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ABSTRACT

This research concentrates on the extraction of the Temporal Information from a Thai
handwritten static image. The proposed algorithm starts from skeletonization using customized
Medial Axis Transform. Ordering the skeleton lines into sequence according to the stoke direction
and then connect each stoke direction together by considering the distance and direction between
stokes. Finally the start and end point is defined using head of Thai character detection. As a
result, the temporal Information of handwritten image will be constructed as a sequence of points
in skeleton from the start point to the end point. The proposed method has been tested with 880

handwritten images and can correctly retrieve handwritten sequence at 78.636 percents.
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2.1.1.1 Recovery of Temporal Information from Static Images of Handwriting [1]
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2.1.1.3 Recovering Writing Traces in Off-Line Handwriting Recognition: Using

a Global Optimization Technique [5]
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2.1.1.5 Recovery of Drawing Order from Single-Stroke Handwriting Images [8]
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2.1.1.6 Analysis of Stroke Structures of Handwritten Chinese Characters [10]
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MA'(Q)=1{p € Q |B/(p)e CORE(L2)and L(p) < B (p) implies L(p) U B, (p)=B(p) }
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3 2 R
A B C
X | E ) "
F G H
H 7

311 3.6 uraanign 33 Aldmsdmuadmmislufiaaieg uagiisneiuanslusiagnls

From Figure 3.6 X is current pixel and A-H is neighbor pixel in each direction

1. Scan bitmap from top left to bottom right

2 if Pixel X is white color { black_pixel count_all direction on X =0 }

3. if Pixel X is black color

4. {

5. black_pixel_count_7 (direction 7) on X = black pixel_count_7 on A +1
6. black_pixel_count_0 (direction 0) on X = black pixel count 0 on D +1
7 black_pixel _count_6 (direction 6) on X = black pixel count 6 on B +1
8. black_pixel_count_5 (direction 5) on X = black pixel count 5 on C +1
9. }

10. Scan bitmap from down right to from to top left

Il. if Pixel X is white color { black pixel count all direction on X =0 }

12. if Pixel X is black color

13. {

14. black_pixel_count_1I (direction 1) on X = black_pixel count 1 on F +1

15. black_pixel count 4 (direction 4) on X = black_pixel _count 4 on E +1
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16. black pixel count 2 (direction 2) on X = black_pixel count_2 on G +1
17. black_pixel_count_3 (direction 3) on X = black_pixel_count_3 on H +1
18. }

I 4 v w a v a
3.aununmanaianile iemganinavesmodualonys luinaieg Teaoldsei
o 1T Y e‘ " e A Y i - 1w o Y q‘ -~ [ g =
Yo umianAa s nuliaisonImIamnuial luiemaivaesy  uazAvaiinis
¥ . [ "
Amuasaiivudr meotleanisTadnmueaganais

1.  Scan bitmap from top left to down right

2. {
3. if (|X.black_pixel_count_4 - X.black_pixel_count_0 | < threshold)

& (X.black_pixel count 4 >min_R)

& (X.black pixel count 4 <= X.black pixel count_other_direction)
4. Set_Medial Point(X)
5. if (|X.black_pixel_count_2 - X.black_pixel_count_6| < threshold)

& (X.black_pixel_count_2 > min_R)

& (X.black_pixel_count_2 <= X.black_pixel_count_other_direction)
6. Set_Medial_Point(X)
7 if (|X.black_pixel count 7 - X.black pixel count 3| < threshold)

& (X.black pixel count_7 > min_R)

& (X.black_pixel_count_7 <= X.black_pixel_count_other_direction)
8. Set_Medial_Point(X)
9. if (|X.black pixel count 1 - X.black pixel count 5 |< threshold)

& (X.black_pixel_count_1 > min_R)

& (X.black_pixel_count_1 <= X.black_pixel_count_other_direction)

10. Set Medial Point(X)

11. }

4. gaguinananani ldudazyasgiifismasmuanazisosdenu 1diu Tnsesaves

ADNYIAINA
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3.2.1 MAINAANY
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°o_o_ W do 1 A _— . | & '

MINARIY 2 WINFUABINIBY (Transition Function) Tuauilsznevvesgiawiionn
azganm P vealasaineeiileddudeiion T(P) egdioaue TaoHandu T(P) gnlfiie
= 4 1 ' = = : - o G: A o
AosaIMsIFoNADIzNINga P uazganmuinudiafionia 8 fin daglit 3.9 Feiladdu

1 4 4 o J s J "
Anilpandmuaiuszinsaiuunnguyathados 1dun ppp,, P, P, P,, P, P, P,, P, P,
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3UM 3.9 uamsdumiagatnafivave p,

i d [
A1910AA 1% 3- ATUA (Terminate Point) ABYA P il T(P) = 1 Avg1

r ] b " I
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k4 =

doyn Tavl¥daneity denganmniigadnufeniesniiney (Fewer-Untraced-Neighbors-
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From Figure 3.6 Give X is present state and A-H is previous state for each direction

L. Scan bitmap from top to down from left to right

2, {

3. Dirl= X.black_pixel_count_E + X.black_pixel_count W // East — West
4. Dir2= X.black_pixel_count N + X.black_pixel_count_S // North — South
S Dir3= X.black_pixel_count NW + X.black_pixel count SE // NW — SE
6. Dir4= X.black_pixel_count SW + X.black_pixel_count NE // SW — NE

7 if (Dirl is Max ) SetPixel (x,y) = Red
if (Dir2 is Max ) SetPixel (x,y) = Blue

9. if (Dir3 is Max ) SetPixel (x,y) = Green
10. if (Dir4 is Max ) SetPixel (x,y) = Yellow
11. }
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Direction Sequence Construction for Offline
Thai Handwriting

Kor Kittikorn, Boontee Kruatrachue

Computer Engineering Department. Faculty of Engineering, KMITL Bangkok 10520, Thailand

Abstract

This research concentrates on the online fearure extraction of sequence of pen tracing from
off-line character bitmap image. The proposed algorithm starts from skeletonization using Medial
Axis Transform then orders the points in the skeleton simulating pen tracing in writing a character.
The middle points can be ordered by starting from clustering the middle points according to their
writing directions. After that, ordering the points within the same cluster and finally ordering un-order
points across cluster. The proposed algorithm is tested with samples off-line handwritten from ten
persons with promising results. The correct and in-correct samples are demonstrated.

1. Introduction

The feature extraction is a significant
process of handwriting recognition system
particularly the temporal information features
which indicate the sequence and the direction
of handwriting. This approach helps to solve
the ambiguous problem in some handwriting
style, for instance, retraced stroke, loop and
multiple strokes. As shown in Fig. 1, the
aforementioned problem is considered as an
unavoidable issue in the research that related
to the off-line handwriting recognition system.
In addition. it has become an inception of the
research that attempts to extract the feature of
time sequence of the input that received from
an image of handwriting character [2]. [3]. [4].
[5]. [6). [7]. Each research represents the
racing sequence of handwriting that aligned
with the structure, characteristic and nawre of
the handwriting in each language. For instance,
in Chinese character (7], the approach is to
apply the structure of stroke as a feature in
extracting the tracing sequence. The result of
this kind of approach is better than applying
the geometrical feature due to the structure of
Chinese language. which mostly consists of
multiple and complex crossing strokes. In
English language, most of research presents
the algorithm which is able to examine the
retraced stroke (such as &, 7. ) and different
kinds of drawing loop (such as o ). However,
it is important to note that the development for
this kind of research is rarely available in Thai
language. Therefore, this is the rational for
conducting this research.

mea

Fig. 1: The problem of retraced stroke, loop
and mulriple strokes

2. Implementation

Most researchers have constructed pen tracing
in two steps. The first step is to construct the
skeleton from handwriting character image.
The second step is 10 order the sequence of
points in the skeleton. Accordingly, the typical
problems founded can be divided into two
types according to their construction steps.
The first type of problem is the quality of
skeletonization process. The points from the
skeleton may not lie in the centre of pen
tracing (artifact line). The second type is the
recovering of the natural ordering from the
skeleton points. In order to tackle with these
problems. this research presents the modified
Medial Axis Transform (MAT) [1] skeleton
algorithm. From our experiment the skeleton
point from the modified MAT are more inline
with the centre of handwritten stroke. We also
propose a re-constructing pen tracing
algorithm that contains three sub-processes.
First step is to perform the order of the
adjacent skeleton points into medial line (Fig.
2A). After that, the medial line will be ordered
into the contimuous stroke direction (Fig. 2B).
The final step is to order continuous stroke
directions into single tracing line' (Fig. 2C).
Consequently, the tracing sequence of skeleton

"This research tackles single stroke handwritien only.
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points (medial points) in handwriting will be
constructed.

Fig. 2: Steps of re-constructing pen tracing
algorithm

3. Skeletonization Algorithm

The skeletonization algorithm is based
on searching the medial point in each opposite
direction which has equal distance to the rim
of a character as shown in Fig 3. The distance
to the rim in other directions has to be greater
than -the previous distance. Hence. at the
medial point, we can draw a circle with radius
that equals to the distance to the rim of
opposite direction and fit within character
stroke (solid circle).

The detailed steps of searching the
medial pomt of an image of character are as
follows.

Fig. 3: Skeletonization Algorithm

1) The input is an isolated character bitmap
image of black and white pixels (already
performed slant. noise, and distortion
correction).

2) Scan the image from top-left to bottom-
right. Collect the value of black pixels to
the nm in direction 4. 5, 6, 7 (referred to
chain code Fig 5.) and continue scanning
from bottom-right to top-left. Collect the
values of black pixel according to
direction 0. 1, 2, 3 respectively.

Fig. 4: Value of black pixels to the rim in

direction 7
1]
AlB |C
D| X |E s .
F G H
r

Fig. 5: The window 3x3 that used for
determine the position in each direction and
the direction presented in chain code
From Fig. 5. X is current pixel and A-H is neighbor
pixel in each direction
Scan bitmap from top left to bottom right
if Pixel X is white color
{black_pixel_counr_all_direction on X = 0}
if Pixel X is black color {
black_pixel_count_7 (dir 7) on X =
black_pixel_count_7 on A +1
black_pixel_count_0(dir0) on X =
black_pixel_count_ OonD +]
black_pixel_count_6 (dir 6) on X =
black_pixel_count_6 on B +1
black_pixel_count_5 (dir 5) on X =
black_pixel_count_5 on C +1 }
Scan bitmap from bottom right to from to top left
if Pixel X is white color
{ black_pixel_count_all_direction on X =0 }
if Pixel X is black color {
black_pixel_count_I (dir 1) on X =
black_pixel_count_I on F +1
black_pixel_count_4 (dird) on X =
black_pixel_count_4 on E +1
black_pixel_count_2 (dir2) on X =
black_pixel_count_2on G +1
black_pixel_count_3 (dir 3) on X =
black_pixel_count_3 on H +1 }

3) Scan the image again for the medial point.
The medial point will contain value of
black pixels to the nm which equals in the
opposite directions and that value is less
than (or equal to) the value in other
directions.
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Scan bitmap from top left to bottom right
if ([X.black_pixel_count_4 -
X.black_pixel_count_0 | < threshold)
& (X black_pixel_count_4 > min_R)
& (X.black_pixel_count_4 <=
X.black_pixel_count_other_direction)

Set_Medial_Point(X)
if (X black_pixel_count_2 -
X.black_pixel_count_6| < threshold)
& (X black_pixel_count_2 > min_R)
& (X.black_pixel_count_2 <=
X.black_pixel_count_other_direction)
Set_Medial_Point(X)
if (|X.black_pixel_count_7 -
X.black_pixel_count_3| < threshold)
& (X.black_pixel_count_7 > min_R)
& (X.black_pixel_count_7 <=
X.black_pixel_count_other_direction)
Set_Medial_Point(X)
if (JX.black_pixel_count_l -
X.black_pixel_count 5 |< threshold)
& (X.black_pixel_count_| > min_R)
& (X.black_pixel_count_| <=
X black_pixel_count_other_direction)
Set_Medial_Pomt(X)

Fig. 6: The result from skeletonization

4) Set the stroke direction of each medial
point in step 3. The stroke direction at the
point is the direction which has the longest
line from one rim to the opposite im and
passes that point.

Scan bitmap from top left to bottom right

{ Dirl= X black_pixel_count 0 +
X.black_pixel_count_4

Dir2= X black_pixel_count_2 -
X.black_pixel_count_6

Dir3= X black_pixel_count_3 +
X.black_pixel_count_7

Dird= X black_pixel_count_5 +

X black_pixel_count_l

if (Dirl is Max ) SetPixel (x,v) =Red
if (Dir2 is Max ) SetPixel (x.y) = Blue
if (Dir3 is Max ) SetPixel (x.v) = Green
if (Dir4 1s Max ) SetPixel (x,y) = Yellow }

Fig. 7: shows the medial points on stroke
direction

4. Pen Tracing Sequence constructions

The pen tracing sequence can be
obtained from the ordering of medial points in
the previous step. This tracing will launch
from the start medial point through all medial
points and end in the last medial point. This
ordering process has to simulate the natural
drawing of a character along and between each
direction in a stroke. Hence, we have to divide
a stroke into a sequence of drawing directions
(stoke direction) then order the medial points
within each direction first, followed by
ordering the medial point between directions.

4.1 Ordering of Connected Medial Point

Before clustering medial points
according to their stroke directions and
ordering them, we can order each medial point
based on its neighbors. Since the medial point
is adjacent the pen tracing from one point has
to pass its adjacent neighbor before passing to
the other unconnected medial points.
Therefore in this step we need to order the
adjacent medial points into a “medial line”
with “start™ and “end” medial points.

From the bitmap image, we scan from
the top-left to find the start medial point and
then locate the next medial point from its
neighbor by using Fewer-Untraced-Neighbors-
First algornithm [3]). This process will be
continued until there i1s no connected medial
point exists and we can pattemn the medial line
with start and end points. The detailed stan
point identification algorithm can be founded
in [3] and illustrated in Fig.8. After that, we
continue scanning the image until there is no
start medial point left.
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From this step. we obtain one or more
medial lines with start and end medial points
and or single medial point without anv
adjacent neighbor. The medial points within
the medial line have already been ordered.
Therefore, the remained medial points (which
are un-ordered) are the start, end and single
medial points which will be ordered in the next
step.

Fig. 8: All possible start or end points.

4.2 Ordering of start, end and single medial
point within the same stoke direction

The start. end and single medial points
are clustered due to their stroke direction as
shown in different shade in Fig 9. In this step,
those points within each cluster are ordered.

The details of this step are: Firstly, the
medial points in each cluster are in ascending
order due to their Y coordinate value for
vertical stroke direction (X for other
directions). Secondly. pick the first medial
point in the cluster. If that point is the start or
end medial point, the next point will be their
end or start pair. Those pair points must be in
the same cluster. Otherwise, locate the next
medial point from the next point in the cluster
(order by Y value). This next point must be
located in the same continuous stroke
direction. Since the point in the same cluster
has the same stroke direction, they may not
have been ordered because they are separated
by other stoke direction (C. D) or they may not
connected (A, B) as shown in Fig 9. In order to
detect the continuous of the stroke direction
we use X value in CD case and Y value in AB
case (Y value of the next medial point must be
less than the nm point in Y direction of the
previous point). In case that the next point is
not in the same continuous stroke direction,
picking up the next point in the cluster and
then check the continuous of the stroke
direction agam.

After finish this step all the medial
point within the same continuous stroke
direction will be ordered except the start and
end point of each continuous stroke direction.
As shown in Fig 9. the start of medial line 1

and end of medial line 10 of continuous stroke
direction D and others are left to be ordered in
the next step.

Fig.9: Show medial line ordering in vertical
4.3 Ordering of the start, end and Isolated
medial point in different stroke directions

This step performs ordering of medial
points from different continuous stroke
directions. The unordered medial points are
ordered to the next nearest unordered point
using Euclidean distance and considering
connected line between two points will not
cross the edge of character. At the end of this
step. all medial points generated from
skeletonization will be completely in order.

H

Fig. 10: ordering of continuous stroke
directions
5. Experiment Results and Discussion
The pen ftracing results from bitmap
image of the proposed algorithm are shown

below. (Notation: o = ignored short medial
line, & = rest start, end medial point)

s S >f1‘ o
a-‘[. ) _\.\ (

Fig. 11: Output of & character
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= ®
S
1{ @,

Fig. 15: Incorrect output of s character

From our experiment. testing inputs
are 3680 isolated characters were collected
from 40 different writers (46x2x40 = 3680).
The tracing construction rates are shown
below.

Correct [Unnatural|Incorrect
(%) (%) (%)
3680
Isolated 72.61 1391 | 1348
Characters

Table I: Tracing sequence constructions rate

And we can identify the causes of
incorrect tracing construction that are shown in
Table 2.

Incorrect |Incorrect | Incorrect
tracing at | tracing tracing
stroke ACTOsS within
contact stroke stroke
pomnt  |direction | direction
) | (%) (%)
496
incorrect 67.74 14.52 19.35
characters

Table 2: Causes of incorrect tracing

The incorrect pen tracing results can
be summarized into the follow cases along
with suggestions to resolve them.

Smooth Skeleton (Fig 16)

The proposed skeletonization
algorithm can not generate medial point of
short narrow angle pen tracing (sharp tum, as
shown in Fig 16). Those medial pomts are
tiltered out.

Fig. 16: No;:t;al Skeleton (left) Skeleton using
30% variant value (right)

Suggestion: Apply vanant value for
comparing equal distance (radius of circle) to
the rim in other remained 6 directions.

Unnatural pen tracing across stroke
direction

The failure occurred when there are
more than 2 starting or end points with in the
same area. The algorithm connects to a wrong
point as shown in Fig 17.

Fig 17: Incorrect stoke direction ordering
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Suggestion: Use direction clues instead of
shortest distance in case of there more than 2
un-order point in same area.

Incorrect tracing at stroke contact point

As shown in Fig 18, the vertical stroke
is longer incorrectly due to joining of two
different vertical strokes. The connected
strokes can occur in many directions at the
joining point.

Fig 18: Incorrect ordering on Inner overlap
character

Suggestion: Locate the joining point first
using the approach presented in [2]. Then
segment the joining stroke.

7. Conclusion

This research proposes the alternative
methods for re-constructing pen tracing
sequence from an image of Thai handwriting.
The algorithm starts from locating medial
points in the skeleton of handwritten and then
ordered those points to create pen tracing. The
algorithm performs correctly in most cases.
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