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ABSTRACT

This paper presents a robust seal imprint verification
method with rotation invariance. The rotation invariant
feature is represented by the absolute value of Fourier
coefficients of log-polar image of seal imprint on circles
with different radii. Firstly, the feature vector of a seal
imprint is defined by the above absolute value of Fourier
coefficients of the log-polar image. Secondly, the feature
vector is expanded into Karhunen-Loeve (K-L) expan-
sion. Thirdly, seal imprint is verified using the distance
between vectors defined by coefficients in K-L expansion
corresponding to true and given seal imprints. Finally,
seal imprint verification experiments are given to show
the effectiveness of the proposed method.

1. INTRODUCTION

Seal imprint has been commonly used for personal con-
firmation in Japan and some Asian countries. Seal im-
prints appear on many types of documents, such as bank
cheques, receipts, etc. Most of seal imprint verifications
have been made by visual inspection of human being. In
order to make the verification for large numbers of seal
imprints automatically, some methods have been pro-
posed [1, 2, 3], which are mainly based on a matching of
skeletons of character strokes. In those methods an ad-
justment of rotation angle for seal imprint was required
in the matching procedure. It is not so easy to make
the adjustment of rotation angle. It is desirable to real-
ize a simple verification system without the adjustment
of rotation angle. A method using Zernike moments
without any adjustment of rotation angle was proposed
[5]. However it was rather difficult to verify a seal im-
print with complicate character because of computation
complexity of the moments. In the paper [4] it was re-
ported that the seal imprint verification by a personal
computer provided better results than those by human
being, but no discussion was made about the rotation of
seal imprint. While a technique treating seal in three-
dimensions (3D) was proposed [3]. In the method, it is
not easy and very complicate to adjust rotation angle
and the consideration about stained seal imprint still
remain as future work. Another seal imprint verifica-
tion method with rotation invariance was proposed [6].
The method provided good verification results for rota-
tion and stains of seal imprint, but it was not good for
blurred seal imprints.

In this paper, a robust seal imprint verification
method with rotation invariance is proposed to improve
the above disadvantage. The rotation invariant feature

is represented by the absolute value of Fourier coeffi-
cients of log-polar image [7, 8] of seal imprint on circles
with different radii. The feature vector of a seal imprint
defined by the absolute value of the Fourier coefficients
of the log-polar image is expanded into Karhunen-Loeve
(K-L) expansion [9]. Then seal imprint is verified using
the distance between vectors defined by coefficients in
K-L expansion corresponding to true and given seal im-
prints.

2. FEATURE EXTRACTION

In this section, first, after a seal imprint has been repre-
sented as an image of 64 x 64 pixels with 256 gray levels
by digital scanner, the seal imprint is represented by 2D
continuous function in Cartesian coordinate as
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and P is an integer related to the image size. f(n,m) is
a gray level at a pixel (n,m) on the seal imprint. Then
the following function is defined by letting
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where, 0 < p < 1, 0 < ¢t < 27 and f(p,t) is defined
inside of the circle of radius p = 1 [6, 7, 8]. An exam-
ple of a log-polar mapping of seal imprint is shown in
Fig.1. Furthermore it is assumed here that without loss

of generality, f(p,t) is a periodic function as

f(pvt) = f(p’t+2m7r) (4)

for any integer m. Under the assumption the log-polar
image f(p,t) is expanded into Fourier series by letting
p = pr(constant) as
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Figure 1: A log-polar mapping of seal imprint
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Let g(p,t) = f(p,t + «) be the rotated seal imprint of
f(p,t) by angle « about its origin. Then it can be seen
that the Fourier coefficients b{) of J(pk,t) is given as

bk) = (k) gimer, (7)
Thus we have the following relation:
b5 =1 afy) | (8)

This shows that the absolute value of the Fourier co-
efficients of log-polar image of seal imprint is rotation
invariant. Seal imprint is often contaminated with noise
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Figure 2: The absolute value of the Fourier coefficients
of seal imprints contaminated with noise due to rotation.

due to the rotation, stain and blur. In practice a log-
polar image of seal imprint on circles with different radii
can be represented by the truncated Fourier series as

K
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The absolute value of the coefficients of the trun-
cated Fourier series for seal imprints contaminated with
noise due to the rotation ,stain and blur are given in
Fig.2,Fig.3 and Fig.4, respectively. Figs.2-4 show that
the absolute value of the coefficients of the truncated
Fourier series are stable for seal imprints contaminated
with noise.
It can be seen from (6) that
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Figure 3: The absolute value of the Fourier coefficients
of seal imprints contaminated with noise due to stains.
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Figure 4: The absolute value of the Fourier coefficients
of seal imprints contaminated with noise due to blur.

represents the total sum of the gray levels of the log-
polar image of the seal imprint on the circle with a ra-
dius. It is considered that the gray levels of the imprints
of a seal on the circle with a radius are different. In the
seal verification it is desirable to normalize the total sum
of the gray levels. In our method the first component is

normalized as d(()k) = 1. Then the feature vector of the

seal imprint is defined by the Fourier coefficients as
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and aj denotes the transposition of aj. Furthermore
define the covariance matrix of a as

Cr = E{(ax — ax)(ar —ax)'} (13)
where
ap = E{ak} (14)

and E{ay} denotes mean vector. The eigen vectors cor-
responding to the eigen values of covariance matrix C
are calculated as

where
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Mﬁ’,f) and ugf) are the eigen value and the correspond-

ing normalized eigen vector, respectively. The feature
vector aj of the seal imprint can be expanded into K-L
expansion as

M
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Furthermore vectors are defined as
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With the above vectors h,,, a seal imprint is verified by
the distance between vectors, h7¢/ and h,,, correspond-
ing to true and given seal imprints, respectively.

3. VERIFICATION ALGORITHM

It is assumed here that the mean value azef of the
ref (k)

feature vector a7, the eigen vectors u,,’ corresponding
to the eigen values u,gf) of the covariance matrix Cj,
href c:sf(l)7.._’c:§f(N)],(m = 1,---,M) and 7

ref =
(threshold value) for a reference seal imprint have been
evaluated beforehand. The verification algorithm is
given below:

(Algorithm)

(1) Calculate the Fourier coefficients al¥) of log-polar im-
age of a given seal imprint and the feature vector:
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(2) Calculate the coefficients:
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and the vector:
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(3) Verify the seal imprint as
true if

M
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otherwise false,
where || hy, || means Euclidean norm of hy,.

4. EXPERIMENTS

In our experiment, 960 seal imprints belonging to 32
classes with variations such as rotation, stains with ink,
blur and so on were used. As the experimental results,
verification error rate(average) was 0.24%. Seal imprint
is represented as image of pixels with a pixel of 8 bits.
Some examples of the seal imprints are shown in Fig.5.

For convenience of explanation, it is assumed that the
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Figure 5: Some examples of the seal imprints
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Figure 6: log-polar images of seal imprints on circles
with a same radius and the absolute values of Fourier
coeflicients of the log-polar images
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Figure 7: log-polar images of seal imprints on circles
with a same radius and the absolute values of Fourier
coefficients of the log-polar images

upper imprint in Fig.6 and Fig.7 is the reference im-
print of a registered seal in the experiments. In usual
seal imprint verification, the seal imprints shown in Fig.6
should be verified as the imprints of the registered seal,
however the seal imprints shown in Fig.7 should be ver-
ified as different imprints of the registered seal. In Fig.6
and Fig.7, log-polar images of seal imprints on circles
with a same radius and the absolute values of Fourier
coeflicients of the log-polar images are shown. It can be
seen from Fig.6 that the absolute values of Fourier coef-
ficients of the log-polar images are very close to those of
the reference seal imprint. This shows that the feature
vector in our method is robust for the rotation, stain
and blur of seal imprints. On the other hand it can
be seen from Fig.7 the absolute values of Fourier coef-
ficients of the log-polar images are quite different from
those of the reference seal imprint. This shows that the
feature vector in our method is effective for describing
the difference between seal imprints with not only dif-
ferent characters but also different fonts. An example
of seal imprints verification for M = 1, K = 30, N = 2
is shown in Fig.8.

5. CONCLUSION

This paper proposed a robust seal imprint verification
method with rotation invariance. First, a log-polar
image obtained from seal imprint represented as two-
dimensional continuous function in Cartesian coordinate
was expanded into 2D Fourier series. The rotation in-
variant feature was represented by the absolute value of
Fourier coefficients of log-polar image of seal imprint on
circles with different radii. Then the K-L expansion of
the feature vector defined in terms of Fourier coefficients
of log-polar image was used to obtain a vector represent-
ing the feature of a seal imprint. Furthermore the vector
was used to evaluate the difference between the features
corresponding to true and given seal imprints. It was
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Figure 8: An example of seal imprints verification

found from the experimental results that the proposed
method is robust for seal imprint verification.
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