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Abstract |

An on-line writer dependent character recognition. method based on FIR system
characterizing barycenter trajectory is introduced. The barycenter is determined from the center
point of script and two adjacent pen-point positions with respect to time in handwriting process.
Then the velocity and trajectory of the baryéenter are calculated and expanded into Fourier
series. The obtained Fourier coefficients are used as the input and output of the FIR (Finite
Impulse Response) system describing the handwriting feature. The obtained impulse of the FIR
system is used as the feature of the handwritten cﬁaracter. Finally, character can be recognized
by the distance between the approximations of the barycenter trajectory obtained from the

reference character and the character to be recognized.
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Lesson 1 |

INTRODUCTION

On-line character recognition translates a handwritten character into machine-
editable text which is a usefull tool for pen-based computer system. Many methods for
on-line character récognition have been reported [1]-[4]. In those methods, the pen-
point position is used to recognize the character. It is considered that using pen-point
position directly is not effective to extract the feature of the handwritten character. We
use the barycenter determined from the center point of script and the two adjacent pen-
point positions instead of pen-point position to extract the feature of the handwritten -

Acharacter. In this paper, a writer dependent recognition method is investigated. The
major advantage of the writer dependent method is not only easier to customize a
special handwriting style for a particular writer, but also the special symboal for a
particular writer can be recognized. We considered that the feature of the handwritten
character can be described by two features, the barycenter trajectory and its velocity.
Then they are expanded into Fourier series to reduce the fluctuation of handwriting
process. Moreover, the FIR system characterizing the handwriting feature is introduced
by using the Fourier coefficients of the velocity and the trajectory of the barycenter as
the input and output of the system, respectively. The obtained impulse response of the
FIR system is used as the feature of the handwritten character. Finally, character can be
recognized by the distance between the approximations of the barycenter trajectory

obtained from the reference character and the character to be recognized.



LESSON 2 |
PREPROCESSING

It is well known that in handwriting process, there is a mass fluctuation
depending on many factors such as age, habit, psychological and mental state,
physical or practical conditions in handwriting process of various writers. For instance,
size, location, shape, and duration time in handwriting process of the same alphabet are
never precisely the same even they were written by the same writer.

Fig.1 shows numeral ‘one’ written by different writers. From Fig.1, we can see
that the characters are written in different sizes, locations and styles. In order to

recognize the character effectively, such fluctuations of handwriting should be reduced.

A
\ ¢ N

PR |
v

Fig. 1: Numeral ‘one’ written by different people.

It is assumed here that the characters are written on a graphical tablet. The
horizontal énd vertical components of pen-point position at a time, f =n7(=¢,), in
handwriting process are denoted here as x(z,) and y(f,), respectively, where 7 is a
constant sampling rate. In order to reduce the fluctuation of handwriting, two kinds of
normalization with respect to the size and location in handwriting process are performed
as follows:

2.1 Normalization of size

The sizé of the script is standardized after removing the duplicated points of

pen-point position. In order to make a standard size of script, the horizontal and the

vertical components, x(¢,) and y(t,) are normalized as



o t)— Do . _
p(tn)=M,P=(xsy)s : (1)

max — Prmin

where

P = min p(t,), p... = max p(t,), | 2)

0<n<N-1 0<n<N-1

and N is a total number of sampled points of pen-point position.

2.2 Normalization of location

The location of the script is normalized as follows:

] ¥=!
&=y Pt).p=@y), R\ W

pt,)=pt,)-c,, n=012.N-1, (4)

where c, is the center point of a script. The effectiveness of the preprocessing has
been shown in[4]. Then in order to reduce a sensitivity of handwriting motion in
handwriting process, a trajectory of the barycenter determined from the center_ point of a
script and the two adjacent pen-point positions with respect to time in handwriting
process is used. The coordinates (r.(t,),r,(z,)) of the barycenter shown in the Fig.2 are

calculated by the following eguations:

rx (t") = .-x‘(t”) ;- i(t")

(n=1,2,3.N-1),

y,)+y(,)

’ry(tn)= 3

b
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Fig. 2: Numeral ‘one’.

Then the handwriting motion in the handwriting process can be described by the

following equations:
Z(tn):rx(tn)-*-jry(tn): (6)
v, =z2(t,,,)—z(t,), j=~=1,v(t,)=0 (7)
where z(z,) represents the barycenter trajectory and v(¢,) represents the average of the
velocity between the two adjacent barycenter points. After that, we define the following
equations:

z(t,) = 2"V, + jz"(1,) (8)

v(t,) = v Y+ (2, 9)



where z(z,) and y(z,) are complex valued functions which

the velocity of the barycenter, respectively.
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represent the trajectory and

Subsequently, in order to normalize the duration time in handwriting process, a piece-

wise linear function (PLF) of w(r,), and z(s,) are determined by connecting the two

adjacent components with a straight line. The PLF can be described as followings:

q()=>.q(t,)8,(t), teT,

where

$, (0 =

(q — Z(real), Z(img)’ v(real), v(img)) ’

(t-t_,
- , o telt.t]
tn pan tn—l
', PN :
o teltatal
tn+l ik tn
O’ t 2 [tn—l ’tn+l]

(10)

(11)

and T is the duration time of the handwriting process. Then the duration time T is

normalized as 7= 1, .



LESSON 3
FEATURE EXTRACTION

In this section, to extract the important feature of the characters, we assumed
thatzD(r ), 2™ (¢, ), v (¢,)., and v (¢,) are even periodic functions of time. Then

these functions are expanded into Fourier series by the following equations:

1 k-1 )
I(f) = Eaf,’) + 3 a” cos(ka(’t) (12)
k=1

where wgl) — _]T , and (l = z(real) ) Z(lmg) ,v(real) ’v(tmg)) /
N

The Fourier coefficients can be calculated by the following equation:

Ty
A =Ti [ 1(t) cos(kart)dt | (13)

N O

where (k=0,1,..,K-1), K is the number of Fourier coefficients and K <N . By selecting
a suitable number of the Fourier Coefficient, the fluctuation of the individual handwriting
motion can be reduced. The suitable number of Fourier coefficients is determined by
minimizing the mean square error in the Fourier approximation of 2°(¢,) , 2"(z,),
D¢y, and P (L,).

The details of how to determine the number of Fourier coefficients are reported
in the work [5]. To simplify the explanation, we represent again the Fourier coefficients of

v(t,), and z(z,) obtained from (13) by the following equations:

eal) 5 (img) 3{real) 3(img)

B L . .
fBH)y=aq, +Jja, , gky=a;  +ja; (14)

We consider that the important feature of the handwritten character can be
represented by the FIR system characterizing the barycenter trajectory. The FIR system

is realized by considering the Fourier coefficients of the velocity and the trajectory of the



|
b
|

i
o S
dinnedyAnat wizTeNNAIANTIIN

!

}

|
barycenter as the input and the output of the system respectively. It is assumed that the

FIR system can be described by

M
é(ksh):' Zh(m)f(k—m):(k=0’13:K_1)> . (15)
m=0
where h'= [h(O), A(), h(2), .. WM )] is the impulse response of the FIR

system, M is the order of the system and g(k;4) is the approximation of the g(k). The
impulse response h(m) can be obtained by minimizing the least-square error at M as

follows:

sl 2 7
E=Yle(k)” — min, (16)
k=0
e(k) = g(k)—g(k;h). : (17)
TABLE |
IMPULSE RESPONSE.
Writer A
Writer B
Writer A
Writer B
Writer A
Writer B

Table | shows the impulse responses of the FIR system obtained from writer A

and writer B for numeral 0-9. It can be seen that the impulse responses obtained from

120180



|
same numerals and same writer are quite similar and diﬁerént from those obtained from,
different numerals and different writer. Therefore, it can be ;considered that the obtained
impulse response of the FIR system can be used as the important feature of the

handwritten character for a particular writer.



LESSON 4
CHARACTER RECOGNITION
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It is assumed that the reference patterns of known classes for numerals ‘zero',
‘one’, ‘two', ‘three’,..., ‘nine’ are defined by {CO,CI,Cz,...,Cgf, respectively. Then an

unknown character x is assigned to a class

C, €{Cy:€1sCasenCo
if S (C,,x)=min{S(C,,x)},{ =0,,2,..9, (18)
S(C x) A iz alref) _ 5(x)
where | D5 I
N n=1
é(:eal)
( /
sk .
ol ™
— o
a
4
Writer A Numeral ‘two’ VA Writer A
{a)
e P
02 . 5
ot
o
-0.1
0z
03 §
04 5 (’o 1
0
o N\
of N\ -
Lo .
R et
Writer A | 1 oV Writer A - A
'...‘-’COF) :..--“EOOU
Numeral ‘two’ Numeral ‘one’
(b)

Fig. 3: The approximation of the Fourier coefficients of the Barycenter trajectory (a)
obatined from same numeral and same writer (b) obtained from different numerat and

same writer (c) obtained from same numeral and different writer.
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Fig. 3: The approximation of the Fourier coefficients of the Barycenter trajectory (a)
obatined from same numeral and same writer (b) obtained from different numeral and

same writer (c) obtained from same numeral and different writer(continued).

g =g (0h,,), BN (Ghy) e T (MGH, )],
£ =[gD(0h,,), EX(Wh,,), ... EX(M;h,,)],
b, =[h,0), h,Q0), .. h, ()],

M
5P (h, )= Yk, (m) £S5 (k—m),
m=0

M
gin(hy,) = 2y, ()2 (ke =m), (n=1,2,., M),

and N is total number of reference data for each class, h,, is an impulse response

obtained from the »"reference data for class C, , | . || is Euclidean norm, f]f;ef) (k) is
Fourier coefficients of Barycenter velocity obtained from the n™reference data for class
C,, fP(k) is Fourier coefficients of barycenter velocity obtained from the unknown
characterx, and S_;:(C,, x) is the minimum Euclidean distance obtained from S(C;,x).
Fig.3 shows the comparison of the approximations of the Fourier coefficients of the
barycenter trajectory obtained from same and different numerals written by same and
different writers. It can be seen from Fig.3 that the approximation obtained fréom same
numeral and same writer are quite similar and different from those obtained from

different numerals and different writers.

10



Character recognition experiments were performed on a database consisting of

LESSON 5

EXPERIMETNTS

1500 numerals written by 10 people in one year used as the test data set and 30

numerals used as training data for one people. The examples of some numerals written

by different people are shown in Fig.4. Table Il shows the recognition rates using-the

Khmer numerals in our database.

TABLE I

RECOGNITION RATES (WRITER DEPENDENT).

Writer E—I;Ti‘:)erc?:ta Number of Recognition
(3/nu mge ral) numerals(l5/mumeral) | rates (%)
-1 A9 |30 150 98.67
B (0-9) | 30 150 96.00
c(0-9) |30 150 9733
D(0-9) |30 150 96.00
E(09 |30 150 96.67
F(-9) |30 150 96.67
G(0-9) | 30 150 92.67
H(-9) | 30 150 95.33
1(0-9) 30 150 97.33
J-9) |30 150 98.00
Average 96.47

11
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LESSON 6
CONCLUSION

An on-line writer dependent character recognition method has been proposed.
in the proposed method, the barycenter determined from the center point of the script
and the two adjacent of pen-point positions, was used to reduce the sensitivity of pen-
point movement in' handwriting process. Then the Fourier approximations of the
trajectory and velocity of the barycenter were used to reduce the fluctuation in
handwriting process. Moreover, the FIR system approximating the barycenter-trajectory
was introduced by using the Fourier coefficients of the velocity and the trajectory of the
barycenter as the input and output of the FIR system, respectively. Finally, character can
be recognized by the distance between the approximations of the barycenter trajectory
obtained from the reference character and the character to be recognized. The
experimental results show that the proposed method is useful for on-line writer

dependent character recognition.

13
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On-Line Writer Dependent Character Recognitiod for Khmer based on FIR
System Characterizing Handwritiﬁg Motion

Pitak Thumwarin', Sochenda Khem?, Kanok Janchitraponvej!, and Takenobu Matsuura?

!Faculty of Engineering and Research Center for Communications and Information Technology, King Mongkut’s
Institute of Technology Ladkrabang, Bangkok, 10520 Thailand
(Tel : +66-2737-3000, +66-2739-2382; E-mail: ktpitak @kmitl.ac.th, kjkanok @kmitl.ac.th)
*Department of Communications Engineering, Tokai University, Tokyo, Japan
(Tel : +81-463-58-1211; E-mail: matsuura@dt.u-tokai.ac.jp)

Abstract: We propose an on-line writer dependent Khmer recognition method based on time-frequency characteristics
of handwriting motion. The handwriting motion can be described by two features, barycenter trajectory and its velocity
of pen-tip movement. Then the barycenter trajectory and its velocity of the pen-tip movement are expanded into wavelet
series to extract the time-frequency characteristics of the handwriting motion. After that, The fluctuation of the wavelet
coefficients can be reduced by the FIR (Finite Impulse Response) Wiener filter. Moreover, the FIR system characterizing
the time-frequency characteristics of the handwriting motion is introduced by using wavelet coefficients of the velocity and
trajectory of the barycenter with fluctuation reduced as the input and output of the FIR system, respectively. The obtained
impulse response of the FIR system is considered as the individual feature for a particular character. Finally, Khmer
alphabets can be recognized by using the Euclidean distance between the impulse responses obtained from the reference
alphabets and those of the alphabets to be recognized. Khmer character recognition experiments were performed on a
database consisting of 6,750 of numerals and alphabets written by 17 people. As the results, the average of the recognition
rate was 98.17%. '

Keywords: Wiener filter, FIR, writer dependent, character recognition

1. INTRODUCTION system by taking the obtained approximated wavelet co-
efficients of the velocity and the trajectory from the FIR-
Many methods for on-line character recognition have wiener filter as the input and output, respectively, of an-
been reported [1-5]. In those method, the pen-point po- other FIR system. The obtained impulse response of the
sition was used to recognize the characters. It is consid- FIR system are used as the individual features for a par-
ered that pen-point used directly in (2] is not effective ticular character of a specific writer. Finally, characters
enough to extract the feature of the handwriting charac- can be recognized by the Euclidean distance between the
ter. In work[4,5], the barycenter determined from the impulse response obtained from the reference characters
center point of the script and two adjacent pen-point po- and the characters to be recognized.
sitions with respect to time in handwriting process was
used to extract the feature of the handwriting character. 2. PREPROCESSING

In this paper, a writer dependent character recognition
method is investigated using the barycenter instead of
the pen-point position to extract the handwriting feature.
The major advantage of the writer dependent method is
that it is not only easier to customize special handwrit-
ing style for a particular writer, but also special symbols
for a particular writer can be recognized[5]. In the work
[5], the Fourier approximation was used to extract the
handwriting feature for particular person. However the
Fourier approximation was not enough to represent the

It is assumed here that Khmer characters are written
on a graphical tablet. The horizontal and vertical compo-
nents of pen-point position at a time, t = n7(= t,), in
handwriting process arc denoted here as 2(t,) and y(¢,),
respectively, where 7 is a constant sampling rate. In order
to reduce the fluctuation of handwriting, three kinds of
normalization with respect to the size, location, and du-
ration time in handwriting process are performed which
will be described in the following subsections.

handwriting feature for a specific person. It is considered 2.1 Normalization of size
that a person should have his/her own handwriting style The size of the script is standardized after removing
in handwriting a script. In order to extract the individ- the duplicated points of pen-point position. In order to
val handwriting feature in writing a script, it is desirable make a standard size of script, the horizontal and the ver-
to use the time-frequency characteristics of handwriting tical components, z(¢,) and y(t,,) are normalized as
motion. In this case, the trajectory and the velocity of
the barycenter are expanded into wavelet series to extract pltn) = P(tn) = Pmin = (2,) M
the time-frequency of the handwriting motion. After that, maez ~ Pmin
the FIR(Finite Impulse response) Wiener filter isused to~ where
reduce the fluctuation of wavelet coefficients. Moreover, . .
that FIR system is used to characterize the handwriting Pmin = 05,{%{%_17’ (tn),

-73-
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p(tﬂ);

Pmaz o SI'P Sagli_ "
and N is a total number of sampled points of pen-point
position. The example of size normalization is shown in
fig.1, and it can be seen that the flictuation related to the
size of the script can be reduced.

Before size normalization After size normalization

Khmer numeral “two”

X components

y components (-

t

W w m w wop

Fig. 1 Process of size normalization.

2.2 Normalization of location
The location of the script is normalized as follows:

1 N-1
¥ 2 Pta)p=(2y) @)

n=>0

Pltn) — cpyn=0,1,2..N"= 1

Cp

B(ts) 3

where ¢, is the center point of a script. The example
of location normalization is shown in fig.2. From this
fi gure it can be seen that the flictuation related to loca-
tion of the scripts is reduced. Then in order to reduce
a sensitivity of handwriting motion in handwriting pro-
cess, a trajectory of the barycenter determined from the
center point of a script and the two adjacent pen-point
positions with respect to time in handwriting process is

used. The barycenter coordinates (v (t,), 7y (¢, )) shown -

in fi g.3 are calculated by the following equations:

Tx(tn) _ x(tn) igm(t'n-i‘l)’ry(tn) _ y(t‘n) +3y(tn-:-l)
where n = 0,1,2...N — 1. Furthermore, in order to re-
duce another flictuation such as duration time in a part
of handwriting process, a segmentation of handwriting
process is performed. The pen-up signal is used as the
segmentation point for separating a barycenter trajectory
into a set of components’ strokes.

“)

-74 -

Khmer numeral “two”
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i . Sﬁ_ R ) ux L
~ After size normalization _ After location normalization

y a8,
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. § E 8 6 8 0 0P
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~
EONE T TR R T TS o

Fig. 2 Process of location normalization.

Then the handwriting motion in the handwriting process
for each stroke can be described by the following equa-
fions:

zi(ty)
’Ui(tn)

il

78 (tn) + 78 (2n),
2t 1 52 2: 0407 = V-1,

(/) SiLd s Ny
where  z;(¢,) represents the barycenter trajectory,
v;(t,,) represents the average of the velocity between the
two adjacent barycenter points, and N, is the total num-
ber of strokes in the handwriting process of handwriting
character after segmentation. After that, we defi ne the
following equations:

PN MGz 2 o E2 e (O @)
vilta) A ar (s = ui ™ () 8)

where z;(t,) and v;(t,,) are complex valued functions
which represent the (rajectory and the velocity of the
barycenter, respectively.

Y
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®
©)
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Khmer numeral ““one”

04

02
0

Barycenter trajectory

-04
Pen-point trajectory

(500,70,

Fig. 3 Barycenter trajectory of Khmer numeral one ob-
tained from the pen-point position.
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2.3 Normalization of duration time

Subsequently, in order to normalize the duration
time in handwriting process, piecewise-linear functions
(PLFs) of v;(t,) and z;(t,,) are determined by connect-
ing the two adjacent components with a straight line. The
PLFs can be described as followings:

Ni-1
n=0
where ¢ = (Zi'e“l :my, vreal vtmg)
t;l__ttnn_—ll t E [tﬂ—l 3 tn]
¢n(t) = tn_'t"+ll:tt: t € {tn y tn+1] (]O)
0 t<tn1 OF T>tny

and T is the duration time of the handwriting process.
Then the duration time is 7" normalized as 7' = Ty using
(9). The example of time normalization is shown in fi g.4.
It is shown from fi g.4 that the flictuation related to the
duration time in handwriting process is reduced.
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Fig. 4 Example of time normalization.

3. FEATURE EXTRACTION

In this section, in order to extract the time-frequency
characteristics of the handwriting process, the z;(t,,) and
vi(tn) obtained in the preceding section are expanded
into wavelet series as

2% 1 M-—1241
i)=Y d?®)pri®) + > 3 dP(kywia(t), (11)
k=0 I=ly k=0

g=(vi,z),lo=0,1,2..L -1
where 14 1(¢) is orthonormal wavelet:
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Yea(t) = Y202k — k) (12)
< "r/"k,b’d’m,n > = / "ll)k,L(t)'lfI)ﬂ,m(t)dt
—o0
éé‘m&k,n (13)

and ¢y g, (¢) is the scaling function:
ko (t) = 207%p(298 — k), (lo, k € Z)

where Haar function is used as mother wavelet ¥y ;, 0t m

is Kronecker delta, and c,(") (k) and d,(") (k) , respectively,
are the approximated and the detail wavelet coeffi cients
obtained through the inner product d(") (k) =< q,%r1 >,

and the scaling function coeffi cxents s obtained through the

inner product ¢ q)(k) =< g, Pk >

Fig. 5 Feature vector at level [ taken as the input and
output of the FIR system.

To ease the explanation; we defi ne the following func-
tions.

o = 1600),670) @ = )Y, a4

a1 (a2 0),d0 (1), dPRE - 1), (5)

al(Q) - [((I) dl(qk)‘dl(i)lk )4 ’d[+)Lk - 1]/ (16)
(v ral)

2l = Al MRS g= (wz) a7

PRI R ¢ R TP e ST ¢ 18)

- F00),99%), ..., R (19)

where a,(") is the feature vector of wavelet coeffi cients at
stage [ shown in Fig.5, N is a total number of element
in al(q), L is the number of the feature vector level, and
' means the transposition. After that, the FIR wiener
filter shown in fi g.6 is applied to reduce the flctuation of
the wavelet coeffi cients of the barycenter and its velocity
by using the following equations:
M-1
o (k) = 3" wa(m)a® (k —m),q = (vi,z), (20)
m=0Q
where w, (m) is the impulse responses of the FIR Wiener
filter, M is the order of the FIR Wiener Filter. a\*(k),
a\” (k) are the input and the output of the FIR Wiener
fi lter, respectively.

ﬁﬂur () e

¥

Fig. 6 FIR-Wiener filter.

ars" a(n) |




Fig.7 shows that after passing the wiener fi lter, some
flictuation within the wavelet coeffi cients is reduced.

. Before wiener filter ARer wiener filter
al ae
(e L
o) s, h
I i\
o o1 R 4N
i 7
f W
[ U \ 4
Al i
o8 -aw: E oy ll
a ] M
a8 as Vo
= o £l = E] @ ] ) k

Hg. 7 Wa?elgts coeffi cients before and after wiener
fi lter.

Let £ = a/® and gV = a;®. We consider that
a handwriting system characterizing the handwriting mo-
tion in the handwriting process is described by the dy-
namic features in the corresponding part of handwrit-
ing process. The system is realized by considering the
wavelet coeffi cientsf] and g} as the input and output of
the system, respectively as can be seen in fi g.8.

Wavelets cocfficients

mg
Impulse response

Fig. 8 FIR system representing handwriting system.

It is assumed that the system can be described by
- . ‘w_l » 2
i) = 3 hP )P k-m), @
m=0

(k=0,1,2,...,K; ~ 1)

where h{? = [r{?(0), A1), o B (M = 1)) is the
impulse response of the system, M is the order the FIR
system, and gf’) (k; h) is the approximation of gl(’) (k; h).
The impulse response can be obtained by minimizing the

least-square error at M as
. K‘i—l .
ER = ¥ e ®)P — min (22)
) 2 1L
where el(i) (k) = gl(i) (k) — gi(i) (k; hfi)). -

Fig.9 shows the comparison of the impulse response
obtained from same and different numerals written by
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same and different writers. It can be seen from Fig.9 that
the impulse responses obtained from the same numeral
and the same writer are quite similar and different from
those obtained from different numerals and different writ-
ers.

Impuls:

real = imag

Writer A

Khmer numeral “two” Khruer numeral “seven”
@

real

Impulse onse

Writer A

______

— s e ‘\ Pt Y Y
&) Writrd| 1

Khmer numeral “two” Khmer numeral “two™

Impulse response  feal imag
Ty
{ -
i/
af
real” > imag ‘f
e L m
\, ™
>y 4 ' A
Writer A )é_) Writer B '." _':.__.::

Khmer numeral “two”

Khmer numeral “two™
)]

Fig. 9 (a) Impulse responses obtained from numeral
“two” and “'seven” written by the same writer,(b) Im-
pulse response obtained from numeral "two” written
by the same writer, (c) Impulse response obtained
from numeral “two™ written by different writers.

Fig.10 shows the impulse responses of the FIR system
obtained from two Khmer characters. It can be seen from
Fig.10 that the impulse responses of the FIR system ob-
tained from different numerals are different. Therefore, it
is considered that the impulse response can be used as the
individual feature for the particular Khmer characters.

4. CHARACTER RECOGNITION

It is assumed that the reference patterns of known

classes for Khmer characters are defi ned byCq, Cy, ..., Cx. 1,

respectively. Then an unknown character z is assigned to
aclass C; € Cy,C1,Cy, ..., Cn, 1 if

Smin(Ciy2) = minS{(C,2),(1=0,1,2,.N,) (23)

where NV, is the total number of classes, and



Alphabets

Strokes

the first expenment Table I shows the recognition rates
obtained from the second experiment. From Table I and
Table I, the results show that the proposed method is able
to recognize the character with better recognition rates in
comparison with the work [5].

Witer AA

Witer BB

Fig. 10 Impulse responses obtained from Khmer charac-
ter “kor” and numeral *khor” written by two differ-
ent writers from level 3-5 of coeffi cients of feature
vector.

L N N ef] x
5(Ciz) = ﬂL 20 2nz1 ict i'hgrn il) - }}n)i”

h(re.fx) - [h(?:{ (), }(Tefz)(l),. (Tefl)(jw —1)]

ln,i lnz lnz

h(w) [ (m)l(o) hl(z) (l) ('v) (’U—l)]

'ln,i ln lnz

and NV is total number of reference data for each class, N
is the number of strokes in handwriting character, h'*/:

(RN

is an impulse response obtained from the n*hreference

is Buclidean norm, and S, (C;, z) is the minimum Eu-
clidean distance obtained from S(C}, z).

5. EXPERIMENTS

Character recognition experiments were perforimed on
a database consisting of two data sets. First data set con-
sists of 1500 Khmer numerals written by 12 people in
one year, and the second data set consists of 30 times of
33 Khmer Alphabets written by 5 people in 8§ months.
The Fig.11 shows the example of Khmer character in the
first and the second data set in our database. In the two
experiments, 5 data were selected randomly and used as
reference data for a particular character and a particular
writer. Table I shows the recognition rates obtained from
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O@ Q)cz
e | D BNEE D o
OO EE D!

First data set

WEa=tapire
e o] o

CNVEN - E ) ”ﬁz}
% woe i QU

Second data set

Fig. 11 Example of Kluner Characters in database.

Table 1 Table of recognition rates of the fi rst dataset

Number | Number | Recognition rates
Writer of of nu- Proposed| Method
training | merals method | in[5]
numerals | (15
& /numeral)
/numeral)
A(0-9) | 50 150 99.33 96.66
B(0-9) | 50 150 100 99.33
C0-9) {50 150 99.33 98.67
D0-9) | 50 150 98.00 90.67
E@©0-9) {50 150 98.00 98.67
F0-9) | 50 150 92.66 90.66
G(0-9) | 50 150 97.33 98.00
H(0-9) | 50 150 99.33 95.33
I(0-9) 50 150 100 96.66
J(0-9) |50 150 100 97.33
K©0-9) | 50 150 96.66 97.33
1.(0-9) | 50 150 100 95.33
Average 98.38 96.22

6. CONCLUSION

An on-line writer dependent character recognition
method based on FIR system characterizing handwriting
motion for Khmer has been proposed. In the proposed
method, the barycenter determined from the center point



Table 2 Table of recognition rates of the second dataset

Writer Number | Number | Recognition rates
33 '?f . :lf . Prot;;osded M[c;t?od
raining a- method | in[5}
alphabets) 41 (5 bers
/alphabet)} (30
/alphabet)
AA 155 990 96.36 94.14
BB 155 990 95.25 79.89
CcC 155 990 98.88 91.51
DD 155 990 99.79 96.66
EE 155 990 99.79 96.16
Average 97.97 91.67

of the script and the two adjacent pen-point positions was
used to reduce the flictuation of pen-point movement in
handwriting process. Then the handwriting motion can
be described by two features, the trajectory and the ve-
locity of the barycenter. In order to extract the time-
frequency characteristic of the handwriting motion for a

particular person, the trajectory and the velocity of the

barycenter were expanded into wavelet series. Then the
flictuation of the obtained wavelet coeffi cients is reduced
by passing into FIR wiener fi lter. Moreover, the FIR sys-
tem characterizing the handwriting motion was realized
by considering the approximated wavelet coeffi cients of
the velocity and the trajectory of the barycenter from the
FIR wiener filter as the input and the output of the FIR
system, respectively. The obtained impulse response of
the FIR system was used as the individual feature for a
particular character. Finally, character can be recognized

by the Euclidean distance between the impulse responses

obtained from test characters and those from the charac-
ters to be recognized. The experimental results showed
that the proposed method is useful for on-line writer de-
pendent character recognition for Khmer numerals and
alphabets.
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