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Abstract: In this paper, a spectral feature extraction method based on fast Fourier transformation for writer
identification is presented. According to the constructibility of the texture image of handwriting, we put forward an
estimation method for mathematical expectation value of texture image’s spectral features. This method eliminates
the randomness of spectral features and gets stable spectral features. The experiment results show that this approach
enhances the identification accuracy to a large extent using data sets with large handwriting samples.
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above are only evaluated using data sets with rather
1. Introduction small handwriting samples. In the real application, a
writer identification system often performs

Texture anbysis is a widely used method in the one-to-many searches in a large database with at
field of image processing, analysis and identificationleast hundreds of handwriting samples or even more.
General methods implemented to obtain texturalWe notice that the normally used texture methods
features mainly include multi-channel Gabor filter can perform well when the samples in the database
technique, the gray scale co-occurrence matrixare rather small. While the samples of handwritings
(GSCM), wavelet transformation and so on [1-4]. Asin the database increase, the identification accuracy
the most important method in text-independentdeclines sharply. This raises a question: how to
writer identification, texture analysis has beenimprove the accuracy of writer identification in large
widely applied to handwriting identification. In data set of handwriting.
reference [5] multi-channel Gabor filter is employed  To improve the identification accuracy in a
to extract textural features and the highestwriter identification system with large database, this
identification accuracy is up to 95.7% using paper presents a new method based on stable
handwritings from 17 different people. In reference spectral features of texture. The method involves: 1)
[6] Independent Component Analysis is adopted andor a certain hand-written sample, which is firstly
the highest identification accuracy of 91.3% is scanned to generate an image, we segment the whole
achieved in a database of 30 people. And inimage to get single Chinese characters; 2) Each
reference [7] run-length measurement is used. Byingle Chinese character will be normalized and then
using a database of 19 people the highest accuracy ¥8e randomly choose some of them to construct the
91.3%. In reference [8] Gabor filter is used for texture images; 3) Fast Fourier Transformation (FFT)
feature extraction, after which multi-class SVM is is used to extract spectral features and then the
used to train and test the data from 87 persons, and éipectral features are fused so as to obtain stable
achieves the highest accuracy of 97.7% concerningeatures; 4) Finally, classification is implemented.
Top-8. We carry out experiments using data sets with

However, all these textural methods mentionedhandwriting samples collected from 100 persons and
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500 persons respectively and the results obtaireed arcalled “character pictures” (character picture is the
exciting and reasonable. Our method achieves thepicture of a single Chinese character extracted from
highest accuracy of 98% and 95% concerningthe binary image which is used for writer
Top-10 respectively. The experimental results showidentification.) are obtained by the way of
that this approach is very promising for human-computer interaction. Then the computer
text-independent handwriting identification. chooses parts of the character pictures to form

The proposed method can be described as thseveral texture images, after which FFT is employed
following flow chart (see Fig.1). The original image to extract features. Then all the feature vectors are
is processed to generate a binary image with blaclacquired and fused to get the stable estimation
foreground and white background in a preprocessingrinally we adopt the Euclidean distance classifier for
phase. The single Chinese characters, which ar&lentification.
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Figure.1l Flow Chart of proposed method
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The procedte of constructing texture images: B AT
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Step 1: The acquisition of character pictures. The [t
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original image is scanned and the  Fadiorvswainm tsnini» tusuhisy
foreground/background separation can be realized ints= I ERIAELEE
a preprocessing phase, yielding a white background
with black ink. After the removal of noise, the single
Chinese character is obtained with human aid which
is called “character picture”. 2.2. Spectral features extraction
Step 2: The normalization of characters. To
facilitate the identification all the characters should After the acquisition of texture images, FFT is
be normalized to a uniform size of 64x64 pixels andapplied for feature extraction. Actually FFT is a kind
similar stroke width. of multi-channel analysis method, namely,
Step 3: the construction of texture image. Eachseparating an image into several sub-images with
texture image is formed in the way that the computerifferent frequencies and directions and extracting
randomly chooses a hundred character picturegeatures from these sub-images respectively. The
which are different from each other as possible as ifeature extraction method in this paper can be
can. Then each texture image is arranged with 1Gpecifically described as follows:
rows and 10 columns. One sample of texture image Supposef(x’ y) represents a picture with size

is shown in Fig. 2. of NxN pixels, and the 2D FFT of this picture can
be defined as:
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(a) Original image (b) Texture image
Figure.2 An Example of texture images

F(u,v) :%Zexp[_ jilmx ]Z f (x,y)exp[_j%] 1)

Where UV=01-N=1"y and y are the
spatial variables, andi and v are the frequency
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variables. parts, two of them which are neighboring each
Since the 2D Fourier Transformation has other are integrated into one part, that is, we only
separation property, it can be achieved by operatingjet four parts in radial direction; we evenly divide
1D Fourier Transformation twice. the circle into 120 parts in angle direction, as is

L us ZhO(\and in Fig. 5. Actually the whole IcI:iLcIe is

_n| Lt o ivided into 4x120=480 parts. As is well known,

Fxv) = N[N ; F(x y)expl-j 2y /N ]} @) the distribution of FFT is symmetric, so only half
of the information of the circle is needed to deal

_al 1IE _ 3 with. We calculate the expectation value of each
Fluv)=N ﬁ; FOxv)expbj2aux INT - (3) gmall part, then a 240 dimensional vector is derived

finally:
Where: u,v=0,1,-- N - 1. X =X, X, Xy || 7
We firstly discuss the 1D FFT. Actually the 1D 3
FourierTransform can be described as: Where M=240.
1 Nt 4 3
F(uy==> fOOW" (4) 4 3
N x=0
. — ; 2 1
Where: W, =exp[-j 27 /N ]. 2 1
Suppose N =2" | where n is a nonnegative . _
Integer. o Figure 3. Original F|gures4.el(§§l(j:)nmb|ned
M is a nonnegative integer, anil = 2M , Spectrunf (u, v) P
Then:

F(u):%hhff(z)ovv;x +$Mz_lf(2x+l)/\4,|“’\/\§“h,,} (5)

x=0 x=0

Fu+M) :;L\;Mif (&)V\(;X—&Ef (2x+])\/\(j\/\§,\,,} 6)

The above equations show that a transformation
with N dots can be divided into two parts, by which Figure 5. Divided Spectrum
the computation cost is largely reduced. We zoom
out the texture image to 512x512 pixels, so that the?.3. Distance and experiment

width and height of the image are bath Finally
the Fourier Transformation can be simplified to feat
Fourier Transformation with two dots.

After FFT we get the frequency domai
featuresF(u,v) . Actually the distribution of

After construction of texture images and the

ureextraction, we assume that X represents the
features of the handwriting for test and Y represents

N the features of the handwriting in the sample
database.

F(u,v)can be shown in Fig. 3. After recombining S u
X=X, X, X
the distribution in accordance with frequencies from [ oz M] ®)
low to high, a new distribution is shown in Fig. 4. vi
g g V=Y, Y T ©)

which looks like a circle with low frequencies at the

center of the circle and high frequencies at the edge v

of the circle. And, d=_[>(x, -V, f (10)
Then for the recombined frequency domain i=1

features, we evenly divide the circle both in radial where dis defined as the distance between two
direction and angle direction to get a group of handwritings.

feature vectors representing the entropy distribution  ore d means the similarity between two

and direction characteristics. To illustrate it handwritings. And smaller d implies greater

explicitly, we evenly divide the circle into nine ,qqinility that the two handwritings are from the
parts in radial direction and eliminate the part ¢;me person.

nearest to the center of the circle. For the rest eight 1 test the feasibility of the method proposed
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g,?]?ve't we (I:oIIeEct h200 hanr(ljwri:ingsh frgm 't'100 stable. If one can obtain the exact valuefond]
ITrerent peopie. ach person has two nanawritings, he writer identification should achieve ideal results.

one is used to establish the sample database and t I
, " evertheless due to the limited amount of characters
other is used for test. For these handwritings, na

. In texture images, it is impossible to determine the

matter what the content of them and writing tools . .= . . .

) . distribution function of the feature vectors, namely it
used, the only requirement is that all the "~ . R 4
handwritings should contain at least 200 characterds impossible to get the exact valuegiaindA .
We construct a texture image for each sample In order to get stable features we assume that if
handwriting and testing handwriting, extract the several texture images can be constructed, we can
features, classify and identify. The results are showrget the features of each image, the stable features

in Tablel. may be achieved through fusion which is realized by
Table 1. Experiment results statistical method, namely the stable estimated
Results values ofti andA may be obtained.

Condition Top 1| Top 3| Top 5 | Top 10

One texture,
100 persons

55% | 71% | 79% | 87% 3.2. Multi-texture Constructing

During the procedure of constructing texture

The results show that this method can achieve]mages we repeat step3 in 2.1 to get a number of

certain useful result but the accuracy is not highioytire images. The texture images obtained are
enough. It is mainly because of the fluctuation of theghown in Fig. 6.

texture features which finally leads to the random — gzaas 55579 ERESERIHEAS BEEF 4 EBEHT
difference between the handwriting for test and the éz %ﬁ%? % %?%’%%%% ?ﬁi&%ﬁé %‘é
sample handwriting. Principally there are three Zgé%; %%ia’ﬁ ﬁﬂ}gﬁgﬁ%%%% i“‘ﬁéb%ﬁgi
random factors: N . ?%% %3%@; ﬁ:ﬁ 38215 g;“?:%i?%
1) Randomness of writing: Due to the different ’?(r%iﬁif%ﬁ ggé%ﬁgﬁ%? ks % t4t
writing tools, writing environment and the different ? ‘ ~ rAnLes
state of writers at different time, handwritings may i é% Parak BrKEE{L1IR0 R%Mlgi‘ Laby
vary randomly. ?3/%%% g&%j’% %%@f{%% ff% %%%z;{%%\
2) Randomness of content: In the real application %;r %“gﬁ%%%i é%b%ﬁm%? éﬁ%}%ézg
the content of the handwritings can vary at a large gé;éﬁ%ﬁ ‘% iﬁ%%‘%iz@? ji’gm %ﬁgéﬁ
scale. Since the limited size of texture images, a eg&?%;%%i 3%%%%? ;%%,ﬂ;;éﬁ%
texture image cannot contain all the characters. ! ) = B
Obviously different characters lead to the difference %%% Ketdmn pHeIBINESE PRADTEFA 252
of o fatires Pl S R
3) Randomness of position of the characters: é%gg%g{f g%élg 1%%%%%7% g7 zz?.‘ﬁé%g\
According to the method of constructing texture g%?ﬁ“%ﬁﬁféé ﬂ%a@é %?% ﬁ;;ﬁs?g
images proposed above, the characters in texture %ﬁ%ﬁ%%%? %ﬁﬁ’é%%%é;ﬁé il iéﬁgéﬂz
image may be located randomly, which also
influences the stability of the texture features. BRPELN T za;w Ags BALE geRIE0ld3d
i i
3. Multi-texture constructing and stable g?%%%ﬁgé g%gg;&ﬁ ‘5’% giég%*
features estimation ﬁ’}f@%éﬂ?%fﬁé’}' %%/xlﬁi?z%% ﬁ%iﬁ%ﬁ
_ . zzgﬁimﬁm ? i‘/asimsu o GeATHTIRER
3.1. Mathematical expectation value of features Figure 6. Multi-texture Constructing

Due tothe random factors mentioned above, we 3.3. Stable features estimation

describethe feature vectors as follows: -
Supposehat for each handwriting used for test

ﬂ:E(X):[E(Xl)Eog),---,E(XM)]T :[M,%,...,'UM]T (11) there ae s texture images, and the feature vectors
are shown below:

A=EQ)=[E0)EW )i EN ) = A (12) X =[xi,x‘2,---,x‘M]T (i=12:-.,5) (13)

For each handwriting in the database therd are

For a_ certain handwrltlng,,u. and A are texture images, and the feature vectors are shown
confirmed unknown parameters which should keep
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below: whereg is the mean value ofX; and Y.

_— . . T . _~
Y =[YJ-Yzjv“"YMJ] (j=12-t) (14) The matlematical expectation value ofl is
Then we equilibrate the features as follows: ~ described as:

1 1\ o%f
E(d d, +2 (= (22)
(d)= 2 [s jzl ow

KX I B %] A ] 09

|-1

Mean square error is:

L os ’ 1 D\We2f T
TS BN R I

- - So:  lim E(d-d,)*=0 (24)
Xand Y, acting as statistical mean parameters, St

are stable relatively. So they can be used to  With the increase ofsandd will get closer
estimatel and/ . tod,, which shows thatd is an asymptotically

3.4. Classifier design and it's performance unbiased estimation df . So d will serve as a very

promising classifier.
3.4.1. Euclidean distance classifier

3.4.2. Weighted Euclidean distance classifier

The Eucldean distance betweep and/ is o )
Consideing that the randomness has different

defined as: . :
y effects on gach dlmen§|on of the feature vec'For, we
d. =D(a 1) = —1)? (17) use the weighted Euclidean distance to design the
- =D(#A) Z:l:(’u' ) classifier:
dels a confirmed unknown parameter. Ifj i V (25)

is usedas the measurement for cIaSS|f|cat|on

theoretically it should eliminate the effect of where g, are the variance o/ and Y, .

randomness. However the values /dfand/1 can

not be acquired directly, and we can just obtain the Also we can prove thatd is an asymptotically

d unbiasedestimation ofl, .
estimation of “¢ through estimatinglu and/] .
- M

Suppose:d = D(X,Y) = 3 (X, -¥)? (18) 4. Experiments and results

= To tedify this method, we carry out the

d=D(X,Y) is the estimation ofd, and experimats as follows: we use handwriting samples
meanwhie it is stable. from 100 persons. For each handwriting sample in

We discuss the performance 0} as follows: the database, _20 t(_ext_ure images are constru_cted and

Suppose: feature extraction is implemented, after which we

use equation (16) to get the estimation Af For
M .ra .
D(X' Y= X =YY = f (w,w, [, (19) each handwriting for 'test, 201 texture |mages are
( ) \I,Z:l:( oY) (g w (I, ) constructed and equation (15) is used to estimate the
mathematical expectation valueg. Experiments

are implemented by using classifier described in
+ equation (18) and equation (25) respectively. Then
Suppose { J _ﬁl' g'. , then we enlarge the database to 500 persons and redo the
Y ) experiments. All the results are shown in Table2.
- ; Compared with Table 1, it can be easily found
iy — i_ — _ —
{E(‘gl_)‘ E(XI_ H)=H -1 =0 (20)  that through constructing a number of texture
En)=E('-A4)=4-4=0 images to estimate the features, the identification
. accuracy improves a lot and exciting results are
Suppose EE.'_)2=U , (21) achieved both in the data set with ha_ndwriting
E /7|J) o samples collected from 100 persons and in the data

where w, = X| -Y,’.

2
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set with handwriting samples collected from 500 paper is a rather promising writer identification
persons. method on the condition that the hand-written
samples are with sufficient amounts of written
Chinese characters.

The method proposed in our paper has been

Table 2. Experimental results of identification

Results| 1 1 Top5 | Top 10

Condition applied to the system of handwriting identification
based on internet, which has been successfully
100 persons applied in several cities.
20 texture images 4% 90% 98%
d
100 persons References
20 texture images 494 93% 8% [1] Said HE S, Tan T N, Baker K D, “Personal
a identification based on handwriting”, IRattern

Recognition, pp. 149-160, 2000, 33(1).
[2] zhu Y, Wang Y, Tan T N, “Biometric personal
identification based on handwriting”, IRroceedings

500 persons

zi?ngzx(;:re 59% 87% 95% (éf the__15th International Conference on Pattern
= ecognition, Barcelona, pp.801-804, 2000.
d [3] Ohanian P P, Dubes R C, “Performance evaluation
for four classes of textural features [J]”", Battern
5%% rt)ertsons Recognition, pp. 819-833, 1992, 25(6).
exture [4] Plamondon R, Lorrete G, “Automatic signature
images 9% 89% % verification and writer identification -- the state of the
a art”, In: Pattern Recognition, pp.107-131, 1989,
22(2).
[5] Zzhu Yong, Tan Tieniu, Wang Yunhong, “Writer
5. Conclusions identification based on texture analysis”, ICTA

Automatica Sinica, pp. 229-234, 2001.17(2).

In this paper we present an approach for thel6] Huang Ya-pin, Luo Si-wei, Chen En-yi, “Writer
construcion of texture images which can be recognition based on independent component
automatically operated by the computer. Then FFT  analysis”, In: Journal of Chinese Information
is used to extract textural features. After the feature__ Processing, pp. 52-58, 2003.17(4). (In Chinese)
fusion, the stable spectrum features are derived anlf’ Linn%ﬁz(;;i‘é% ;A)// l;é"&}%;'g”&;'i??}?}(?ﬁ;(é 'Xig?)gg,',n?n_
finally the Eyclld_ean q!stapce classifier |S.applled Journal of Hunan Institute of Engineering, pp. 67—69,,
for handwriting |den_t|f|cat|on. The expgrlmental 2004.14(2). (In Chinese)
results show that this method has eliminated theg] iy Hong, Li Jintao, Cui Guogin, Tang Sheng,
effects of randomness so that it improves the = “writer Identification using support vector machines
identification accuracy remarkably. and texture features”, Idournal of Computer-aided

This method is carried out both in the data sets Design & Computer Graphics, pp.1479-1484,
with hardwriting samples from 100 persons and  2003.15(12). (In Chinese)
handwriting samples from 500 persons. It achieved® Liu Chenglin, Liu Yingjian, Dai Ruwei, “Writer
the highest accuracy of 98% and 95% concerning |dent|f!ca'5,|on by muIt|-chanr_1eI d.et_:omposmon and
Top-10 respectively. Compared with the method ;ngeggmzng(i)ln:ACTA Automatica Sinica, pp. 56-62
with only constructing one single textural image, 4, i\\" Chengiin, Dai Ruwei, Liu Yingjian, “Modified
this method has improved the |dent|flcat|0.n Wigner distribution and application to writer
accuracy to a large extent. Our method has practical jgentification”, In: Journal of Computers, pp:
feasibility and holds the promise of concrete 1018-1023, 1997, 20(11). (In Chinese)
applicability in the data sets with large handwriting [11]Yi Dong, Chen Qinghu, “Handwriting verification
samples. The way that the texture images are based on multiple classifiers”, In:Computer
constructed is rather convenient and simple. Applications, pp.172-173, 2006, 26(1).(In Chinese)
Although the computation cost is a little higher, the
substantial progress in hardware performance can
definitely deal well with it. In general the method
based on stable spectrum features proposed in our
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