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ABSTRACT

This thesis proposes an approach to detect and segment Thai texts from natural scenes.
First, the JPEG color image is converted to gray-scale image in order to reduce color channels
and obtain only the intensity value. Then, Gaussian Blur is used to remove noise and artifacts that
occur in compression image. Although noise in the image is removed, some image details are also
reduced. To enhance image details, we use sharpening filter. In edge detection step, Laplacian of
Gaussian (LoG) is used. LoG is the second order edge detector which is tolerant to noise and
intensity changing. LoG also yields sharp edges. Each candidate text region is then extracted by
comparing its connected component aspect ratio with defined Thai character aspect ratio. We
proposed the new approach in Thai text layout analysis. The system can find groups of characters
even in rotated or perspective layout caused by an inappropriate camera view angle. Four
positions of text region corners are then defined and brought to Affine Rectification which is used
to correct text rotation and recover deformation of text regions. The procedure can significantly
improve text detection accuracy. Gaussian Mixture Model (GMM) is also employed for color
model analysis in order to select an appropriate model to segment characters from background.
We used Expectation Maximization (EM) to estimate GMM parameters such as mean and
standard deviation. We tested the system on 200 images which have 280 text regions and 3,372
characters. The system can detect and segment text regions with 85.00% accuracy rate. For

character segmentation, the system can detect and segment characters with 89.86% accuracy rate.
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D2-PM1-RM6.4

A Real-Time Digital Baseband Channel
Emulation System for OFDM
Communications

CC Fu, TP Wang, K C Chang, CH Liao, TD
Chiueh
National Taiwan University, TAIWAN

This paper presents the design and
implementation of a digital baseband channel
emulator. The proposed emulator consists of
several wireless channel effects and RF front-
end impairments. The channel effects include
an additive white Gaussian noise source and a
multi-path fading channel with up to 12 faders
that can have programmable delays,
magnitude, and a Doppler spectrum or a flat
spectrum. Other RF electronics effects such as
power amplifier non-linearity, carrier frequency
offset, oscillator pulling, phase noise, 1/Q
imbalance, DC offset, and sampling clock offset
are also modeled and designed in digital logic.
The whole emulator is implemented on FPGA
and can run up to 40 MHz, making it suitable
for most OFDM wireless systems.

D2-PM1-RM6.5
Synchronization Issues in OFDM Systems
H Zhou, *A V Malipatil, Y F Huang
University of Notre Dame, UNITED STATES
*LSI Logic, Inc., UNITED STATES

Orthogonal frequency division multiplexing
(OFDM) is a bandwidth efficient modulation
technique suitable for broadband wireless
communications in frequency selective fading
channels, yet, its performance is sensitive to
timing and carrier synchronization errors. This
paper provides an overview on the causes and
the effects of these synchronization errors. We
survey various symbol timing and carrier
acquisition schemes available in the literature
including coarse and fine synchronization
techniques, using cyclic prefix or training
symbols. Blind estimators, which also do not
require training symbols, are discussed as
viable alternatives when data throughput is
very critical.

Regular Session D2-PM1-RM7

Pattern Recognition I
1400 - 1515 12/6/2006

Room : Falcon
Chair{s) : Pei-Yung Hsiao

Wednesday

T AN

Sessions and Abstracts

D2-PM1-RM7.1

Footstep Recognition with Psyco-acoustics
Parameter

A Itai, H Yasukawa
Aichi Prefectural University, JAPAN

The characteristics of a footstep are
determined by the gait, the footwear and the
floor. Accurate footstep analysis would be
useful in various applications, home security
service, surveillance and understanding of
human action since the gait expresses
personality, age and gender. The feasibility of
personal identification has been confirmed by
using the feature parameter of footsteps,
however, the recognition rate of this method
decreases as the number of subjects increases.
This paper applies psycho-acoustics parameter
to feature extraction. Results show that the
parameter proposed herein yields effective and
practical personal identification,

D2-PM1-RM7.2

A Robust Anti-collusion Coding in Digital
Fingerprinting System

JYang, X Xu
Wuhan University of Technology, CHINA

A novel robust anti-collusion encoding
scheme which combines the Balanced

Incomplete Block Design (BIBD) code with
Turbo code in digital fingerprinting system is
proposed. The fingerprints are coded by Turbo
code before embedding and added to the
wavelet domain which is suitable for the visual
characteristics of human. The experimental
results indicate that the proposed algorithm
can successfully resist not only the collusion
attacks by colluders, but also the other attacks
such as noise when the digital products are
transmitted in the channel. Meanwhile it can
decrease the bit error rate (BER) of the
fingerprints and enhance the overall resistance
of the system.

D2-PM1-RM7.3

Automatic Detection and Segmentation of
Text in Low Quality Thai Sign Images

W Jirattitichareon, T H Chalidabhongse
King Mongkut's Institute of Technology,
Ladkrabang, THAILAND

A system for automatic detection and
segmentation of text in low quality Thai sign
images is presented in this paper. The method
is designed as a part of a real-time Thai sign
translator system which can be used in many
applications. First, an input image is pre-
processed to enhance its quality. Secondly, we
apply LoG (Laplacian of Gaussian) to the image
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for edge detection. After edge detection, in the
third step, we perform connected component
labeling and morphological operations for
contour filling. To detect an element in a Thai
sentence, we have to set some appropriate
ratios and compare them with each closed
region to find consonants, vowels, tones and
special symbols. Next, we employ 4-line Thai
character criteria for layout analysis. Finally,
we use GMM (Gaussian Mixture Model) to
represent foreground and background, and
perform color segmentation in selected color
model. Finally, a method for perspective
distortion correction is also performed to
prepare the segmented texts be ready for
further recognition process. We tested the
system on 192 Thai sign images which contain
total of 4681 characters. The images were
captured from several environments in various
lighting conditions. The detection accuracy is
90.22%.

D2-PM1-RM7.4

Real-Time Implementation of a Particle
Filter with Integrated Voice Activity
Detector for Acoustic Speaker Tracking

A M Johansson, £ A Lehmann, S Nordholm
Western Australian Telecommunications
Research Institute, AUSTRALIA

In noisy and reverberant environments, the
problem of acoustic source iocalisation and
tracking (ASLT) using an array of microphones
presents a number of challenging difficulties.
One of the main issues when considering real-
world situations involving human speakers is
the temporally discontinuous nature of speech
signals: the presence of silence gaps in the
speech can easily misguide the tracking
algorithm, even in practical environments with
low to moderate noise and reverberation

levels. This work focuses on a real-time
implementation of the ASLT algorithm
proposed in [1], which circumvents this

problem by integrating measurements from a
voice activity detector (VAD) within the
tracking algorithm framework. The algorithm is
here optimized for low computational
complexity, and is implemented on a PC based
real-time system. The resulting computational
load is calculated and is presented along with
real measurements of the true execution speed
for the considered algorithm implementation.
The results show that the algorithm is suitable
for implementation in currently existing low-
power embedded systems.

83

Sessions and Abstracts

D2-PM1-RM7.5

Early Detection on the Condition of
Pancreas Organ as the Cause of Diabetes
Mellitus by Real Time Iris Image
Processing

A D Wibawa, *M H Purnomo

Hang Tuah University, INDONESIA
*Institut Teknologi Sepuluh Nopember,
INDONESIA

Iridology is an alternative method in
evaluating the condition of our internal organ
by looking at the image of iris. Evaluating the
iris is done by detecting the presence of some
broken tissues in iris. In this paper, input
image of the iris will be taken by using a video
camera in real time. The presence of broken
tissues in iris in a certain area will represent
the condition of certain organ according to the
chart of iris. The chart of iris that will be used
in this research is the international chart of iris
Dr. Bernard Jensen. The organ that will be
observed is Pancreas. Pancreas’s position in iris
is at 07.15 - 07.45 when a circle of iris is
divided by 120 points. Some image processing
methods will be used to enhance the guality of
image of iris so that the broken tissues in area
of pancreas can be detected clearly. Finally,
the result of this detecting method will be
compared with two Kind of testing. The first is
the result will be compared with the data from
Iridology Practitioner in Surabaya and the
second is the result will be compared with
Insulin normality test.

Regular Session D2-PM2-RM1

Graph Theory and Computing

1545-1700 12/6/2006 Wednesday
Room : Swallow
Chair(s) : Toshinori Yamada

D2-PM2-RM1.1

On Finding a Solution in the Core of a
Muiticommodity Flow Game on a Spider

T Yamada, K Karasawa
Saitama University, JAPAN

Motivated by the development of an
efficient and stable routing scheme for the
Internet, Papadimitriou introduced a
muiticommodity flow game and raised the
problem of whether the «core of a
multicommodity flow game is always
nonempty. Markakis and Saberi settled the
problem affirmatively. However, thier proof is
not constructive, and it is not known how to
find 3 solution in the core of the game, to the
best of my knowledge. This paper presents &
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Automatic Detection and Segmentation of Text

in Low Quality Thai Sign Images

Wittaya Jirattitichareon
Faculty of Information Technology
King Mongkut's Institute of Technology Ladkrabang
Bangkok, Thailand
570664502 itkmitl.ac.th

Abstract—A  system  for automatic detection and
segmentation of text in low quality Thai sign images is
presented in this paper. The method is designed as a part of a
real-time Thai sign translator system which can be used in
many applications. First, an input image is pre-processed to
enhance its quality. Secondly, we apply LoG (Laplacian of
Gaussian) to the image for edge detection. After edge detection,
in the third step, we perform connected component labeling
and morphological operations for contour filling. To detect an
element in a Thai sentence, we have to sel some appropriate
ratios and compare them with cach closed region to find
consonants, vowels, tones and specinl symbols. Next, we employ
4-line Thai character criteria for lavout analysis. Finally, we
use GMM (Gaussian Mixture Model) to represent foreground
and background, and perform color segmentation in sclected
color model. Finally, a mcthod for perspective distortion
correction is also performed to prepare the segmented texts be
ready for further recognition process. We tested the system on
192 Thai sign images which contain total of 4681 characters.
The images were captured from several environments in
various lighting conditions. The dctcction accuracy is 90.22%.

Keywords—text detection, text segmentation, thai sign
translation

l.  INTRODUCTION

A sign is a one-way communication form that we are
familiar in our cveryday lives, Signs are used in many
purposes such as notification. advertismg. and waming We
encounter signs in everywhere, Signs make our lives easier
it we can read and understand their meanings, but we may
face even dangers if we do not understand the message
embedded in signs. For example. foreign tourisms might get
into trouble if they do not understand the Thai warning signs
on roads, the national parks or other attractive places.

Automatic detection and segmentation of text in signs
taken from natural scenes is very difficull task. Sign Images
have the vaniety of text, background and natural factors,
Text can vary in font, size, orientation position and color.

1-4244-0387-1/06/$20.00 ;2006 [EEE

Thanarat H. Chalidabhongse
Faculty of Information Technology
King Mongkut’s Institute of Technology Ladkrabang
Bangkok, Thailand
thanarateit kmitl.ac.th

Text can be distorted by shape of the sign it embedded [1]
or by camera view angle. It can also be blurred or overlaid
by shadow of the other objects. Signs can have variety in
their background texture because of the materials they are
made from. Signs made from canvas may have wrinkle and
hard to detect the cxact text region. Unlike canvas signs.
wood or metal signs are rigid. They can not be wrinkled but
its texture may also cause error (exi detection. Natural
factors. such as the reflection of light and camera flash, can
affect the quality of images.

Although Thai optical character recognition (Thai OCR)
systems have been developed for a decade [2], [3]. [4]. but
they are not suitable for sign recognition. The OCR systems
work well on high quality scanned documents under a
controlled environment. They may have a low accuracy rate
for sign recognition tasks because of low quality images we
mentioned above.

Xilin Chen et al. |5] developed an approach for detection
and recognition ol signs. The system shows high accuracy
rate for Chimese text detecting in sign nmages. However. lor
Thai sign detection and recognition task. We found many
differences between Chinese and Thai language. Chinese
has square-like characters. All characters will be arranged in
the same level for composing one sentence. For Thai. the
sentence structure is more complicated. A sentence 1s built
up from several elements such as consonants, vowels, tonal
marks and other special symbols and these elements may
not be aligned in the same line level. The Fig. | shows
Chinese and Thai sign images.

fa)

agunaadiuasiignansoe
fb)
Figure I. Signimages (a) A Chinese sign. (b) A [hai sign
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There are two challenges for text detection and
segmentation of Thai signs; where is the text position and
how to segment text elements which are in many levels in
one word.

In this paper, we presented a system for automatic
detection and segmentation of text in low quality Thai sign
images which is a part of real-time Thai sign recognition
system. The aim of our development is helping the
nternational  tourisms  overcome the language barriers
wherever they are in Thailand. ‘the rest of this paper is
organized as follows: section 11, we describe the problems of
detecting and segmenting of text in low quality Thai sign
images. Section I11, we present the overview of the proposed
system. Section 1V we report experiment results. Section V
concludes the paper and cutlines the future work.

II.  PROBLEM DESCRIPTION

In this research, we focus on text detection and
segmentation ol text in low qualily images. Some examples
of low quality images captured from natural scenes we
shown in Tig. 2.

Figure 2. Some examples of signs captured from several conditions and
places (a) A sign wath reflectad hwht {b) A sign with a glare from
sunhght (c) A sign casted by shadows of swTounding objects, (d) A canvas
sign with wrinkles (e) A perspective sign image. (f) A sign with the metal
oudes.

The environment conditions. which affect on text in an
image. are summarized and shown in table I.

TABLE | EFFLOTS O TEXT IN SIGN IMAGES CAUSED BY SEVERAL
ENVIROMMENT CONDITIONS
Effects to text 1n $ign images
Conditions
Sizx Contrast Color | Highhight
Lighting x v v v
Shadows x v v x
Distance v v x x
Camera view angle | v v x x

Comparcd with the scanned documents in OCR tasks.
sign images used in the proposed system are much Jower in
quality. In OCR, Ingh quality scanned documents are used.

Text in documents usually comes from computer-generated
text. But for our experiment system, text can vary in fonl,
size, color and layout. Text can be distorted because of sign
shape or camera angle. It can be blurred or overlaid by
surrounding object shadows. The variety of signs in their
background texture because of the materials they are made
from. Furthermore, scveral conditions such as deformations,
highlights, shadows, and specularity can also decrease the
accuracy of detection rate.

Il THE SYSTEM OVERVIEW
The schema for an automatic detection and segmentation
of text in low quality Thai sign images is shown in Fig. 3.

An input mage

v

l Pre-processing l a

i
Edge Detection I
\V » Text Detection
'
1Co|'neauj Component Labeling

H
i
'
Layout Analysis ]"

|

2
I Color Segmentanon
[

W

Text Component Extraction I.

v

Output images

= Text Segmentation

Fignre 3 The schema of the proposed system

There are two main processes in the proposcd system
One 15 text detection and another is text segmentation.

A.  Text Detection

The characteristics of signs which can be used in our
experiment are based on the following assumptions:

1) The texi s designed with high contrast o its
background in both of color and mtensity.

2) Each character is composed of one or several
connected regions.

3) The characters n the same context have almost the
same in both of size and intensity but may be different in
color.

4) The characters in the same conlext have almost the
same hackground patterns.

For text detection, an input image (JPEG) must be
processed in pre-processing step 1o decrease artifacts from
DCT procedure. Without this process. it is very dilficult task
to find an edge set because of noise in original image. Next,
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we convert a color image inlo a gray-scale image before
passing it to the edge detection process. In this step, we use
LoG (Laplacian of Gaussian) edge detector 1o obtain an edge
set. The LoG equation is shown in (1)

2 2] A
L [,_m]e S
T

where x and y are coordinale of pixel and ois the Gaussian
standard deviation.

LoG(x,y)=—

Next, we perform connected component labeling and
closing operation in order to identify the possibly text and
non-text regions. Text in Thai language consists of several
elements such as consonants, vowels and tonal marks. These
clements can be classified into 4 groups as shown in Table I1.

TABLE Il THAI CHARACTER CLASSIFICATIONS

Ao
Tones =
Speacial sc

Symbols

To separate text area from non-text region, each closed
region will be analyzed by comparing its ratio with specified
ratios which are calculated from (2)

Character _ width
Character _height
If the region ratio falls in the value between 0.5 and 1.8,

that region will be identified as a text element If not, we will
ignore this region because 1t probably is a non-text region.

Character _ratio = (2)

After oblained character-like regions, we apply a 4-line
‘Thai character criterion. which is shown in Fig 4, for layout
analysis

The layout analysis is donc as follow steps:

1) Find an upper and a lower line of the region (upper line
and a lower hne is line | and 2 respectively) and compare
them to the neighbor regions. If the difference of the
comparison is less than a specific threshold, two closed
regions are considered to be parts of text in the same line.
We also calculate the lower line by the same way. We check
both of upper and lower Iimes to make sure that some special

vowels, which are written in the same line but separate
region, such as =" vowcl. will be found and considered to
be a part of the context,

Figure 4. A sample of Thai word that characters distribute into all
four levels

2) Find vowels and tonal marks, which are above and
under the normal line. We do the same way as 1). Namely.
calculate the gap distance between line | and 4 (1o obtain
vowels above the line) and the gap distance between line 2
and line § (to obtain the vowels under the line). Il the
distance 1s less than the specific threshold. those regions are
considered to be text in the same context.

3) Use GMM 1o characterize color distributions of the
forcground and background of a sign. and morc specifically.
for cach clement. The GMM is shown in (3).

N =0-@G . 3, )+ @Gy (1, Y )0sasn

(3

where G, .(+) is background color distribution and
G, (+) 15 foreground color distribution.

A Sign probubly hus many lines of text, however we

assign text in the samc Imc to be one text group, so it is

possible to find more than one group (two groups or more) in

the same sign. After layoul analysis. a tested mmage will be
passed into the text extraction process,

B.  Text Segmentaiion

After text detection process. A GMM method is also
employed for text scgmentation. We select the most
appropriate color model (R, G, B. H or 1) for representing
foreground and background of sign images. The example of
GMM color distnbutions are in Fig. 5

.4_1 ;1_1 L_l =mh;i:. 4_1
B, .. )L
Lo Ul

Figure 5. Detection and scgmentution result on a low resolution image
(a) mput colar image (b) wey-scale imaue (c) edue image fram 1 oG edue
detector (d) connected componen result te) result after layout analysis
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IV.  EXPERIMENT RESULTS

We tested the system on 192 low quality images captured
from natural scenes. The resolution of each image is
640x480 pixels. The images were taken from several places
under uncontrolled conditions. There are many factors that
can affect the contrast of text in sign. for instances,
fluorescent light rellection, sunlight glare. casting shadows,
blurred text. and perspective due 1o camera angles. The
complex of text layout in sign is another factor that may
decrease the quality of the images.

Fig. 6 shows examples of our text detection and
segmentation results. The red rectangle indicates the
detected text regions, We tested the system on a set of 192
various low quality Thai sign images that contain the total
of 4681 characters. The system yielded a recognition rate of
90.22%. The ground-truth used in this experiment was from
human detection and scgmentation.

Figure & Lxamples of correa detection and segmentation results

However, there were some fault detections due 1o some
problems as shown in Fig. 7. The detection problems arise
when signs have complex layout. Another problem we faced
is the distortion of the text due o perspective.

Figure 7 P

of fault ¢

results.

and seym

One of the commen problems for camera taken images is
the perspective distortion. To solve this problem, we
employed geometric transformation [6] to restore geometric
distortion. The results afler the distortion restoration are
shown in Fig. 8. This step 1s done for two purposes, one is
to improve the text segmentation accuracy and the other is
1o prepare the images for further recognition process.

- b
Mmsfuidwse
PUBLIC TELEFH

MsAundsion:
PUBLIC TELEPHONE

&

Figurc 9 Distortion recovery results

V. CONCLUSION

In this paper. we presented a system for aulomatic
detection and segmentation of text in low quality Thai sign
images. T'his rescarch is designed as a part of a real-time
Thai sign translator system which can be used in many
applications such as driving and tourist assistant systems,
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TEXT DETECTION AND SEGMENTATION FROM THAI
SIGN IMAGES

Wittaya Jirattitichareon and Thanarat H. Chalidabhongse

Faculty of Information Technology, King Mongkut's Institute of Technology Ladkrabang
Bangkok. THAILAND
[s7066450a0iLkmitl.ac.th and thanaratht.kmitl.ac.th}

ABSTRACT

This paper describes a new approach for text detection
and scgmentation from Thai sign images. The approach
consists of five main steps. We first detect the edges in
the image using LoG edge detector. Next, connected
components are segmented and analyzed to locate
character components such as consonants, vowels, tone,
and special notations. Layout analysis is then performed
Gaussian mixture model of color is used to model the
color distribution of characiers, and then the system uses
it in separaling the characters from the background color.
The final step is to extract text components using
information from previous steps.  The experimental
results show our system can detect and segment Thai
1exts from sign images with 87.14% accuracy rate.

Keywords: Pantern Recognition, Text Detection, Text
Segmentation

L INTRODUCTION

Signs appear evenywhere and are used for information
communication, such as news, advertisement. waming,
etc. They are ubiquitously seen at the street, highway,
tounst places. and most common places around us.
However, the only way people can exploit signs is to
understand the languages, words, symbols, images or
other protocols shown on the signs.

This 1s our underlying mouvation to develop a
vision system that can recognize and translate Thai signs
from images in real-time. This repornt describes our work
on detecting and segmenting texts from Thai sign images
which is a part of the whole system. Although there have
been quite 3 number of researches 1n Thar OCR such as
the works appeared in [1,2,3], those approaches do nol
work well for Thai sign recognition due to many
limitations. Most of the previous works in Thai OCR
work on document images that are scanned with fine
resolution under controlled environment.  However, in
sign recognition. the images are captured [rom natural
scenes that are usually out of control, The taken images
might contain noises from many sources such as
lumination reflection from sun or camera flash, and
casting shadow trom other objects. Moreaver, the image
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of the text and sign can be affecled from perspective
transformation which causes the texts in the same sign
having varying sizes. All of these affect the performance
of text detection, segmentation and sign recognition,

Chen, Yang, Zhang, and Waibcl [4] developed a
sysiem that delects, recogmizes, and transiates Chinese
signs from images. The system is capable to translate
Chinese sign to English  Applying their techmigues
directly to Thai sign recogmition is not simple due to
differences of languages.  Chinese characters have
blocking characteristics while Thai characters arc not.
Thai characters arrange in four levels and each of them
has diflerent size. Moreover, some words contain
connected characters. Fig.1 shows samples of Chinese
and Thai texts appear on signs

(as

ardunaInInasnansIme

fby
Fig. 1: Sign images: (a) A Chinese sign b} A Thai sign

This report is organized as follows: the next
section describes charactenistics of sign images. Then,
the third section overviews our system. Experiments and
results arc shown i Section 4. and the Scction 5 lists the
conclusion and future works.

2. THAI SIGN IMAGES

Fig. 2 shows samples of Thai sign images 1aken
from several places under different environments. As we
can sce from these samples. there are quite a numbers of
factors that can affect the quality of sign images which
will determine the quality of text detection and
segmentation. These factors are summarized in Table 1.
Comparing the quality of images that are used in typical
OCR and in this research. there are many differences.
Those images for OCR are scanned with high resolution
while the sign images are usually taken from the natural
scene that can be mterfered by many uncontrolled factors
There arc lots of variations in fonts, sizes, and fext

The 215t International Technical Conference on
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layouts appearing in Thai sign images. In additions.
material thal makes of sign is also important. Signs that
make ol materials such as woods, hard plastics, or melals
will be rigid so the background is still. Signs that make of
some malerials such as cloth or vinyl will be deformable
which even make the problem more challenged. Fig 2d
shows the cxample of this case.  Textures of sign
background also affect the quality ol detection and
segmentation.

NI T

Fig. 2: Some examples of sign images captured from
several places under different conditions:

(a) Reflecred illumination from fluorescence lamp.
(b) Glare from the sun

fc) Shadow casted from other objects in the scene
(d) Vinyl sign with deformed texts

(e) Effect of perspective

(d) Old sign with the meral oxides

Table 1: Faciors and effects to quality of sign images.

Effects o the sign images
Factors Size | Contust| Color | Highlight
[lluminations x v v v
Shadows x v v x
Distance v 4 x x
Point of view v o = x

3.SYSTEM OVERVIEW

Fig. 3 shows overvicw of our system. As described
in previous section, the main focus of this report 1s the
detection and segmentation of Thai texts from images.
The output of the system includes segmented consonants,
vowels, tone, and special symbols from the scene.

3.1 Text Detection

The initial process is 1o pre-process the input JPEG
images to reduce noises from DCT blocking elTects.
Then, the images are converted to grey-scale images
before applyme the Laplacian of Gaussain (LoG) edge
detector according to the Equation 1.
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LoG(x,y)= —é,—[l

2q°

where x, y are pixel coordinate. and o is Gaussian
standard deviation.

An input image

v
[,

v s
[ Edge Detection ' )

> Text Detection

lConrmlc\l Componan Labc!hugi

I Layout Anahisis l a
WV
[ Color Scymentation l

= Text Extraction

hl
'
.
'
[ Text Component Extracuon  |-*

v
Output images
Fig. 3: The schema of the proposed system

After getting cdge pixels, the connected component
analysis is then performed to separate the text regions
from non-text regions. Thai characters can be classified
into four groups of consonants, vowels, tones, and special
symbols as shown in Table 2.

Table 2: Thai characters classifications

Type Members
Consonants Y
Vowels | meseteetiiis
A N Dr @
Tones e
Speacial
Symbols ﬁﬁ

To secparate text regions from non-text regions, we
compute ratio of connected components as in Equation 2.

Character _width

Character _ height

(2)

Character _ratio =
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Base on our experiments. if the ratio is between 0.5-1.8,
the connected component is likely 1o be text. Othenwise.
it will be classified as non-lext region. However, as
shown in Table 2. there are some vowel characters that
this ratio criterion does not work. Thus, some extra works
must be done o mclude these characters in text regions.
The Gaussian mxture model of grey level is used to
separate the badkground and foreground pixels of sign
images. From preel classification, we can recover those
vowel characiors that were missed from using the
connected companent ratio criterion.

Afier obtaining the text regions. the layout
analysis is then performed to locate the text bounding
box. Figurc 4 shows a Thai word that composes of
several characiess which are distnbuted over four levels.
The main characers are located in the normal level which
is between line 1 and line 2. The other characters such as
vowels. tones. and special symbols usually locate in other
levels. We will ase this sample word in cxplanation of
our lavout anahszs,

g “
L= 1
AL
Fig. 4: A sampie of Thai word that characters distribule
into all four leveis.

The layoul analysis is done as follows:

1. Locate the top and bottom boundaries of normal
level which cormamns main text regions (line | and line 2
in Fiz. 4). Then. we compare these top and bottom
boundaries with the boundarics of the ncighbor text
regions. [f they are about the same, we can merge these
neighbor regions mio one 1ex! region.

2. For vowels and tones that locate above and below
the normal level. we will apply the same algorithim in step
| 10 locate and sstimate the distance between line 1 and
line 4 and the distance between line 2 and line 5.

3. Use Gassian Mixture Model of grey level to
classify the pixels and recover the missing symbols from
previous step. The GMM equation is shown in Eq. 3.

fO)=(-a)e . 3, )+ aC, 4,3 )OS as])
3)

where G,_,() 15 the distribution of background and
G, ( ) is the dsmmibution of foreground.

However, signs can contain several lines of texts. We
perform the same algorithm explained above throughout
the entire sign rezions. Thus a sign might contain several
text regions.  Fach text region is then passed to next
process which i et extraction

3.2 Text Extraction

From previous steps. we obtain several text regions with
their boundanes.  Next step is to extract each of the text
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characters.  The Gausstar Mixiure Models are used w
model the distnibution of zolors and brightness (R, G. B,
H and 1) of background and foreground pixels. Figure 5
shows sample of color mudels. By using result from
connecled component  avout  analysis  and  color
classification based on GMM of background/foreground
color models. we then can zxtract the text characters from
images.

B, | .| .] alld
N A A O
o g Ao

Fig. 5. Distribution of bazszround and foreground color
and brighmess (R. G. 8. ¥ and 1) of sign images.

4. EXPERIMENTAL RESULTS

We tested our swsem oon 70 low  resolution
(640x480) sign images =ken from natural scenes in
several places. Each mage contains some challenges
such as reflections. gares, shadows. blurs. dirty
background. etc. Most of the signs contain scveral lines
of texts. Somc same loe texts have different colors.
Some images were taken al mght, so the texis are low
contrast and brightness

Al LI P
>
1 tiltiynnaniouon

HlUyoaanicuon

_suinsiusnes (TG

<)

Fig. 6: Detecrion anz segmentation result on a low
resolution image. (a) ivcut color image (b) grey-scale
image (c} edge image Fom [oG edge detecior (d}
connected componen: -esult (e) result after layout
analysis.
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Figurc 6 shows the detection and scgmentation
result on a sign image captured from a lennis court.
Although the input image i1s quite blur and casted by
shadows from tennis court fence. but the output shows a
reasonably correct result.

Figurc 7 shows results of our system applied on
other sample images. Over the 70 tested images, our Tha
text detection and segmentation from sign images yields
87.14% accuracy rate. The ground-truth used in this test
was from human detection and segmentation.

Fig. 7: Results on somne sample sign images. The
segmented lext regions are bounded by red bounding
barxes.

However. there were some detection errors found
which are shown in Figure 8. Problems include complex
layout. having other pictures or symbols that have similar
compact ratio as the characters, strong perspective effect.
low background/foreground contrast, etc.

5. CONCLUSION AND FUTURE WORKS

This report describes a novel approach to deteet and
segment Thai text from sign images which is a pant of a
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real-time Thai sign recognition ard translation. The
current  detection and  segmentauon results vield a
reasonable accuracy rate.  However, Lhere are some
problems that we plan 1o cope with in the enhanced
system such as the errors from perspective effects, low
contrast images. etc. The research will be also extended
in the OCR and translation arcas for the future works,

uosdnsTogna
qup=visdaigae |
: 3 P 3
AIfUMADLBHETTTI0N

Fig. 8 Results of some text segmentution errors.
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