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Abstract: - Physical-field inspired methodology has become a new branch in image processing techniques. In
this paper, anovel image transform is proposed imitating the source reverse of magneto-static field. The image
istaken as avertical magnetic field, and its curl is estimated as the virtual source of the field for image structure
representation and analysis. The restoration from the virtua source to the image is aso investigated, based on
which a method of image estimation and restoration from its gradient field is proposed. The experimental
results indicate that the proposed curl source reverse provides effective image structure representation, which

can be exploited in further image processing tasks.
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1 Introduction

In digital image processing, the image transform is
the basis for many real world applications, such as
the widely applied classic Fourier transform and the
popular Wavelet transform [1,2,3]. The emergence
of new transform techniques improves the
development of image processing with support for
rea world applications. In recent years, the
emergence of physica field inspired methods has
attracted more and more research and achieved good
results in image processing tasks such as ear
recognition, image segmentation, corner detection,
etc [4-11].

Generaly speaking, in physics the fidd is
determined by the source distribution [12,13].
Therefore, the field can aways reflect some
characteristics of the source, which is the foundation
of the effectiveness of the field inspired methods.
Currently, these methods focus on the direction
where the image is just taken as the virtual source of
the field [4-11]. Then the processing and analysis
are carried out in the virtual field generated by the
image imitating the electro-static or magneto-static
field.

The physical-field inspired methods gradualy
form a new trend in image processing based on their
successful applications. The effectiveness of the
virtual fields in image processing tasks inspires a
novel idea of field source reverse in our research.
Previous field-based methods usually take the image
as the source to produce the virtua field. However,
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the novel idea presented in this paper takes the
image as the virtual field and investigates the
properties of the virtual curl source with a reverse
method inspired by the magneto-static field.

Based on the above novel idea, an image
transform is presented, which is different from
previous field inspired methods. The curl source
reverse is proposed imitating the reverse of the
magnetic field. The image is taken as a virtual
magneto-static field, and the virtual curl source is
reversed from the image as an efficient structure
representation for further processing tasks. The
analysis and experimental results indicate that the
proposed transform can reveal  structurd
characteristics of images. Moreover, the opposite
transform from the virtual curl source to the origina
image is also investigated, based on which a method
of estimate and restore the original image from its
gradient field is presented. The effectiveness of the
restoration method is also proved experimentally.

2 The Curl Source Reverse for Digital
| mages

2.1 The Relationship between the Magnetic
Field and the Field Source

In physics, moving charges generate magnetic field
in the space. Thus the moving charges (i.e. the
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currenj can be conceptuly regardel e the soure
of the magnetic fial. On the othe hand, ff the
magnéic field is known, the fietl soure d currert
densiy can le reversd according to the Ampers’
law in differertial form [12,13]:

—

OxB = 1, [ (1)

where é is the magnetic induction; j isthe current
density (i.e. the field source distribution); U, isthe

permeability constant; [1 is the Hamiltonian
operator:
=974 95,9¢ @
ox o0y 0z

The operator [1 means the cross product of two
vectors. The operation of [1x obtains the curl of the

vector field é i.e. the source distribution 3 has

direct relationship to the curl of B. Therefore, the
reverse from the magnetic field to the source is as
following:

OxB
3
o

Because the source reflects underlying structural
feature of the field, in this paper a transform from
the image to the virtual curl source is proposed for
image structure representation in the next section.

J=

2.2 TheVirtual Curl Source Reverse
In physics, the field is determined by the source
distribution. Therefore, the field source can be a
compact representation of the field and may revea
structural characteristics of the field, which can be
exploited in image transform and analysis.

In this paper, a novel image transform is
presented imitating the source reverse of the
magnetic field. Because the source distribution of
magnetic field isits curl, the transform is named the
curl source reverse.

The image f(x,y) itself is a scalar distribution in
the 2-D domain. To get the virtual curl source of the
image, each image pixel is represented by a vector

f(X, y) , which comes outward from the 2-D plane.

Moreover, the vector representing a pixel is at a
right angle to the 2-D plane and its magnitude is
defined as the gray-scale value of that pixel:

[(xy) = f(xYy)k 4)

ISSN: 1109-2750

875

Xiao-Dong Zhuang, Nikos E. Mastorakis

With such definition, the image f is represented by a

vertical vector field 1. A simple example of the
vector field representing a small image of the size
3x3isshowninFig. 1.
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(b) The vertica vector field representing the small image of (a)
Fig. 1 A simple example of the vector field representing a small
image

The curl source reverse is proposed as the

reverse from the vertical field | to the virtual
current density distribution (named the virtual curl
source in this paper) imitating Equation (3). To

achieve the curl source reverse, replace B in

Equation (3) with f :

i j ok
é:Dxr:i i i:

ox o0y o0z

L1, 1,
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=
5wl e i
(5)

where C is the virtua curl source; i, j and K

are the three unit vectors on the x, y and z
coordinates respectively.

o, [

H+ IY_alx
) ox oy

0X [

It is notable that the components of | on the x-
coordinate and y-coordinate are both zero because it
is defined as a vertical vector field. If Equation (4)
and (5) are combined, the curl source reverse is as
following:

i K

G=|9 90 9 | 0fxy); 9f(xy);
ox dy 0z dy ox
0 0 f(xvy)

(6)

According to Equation (6), the result of curl source

reverseis avector field é(x, y) defined on the 2-D

plane where the image f(x,y) is defined.

Because f(x,y) is a digital image, the two partial
derivatives in Equation (6) should be estimated by
discrete operators. In this paper, the Sobel operator
is used for the estimation. The two templates for
partial derivative estimation are shown in Fig. 2.

1701
210 |2
110 |1

The template to estimate the derivative on x-coordinate

1|21
0|00
121

The template to estimate the derivative on y-coordinate

Fig. 2 The two templates of Sobel operator to estimate the
gradient vector
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According to the Sobel operator, for digita
image f(x,y), the two components of the virtual curl
source are estimated as following:

CxY)=[fO1y+1)-f(x-Ly-D]+2[f(x,y+ D)-f(xy-1)] +
[fOc+Ly+1)-f(x+1,y-1)]

Cyay)=-[f0x+Ly-1)-F(x-1y-1)]-2[f(x+1,y)-f(x-1.y)]-
[fOctLy+1)-f(x-1,y+1)]

()
Equation (7) defines the operation of curl source
reverse for digital images. The virtua curl source
for an image is defined as a discrete vector field on
the image plane, whose x and y components are
defined in Equation (7). The properties of the virtua
curl source are investigated experimentally in the
next section.

3 The Spatial Properties of the Virtual

Curl Sourcefor Digital Images

Equation (6) indicates that for a vector in the virtual
curl source, its component on the x-coordinate is the
partia derivative of f(x,y) with respect to y, and its
component on the y-coordinate is the partial
derivative with respect to x. On the other hand, it is

well known that the gradient é of afield f(x,y) dso
has the two partial derivatives as its components:

0x oy
It is indicated from Equation (6) and (8) that the

virtual source obtained by the curl source reverse
has direct relationship with the gradient field:

C,(xy)=G,(x,y)

C,(xy) =-G,(xy)

Therefore, on any point in the image, the vector
in the virtua source has the same magnitude of the
gradient vector on that point, but their directions are
different. According to Equation (9), the vector of C
is obtained by two steps. reflect the vector of G
across the line with the slope of 1.0, followed by
another reflection across the x-axis. The relationship
between a vector in the curl source and its
corresponding gradient vector is shown in Fig. 3.
Because the gradient is aways taken as the feature
of edgesin the image, the virtual source obtained by
the curl source reverse will aso reflect structura
feature of the image.

(9)

Issue 5, Volume 8, May 2009



WSEAS TRANSACTIONS on COMPUTERS

slope=1

®

{_______ e e

+

3

Fig. 3 Therelationship between a vector in the curl source and
its corresponding gradient vector

Experiments are carried out for a group of test
images to reveal the basic properties of the virtual
curl source. The curl source reverse is implemented
in VC6.0 developing environment. The test images
are of the size 32x32. The experimental results are
shown in Fig. 4 to Fig. 8. The figures with the label
(@) in Fig. 4 to Fig. 8 are the original test images.
The figures with the label (b) in Fig. 4 to Fig. 8 are

the magnitude distributions of the virtua curl source.

The figures with the label (c) in Fig. 4 to Fig. 8 are
the direction distributions of the virtua curl source.

wd

testl

(a) Theimage test1 (4 times of the original size on theright for
aclear view)

wd
—>

b) The magnitude distribution of the virtual curl source of testl
Yl
(4 times of the original size on theright for a clear view)
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(c) Thedirection distribution of the virtual curl source of testl

Fig. 4 Theresult of curl source reverse for testl

(a) The image test2 (4 times of the original size on theright for
aclear view)

wd
—>

(b) The magnitude distribution of the virtual curl source of test2

(4 times of the original size on the right for a clear view)

(c) Thedirection distribution of the virtual curl source of test2

Fig. 5 Theresult of curl source reverse for test2
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wd
N
test3

(8) Theimage test3 (4 times of the original size on theright for (b) The magnitude distribution of the virtual curl source of test4
aclear view) (4 times of the origina size on the right for a clear view)
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b) The magnitude distribution of the virtual curl source of test3
g
(4 times of the original size on theright for aclear view)

(c) Thedirection distribution of the virtual curl source of test4

Fig. 7 The result of curl source reverse for test4

P
—>
tests
(c) The direction distribution of the virtual curl source of test3
Fig. 6 The result of curl source reverse for test3 (a) The image test5 (4 times of the original size on theright for
aclear view)
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testd

(b) The magnitude distribution of the virtual curl source of testb

(@ Theimagetest4 (4 timesof the origina size on the right g = : ; g
(4 times of the original size on the right for a clear view)

for aclear view)
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(c) The direction distribution of the virtual curl source of test5

Fig. 8 Theresult of curl source reverse for test5

The experimental results reved the spatial
properties of the virtual curl source. In the figures
with the label (b) in Fig. 4 to Fig. 8, larger gray-
scale values correspond to larger vector magnitudes.
The figures with the label (b) in Fig. 4 to Fig. 8
show that the energy (i.e. non-zero values) in the
virtual curl source concentrates near the region
borders, where there is more complex structure than
the other parts of the image [14,15]. Thisis because
each vector in the virtual curl source has the same
magnitude as the gradient vector at the same point,
but their directions are different. This property of
energy concentration in the magnitude distribution
of the virtual curl source may be exploited in data
compression, which is similar to the energy
concentration of the 2-D Fourier transform in the
frequency domain [16,17,18].

The direction distribution of the virtua curl
source is shown in the figures with the label (c) in
Fig. 4to Fig. 8. The direction angle of each vector is
visualized by discretizing into 8 discrete directions.

The black dots in the figures with the label (c) in Fig.

4 to Fig. 8 indicate the positions of zero vectors. The
representation and analysis of image structure is
important for many imageprocessing tasks
[19,20,21]. Experimental results indicate that the
direction distribution of the virtual source has direct
relationship with the image structure. In the figures
with the label (c) in Fig. 4 to Fig. 8, the vectors in
the virtua curl source have a rotating pattern as a
whole, which rotate aong the borders of the regions.
For example, the curl vectorsin Fig. 4(c) rotate anti-
clockwise as a whole. On the other hand, the curl
vectors in the source are zero within homogeneous
regions.

Moreover, the rotating direction of the curl
vectors as a whole has direct relationship with the
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gray-scale difference between adjacent regions.
Experimental results indicate that when moving
aong the rotating direction indicated by the curl
vectors, the region on the left hand has lower gray-
scale than that on the right hand. Therefore, the
gpatial properties of the magnitude and direction
digtributions of the virtual curl source can be an
effective representation of image structure, which
may be exploited in further processing and analysis.

4 The Opposite Transform form the

Virtual Curl Sourceto the lmage

It is an important characteristic of a transform
whether the transform is reversible. For the curl
source reverse, the opposite transform from the
virtual curl source to the original image is discussed
in this section.

In physics, the continuous magnetic field B can
be obtained from the distribution of the current

density j , which is well known as the Biot-Savart
Law [12,13]:

PENE
47OTJ'r3

where I:%( p) isthe magnetic induction at the point p;

av

B(p) = (10)

J is the current density; r is the vector from the
current density to the point p. The integra in
Equation (10) is for the whole source space where
thereis current density distribution.

Imitating Equation (10), the restoration from the

virtual source é(x, y) to the field f(x, y) (i.e. the

image) is proposed. Because the virtual source and
the gradient field are related by Equation (9), the
proposed restoration method can also be a method
for estimating the image from its gradient field.

Because é(x, y) is a vector field defined on a
discrete 2-D plane, the restoration of the field

f(x, y) should also use discrete operations, i.e. the

integra in Equation (10) should be replaced by
summation as following:

F'(X, y) =K |§ Z C(I Jr) X r (1)~ (xy) (ll)
ESE

(i,1)=(xy)
where K is a constant; H and W are the height and

width of the image respectively; é(i,j) is the
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virtual cur source f'(x, y) is the restored fiel
whos magitude distribtion correspondsot the

image F(i.j)a(x.y) is the vecta from (i,j) to (x,y).

Becaus F(i.j)a(x.y) and C(x, y) are boh vector

fields an the 2D plane ther conponens m z
coordinae are zero:
C,=0

r,=0 (12)

Therefore the cres podud of é(x, y) and

—

I 0.y 1S as fdowing:
i k|| Kk
Cxr=|C, C, Cjl=|C, C, O
e f, r| [, 1, 0
=(C,r, —cer)E (13)

wherer, andry are the two conponens o F(i,j)a(x,y)
resgectively. Combine Equatin (11 and (13), the
restoratbn d the field (i.e the image) fron the
virtual curl source i as fdlowing:

o y"KDZZ(C (.00, =C,0 D)
(14)

Becausethe virtud curl source is relatel to the
gradient field of the imag by Equaion (9), the
abowe restorattn mehod & also a waya estimag
the original imag from its gradien field with the
virtua curl souree as a intermediary: first th

(l =0xy)

gradien field can Il transformed a é(x, y)

accordig to Equaton (9) then the imag can be
restored accordmto Equaion (14).

Experimens d image restorton from the
virtual curl soure ae carried otifor a goup of rea
world images The expdmentd results ae¢ showm
in Fig. 9 b Fig. 14.The figures wih the label (ain
Fig. 9 to Fig. 14are the visualizationfathe original

dan o the restored |'(X,y) 's magnitude
distribution The figures with the labé(b) in Fig. 9
to Fig. 14 are the resuft aftercontras enharcemern
of the correponding originh magnitudes The
figures with the label (Ein Fig. 9 o Fig. 14are tre
origind images for comparisn.
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(c) The original imag o the boat

Fig. 9 The resit of opposte transfom from tte virtual curl
source b the boaimage

(@ Visudization ofI’ (x,y)
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(c) The original image of the house

Fig. 11 The result of opposite transform from the virtua curl
source to the house image

(c) The origina image of the bridge

Fig. 10 The result of opposite transform from the virtua curl
source to the bridge image

(b)

(b) Result of contrast enhancement (c) The original image of the peppers

Fig. 12 The result of opposite transform from the virtua curl
source to the peppers image
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(b) Result of contrast enhancement

(c) The original image of the broadcaster

Fig. 14 The result of opposite transform from the virtua curl
source to the broadcaster image

The results indicate that the restored images can
be good approximations of the origina image for
visual understanding, but there are differences
between the restored and original images. Although
the transform for continuous field defined by
Equation (3) and (10) are reversible, the curl source
reverse for digital images defined by Equation (7)
and (14) includes operations of discretization, which
Fig. 13 The result of opposite transform from the virtual curl introduces data errors into the restored results.

source to the cameraman image Therefore, the proposed transform of curl source
reverse is not strictly reversible, but the opposite
transform from the virtual curl source to the image
just provides acceptable results for visua perception.

(c) The original image of the cameraman

5 Conclusion

In this paper, the curl source reverse is presented for
digital images. The virtual curl source is estimated
imitating the magneto-static field as a novel
representation of image structure. The experimental
results for test images indicate that the virtua curl
source can be an effective representation of image
structure for further analysis. Moreover, the visualy
(a) Visualization of I (xy) acceptable approximation for the original images
can be derived from the virtual curl source, based on
which a method of image estimation and restoration
from its gradient field is proposed. Experimenta
results for real world images prove the effectiveness
of the proposed method. The experiments also
indicate that in the representation by the virtual curl
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source the energy concentrates on the region borders,
which may be exploited in image data compression.
Further research will investigate the application of
the curl source reverse in other image processing
applications. It will also be investigated to remove
the data errors caused by discretization in the
transform process so that the opposite transform
from the virtual curl source to the image can have
the qudity similar to those strictly reversible
transforms.
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