (4) Characters set but some are missing or cannot be
classified as shown in Fig. 9(d).

° °
VIR TIAU

(a) Text is correct (b) Text isn’t correct

o ot
o o
VE IR AU
(c) Text isn't correct because some characters (d) Text isn't correct becaose

are correct and some aren’t correct characters have dizappeared
Fig. 9. The result of character selection and showing.

The results of the character recognition from an image sequence from the camera moving along the
line, as presented in this research, especially the three types of errors are shown in Table 2. The analysis of
similar images from video give more accurate result when making the group, but putting them into a
sentence may not be correct because characters that cannot be classified will group together and showed in
text, and lead to errors in text order. Missing character often come from the beginning and the end of the
sentences. Because when shooting video, the areas will have less collected data than other areas, so the
system cannot group these characters accurately.

Table 2. Result of character selection and showing the result process.

Fouat Error of character selecth:.un and showing the result process
Incorrect Inserting error character | Loss character

Angsana New 108 { 652% ) %4 { 558% ) 34{213%)

Cordia New 92 { 5.76% ) 107 { 6.7% ) 29( 181% )

Tahoma 115{72% ) 115{ 72% ) 37({232% )

TH Sarabun MNew 52(5.13%) 107 { 67% ) 46 285% )

Total IBE(622%) 423(662%) 146(228%)

4. Conclusion

This paper shows the character recognition using image classification. Before you get into the character
recognition we have to prepare the image sequence to collect from the video to find out the number of
characters in each image and arranged in a matrix. Then, put the matrix into recognition process by using
shape appearance of characters to identify each character. After identifying the characters, we will arrange
and display the characters to be able to convert into a text. In the experiments, we are able to identify each
characters, but we still find the problem of recognition errors due to the characters font being different.
Therefore, we use character grouping to deduce such errors.
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