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in Thai Character Recognition Systems
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Pongsuree Limmaneewichid†3 and Seinosuke Narita†4

This paper proposes an effective scheme for detection and reconstruction of broken printed
Thai character images, which are one of the major problems in character recognition systems.
This problem is still unsolved in commercially available Thai character recognition software
packages. The proposed reconstruction method is based on the segment boundaries and
distinctive features of Thai characters. This scheme consists of two steps: determination
of the number of segments belonging to a character and reconstruction of that particular
character image. In the first step, it is determined whether each segment is a part of a broken
character by using an area of overlap between broken segment boundaries. Then, the number
of segments belonging to a character image is determined. The reconstruction techniques are
based on the number of broken segments. The projection profile, an overlapping area, and its
location are employed to indicate the appropriate areas for connecting broken segments. The
test results reveal that the construction is very accurate. The reconstructed characters were
also tested by using commercially available Thai character recognition software packages. The
test results showed that the proposed scheme significantly improves the recognition rate of
the software.

1. Introduction

The accuracy of a character recognition sys-
tem depends on the completeness of the input
character images. Therefore, much research on
character recognition systems has focused on
pre-processing processes such as segmentation
of touching characters 1), document image bi-
narization 2), and editing of the curves of char-
acters 3). In character recognition systems, bro-
ken character images are one major problem
that has not been fully explored, especially in
Thai OCR. Although much research has been
done on Thai character recognition 4),5), this
problem still exists and causes erroneous results
in recognition systems. Table 1 shows an ex-
ample of a recognition result obtained by us-
ing commercially available Thai language OCR
software for recognition of broken character im-
ages.
Some characters may not be displayable. It

is clear that the software cannot recognize most
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of the broken characters. The broken character
problem can occur on account of many causes,
such as poor quality of the printing and scan-
ning processes. When a character image is bro-
ken into several segments, these segments can-
not be treated as a single complete character.
A segment is defined as a rectangular area that
covers connected pixels. A simple merging of
these small segments is not feasible, since it is
not clear beforehand which segments belong to
which character. Thus, a more advanced tech-
nique is required to solve this type of problem:
grouping segments of characters to form an en-
tity representing a character. A method for re-
constructing damaged characters was proposed
in Ref. 6), but it can only be used for characters
damaged by lines of a table. It does not address
the problem of broken characters and cannot be
applied in the case of Thai characters.
This paper proposes a new method based on

the connected pixel boundaries and distinctive
features of Thai characters for detection and
reconstruction of broken printed Thai character
images. The method consists of two steps:
( 1 ) determination of the number of segments

belonging to a character, and
( 2 ) reconstruction of the character image.

2. Thai Character Set and Multi-level
Structure

The Thai character set consists of 44 conso-
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nants, 15 vowels, and 8 voice tones, as shown
in Table 2. The character “ ” in vowels and
voice tones is used only to represent the loca-
tion of vowels and the tone of voice characters.
In writing Thai words, it is replaced by one of
the consonant characters. A Thai sentence or
word is composed of up to three typographi-
cal zones: the upper zone, central zone, and
lower zone. These zones are defined by four

Table 1 Example of an OCR recognition result for
broken characters.

Table 2 Thai character set.

Fig. 1 Multi-level structure of Thai sentences.

horizontal lines, as shown in Fig. 1. A word in
a written Thai sentence is formed from a com-
bination of consonants, vowels, and voice tones
from different zones. The consonants are lo-
cated on the baseline, while vowels are located
either above the upper line or below the base-
line. Voice tones are also located above the up-
per line. Fortunately, the height of consonant
characters written in the central zone is much
greater than that of characters in other zones.
The height of a consonant character can also be
used as one of the criteria for identifying char-
acters in other zones.
The multi-level structure of a text line is de-

termined by using the position of the TopLine
(to), UpperLine (up), BaseLine (ba), and Bot-
tomLine (bo) of each line. The process can
be accomplished by using a horizontal projec-
tion profile. The areas between “to” and “up”,
“up” and “ba”, and “ba” and “bo”, are re-
ferred to as the upper zone (UZ), central zone
(CZ), and lower zone (LZ) respectively. The
upper zone boundary (UZB) is defined as a
rectangular area between the points (Xmin, to)
and (Xmax, up-1). The central zone bound-
ary (CZB) and lower zone boundary (LZB) are
defined as a rectangular area between points
(Xmin, up) and (Xmax, ba), and points (Xmin,
ba+1) and (Xmax, bo), respectively, where
Xmin and Xmax are the minimum and max-
imum on the x-axis of the document image.
Character height (CH) is defined as the distance
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Fig. 2 Result of block segmentation.

Fig. 3 Result of frame segmentation.

between the BaseLine (ba) and UpperLine (up)
(CH = ba− up).

3. Pre-processing

The objective of the pre-processing process
is to determine the segment boundaries (SBs)
and classify each SB into one of the three zones
mentioned in the previous section. An SB is
defined as the smallest rectangular area that
covers all of a set of connected pixels. Each SB
may consist of a single complete character, sev-
eral connected characters, or a part of a broken
character. The pre-processing process consists
of two steps: segment boundary determination
and zone classification.

3.1 Segment Boundary Determination
The algorithm used for finding each SB con-

sists of two steps: block segmentation and
frame segmentation. The block segmentation
process is used to separate characters in each
line into blocks. This process is simply per-
formed by detecting vertical gaps between char-
acters. Each block may consist of a complete
character or broken characters, as shown in
Fig. 2.
The frame segmentation processes the output

of the block segmentation process. In this pro-
cess, an edge detection algorithm 7) is employed
to extract each group of connected pixels from
the output of the block segmentation process.
The connected pixels and their boundary (SB)
can be obtained. The result of the process is
shown in Fig. 3.

3.2 Zone Classification
This process is used to classify each SB into

a specific zone. This zone classification is very
useful for determining characteristics and re-
construction methods for each character in the
SB. The central point (cp), which is the center
of each SB, is used in this classification process.
The zone classification checks for the location
of the center of each SB and compares cp with

Table 3 Zone classification.

Fig. 4 Sequence of SBs.

the boundary area of each zone in that line.
An SB belongs to a specific zone if its center
(as indicated by the arrow marked cp in Fig. 3)
is within the boundary area of that particular
zone.

SB(i) ∈ upper zone if cp of SB(i) ∈ UZB
SB(i) ∈ central zone if cp of SB(i) ∈ CZB
SB(i) ∈ lower zone if cp of SB(i) ∈ LZB

By means of zone classification, characters
are classified into three zones, as shown in Ta-
ble 3. The characteristics of characters in each
zone can be found much more easily. Then,
the sequence of each group of SBs is rearranged
according to Thai grammar. In Thai gram-
mar, a character in the central zone must be
written before a character in the upper zone
or lower zone if the characters have the same
value of cp on the x-axis. The information of
zone classification and the position of the cen-
ter point of each SB (x-axis) are used for this
rearrangement. The output of this process is
the sequence of SBs, as shown in Fig. 4.

4. Analysis of Broken Printed Thai
Characters

The broken character problem can occur as
a result of many causes such as the scanning
process or light print. Light print may be
due to weak-fingered typists, misadjusted im-
pact printers, worn ribbons, exhausted printer
or copier cartridges, or an inadequate scanning
threshold 8). In the case of a printer with an
exhausted toner cartridge, the intensity of the
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printout may be inconsistent or even seen as a
broken line. As a consequence, if that partic-
ular printout has been scanned, the quality of
the scanned image can suffer as a result of the
poor quality of the original.
Documents or forms are typically prepared

only as originals (without duplicates). If addi-
tional copies are needed, they are made from
the original. Each time copies are made, the
quality of the image deteriorates, which can re-
sult in broken characters. The output quality
from a typical facsimile is usually low in terms
of clarity, because of low image resolution. In
Thailand, broken characters are usually seen
in fax-transmitted documents, especially from
the transmission of copied (non-original) docu-
ments. When rather thin sheets of paper (e.g.,
70 gsm) are fed into a printer, small folds are
sometimes found, which can result in broken
characters in the folded areas.
Sheets which have already been used on one

side are often re-used on the other side for eco-
nomic reasons, and folding can occur easily due
to changed characteristics caused by heat from
the first use. This phenomenon can often be
found in sheets re-used in laser printer or copy
machines.
From the reasons stated above, it can be seen

that most “broken lines” are in the “legs” of

Fig. 5 Segments with overlapping boundaries.

Fig. 6 Segments with non-overlapping boundaries.

(a) (b)

(c) (d)
Fig. 7 Many forms of broken characters.

characters, because a “leg” of a character is
the longest segment. Furthermore, a “leg” of
a character is a narrow segment, and scanning
(in a copy machine or facsimile) is performed
horizontally, which usually causes the break to
occur on the horizontal axis. Depending on the
position at which a break occurs, the broken
character can be considered as either a verti-
cal segment or a horizontal segment. However,
most breaks cause a character to be horizontally
broken characters.
Figure 4 shows that a segment can be referred

to as either a complete character image or as a
part of a character image of a broken charac-
ter. The boundaries of these segments will be
used as criteria for determining a broken char-
acter. The distinctive features of Thai charac-
ters, such as legs and heads, are also employed
to determine the characteristics of characters
and to reconstruct characters. For explanatory
purposes, the number of legs of a character is
defined as the number of vertical lines in that
particular character. For example, the charac-
ter in Fig. 5 is considered as having two legs,
while the characters in Figs. 6 and 7 (d) are
considered as having one and three legs, respec-
tively. A head of a character is defined as a cir-
cle or a hole in a character image. Almost all
Thai characters have a head, which is used as a
starting point in writing that character.
The analysis of broken characters is based on

the assumptions that “breaks” in characters oc-
cur horizontally and that characters are broken
into segments. The types of broken characters
can be divided into two major categories ac-
cording to their broken segment boundaries, as
follows:
( 1 ) segmented characters with overlaps be-
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(a) Complete character and its boundary

(b) Broken character and its boundaries

Fig. 8 Broken segment boundaries without overlaps.

tween segment boundaries, as shown in
Fig. 5, and

( 2 ) segmented characters without overlaps
between segment boundaries, as shown
in Fig. 6.

However, broken characters in these two cate-
gories can occur in several forms, depending on
the shape of the character, as shown in Fig. 7. A
different number of broken segments for a char-
acter can be obtained from different types of
broken characters. The number of broken seg-
ments in a character is one of the main criteria
for specifying the method for character recon-
struction.
In this paper, the analysis of broken charac-

ters is limited to a maximum of four segments
for any single character, as follows:

4.1 Characters Broken into Two
Segments

When a character is broken into two seg-
ments, there are two possibilities as regards
the boundaries of these two segments: seg-
mented character without overlaps between seg-
ment boundaries and segmented character with
overlaps between segment boundaries.

4.1.1 Segmented Character without
Overlaps between Segment
Boundaries

This case occurs only with characters that
have a single leg, as shown in Fig. 8.

4.1.2 Segmented Character with
Overlaps between Segment
Boundaries

This case occurs with characters that have at
least two legs. The break may occur in the first,
second, or third leg of a character, as shown in
the example in Fig. 9.
Overlaps may occur in different positions and

have different sizes, as shown in Fig. 10.

Fig. 9 Example of a broken character with overlap
between segment boundaries.

(a) (b) (c)

Fig. 10 Different positions of overlaps.

Fig. 11 Several cases of characters broken into three
segments.

Fig. 12 Several cases of characters broken into four
segments.

4.2 Characters Broken into Three
Segments

In this case, the break can occur with char-
acters having at least two legs. All broken seg-
ment boundaries may or may not have overlap-
ping areas. Overlapping areas can also occur in
many locations, as shown in Fig. 11.

4.3 Characters Broken into Four
Segments

This case occurs only with characters that
have more than two legs. There may or may not
be overlaps between these broken boundaries
and, if they exist, these overlaps may occur in
different positions, as shown in Fig. 12.

5. The Proposed Reconstruction
Method

The proposed reconstruction method consists
of two main steps:
( 1 ) determination of the number of segments
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belonging to a character, and
( 2 ) reconstruction of the character image.

5.1 Determination of the Number of
Segments Belonging to a
Character

This process is used to identify a broken char-
acter and the number of broken segments that
belong to the same character. Non-broken char-
acters will have only one segment for each char-
acter. It can be seen from the segmentation pro-
cess that a segment boundary of a non-broken
character will have no overlapping areas with
other characters’ segment boundaries. As men-
tioned earlier, there are two types of broken
characters: segmented characters with overlaps
between the segment boundaries and segmented
characters without overlaps between the seg-
ment boundaries. In the former case, a segment
can be easily recognized as a broken character,
because there will be overlaps between segment
boundaries. However, the number of segments
belonging to that particular character must be
determined. In the latter case, the segment may
possibly be either a part of a broken charac-
ter or a complete single character. Therefore,
the size and location of each segment must also
be taken into account by extending its bound-
ary to the height of that line. If the extended
boundary has an overlap with other segments’
boundaries, all of the segments will be consid-
ered as parts of a broken character, as shown in
Fig. 13.
In order to determine the number of seg-

Fig. 13 Overlapping area created by extending the
boundary to the top and bottom of the line.

Fig. 14 Algorithm for determining the number of broken segments in a character.

ments that belong to the same character, the
overlaps between segment boundaries are em-
ployed. When a character is broken into sev-
eral segments, there will be overlaps between
these segments if the boundary of each segment
is extended to the top and bottom of the line
in which it occurs. Then, the number of seg-
ments that belong to the same character im-
age and their positions can also be determined.
The algorithm used for this process is shown in
Fig. 14.

5.2 Reconstruction of a Character
Image

This section describes a method for recon-
structing a character image from the number
of broken segments found in the previous sec-
tion. In this study, we assume that the breaks
always occur in the legs of a character. A
leg of a character is characterized as a verti-
cal column. Therefore, the reconstruction pro-
cess consists in filling the gaps in the broken leg
with black pixels. According to the number of
broken segments, the reconstruction process is
divided into the following three categories:
( 1 ) reconstruction from two segments,
( 2 ) reconstruction from three segments, and
( 3 ) reconstruction from four segments.

5.2.1 Reconstruction from Two
Segments

In this case, the process can be divided into
the following sub-categories:
( a ) reconstruction from segments with an

overlap, and
( b ) reconstruction from segments without

overlaps.
a) Reconstruction from Segments with

an Overlap
First, the connection location must be iden-

tified. The overlapping area, the boundary of
each broken segment, and its position are used
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Fig. 15 (a) Four-quadrant separation, (b) the over-
lapping area in the upper left of the front
end, and (c) the overlapping area in the upper
right of the back end.

to specify connecting positions. In the Thai
character set, there are some distinctive fea-
tures that affect the reconstruction of charac-
ters, such as the location of the head. There-
fore, these characteristics must be taken ac-
count of in the reconstruction method. The
knowledge of the location of the break will be
useful in selecting a suitable method for recon-
structing a character from the broken segments.
The position of the break will be in one of the
four quadrants when a character boundary is
divided into four quadrants through its center,
as shown in Fig. 15.
In the case of broken characters, the bound-

ary of each segment may or may not be the
boundary of the complete character. There-
fore, the boundary of the complete character
must be determined. This can be obtained by
finding the area that can cover all these bro-
ken segments. The algorithm for finding the
complete boundary of a character is shown in
Eq. (1).

C Boundary ={
MIN

i=1 to n

(
XSi

min

)
, MIN
i=1 to n

(
Y Si

min

)
,

MAX
i=1 to n

(
XSi

max

)
, MAX

i=1 to n

(
Y Si

max

)}
(1)

where n = 2 to 4, depending on the
number of broken segments.

The location of the overlap can be classified
into one of the four quadrants mentioned above
by checking the location of the center of the
overlapping area. The reconstruction method
is designed on the basis of the location of the
overlap and is divided into two further cate-
gories, namely:
1.1) reconstruction from the back end (upper

right and lower right), and
1.2) reconstruction from the front end (upper

left and lower left).
To explain the reconstruction method, a seg-

Fig. 16 Representation of the segment boundaries
and overlapping area.

Fig. 17 Reconstruction of the upper back end.

Fig. 18 Reconstruction of the lower back end.

ment boundary is represented by the up-
per left corner (x1, y1) and lower right cor-
ner (x2, y2), and the overlapping area is
defined by (Overlap.Xmin, Overlap.Ymin) and
(Overlap.Xmax, Overlap.Ymax), as shown in
Fig. 16.
1.1) Reconstruction from the Back End
The reconstruction process is divided into two

cases, depending on the locations of the over-
lapping area:
a) The overlapping area is in the upper-right
quadrant: In this case, the width of the
overlapping area is used as the width for
connection. The reconstruction is per-
formed at the bottom line of the over-
lapping area boundary and fill-in black
pixels are added in both the upward and
downward directions from this point un-
til a black pixel or the boundary of the
character is reached, as shown in Fig. 17.

b) The overlapping area is in the lower-right
quadrant: In this case, the starting point
for filling in with black pixels is the top
line of the overlapping area boundary.
The method of filling in with black pixels
is the same as the one mentioned above,
as shown in Fig. 18.

1.2) Reconstruction of the Front End
In this case, the reconstruction of a charac-

ter involves the head of the character. Improper
determination of the connection points will lead
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Fig. 19 Projection profile of the front end part.

to an output quite different from the correct
one. The result will cause problems in the
recognition process. To solve this kind of prob-
lem, the projection profile 6) is used to specify
the proper points for connecting segments. The
projection profile is calculated not only from all
overlapping areas but also from the area ob-
tained from Eq. (2).
Projection area ={

XO
min, MIN

(
Y O

min, Y Si

min, Y
Si+1
min

)
,

XO
max, MAX

(
Y O

max, Y
Si
max, Y

Si+1
max

)}
(2)

where O is the overlapping area of
Si and Si+1.

From Fig. 19, it can be found that the maxi-
mum value in the projection profile is in the leg
area of a character. The lowest point can be
on either the left-hand side or the right-hand
side of the maximum value point, depending
on the direction of the head. If the direction
of the head is outside the character, as shown
in Fig. 19, black pixels will be added from the
minimum point of the projection profile to the
Overlap.Xmax. If the direction of the head is
inside the character, black pixels will be added
from the minimum point of the projection pro-
file to the Overlap.Xmin.

b) Reconstruction from Segments
without Overlaps

As mentioned earlier, the overlapping area in
this case can be found by extending the segment
boundary of the larger segment to the top and
bottom of the line in which it occurs. Then,
the connection position will be found by using
the projection profile as shown in Fig. 20. The
reconstruction process is performed in the same
way as described earlier.

5.2.2 Reconstruction from Three
Segments

This case occurs with characters that have at
least two legs. The consideration will focus on
the width of each segment, and can be divided
into the following two cases:
a) the widest segment is in the upper half,

Fig. 20 Reconstruction of characters from segments
without overlaps.

Fig. 21 Example of a character broken into three
segments.

and
b) the widest segment is in the lower half.

The width and location of a segment are defined
as follows:

Width = xmax− xmin + 1 (3)
(ymax + ymin)/2− (y2− y1)/2 > 0
→ segment is in upper half

(ymax + ymin)/2− (y2− y1)/2 < 0
→ segment is in lower half

a) The widest segment is in the upper half
An example in which the widest broken seg-

ment is in the upper half is shown in Fig. 21.
From Fig. 21, it can be seen that the

widest segment is Seg[0], (Seg[0].xmax −
Seg[0].xmin + 1), and is located in the upper
half, (Seg[0].ymin0 + Seg[0].ymax)/2 > (y2 −
y1)/2.). The next step is to find the overlap be-
tween this segment and other segments by ex-
tending the boundary of this segment (Seg[0])
by changing Seg[0].ymax to y2, as shown in
Fig. 22.
The connecting process begins with the pair

Seg[0] and Seg[1] and then Seg[0] and Seg[2].
Both of these cases can be considered as the
connection of segments with overlaps, as shown
in Figs. 23 and 24, respectively. The result of
these connections is shown in Fig. 25.
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Fig. 22 Changing the coordinate Seg[0].ymax to y2.

Fig. 23 Overlap between Seg[0] and Seg[1].

Fig. 24 Overlap between Seg[0] and Seg[2].

Fig. 25 Result of reconstructing the broken
character in Fig. 21.

b) The widest segment is in the lower half
An example in which the widest broken seg-

ment is in the lower half is shown in Fig. 26.
In this case, the widest segment is Seg[2],

Seg[2].xmax − Seg[2].xmin + 1, and it is
in the lower half, because ((Seg[2].ymin +
Seg[2].xmax)/2) < ((y2 + y1)/2). The over-
lapping area can be found by extending Seg[2].

Fig. 26 The widest segment is in the lower half.

Fig. 27 Extending Seg[2].ymin to y1.

Fig. 28 Overlaps between Seg[2] and Seg[0].

Fig. 29 Overlaps between Seg[2] and Seg[1].

ymin to y1, as shown in Fig. 27.
Then, processes for connecting Seg[2] and

Seg[0] and Seg[2] and Seg[1] are performed.
The operation is performed in the same fash-
ion as that for segments having an overlapping
area, which we described earlier. The results
of this process are shown in Figs. 28 and 29,
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Fig. 30 Result of reconstructing the broken
character in Fig. 26.

Fig. 31 Example of a character broken into four
segments.

respectively.
5.2.3 Reconstruction from Four

Segments
The coordinates of four broken segments are

shown in Fig. 31.
First, the sequence of a broken character

must be determined for use in the connection
process. The sequence is defined by using the
center in the x direction, as shown in Eq. (4).
The sequence is sorted in ascending order.

Xcenter[n] =
(Seg[n].xmin + Seg[n].xmax)/2 (4)

For example, the centers of the segments in
Fig. 31 are sorted in the following sequence:
Xcenter[2]<Xcenter[0]<Xcenter[3]<Xcenter[1]
The sequence for operations on broken seg-

ments is Seg[2], Seg[0], Seg[3], and Seg[1], re-
spectively. In this process, Seg[0] and Seg[3]
are usually wider than the others. The con-
necting process is performed for the first two
broken segments in the list and then repeated
for the next segments in the sequence until the
end of the list.
a) Connection of Seg[0] and Seg[2],

Seg[0] is usually wider than Seg[2]. The
process begins by finding the overlap be-
tween these two segments by extending
Seg[0].ymax to y2. The connecting pro-
cess is the same as for segments having
an overlapping area, as shown in Fig. 32.

b) Connection of Seg[0] and Seg[3],

Fig. 32 Extending Seg[0].ymax to y2.

Fig. 33 Finding an overlap between Seg[0] and
Seg[3].

The overlap is found by changing the co-
ordinates as follows:

Seg[0].xmin is replaced by
Seg[3].xmin and

Seg[3].ymin is replaced by
Seg[0].ymin.

The connection area is found as shown in
Fig. 33. After that, the connecting pro-
cess is the same as in the case where there
is an overlap.

c) Connection of Seg[1] and Seg[3],
The process also begins by finding the
overlap. Then, the broken segments are
connected in the manner described earlier,
as shown in Fig. 34. The complete result
of this operation is shown in Fig. 35.

6. Experimental Results

The method was implemented in Visual C++
Version 6.0. The test documents were obtained
from images scanned at a resolution of 600 dpi.
These broken characters images have different
fonts and sizes. Figure 36 shows an example of
broken character images and their correspond-
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Fig. 34 Overlap between Seg[1] and Seg[3].

Fig. 35 Final result of the connection.

Fig. 36 Example of a reconstruction result.

ing reconstruction result.
The effectiveness of the proposed scheme was

obtained by using commercially available Thai
character recognition software. Figure 37
shows another example of broken character im-
ages.
The recognition results for the character im-

ages shown in Fig. 37, using the above men-
tioned commercially available Thai character
recognition software, are presented in Table 4.
These results are also in the same format as the
output of the commercial software used in the
comparison. It can be clearly seen that the soft-
ware can hardly recognize any of these broken
characters.
The broken character images in Fig. 37 were

then reconstructed by the proposed scheme.
Figure 38 shows the results.
The recognition results obtained by using

the same software as in Table 4 for the re-
constructed images in Fig. 38 are shown in

Fig. 37 Examples of broken character images.

Table 4 Recognition results for the broken character
images in Fig. 37.
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Fig. 38 Character images after reconstruction from
Fig. 37.

Table 5 Recognition results after reconstruction of
the broken characters in Fig. 39.

Table 5.
The proposed scheme was tested with various

fonts and character sizes, as shown in Fig. 37.
The reconstructed character images obtained
by using the proposed scheme are shown in
Fig. 38. The recognition results obtained by

(a) Character with heads

(b) Character without heads

Fig. 39 Characters with and without heads.

using two Thai OCR packages for both bro-
ken and reconstructed characters are shown in
Tables 4 and 5. It can be seen from the re-
sults that the recognition rate depended on
the algorithm and performance of each soft-
ware package. Both the software packages gave
good recognition results for characters with font
types that have heads, as shown in Fig. 39 (a),
while neither could recognize characters with
font types that do not have heads, as shown in
Fig. 39 (b). For Thai people, the reconstructed
character images in Fig. 39 (b) are visually con-
sidered as complete characters. Therefore, the
recognition rate may not be used as the only in-
dicator for the success of the proposed scheme.
However, the overall recognition rate for the
two software packages is significantly improved
by the used of the proposed scheme, as shown
in Table 6.
From Table 6, it can be seen that the recog-

nition rate is improved significantly, especially
for characters with font types that have heads.
The overall recognition rate for the ThaiOCR
software improved by approximately 48 percent
(from 19% to 67%), while the overall recogni-
tion rate for the ArnThai software improved by
approximately 43 percent (from 32% to 75%).
The proposed scheme cannot be applied to

characters broken along the vertical line, be-
cause of the assumptions that
a) the break occurs in the “leg” of a charac-
ter, and

b) an overlap can be found on the x-axis.
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Table 6 Comparison of recognition results.

Fig. 40 Vertically broken characters.

Fig. 41 Detection of broken characters.

However, the proposed scheme can detect
vertically broken characters if they have over-
laps, as shown in Fig. 40. In the case of
the character “ ” in Fig. 40, it can be seen
that there is an overlap between broken seg-
ments. Therefore, the proposed scheme can de-
tect the break but cannot connect it, as shown
in Fig. 41.
In the case of the vertically broken charac-

ter “ ”, the proposed scheme cannot detect

whether it is a broken character, because of the
lack of information.
Some characters consist of two parts, such as

“ ”, “ ” and “ ”. If the character “ ” is broken
into pieces, the break will not occur in the leg
and the character is usually referred to as verti-
cally broken. Therefore, it is not covered in the
proposed scheme. For the character “ ”, the
pre-process will separate the character “ ” into
two characters “ ” and operate on them as if
each were the character “ ”. The character “ ”
can be considered as having two parts or one
part, depending on the font used. In the pre-
process, the boundary of each zone is known.
The lower part of character “ ” is in the lower
zone, and is not used to analyze the overlap.
The other operations are the same as for other
characters.

7. Conclusion

A scheme for detection and reconstruction of
broken printed Thai characters has been pro-
posed. The scheme is based on segment bound-
aries and distinctive features of Thai characters.
Segment boundaries can be simply obtained,
and are very useful in detecting and determin-
ing the number of broken segments that belong
to the same character. The use of a projec-
tion profile and the overlapping areas of broken
segments make the reconstructed character im-
ages very similar to the original characters. It
can be seen that the correctness of the recog-
nition results in Table 5 is much higher than
that of the results shown in Table 4. However,
there are still some erroneous recognition re-
sults, although the reconstructed characters are
very similar to the original characters. The rate
of recognition errors also depends on the effi-
ciency of the recognition software itself. From
the experimental results, it can be concluded
that the proposed scheme can be used to re-
construct broken characters efficiently and will
be useful in significantly improving the recogni-
tion rate of Thai character recognition systems.
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