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ABSTRACT

We propose an on-line writer recognition method for Thai based
on velocity of barycenter of pen-point movement. The barycen-
ter is determined from the center point of script and two adjacent
pen-point positions with respect to time in handwriting process. In
this paper, the Fourier coefficients of the velocity and trajectory of
the barycenter are considered as the input and output of FIR(finite
impulse response) system, respectively. In this case, the impulse
response of the FIR system is interpreted as the feature of hand-
writing. The K-L expansion of the impulse response is used for
writer recognition. Writer recognition experiments are performed
on database consisting of 6,642 Thai scripts written by 81 writers.
As the result, Type I(false rejection) and Type II(false acceptance)
error rates were 1.50% and 0.65%, respectively.

1. INTRODUCTION

As development of an information technology, the necessity of per-
sonal identification is increasing. Writer recognition is one of the
personal identification which recognizes writer using a handwrit-
ing. In Thailand, handwriting is the customary way to recognize
the individual in daily operations such as withdrawing cash from
bank account. In order to recognize writer using the handwrit-
ing, visual examination is popular method for writer recognition in
Thailand because of its simplicity. However, it usually takes time
for operation and there are occasions for the examiners to make
some mistakes by visual examination. In order to recognize writer
effectively, an automatic system for writer recognition is required
in Thailand.

Many methods for on-line writer recognition have been re-
ported [1]-[6]. In those methods, dynamic features of handwriting
have been used such as x, y coordinates of pen-point movement,
pen-point pressure, pen-point direction, pen-point velocity and its
acceleration. The features of handwriting related to the pen-point
velocity have been used and showed the effectiveness in compar-
ison with the pen-point position and acceleration [2]. The work
[3] concluded that either pen-point position or pen-point veloc-
ity should be considered for signature verification. However, the
work [4] tried to incorporate the velocity vector into dissimilar-
ity measure and reported that the improvement due to it was not
remarkable. The possibility of an effective incorporation of the
velocity into dissimilarity measure is as yet an open problem to
be answered [4]. To overcome the above problems, we propose
an on-line writer recognition method for Thai based on velocity of
barycenter of pen-point movement.

0-7803-8554-3/04/$20.00 ©2004 1IEEE.

In this paper, a barycenter determined from the center point
of script and two adjacent pen-point positions with respect to time
in handwriting process is used to reduce fluctuation of pen-point
movement. It is considered here that the handwriting motion can
be described by the velocity and trajectory of the barycenter. Then
in order to extract the feature of handwriting and reduce the fluc-
tuation of the individual handwriting motion, the velocity and tra-
jectory of the barycenter are expanded into Fourier series. Further-
more, it is considered that the difference between the handwriting
motions can be represented by that between FIR systems. Then
the FIR system characterizing the handwriting motion is realized
by considering the Fourier coefficients of the velocity and trajec-
tory of the barycenter as the input and output of the FIR system,
respectively. In order to represent the difference between the hand-
writing motions, the impulse response of the FIR system is used.
Because it can be seen that the FIR system can be completely char-
acterized by its impulse response [7]. In this case, the obtained im-
pulse response is used as the feature of handwriting. Finally, the
K-L expansion of the impulse response of the FIR system is used
for writer recognition.

2. PREPROCESSING

It is assumed here that Thai script is written on a graphical tablet
to recognize the writer. The horizontal and vertical components
of pen-point movement at a time, ¢ = n7(= t,), in handwriting
process are denoted here as x(t,,) and y(t» ), respectively, where 7
is a constant sampling rate. In this section, in order to reduce fluc-
tuation of handwriting, three kinds of normalization with respect
to the size, location and duration time in handwriting process of
script are performed as follows:

First, in order to make a standard size of script, the horizontal
and vertical components, z(t,, ) and y(t,) are normalized as

N p tn — Pmin
B(tn) = (tn)
Pmax — Pmin

tn max — max
p(tn), p o X

, (p==y) (1

where Pmin = min p(tn)

0<n<N-1

where N is a total number of sampled points of pen-point posi-
tion. In the following p(t,)(p = x,y) are used to represent the
normalized components of pen-point position.

Secondly, the location of script is normalized as

N-—1
1
&%= E p(tn), (p = z,9), )
n=0
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where ¢, is the center point of script.

Thirdly, in order to reduce a fluctuation of pen-point move-
ment in handwriting process, a trajectory of the barycenter deter-
mined from the center point of script and two adjacent pen-point
positions with respect to time in handwriting process, is used. The

coordinates (74 (tn), 7y (tn)) of the barycenter are calculated as
Tx (tn) = 7j(tn)+i‘étn+l)+0, (4)
Ty(tn) _ y(tn,>+y3tn+1)+0 )

Then in order to represent the handwriting process, we define the
followings

2(tn) = ra(te) +jry(ta), Q)
2(tnt1) — 2(tn), j = V-1, (©6)

where z(¢,) represents the barycenter trajectory and v(t,) cor-
responds to an average of the velocity between the two adjacent
barycenters. Furthermore, in order to reduce another fluctuation
such as duration time in a part of handwriting process, a segmenta-
tion of handwriting process is performed. The segmentation points

<
—~
~
3
N>

I

tz(.s) of handwriting process are defined as

s s s dcf
{t, 2t Y {tn | utal > 0}, (D)
(n=0,---,N—2)

where «, determined by using training data, is a threshold value
for segmentation. L is total number of segmentation of handwrit-
ing process. Using tg.s) in Eq.(7), the barycenter trajectory and
velocity of the barycenter in Eq.(5) and Eq.(6) are divided into L
parts as

7z = [2/1 e gl e Z’L]’7 (8)
zi = [z(to), -, zi(tn), -, zi(tn,)], )
vo= vyl (10)
vi = [vi(to), -, vi(tn), ---,Ui(t]\]i)]l, (11)
zi(tn) = 2N (t,) + 529 () (12)
viltn) = (b)) + 0" (L), (n =0, -, NiX13)

where [-]’ is the transposition of [-], z; and v; are vectors defined
by N; + 1 sampled points of the barycenter. Then in order to
normalize the duration time in the part of handwriting process a

piecewise-linear function(PLF) of 2" (t,,), 209 (t,,), v{"**"(¢,,)

and vgimg >(tn) are determined by connecting their components
with a straight line. The PLF can be described as

N1

q(t)=a0+ll1t+ an|t_tn|7teTi> (]4)
n=1

(q _ Z{real) (zmg) (real) (zmg))

where

(uo + un,;—1),

N[ =

N;—1
- 5 tnbn, ay =
n=1

1
bn = i(un - un71)7 Un = q(tn+1) - q(tn)’
) (’I’L:0717,N7,_1)

where 7; is the duration time in the i-th part of handwriting pro-
cess. Using Eq.(14), the duration time in the i-th part of handwrit-
ing process is normalized as T} . The T} is determined by using
training data for a particular writer.

3. FEATURE EXTRACTION

In this section, it is assumed that the functions 27" (¢), 29 (1),
57D (1) and 5™ (t) are even periodic function of time with

period 2T}V, respectively. And z"**"(t), ("™ (1), v{"**) ()
and v(zmg )(t) obtained in the preceding section are the segments
of the above functions in the interval (0,7}). Then in order to
extract the feature of handwriting and reduce the fluctuation of the
individual handwriting motion, they are expanded into Fourier se-

ries as

coskwéi)t, (15)

1
I(t) ~ w;uz

where wéw = ;—N, (t=

3

2§7 eal) , éfzmg) , ’D’gTeal) , {}Ezmg) )

U

The coefficients ak) in the Fourier series are given by

TN
MO TlN / 1(t)cos(kw{Pt)dt, (16)
(k = 07177K’L_1)

where K; is number of Fourier coefficients and K; < N; + 1.
The fluctuation of the individual handwriting motion can be re-
duced by selecting a suitable number of Fourier coefficients for
each writer. The suitable number of Fourier coefficients is deter-
mined by minimizing mean square error in the Fourier approxima-
tions of 2"V (£), 29 (¢), 5"V (£) and ™9 (t).

For the simplicity of explanation the followmg functions:

@lrealy  (glimo))
fi(k) = a; " +Ja, "

are defined. We consider a handwriting system characterizing the
handwriting motion. The handwriting system consists of subsys-
tems describing the dynamics in the corresponding part of hand-
writing process. The subsystem is realized by considering the
Fourier coefficients f;(k) and g; (k) as the input and output of the
i-th subsystem, respectively. It is assumed that the subsystem can
be described by

(Z(rml)) lime),
,9i(k) = a? + jay, !

M;

Gi(kih) =Y hi(m) fik —m), (k =0,1,--- ,K; —1) (18)
m=0

where h} = [h;(0), h; (1), -, hi(M;)] is an impulse response of

the subsystem, M; is order of the subsystem and g;(k;h;) is an
approximation of g;(k). h} means the transposition of h;. The im-
pulse response h; can be obtained by minimizing the least-square
error at M; as

K;—1
B = ) leik)
k=0

el(k) =

|> — min (19)

890



Handwriting system for Writer A z(t,)
n
oo T
fo ]
Writer A 40
20
(?'402 =T 04
Thai numeral “six” mg 'Uf 04027 real
kK 7]
—T
20
h(k) —
10
m 1] 5
] 04
y 2 5 0 ol 02
A img T2 real
2 Fourier
coefficients

. 'S Py 70 0.2
Mg o704 real
Impulse response

Writer B

Thai numeral “six”

h(k)
s m_ 1
5 * 5
B i 4
img %" real ;
Fourif:f wfﬁ@ | Fourier
(b) coefficients img "o 0 * real coefficients

Impulse response

Fig. 1. FIR systems characterizing the handwriting system for
Thai numeral “six” (a) for writer A (b) for writer B.

In order to characterize the handwriting motion in a whole hand-
writing process, the impulse responses of subsystems are com-
bined as

h*=[h; hy hy --- hy] 1)

where h is a feature parameter vector used as the feature of hand-
writing. Figs. 1 (a) and (b) show the FIR systems characterizing
the handwriting system of writers A and B for Thai numeral “six.”
It can be seen from Figs. 1 (a) and (b) that the impulse response of
the FIR system obtained from writer A is different from that ob-
tained from writer B. Therefore, it is considered that the obtained
impulse response can be used as the feature of handwriting.

4. WRITER RECOGNITION

In this section, the K-L expansion of the feature parameter vector
obtained in the preceding section is used to recognize writer. The
writer recognition procedures are given below.

1. Calculate the following correlation matrix R:

R =

|

1 P
> (afh!), (22)
=1

- s iLﬁ (M)]lv (23)
hi(m) = |Bi(m) — ¥ (m)), 24

b
cpoo 1 '
Bo= 5 b 25)
=1
h* = [R'(1),A'2), - RF()]),  (26)
n', = [Rh(1),R5(2), -, BRI, @27
(m - 1727"'7ﬁ)7

where h®; is the feature parameter vector obtained from
training data for a particular writer, [V is a total number
of elements in the feature parameter vector and P is a total
number of training data.

2. Calculate the eigenvalues A\ and the corresponding eigen-
vectors uy of the correlation matrix R:
Rup = Apug, (k=1,2,---,N). (28)

3. Form the transformation matrix U from the N* eigenvec-
tors corresponding to the largest eigenvalues of R as follows

U =[ui,us, - -,un+], where N* < N. (29)
4. Compute the K-L coefficients c:

Uh' =[c1,c0,---,en+],  (30)

h' = [A'(1),A2),-- ATV, @D
hi(m) = |hf(m)— h*(m)], (32)
(m = 1727"'7M)7

where hf(m) is obtained from the feature parameter vector
for writer to be recognized and h*(m) is obtained from Eq.
(25).

5. The writer is recognized as

true if |lc—c.| <n,
false otherwise, (33)
where ||.|| is Euclidean norm, ¢, is K-L coefficients ob-

tained from training data for a particular writer and 7 is
a predetermined threshold value determined using training
data set for a particular writer.

5. EXPERIMENTS

Writer recognition experiments were performed on database con-
sisting of 6,642 Thai scripts written by 81 writers for one year.
The database contains Thai numeral and Thai scripts for particu-
lar writers. In our experiments, 4 digits of Thai numerals selected
randomly and some Thai words were used. In the experiments, the
training data set of the feature parameter vectors was determined
using 5 scripts selected randomly from the database. The numbers
of data used for writer recognition experiments and the error rates
are shown in Tables 1 and 2, respectively.

Fig. 2 (a) shows the Type I and Type II error rates with seg-
mentation and no segmentation of handwriting process. It can be
seen from Fig. 2 (a) that the error rates with segmentation are
lower than those with no segmentation. Thus the experimental re-
sult shows the effectiveness of the segmentation of handwriting
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TABLE 1
Number of set of Thai numeral and error rates

Experiment No. 1 2 3 4 5 6 7 8 9 10

Number of data
for particular 60 60 60 60 60 60 60 60 60 60
writers

Number of
data for other 312 | 312 | 312 | 312 | 312 | 312 | 312 | 312 | 312 | 312
53 writers

Type | 0.00 | 3.33 | 3.333.33|0.00|0.00|1.66|0.00|1.66 | 1.66
error rate(%)
Type Il 0.00 | 3.20 | 1.92 | 0.64 | 0.00 | 0.00 | 0.96 | 0.00 | 0.96 | 0.32

error rate(%)

Average Type | = 1.50% Type Il = 0.80%

TABLE 2
Number of script in Thai and error rates

Experiment No. | 11 12 13 14 15
Number of data

for particular 95 95 90 70 65
writers

Number of

data for other 267 | 267 313 257 | 257
26 writers

Type | 1.05| 1.05 | 250 | 1.43 | 1.45
error rate(%)

Type Il 0.00 | 0.37 | 1.28 | 0.00 | 0.78
error rate(%)

Average Type | = 1.50% Type Il = 0.49%

process. Using the data in Table 1, comparison of the experimen-
tal results for the method proposed in this paper and the methods
in the works [5], [6] is shown in Fig. 2 (b). It can be seen from
Fig. 2 (b) that the proposed method is able to recognize a writer
with lower error rate in comparison with the methods in the works

(51, [6].

6. CONCLUSIONS

We proposed an on-line writer recognition method for Thai based
on velocity of barycenter of pen-point movement. The barycenter
determined from the center point of script and two adjacent pen-
point positions with respect to time in handwriting process was
used to reduce fluctuation of pen-point movement. The velocity
and trajectory of the barycenter were calculated to describe the
handwriting motion. The FIR system characterizing the handwrit-
ing motion was realized by using the Fourier coefficients of the
velocity and trajectory of the barycenter as the input and output of
the system, respectively. The impulse response of the FIR system
was used as the feature of individual handwriting. As the experi-
mental results, the type I and type II error rates were 1.50% and
0.65%, respectively. It was found from the experimental results
that the impulse response can characterize the handwriting motion
and the impulse responses obtained from different writers are dif-
ferent. Therefore the proposed method is useful for on-line writer
recognition for Thai.

Error rates(%) (a)
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Fig. 2. Comparison of the error rates (a) using segmentation and
no segmentation of handwriting process, (b) using the proposed
method in this paper and the methods in the works [5], [6].
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