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Using Fast Boundary Clustering and Modified Connected
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ABSTRACT

Thai text detection from natural scenes is still a challenging task, since there are many
unsolved issues. Furthermore, the existing related works cannot completely detect Thai text. The
main reason is that Thai text layout has vowels and tonal marks that differ from other languages.
This thesis proposes an approach to detect Thai text from natural scene images. This approach is
composed of two main procedures. (i) Boundary clustering algorithm decomposes scene features
into multilayer based on colors and positions. (ii) Connected component analysis by using a
structure of text characters and character alignment in order to detect Thai text boundaries.
Boundary clustering is applied to decompose character boundaries from other objects and
improve the efficiency of Thai text detection from natural scenes. Based on 300 test images with
8,077 character boundaries, the experimental results demonstrate that the proposed approach

achieves the high average precision and recall, 0.87 and 0.79.
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2.4 AUMSIAUATS (Linear Equation)
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Abstract
Text detection from natural scenes is a challenging
task. Furthermore, the existing related works cannot
detect Thai text completely, since Thai text layout has
vowels and tonal marks that differ from other languages.
This paper proposes an approach to detect Thai text from

natural scenes. This approach consists of two main steps:

665

(i} clustering edge pixels based on color pairs and spatial
positions in order to reduce the background complexity
and (i) connected component analysis to detect Thai
characters. Based on {50 test images with 5,555
characters, the experimental results demonstrate that the
proposed approach achieves the average of precision and
recall 0.69 and 0.88, respectively.

Keyword: Thai texi detection, natural scene, boundary

clustering, connected component analysis
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of Information Technology, Universitas Ma Chung,;
Monika N.U. Prihastyanti, Ma Chung Research Center
for Photosynthetic Pigments, Universitas Ma Chung;
Leenawaty Limantara, Ma Chung Research Center for
Photosynthetic Pigments, Universitas Ma Chung, Tatas
H.P Brotosudarmo, Ma Chung Research Center for
Photosynthetic Pigments, Universitas Ma Chung

Abstract-Nitrogen is one of the important nutrients
elements for the growth of soybean plants. In this
paper we propose mobile application that can be used
nondestructively to estimate the nitrogen content of
soybean leaves, We named this software "Mata Daun”.
The primary concept of this software is to relate the
RGB {Red, Green, Blue) value of the captured soybean
image with its nitrogen content. Furthermore, the
captured image is processed Inte Enhanced Color
Visibility (ECV) index using digital image processing
method for the ease of software algorithm process.
Calibration process and field trial were conducted to
found the relation between ECV Index and soybean
leaves nitrogen content. The calibration result showed
that the nitrogen readings by this application had a
fairly strong relationship (R2 =0.70) with the soybean
leaves nitrogen content (Agriexpert CCN-6000
readings). The field test result also gave the same
strong positive relationship between predicted and
real soybean leaves nitrogen content (R2 =0.93).

|6 Fermicidae Swarm System|

Thammarat Taengtang, King Mongkut's Institute of
Technolagy Ladkrabang; Witthaya Sitthivet, King
Mongkut’s Institute of Technology Ladkrabang; Kitti
Paithoonwattanakif, King Mongkuts = Institute of
Technology Ladkrabang

Abstract-Improved an ant colony by firefly algorithm,
in this paper is praposed the method that is interwoven
between ant colony optimization and firefly algorithm
to increase efficiency of solving the traveling salesmen
problem it is called that Fermicidae swarm system
(FSS). It uses relationship between pheromone
and distance which is attractiveness and absorption
coefficiant. This method is based on ant colony
optimization which state transition rule of ant colony is
improved by adding detection, which is a condition of
distances. The performance of FSS is divided into two
parts: the speed and tour length of a result. A speedy
resuit of FSS is faster than ACS and tour length of FSS
is near the best result.

Semantic__Interrelation in  Distributed|
System Through Green Computing Ontology|
Herlina Jayadianti, Universidade do Minho; Lukito Edi
Nugroho, Gadjah Mada University; Carlos 8. Sousa
Pinte, University of Minho, Paulus Insap Santosa,

Gadjah Mada University, Wahyu Widayat, Gadjah Mada
University, Facuity of Economic and Development

Abstract-Green computing refers to the system that
provides minimal impact on the environment. When
we are talking about green computing we discuss
about how much energy is used by the system, such as
energy used by the system, time used for the search
process, and how effective the system is. Related to
that issue, trough this paper we want to proposes a new
effort to achieve Green Computing in heterogeneous
data in distributed system. The technology chosen
to deal with them is Ontology. We try to generate a
common ontology including a common set of terms,
based on the several ontologies available, in order

to make possible to share the common terminology
(set of terms) that it implements, between different
communities. If a very large amount of distributed
data is not managed and distributed properly, user will
need more time to do a search process. The longer the
search is done, the more energy is used.

TS-1_3C: Software Engineering,
Services, and Information Technology 6
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roved Thai Text Detection from Naturai

Kuntpong Woraratpanya, Faculty of Information
Technology, King Mongkut's Institute of Technology
Ladkrabany; Pimlak Boonchukusol, Faculty of
Information Technology, King Mongkut's Institute of
Technology Ladkrabang, Yoshimitsu Kuroki, Kurume
National College of Technology; Yasushi Kato,
Tsuruoka National College of Technology

Abstract-Thai text detection from natural scenes
Is still a challenging task for language translation
applications, since there are many unsolved issues.
Furthermore, the existing related works cannot
completely detect Thai text. The main reason is that
Thai text layout has vowels and tonal marks that
differ from other languages. This paper proposes an
approach to detect Thai text from natural scenes. The
approach consists of two main procedures. (i) Fast
boundary clustering algorithm decomposes scene
features into multifayers, so that it is faster and easier
to analyze Thai text characters, (ii) Modified connected
component analysis method is applied te such scene
features in order to detect Thai text boundaries.
Based on 150 test images with 4,920 characters, the
experimental resuits demonstrate that the proposed
approach achieves the high average precision and
recall, 0.80 and 0.90.

2 Likelihood Calculation Classification fo
ndonesian Language News Documents
Aini Fuddoly, Universiti Teknologi Petronas; Jafreezal

Jaafar, University Teknology PETRONAS; Norshuhani
Zamin, Mrs

Abstract-Text categorization has been an important
research area that seeks tc classify textual
documents into a group of predetermined categories.
Unfortunately, the interest towards Indonesian news
classification has ‘been very littie. In this paper, we
propose & text categorization algorithm based on
Bracewell method that uses the likelthood calculation
between the article and the category's keywords.
Through experiments, the algorithm succeeded in
classifying Indonesian news corpus with accuracy as
high as 93,84% in offline environment, 93,82% in
online environment, and 80% benchmarking against
human evaluation.

News Recommendation in_Indonesian
anguage Based on User Click Behavior [
Diandra Desyaputri, Swiss German University; Aiva
Erwin, Swiss German University; Maufahikmah

Galinium, Swiss German University; Didi Nugrahadi,
Beritagar

Abstract-Recommendation  system  has  been
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Improved Thai Text Detection from Natural Scenes

Kuntpong Woraratpanya'
Faculty of Information Technology,
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Bangkok, Thailand 10520
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Abstract—Thai text detection from natural scenes is still a
challenging task for language translation applications, since there
are many unsolved issues. Furthermorc, the existing related
works cannot completely detect Thai text. The main reason is
that Thai text layout has vowels and tonal marks that differ from
other languages. This paper proposes an approuach to detect Thai
text from natural scenes. The approach consists of two main
procedures, (i) Fast boundary clustering algorithm decomposes
scenc features into multilayers, so that it is faster and easier to
analyze Thal text characters, (ii) Modified connected component
analysis method is applied to such scene features in order to
detect Thai text boundaries. Based on 150 test images with 4,920
characters, the experimental results demonstrate that the
proposed approach achieves the high average precision and
recall, 0.80 and 0.90.

Keywords—Thai text detection; natural scene; fast boundary
clustering; modified connected component analysis

I. INTRODUCTION

Text labels are everywhere in our lives, such as traffic
signs, place name signs, warning signs, and description signs.
These texts in natural scenes are information that makes our
live easier; therefore, Thai text detection is a very important
procedure for applying to language translation applications for
smart phone to help foreign tourists understand Thai language
signs.

Automatic text detection from natural scenes is still a
challenging task, since there are many unsolved issues, which
are not only variety of text: font style, size, color, and orienta-
tion but also text intensity affected by lighting conditions: low
light, highlight, and shadow. Thus, error rate of text detection
from natural scenes is higher than that of OCR systems which
work on scanned documents under controlled environment [1].

In natural scene images, text is usually printed as a string
which contains more than one character. The string most
likely appears similar in size, character color, background
color, and character alignment. By nature of these features, the
text detection without a character recognition can be
performed by using adjacent character grouping and connected

Pimlak Boonchukusol®

Faculty of Information Technology,
King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand 10520
Email: pimlak b@gmail.com’

Yasushi Kato®*

Tsuruoka National College of Technology,
Tsuruoka, Yamagata, Japan 997-8511
Email: president@tsuruoka-nct.ac.jp’

component labeling proposed by C. Yi et al. [2], and R. Chang
[3], respectively. However, these approaches usually fail to
remove other objects which resemble text characters. To solve
this problem, the multilayer separation method introduced by
M. Kumar et al. [4} was employed to split text characters from
other objects. In the same way, C. Yi et al. [5] proposed
boundary clustering to group the boundary pixels with bigram
color uniformity on the border of text and attachment surface.
These algorithms take more computational time in data
preparation for clustering, since all neighborhood pixels of all
edge pixels of each boundary are computed.

In this paper, we propose an approach to detect Thai text
with multiple sizes and colors from natural scene images. This
approach is composed of two main procedures: (i) fast
boundary clustering and (ii) modified connected component
analysis. In the former procedure, the features based on colors
and positions are extracted. Then k-means algorithm is applied
to such features in order to decompose character boundaries
from other objects. In the latter procedure, the decomposed
features are analyzed by using a structure of text characters,
such as position, size, stroke width, distance between two
components, and character alignment, in order to detect Thai
text boundary. The proposed method improves the efficiency
of Thai text detection from natural scene images.

The remainder of this paper is organized as follows. Fast
boundary clustering and modified connected component
analysis, which are two principal procedures of the proposed
approach, are deseribed in section I and section [,
respectively. Section 1V presents and discusses results of
experiments. Finally, the conclusion is given in section V,

II.  FAST BOUNDARY CLUSTERING

Boundary clustering is a procedure to decompose bounda-
ry objects into multilayers, which is very useful to accurately
detect the target objects. C. Yi et al. [5] proposed boundary
clustering to group the boundary pixels with bigram color
uniformity on the border of text and attachment surface. This
method effectively decomposes boundary objects, but it
consumes a lot of computing time, especially complex back-
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Fig. 1. Feature vector extraction based on the proposed assumptions.

Fig. 2. Boundary clustering, the first row is three orginal images and other
rows are boundary layers after clustering.

grounds. Therefore, in order to effectively separate Thai text
strings from the complex backgrounds, this paper proposes the
fast boundary clustering algorithm based on the essential
assumptions described as follows:

e Characters in a same scene have almost the same
foreground and background colors.

» Text foreground and background colors are
normally a uniform color.

Based on these assumptions, the proposed approach can speed
up by using the following two steps:

In the first step, Canny edge detector is used to obtain ob-
ject edge sets. As mentioned by the above assumptions, the
feature of each object edge is extracted by determining the
maximum color difference between two opposite pixels on a
3x3 mask as demonstrated in Fig. 1. In this way, the feature
vector, ¥, of each object edge is formed from three compo-
nents, the highest color intensity, the lowest color intensity,
and the spatial position of boundary, i.e., y-coordinate of the
centroid of boundary. The vector can be defined as (1). The
highest and lowest color intensities are the sum of z-scores of
RGB values. The z-score equation is defined as (2).

Vi ={Ru G, By, Ry, Gy, B, G, (1)
where [Ry, Gy, B)], [R;, G, B]], and [C,] imply pixel color

values of the highest intensity, pixel color values of the lowest
intensity, and the spatial position, respectively.

e, | @)

where z, x, ¢, and o denotes standardized z-score, values of R,
@, or B, mean of each color value, and standard deviation of
each color value, respectively.

In the second step, the feature vectors are decomposed into
multilayers by means of k-means clustering algorithm. The
aumber of clusters, X, is an important factor. If K is too small,
text boundaries are not effectively extracted from complex
backgrounds. On the other hand, if X is too large, the text
boundaries are probably broken into several fragments and
assigned into different boundary layers. Fig. 2 illustrates three
examples of boundary layers after clustering. Edge pixels with
similar color pairs and spatial positions are perfectly grouped
into the same layer. This shows the best results of applying the
clustering algorithm proposed in [5], when the number of
clusters is equal to 5.

L. MObIFIED CONNECTED COMPONENT ANALYSIS

Connected component analysis is a procedure to detect text
characters and filter unwanted objects out. C. Yi et al. [2]
proposed adjacent character grouping to decide whether three
connected components are character sets and merge the
character sets together. This method effectively detects
characters, but its accuracy probably reduces after boundary
clustering, when the connected characters are less than three
characters on each boundary layers. R. Chang [3] proposed
connected component labeling to filter unwanted objects based
on image sizes, component sizes, and the number of edge
pixels. This method is a preprocessing step for a recognition
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Fig. 3. Two-connected component detection model, (@) Thai word typo-
graphy line, {b) width of text character boundary and distance between two
boundaries, (¢} stroke width of character, (d) borders and centroids of bounda-
ry, and (¢} slopes between two boundaries,

phase to decide whether detected connected components is a
character, but it cannot remove unwanted connected objects
similar t0 connected characters. Moreover, these methods
were designed to detect English characters only, thus they
cannot completely detect Thai vowels and tonal marks.

Therefore, in order to effectively detect Thai characters on
multilayers, this paper proposes the modified connected
component analysis algorithm. Thai text strings in natural
scene images usually appear in alignment, namely, each text
character in a text string have to comnect to another text
character. The structure features among all components can be
used to determine whether the connected components belong
to text characters or unexpected noises. In the same way, most
Thai typography characters, including 44 consonants, 19
vowels, and 4 tonal marks, are printed as a text string, which
contains two or more characters. Therefore, to identify two
connected components and locate its alphabetic and hanging
baselines as shown in Fig. 3(a), the essential constraints are
defined and described below; the constraint parameters are
described in Table I; and a threshold parameter T, with the
suitable value is defined in Table II.

o Thai characters common]y align on the alphabetic base-
line, such that 1/T, < w/w; < T, as shown in Fig. 3(b).

s A gap of two connected characters is not far from each
other character, such that d/w,<1/T, and d/w,<1/T; as
shown in Fig. 3(b).

» Two connected characters usually appear in the same
font size, such that (Jstroke,—stroke,|/stroke,) < 1/T,
and ([stroke; — stroke,|/stroke,) < 1/T, as shown in Fig.

3(c).

TABLE L TERMINOLOGIES UF TWO-CONNECTED DETECTION MODEL
Parameter Description
; at’::;ic A Emc whlch most chmcters a.Elgn on
g::cgl';ﬁ A lmc is abmrc alphabctac basehnc w»th characecr hclght i
ascmdnr A part of characters that extend sbovc thc Emngmg basclsn;: i
- & ]:g?n‘:fchmmm that cxtcmffljlnw the alphabetic
ty y-coordinate of top-border of buumlary
by y-coordinate of bouamiaozdcr of boundary
Ix x-coordinate of left-border of boun&my
Ty ymcoordmﬂte of mp—botdcr of tcxt stnng boundary
BS; T y-coordinate of bottom- bordcr uf ing bcundzr;f

o {ox,c¥) g ccntmid of bounda:y

{C.;::Cy) | ccnmnd of text string boumiaxv o

% w - ‘wuith of boundary

h height of boundary w o )
Y - &‘} Y wsd:h ofrwa comcctod boundanu

A El -t hmgin of two connocwd boundams

stroke stmkc mdth of a ch.mcwr

d dxsumce be!wcm two connecrcd houndancs

l Fbalor; average R(JB Vﬂiul:& of fomg;uund Df text ﬁnlm;g hnund.u.ry |
A FColor, B mzvcragc R(;B \~a§uts of’ background of text string boundary
o :Gpc:; 1 slope between two boundaries

b, slope between two-connected boundary and another

ndary
slopeq slope of tcxt string boundary

i slopeus | siopc bamcm m:} text string boundancs

* Two-connected character area can be slightly overlapp-
ed, such that ¢x; < 1x, as shown in Fig. 3(d).

s Two connected characters are usually aligned in a hori-
zontal direction, such that ty;<cy><by; as shown in Fig.
3(d).

* Two connected characters without ascender or descen-
der usually align between the alphabetic baseline and
the hanging baseline, such that itop-slope.,  bottom-
slopeys| < Ty as shown in Fig. 3(e).

After alphabetic baseline and hanging baseline of each text
string are located, left and right projections are used to
determine whether the remaining boundaries in the same layer
belong to characters in the same text string as depicted in Fig.
4(a). The starting point is the minimum x-coordinate of the
detected text string boundary for the left projection and the
maximum x-coordinate of the detected text string boundary
for the right projection. Text characters and its background
usually have distinct intensity values, thus the end point is the
x-coordinate of the pixel whose the intensity value differs
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from previous pixel greater than Ty. The starting point and end
point of the left projection are y-coordinate of the center
between the hanging baseline and the alphabetic baseline. If
the end point is overlapped in a boundary, this boundary is
determined whether it is a character or an unwanted object by
using the following constraints.

e 1/T;<w/W < T, as shown in Fig. 4 (b).
e 1/Ts<h/H < T, as shown in Fig. 4 (b).

» Either top border or bottom border of each Thai
character boundary must be connected to the alphabetic
baseline or the hanging baseline, such that {top-slope,
i1 top-slopey, < Ty or bottom-slope,, [ bottom-

slopey,| < Ty as shown in Fig, 4(c).

The projection procedure continuously performs until no
more characters in the same text string is detected. However,
each text string is probably assigned into different boundary
layers, especially natural scene images with low background

padding area I}'

text string boundary

Fig. 6, The padding arca used to detect Thai vowels and tonal marks.

complexity. Therefore, the constraints to group these text
strings together are defined as follows:

» A text string is usually aligned in horizontal direction,
such that Ty,<Cy,<By; as shown in Fig. 5(a).

* A text string usually appears in the same foreground
and background colors, such that [FColor, I FColor;| <
T, and [BColor; i BColors| £ T, as shown in Fig, 5(b).

e A text string has only one alphabetic baseline and one
hanging line, such that |top-slopey ' top-slopegy) < T
and |bottom-slopey L bottom-slopeys! < T as shown in
Fig. 5(c).

In order to increase the accuracy of detecting characters,
which align on the alphabetic baseline, the left and right
projections are used again. Furthermore, remaining boundaries
that appear between left and right borders of each text string
boundary are also detected.

However, in some cases, Thai characters do not align on
the alphabetic baseline, since some vowels are above the
hanging baseline or below the alphabetic baseline.
Furthermore, all tonal marks always are above the hanging
baseline. We determine whether the remaining boundaries
belong to Thai characters that align above or lower the
detected text string by using text string boundary surrounding
padding. If a component is within the padding area, this
component should be a character. The padding area size is
specified as shown in Fig. 6, where x represents the sum of
average boundary width and average distance between two
connected boundaries and y represents average boundary
height.

1IV. EXPERIMENTS

In order to evaluate the efficiency of the proposed method
in terms of precision, recall, and computing time, the experi-
mental methods are setup as follows.

A. Dataset

There are two experimental datasets. The first dataset
consists of 100 test images which contain 1 Thai character per
each image. The pixel resolutions of test images are 64x64.
The second dataset comprises of 150 scene images with 4,920
character boundaries, Each image consists of one to four text
strings and all of text strings are horizontal. This dataset is
classified into three groups based on background complexity.
The pixel resolution of test images is 480x360.
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TABLE lI.  PARAMETER VALUES FOR EXPERIMENTS

TABLE HI. COMPARISON OF COMPUTING TIME OF BC AND FBC
ALGORITHMS

Parameter T; T: T i .
o " : ot 905 = ) Background Average Processing Time (S
Value i . Complexity BC
' Low 98.09 0.98
i Medium 184.13 | 2.46
High 24176 ‘ 357 |

Fig.7. A failure result from FBC method affected to accuracy of Thai text
detection.

B. Performance Evaluation

The performance is evaluated by two metrics, precision
and recall, defined as (3) and (4), respectively.

o i
precision = (3)
p+Jp
and recall = A b (4)
o+ fn

where ip, fp, and fn represent a number of successful detected
characters, a number of detected noises, and a number of
unsuccessful detected characters, respectively. In other words,
precision is the ratio of the number of successful detected text
characters to the total number of detected characters, whereas
recall is the ratio of the number of successful detected
characters to the total number of characters. The low precision
implies overestimation while the low recall implies under-
estimation. The significant parameters of experiments are set
up in Table II.

C. Results and Discussions

In order to evaluate the efficiency of the proposed method,
three experiments are setup. The first experiments aim to test
the fast boundary clustering (FBC) algorithm in terms of
computing time and an error rate of the feature extraction,
respectively. The second experiment aims to test Thai text
detection. This experiment compares the results of a connected
component analysis (CCA) with a modified connected
component analysis {(MCCA) method in terms of precision
and recall. Finally, the last experiment aims to test Thai text
detection without character recognition by using a combina-
tion of FBC and MCCA methods in terms of precision and
recall. The first dataset is used for testing an error rate of the
feature extraction and the second dataset is used for the others.

TABLE IV. COMPARISON OF EVALUATION RESULTS CCA AND MCCA

ALGORITHMS
(U | ;... SO
Background e ; MCCA
Complexity : ;
Precision Recall | Precision E Recall
| Low | o 0.93 089 | 094
Medium 1 042 090 | o717 | 092
W i o ol S i
High 1 %033 081 066 | 085

TABLE V.  EVALUATION RESULTS OF A COMBINATION OF FBC AND MCCA

ALGORITIIMS
‘ Bagiround ‘ l‘:ert‘or:ance
! Complexity Precision Recall
Low 0.50 i 0.93
£ e NS\ 092
g L w],;,-g;; RV PR o

In the first experiments, the boundary clustering (BC)
algorithm proposed 1n [5] is implemented as a baseline. This
algorithm extracts color features by determining all neighbor-
hood pixels of all edges. In comparison of average processing
time, the experimental results show that the BC algorithm
takes an average 174.66 seconds/image whereas the FBC takes
an average 2.34 seconds/image as presented in Table Il
Furthermore, the error rate of color feature extraction is 2.42%
when compared to the baseline algorithm. This shows that the
FBC algorithm is not only faster but also more effective to
extract color features.

In the second experiment, CCA algorithm proposed in [6]
is implemented as a baseline. Table IV presents a comparison
of Thai text detection with CCA and MCCA algorithms. It is
clearly that MCCA achieves better precision and recall than
CCA algorithm. Particularly, in medium and high background
complexities, the precisions of the MCCA algorithm are

greatly improved.

In the last experiment, a combination of FBC and MCCA
methods is evaluated. Table V shows the experimental results.
It is evident that the proposed method achieves a better
precision. An important reason to support this achievement is
that the FBC algorithm effectively decomposes character
boundaries from other unwanted boundaries. This makes it
easier to detect two connected character boundaries. More-
over, the FBC algorithm help improve the precision affected
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Fig. 8. A part of experimental results of Thai text detection marked in cyan.

by background complexity, since scene images with high
background complexity have more objects that resemble Thai
text characters. In terms of recall, both MCCA algorithm and
MCCA with FBC algorithm yields almost the same results.
However, as text boundaries are probably broken into several
fragments and assigned into different boundary layers, it is
easy to fail to detect text characters. Fig. 7 shows an example
of a failure result from FBC algorithm. In this case, the objects
are decomposed into five layers and each layer does not con-
tain two-connected component under the defined constraints in
section 111, thus MCCA algorithm fails to detect Thai text. Fig.
8 shows a part of Thai text detection results.

V. CONCLUSION

In this paper, we have proposed an approach to detect Thai
text from natural scenes. This approach consists of two main
procedures: fast boundary clustering (FBC) and modified
connected component analysis (MCCA). The FBC procedure
uses for separating text characters from other objects and the
MCCA procedure uses for determining whether which object
is Thai text character. The combination of FBC and MCCA
procedures improves the precision of medium and high
background complexities. Based on experimental results, the
proposed approach achieves the high average precision and
recall.
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