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Abstract: - For image structure representation and feature extradion, the arling vedor field transform is
propcsed based on the magneto-static analogy. The digital image is taken as the source of the vector field, and
the vedor field transform of the image is presented imitating the form of the physicd magnetic field, which has
a distinctive feature of rotating whorl pattern. The simulation results indicate that the curling vedor field can
represent the image’s gructure feature, which can be applied in image segmentation. The experimental results
show that image segmentation can be effedively implemented based onthe image structure feature extracted

by the aurling vedor field transform.
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1 Introduction

In dgital image processing, the image transformis a
fundamental tedhnique. Generaly, the transform
maps the original image to the representation in the
transformed damain, such as discrete Fourier
transform, discrete cosine transform, wavelet
transform, etc [1]. These transforms are the
conversions from the image spaceto the wefficient
space(which are al scdar). Compared with a scalar
space avedor spaceincludes not only the intensity
of vedors but also the direction information, which
may give a degper and more detailed representation
of the image structure. Research work has been
dore in image processing methods by imitating
physicd vedor fields, such asthe dedro-static field
or the magnetic field [2-8]. Because a field is
determined by the field source and thus reflects the
properties of the field source, vedor field transforms
may reved detailed feature of the source (i.e. the
image). This has become a novel way to design
image processing algorithms and hes potentia
impad on the development of image transform
research. Currently, there is relatively lesswork on
the imitation of magnetic field in image processing,
and there is also no general and wiform definition
of vedor transform imitating the magnetic field
[7.9.

In this paper, a novel vector field transform for
images is proposed imitating the static magnetic
field, which is named the aurling vedor field
transform. The properties of the proposed transform
are investigated experimentally, and the transform is
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applied in image segmentation. The experimental
results indicate the proposed method can produce
detailed representation of the image structure, based
on which image segmentation cen be dfectively
implemented.

2 The Curling  Vector Field

Transform

2.1 The physical magnetic field

The magnetic induction generated by an electric
current element is defined by the Biot-Savart Law
[9]:

_ Uy Jdixr
dB a1 (@)
where dB is the magnitude of the magnetic
induction at a point in the space. | is the magnitude
of the dectric current element; dl is a unit vector
which represents the direction of the electric current
element; r is the radius vector from the electric
current element to the point in the space.

In the physical magnetic field, the magnetic
induction lines are close loops. The geometric shape
of the magnetic induction lines are determined by
the mathematical form of the vector field defined in
(D. In this paper, the mathematical form of the
magnetic field is imitated in image vector transform,
based on which the curling vector field is proposed.
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2.2 Thedefinition of the curling vector

If the image is taken as the field source, the vector
field can be generated by the imitation of the
mathematical definition of the magnetic fied.
Suppose there is an electric current element on each
image point, which is at a right angle to the image
plane. Then the virtual field source will generate a
vector field on the image plane. Furthermore, in
order to extract the image structure information, the
intensity of the vector fiddd on each point is
determined by the gray-scale values of related
image points. In this paper, to reflect the gray-scale
difference between the pointsin two different image
regions, the vector generated by point (i,j) on the
point (x,y) is related to the gray-scale difference
between the two points:

_ 19, J) g(x, y)IEnoxron ~(xy)
I‘

)

(i1) =~ (x.y) Ty - xy)

where V isthe vector generated by point (i,j) on the
point (x,y); g(i,j) and g(x,y) are the gray-scale values
of the two points, ny is the unit vector at a right

angle to the image plane F(i,j)ﬁ(x,y) is the radius
vector from (i,j) to (x,y).

The two components of V on x and y direction
are:

VX:IGJ(i,1'2)-<§J(X,)/)IE,1;im9

r2 M-ty O
(i1~ (xy)
_laG, j)-a(x,y)|
Vy - 2 EIOSQU’I.)A(X’W (4
M1 = (xy)

where 6 is the direction angle of the radius vector

Fai)-0y -

Therefore, if two image points are of the same
gray-scale, the vector generated by one point on the
other is a zero vector. Only if there is gray-scale
difference between two image points, non-zero
vector can be generated by one point on the other.
According to the above definition, the vector
generated by one point on ancther reflects the
information of their gray-scale difference and their
relative position (i.e. the distance and direction).

2.3 The definition of the curling vector field
transform for images

Based on the definition of the curling vector, the
curling vector field transform is proposed as follows.
The transform of image g on the point (xy) is
defined as the sum of the vectors generated by al
the other image points on (x,y):
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V(xy)= Zzllg(l ) —a(x Y)lzﬂoxf(l D~
1= (I P=(xy) r(IVJ) (x,y)

(5)

where \7(x, y) isthe field vector on (x,y); Wand H
are the width and height of the image respectively.

The two components of \7(X, y) on x and y
direction are:

V.(x,y) = zzlg(l 1)=9(%, y)IBmB(I o

(I DN-(xy)
(6)
W H
_ |9, J) a(x,y) |
V, (X y) = [€osO,;
;12:1 (| D) ()= (xy)
(7)

The magnetic induction lines are close curves in
physical magnetic field. This feature also exits in
the curling vector field defined above. The curling
vector transform is implemented for a group of test
images to investigate the properties of the vector
field. The test images are of the size 32% 32. The
experimental results show that the vectors inside
each homogeneous region constitute a rotating
whorl, which inspires the naming of the curling
vector field. Three representative images of the test
images and the corresponding experimental results
areshownin Fig. 1to Fig. 8.

testl

Fig. 1. Thefirst image test1 (the original image, and 4 times of
original size on the right)

Fig. 2. The vector length in the curling vector field of testl
(the original image; 4 times of original size on the right)
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Testl is a homogeneous area as a whole.
Therefore, the vectors in the transformed field are
all zero vectors.

wd
o>
testd

Fig. 3. The second image test2 (the origina image on the left,
and 4 times of original size on the right)
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Fig. 4. The vector length in the curling vector field of test2 (the
original image; 4 times of original size on theright)
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Fig. 5. The direction of each vector in the curling vector field of
test2

Test2 contains a rectangle region. In the vector
field of Test2, the vectors in the rectangle region
rotate clockwise, but the vectors in the background
region rotate anti-clockwise.

wd
o
test3

Fig. 6. The third image test3 (the original image on the | eft, and
4 times of original size on the right)
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Fig. 7. The vector length in the curling vector field of test3 (the
original image; 4 times of original size on the right)
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Fig. 8. The direction of each vector in the curling vector field of
test3

There is a rectangle region and an ellipse region
in Test3. In the vector field of Test3, the vectorsin
the rectangle region and the dlipse region rotate
clockwise, but the vectors in the background region
rotate anti-clockwise. The difference of rotating
direction between the object regions and the
background region is the base of segmentation in the
curling vector field.

3 Image Segmentation Based on the
Curling Vector Field

3.1 Therotating direction and base points of
rotating expansion

The experiments and analysis about the curling
vector field show that the vectors insde a
homogeneous region have the overall appearance of
a rotating whorl. Moreover, if one region contains
another, the rotating directions of them are opposite.
This feature is determined by the definition of the
vector field in Equation (5). Based on the rotating
feature of the vectors inside homogeneous regions,
any homogeneous region can be extracted by a kind
of rotating expansion in the region. The points with
definite rotating directions in a region are the
starting points of the expansion. The region will be
extracted by continuously expanding with a form of
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rotating movement acaording to the rotating
direction of the base points. In such rotating
movement, the paths of movement will
progressively cover the whoe region. Thus the
homogeneous region can be extraded.

Determining the rotating direction of each image
point is the first step of region extraction in the
curling vedor field. In this paper, three kinds of
rotating status on an image point are given as
following. First, the vedor directions are discretized
into eight directions. Suppce that the vector
direction onpoint A has the angle of zero, and B is
the next point on A’s vedor direction. The rotating
direction on A is defined acording to the angle
between the vedors on A and B. The dockwise
rotating direction on pdnt A is defined as the
foll owing two cases:

L

Eo\_‘ angle=135"

E‘; angle=90"°

Fig. 9. The clockwise rotating diredion on pant A

A a—m

The anti-clockwise rotating direction on point A
is defined as the foll owing two cases:

E'/‘ angle=135°
e

Fig. 10. The anti-clockwise rotating diredion on pant A
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The uncertain rotating diredion on mint A is
defined as the foll owing four cases:
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Fig. 11. The uncertain rotating diredion on pant A
If the vedor on point A has the angle a, and B

is the next point on A’s vedor diredion. The
rotating diredion can also be determined according
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to the angle between the two vedorson A and B as
the éove cases.

Therefore, the image points can be divided into
two classes. one with definite rotating drection and
the other with urcertain rotating direction. Those
with definite rotate directions are the starting points
of rotating expansion, which are named the base
points of rotating expansion.

The base point extraction is carried out for the
test images. The experimental results are shown in
Fig. 12to Fig. 15.In Fig. 12 and Fig.14, the white
points represent the anti-clockwise rotating direction,
the bladk paints represent the dockwise rotating
direction, and the gray points represent the uncertain
ones. Because the vedors in the field of Testl are
zero, there is no base extracted. Fig. 12 and Fig. 14
show the base paints of Test2 and Test3 respectively.
For a dearer view, the base pants extracted are also
shown in the discrete direction distribution of the
vedor fields as Fig. 13 and Fig. 15. The results of
base pant extraction indicate that these points form
akind d image structure representation, and can be
the starting points for region extradion.

Fig. 12. The base points extraded for Test2
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Fig. 13. The base pointsfor Test2 in the diredion dstribution o

the vedor field
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