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Abstract: - In this paper, the spatial property of the magneto-static field generated by the stable current is 
discussed and exploited in image analysis. The region-division feature of the magnetic field generated by a 
current element on 2D plane is investigated experimentally for some simple test images. The virtual edge 
current in gray-scale images is presented by a magneto-static analogy, which is composed of the tangent edge 
vectors as a discrete form of the physical current element. The virtual magnetic field generated by the edge 
current in digital images is investigated experimentally, which is applied in region border detection and region 
division. A novel image segmentation method is proposed based on the virtual magnetic field generated by the 
edge current. The experimental results prove the effectiveness of the proposed method, and also indicate the 
promising application of the physics-inspired methods in image processing tasks. 
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1 Introduction 
Nature inspired methods have become an important 
way to solve many theoretical and practical 
problems for human beings, such as the genetic 
algorithm, ant colony optimization, neural network, 
etc [1-8]. In signal and image processing, the nature 
inspired methods have also been studied and applied. 
In recent years, the physical field inspired methods 
have attracted more and more research interest, and 
such research has achieved promising results for 
image processing tasks [9-18]. Such results have 
been applied in image segmentation, biometrics, 
corner detection, etc [9-18]. The view of regarding a 
digital image as a virtual field imitating the field in 
physics may obtain a natural way of image structure 
presentation and decomposition for further analysis, 
and may reveal novel features useful in practical 
tasks. 

The electro-magnetic field in physics has a 
complete set of theoretical description (a series of 
laws and theorems). There are on-going research 
efforts to explore the practical use of the methods 
imitating the electro-magnetic rules in signal and 
image analysis [9-18]. In this paper, the region-
dividing feature of stable magnetic fields is 
analyzed, based on which the tangent edge vector 
and the virtual edge current are proposed to 
represent the edge structure of images. The 
properties of the virtual magnetic field generated by 
the virtual edge current are investigated, and a novel 

method for image segmentation is proposed based 
on the direction distribution of the virtual magnetic 
field. The experimental results prove the 
effectiveness of the proposed method, and indicate 
the promising application of the virtual edge current 
in image processing tasks. 
 
 

2 The Region-Dividing Feature of the 
Magnetic Field Generated by Stable 
Currents on 2D Plane 
The distinctive feature of physics-inspired methods 
for image analysis is a kind of natural description 
and representation of image structures, which may 
reveal novel image features for further analysis. The 
magnetic field generated by the stable current 
satisfies the Biot-Savart law [19,20], and in this 
paper its spatial property on the 2D plane is 
investigated. The possible application of the 
magneto-static field’s spatial property to region 
border extraction is also discussed. 
 
 
2.1 The magnetic field of the current in a straight 
wire and its spatial property 
According to the electro-magnetic theory, the 
magnetic field generated by the stable current in an 
infinitely long straight wire is [19,20]: 

WSEAS TRANSACTIONS on COMPUTERS X. D. Zhuang, N. E. Mastorakis

ISSN: 1109-2750 259 Issue 8, Volume 10, August 2011



r

I
B

π
µ
2

0=                              (1) 

where B is the magnitude of the magnetic induction 
at a space point, I is the intensity of the current, r is 
the distance of the space point to the straight line, 

0µ  and π  are two constants. The diagram of the 

magnetic field generated by the straight line is 
shown in Fig. 1. 
 

 
Fig. 1 The magnetic field generated by the straight line 

 
In Fig. 1, the direction of the magnetic induction 

is determined by the right-hand rule: if the thumb of 
the right hand is pointed in the direction of the 
current, and the other four fingers assume a curved 
position, the magnetic field circling around the wire 
flows in the direction in which the other four fingers 
point [19,20]. The right-hand rule is shown in Fig. 2. 
 

 
Fig. 2 The right-hand rule 

 
According to the right-hand rule, the direction 

distribution of 
→
B  can be determined on a plane 

where the wire lies. Fig. 3 shows the direction 
distribution of the magnetic field on the 2D plane 
where the straight wire lies. In Fig. 3 the cross 
represents the direction of going into the paper, and 
the dot represents the direction of coming out of the 
paper. From the viewpoint of geometry, the line 
divides the plane into two halves. The direction of 
the magnetic induction vectors in one half is just 
opposite to that in the other half. If the direction of I 

is given, based on the direction of 
→
B , it can be 

decided on which side of the wire the point lies. 
Therefore, from the viewpoint of image analysis, the 
direction of the magnetic field can serve as a feature 

which indicates the approximate relative position of 
a point with respect to the straight wire on the plane. 

 

 
Fig. 3 The direction distribution of the magnetic field generated 

by a straight wire on a plane 

 
 
2.2 The magnetic field of the current in a 
closed wire with arbitrary shape and its 
spatial property 
The straight line is just a special case of curves with 
arbitrary shapes, and the magnetic field generated 
by the straight wire is a special case of those 
generated by general wires. A more general 
description of the magnetic field is given by the 
Biot-Savart law [19,20], where the source of the 
magnetic field is the current of arbitrary shapes 
which is composed of current elements. A current 

element 
→
dlI  is a vector representing a very small 

part of the whole current, whose magnitude is the 
arithmetic product of I and dl (the length of a small 
section of the wire). The current element has the 
same direction as the current flow on the same point. 
Thus the whole magnetic field is the accumulation 
of those generated by all the current elements. 

The magnetic field generated by a current 

element 
→
dlI  is as following [19,20]: 

3
0

4 r

rdlI
dB

→→
→ ×⋅=

π
µ

                     (2)  

where 
→

dB  is the magnetic induction vector at a 

space point, 
→
dlI  is the current element, r is the 

distance between the space point and the current 

element, 
→
r  is the vector from the current element to 

the space point, the operator ×  represents the cross 
product of the two vectors.  The direction of the 
magnetic field also follows the right-hand rule. The 
magnetic field’s direction distribution on the 2D 
plane where the current element lies is shown in Fig. 
4. Similar to the case of straight wire, the direction 
of the magnetic field reverses when crossing the line 
on which the current element lies. 
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Fig. 4 The magnetic field’s direction distribution of a current 

element on the 2D plane 

 
The magnetic field generated by the current in a 

wire of arbitrary shape is the accumulation of the 
magnetic fields generated by all the current 
elements on the wire, which is described by the 
Biot-Savart law [19,20]: 

∫∫
→→

→→ ×⋅==
DD r

rdlI
dBB

3
0

4π
µ

             (3) 

where 
→
B  is the magnetic induction vector on a 

space point generated by the whole current elements 
in a current of arbitrary shape, D is the area where 

current element exists, 
→

dB  is the magnetic field 
generated by the current elements in D. 

Fig. 5 shows the case of a current element on a 
closed wire with arbitrary shape, and its magnetic 
field in the small neighboring area. The closed wire 
divides the plane into two parts: the inner region and 
the outer region of the curve. In the small 
neighboring area of a current element, the magnetic 
field’s direction reverses when crossing the local 
section of the curve. From the viewpoint of image 
analysis, the reverse of the field’s direction in the 
local area indicates the existence of the region 
border (such as the curve in Fig. 5) Therefore, the 
reverse of the field direction is a promising novel 
feature representing region borders in digital images, 
which may be exploited in edge detection and 
further analysis. 

 

 
Fig. 5 The magnetic field distribution in the small neighboring 

area of a current element on a closed wire 

3 The Tangent Edge Vector for 
Simple Image Regions 
The direction of the current in a wire is virtually the 
tangent direction of the curve on that point. On a 
discrete 2D plane, the discrete form of a current in a 
curving wire can be represented by a set of tangent 
vectors on each discrete point of the curve. In 
geometric theory, for simple regions (such as those 
in Fig. 4 and Fig. 5) the gradient vector on the 
region border is perpendicular to the border curve. 
Since the direction of the curve on a point is 
represented by the tangent direction of the curve, the 
tangent vector can thus be estimated by the gradient 
vector in digital images. 

 
 

3.1 The definition of the tangent edge vector 
In this paper, the tangent edge vector is proposed to 
represent the edge intensity and direction based on 
the above sections. The magnitude of a tangent edge 

vector 
→
T  is defined as the same of the gradient 

vector 
→
G  on that point, and its direction is 

perpendicular to the gradient vector: 

yx GT =                               (4) 

xy GT −=                            (5) 

where Tx and Ty are the x and y components of 
→
T  

respectively, Gx and Gy are the x and y components 

of 
→
G  respectively. Therefore, the magnitude of the 

tangent edge vector represents the edge intensity, 
and its direction represents that of the border curve. 
Fig. 6 shows the relationship between the gradient 
and tangent edge vector on the border of a simple 
region in the image. In this paper, the tangent vector 
is estimated by rotating the gradient vector 
clockwise with 90 degrees, which is shown in Fig. 6. 
 
 

 
Fig. 6 The relationship between the tangent edge vector and the 

gradient vector 
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In this paper, the Sobel operator is adopted to 
estimate the gradient vector in digital images [21]. 
The two templates of the Sobel operator for the 
gradient estimation are shown in Fig. 7. 

 

 
The template to estimate the gradient component on x-coordinate 

 

 
The template to estimate the gradient component on y-coordinate 

 
Fig. 7 The two templates of the Sobel operator to estimate the 

gradient vector 
 

According to the Sobel operator, for digital image 
f(x,y), the two components of the gradient vector are 
estimated as following: 
Gx(x,y)=[f(x+1,y-1)-f(x-1,y-1)]+2[f(x+1,y)-f(x-
1,y)]+[ f(x+1,y+1)-f(x-1,y+1)]                                  (6) 
 
Gy(x,y)=-[f(x-1,y+1)-f(x-1,y-1)]-2[f(x,y+1)-f(x,y-1)]-
[f(x+1,y+1)-f(x+1,y-1)]                                            (7) 
 
where Gx(x,y) and Gy(x,y) are the two components of 
the gradient vector on the x and y direction 
respectively. The tangent edge vector can then be 
estimated based on the gradient vector according to 
Equation (4) and (5). 

 
 

3.2 The spatial property of the virtual magnetic 
field generated by the set of tangent edge vectors 
To investigate the properties of the tangent edge 
vector, some experiments are carried out for a group 
of simple test images. The original images are 
shown in Fig. 8(a) to Fig. 12(a) respectively. The 
test images are with the size of 32× 32, and contain 
simple image regions. To get a more clear view, the 
original images are shown in both original size and 
the size of 4 times larger. The tangent edge vectors 
are shown in Fig. 8(b) to Fig. 12(b) respectively, 
where the arrows indicate the directions of the 
tangent edge vectors and the dot indicates zero 
vectors. 

For the simple test images in the experiments, 
each region has homogeneous pixels of the same 
gray-scale. Therefore, the gradient vectors are zero 
except on the points near the region border. Thus the 

tangent edge vectors also gather near the border 
curve and forms a circulating current around the 
region as a whole. Therefore, the tangent edge 
vectors make up a virtual current of a discrete form 
in the image. Since the physical current elements are 
along the tangent direction of the wire curve, the 
tangent edge vector corresponds to the physical 
current element. The experimental results in Fig. 8(b) 
to Fig. 12(b) also indicate that the tangent edge 
vectors form a virtual current in a discrete form 
along the region border, which is later defined as the 
virtual edge current in the following section. 

To further investigate the tangent edge vector, 
the virtual magnetic field generated by the tangent 
edge vectors is calculated. Imitating the physical 
current element, the discrete virtual magnetic field 
generated by a tangent edge vector on point (i , j) is 
proposed as following: 

3
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where ),(),( yxB ji

→
 is the virtual magnetic induction 

on point (x , y) generated by ),( jiT
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the tangent edge vector on point (i , j), ),(),( yxjir →

→
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the vector from (i , j) to (x , y), and ),(),( yxjir →  is the 

distance between (i , j) and (x , y). 
Thus the virtual magnetic field generated by all 
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(9) 
where ROW and COL represents the height and 
width of the digital image respectively. Because 
each tangent edge vector generates a magnetic field 
separating the image points on different sides of the 
local border section, the accumulation of all the 
virtual magnetic fields generated by all the tangent 
edge vectors may separate the points into two 
classes: those within the region and those outside 
the region. The simulation results are also shown in 
visible figures. The magnitude of each virtual 
magnetic field is shown in Fig. 8(c) to Fig. 12(c), 
where larger gray-scale values represent larger 

magnitude of ),( yxB
→

. The direction distribution of 
each virtual magnetic field is shown in Fig. 8(d) to 
Fig. 12(d), where the white points represent the 
direction of going into the paper, and the black 
points represent the direction of coming out of the 
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paper. The results indicate that different regions in 
the image have different directions of the virtual 
magnetic field, and the field direction reverses when 
crossing the region orders. Therefore, the direction 
distribution in the virtual magnetic field can serve as 
a promising feature for region border detection and 
also image segmentation. 

 

 
Fig. 8(a) The test1 image (4 times of original size on the right) 

 

 
Fig. 8(b) The direction distribution of the tangent edge vectors 

 

 
Fig. 8(c) The magnitude distribution of the magnetic field 

generated by the set of tangent edge vectors (larger gray-scale 
values represent larger magnitude) 

 

 
Fig. 8(d) The direction distribution of the magnetic field 

generated by the set of tangent edge vectors (the white points 
represent the direction of going into the paper, and the black 

points represent the opposite direction) 
 

 
Fig. 9(a) The test2 image (4 times of original size on the right) 

 
Fig. 9(b) The direction distribution of the tangent edge vectors 

 

 
Fig. 9(c) The magnitude distribution of the magnetic field 

generated by the set of tangent edge vectors (larger gray-scale 
values represent larger magnitude) 

 

 
Fig. 9(d) The direction distribution of the magnetic field 

generated by the set of tangent edge vectors (the white points 
represent the direction of going into the paper, and the black 

points represent the opposite direction) 
 

 
Fig. 10(a) The test3 image (4 times of original size on the right) 

 

 
Fig. 10(b) The direction distribution of the tangent edge vectors 
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Fig. 10(c) The magnitude distribution of the magnetic field 

generated by the set of tangent edge vectors (larger gray-scale 
values represent larger magnitude) 

 

 
Fig. 10(d) The direction distribution of the magnetic field 

generated by the set of tangent edge vectors (the white points 
represent the direction of going into the paper, and the black 

points represent the opposite direction) 
 

 
Fig. 11(a) The test4 image (4 times of original size on the right) 

 

 
Fig. 11(b) The direction distribution of the tangent edge vectors 

 

 
Fig. 11(c) The magnitude distribution of the magnetic field 

generated by the set of tangent edge vectors (larger gray-scale 
values represent larger magnitude) 

 
 
 
 
 
 

 
Fig. 11(d) The direction distribution of the magnetic field 

generated by the set of tangent edge vectors (the white points 
represent the direction of going into the paper, and the black 

points represent the opposite direction) 
 

 
Fig. 12(a) The test5 image (4 times of original size on the right) 

 

 
Fig. 12(b) The direction distribution of the tangent edge vectors 

 

 
Fig. 12(c) The magnitude distribution of the magnetic field 

generated by the set of tangent edge vectors (larger gray-scale 
values represent larger magnitude) 

 

 
Fig. 12(d) The direction distribution of the magnetic field 

generated by the set of tangent edge vectors (the white points 
represent the direction of going into the paper, and the black 

points represent the opposite direction) 
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4 The Virtual Edge Current in Digital 
Images 
The images captured in nature (such as photos, 
satellite images, etc.) have rich gray-scale levels and 
details, and are much more complex than the simple 
test images. The digital image can be regarded as a 
function f(x,y), whose arguments are the position on 
the 2D plane, and the function value is the gray-
scale of the image point [21]. The isolines (contour 
lines) in the image f(x,y) indicate possible region 
borders, and in mathematics the gradient vector is 
perpendicular to the isoline of f(x,y). Consequently, 
for complex natural images, the tangent edge vector 
represents the direction of the isoline in the image, 
i.e. the direction of possible region border curve. On 
the other hand, since the magnitude of the tangent 
vector is the same as the gradient vector on that 
point, its magnitude also indicates the edge intensity 
on that point. Therefore, the definition of Equation 
(4) and (5) can also apply to complex natural 
images. For complex natural images, there may be 
rich gray-scale levels, and there is a tangent edge 
vector with some magnitude on each image point. 
All the tangent edge vectors make up a flow field, 
and the flow direction on each image point is just 
the same as that of the tangent edge vector. 
Therefore, all the tangent edge vectors in a digital 
image form a virtual current, where the tangent edge 
vector on an image point serves as the discrete 
current element. The virtual current composed of the 
tangent edge vectors as current elements is defined 
as the virtual edge current, because all the tangent 
edge vectors are along the direction of the isoline 
curve in the image. 

To investigate the properties of the virtual edge 
current, the virtual magnetic field generated by the 
virtual edge current is calculated. Experiments are 
carried out for a group of natural images. The 
original images are shown in Fig. 13(a) to Fig. 19(a). 
The results of the virtual magnetic field are 
visualized as gray-scale images. The magnitude of 
each virtual magnetic field is shown in Fig. 13(b) to 
Fig. 19(b), where larger gray-scale values represent 

larger magnitude of ),( yxB
→

. The direction 
distribution of each virtual magnetic field is shown 
in Fig. 13(c) to Fig. 19(c), where the white points 
represent the direction of going into the paper, and 
the black points represent the direction of coming 
out of the paper. The experimental results indicate 
that for natural images the direction of the virtual 
magnetic field reverses when crossing major region 
borders. Therefore, the distribution of the virtual 

magnetic field can also serve as the basis of border 
detection and region segmentation. 

Because the magnitude of the tangent edge 
vector is the same as the gradient vector, in 

Equation (9) the 
→
T  vectors with large magnitudes 

have major affect on the formation of overall region 
borders, while those with small magnitudes can only 
have effect on adjacent areas and affect the details 
of the local region borders. In Fig. 13(c) to Fig. 
19(c), the experimental results indicate that the 
region borders can be detected according to the 
direction distribution of the virtual magnetic field 
generated by the virtual edge current. 

 

 
Fig. 13(a) The peppers image 

 

 
Fig. 13(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 13(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 14(a) The broadcaster image 

 
 

WSEAS TRANSACTIONS on COMPUTERS X. D. Zhuang, N. E. Mastorakis

ISSN: 1109-2750 265 Issue 8, Volume 10, August 2011



 
Fig. 14(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 14(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 15(a) The boat image 

 

 
Fig. 15(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 15(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 
 
 
 
 
 

 
Fig. 16(a) The cameraman image 

  

 
Fig. 16(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 16(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 17(a) The house image 

 

 
Fig. 17(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
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Fig. 17(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 18(a) The medical image of a brain 

 

 
Fig. 18(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 18(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 19(a) The medical image of a heart 

 
 

 
Fig. 19(b) The magnitude distribution of the virtual magnetic 

field generated by the edge current 
 

 
Fig. 19(c) The directions distribution of the virtual magnetic 

field generated by the edge current 
 

 

5 Image Segmentation Based on the 
Virtual Edge Current 
In the experimental results for the test images, it is 
shown that the directions of the virtual magnetic 
field are opposite in two different adjacent regions. 
This provides a basis of region division in images. 
In this paper, a method of image region division in 
the virtual magnetic field generated by the virtual 
edge current is proposed as following: 
Step1: Calculate the tangent edge vectors to obtain 

the virtual edge current; 
Step2: Calculate the virtual magnetic field generated 

by the virtual edge current; 
Step3: Obtain the direction distribution of the virtual 

magnetic field; 
Step4: Group the adjacent points with the same 

direction of virtual magnetic field into 
connected regions. 

The obtained set of connected regions is the 
result of region division for the gray-scale image. 

Real world images consist of more complex 
region components than the simple test images. To 
investigate the effect of the above region division 
method on real world images, experiments are 
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carried out for a series of real world images. The 
experimental results are shown from Fig. 20(b) to 
Fig. 26(b), which are the region division results of 
Fig. 13(c) to Fig. 19(c) respectively. In Fig. 20(b) to 
Fig. 26(b), different regions are represented by 
different gray-scale values. The results indicate that 
for real world images the region division method 
may obtain large amount of regions in the image. 
The numbers of regions obtained for the real world 
images in the experiments are shown in Table 1. 
 

Table 1 

Image Number of 
regions 

peppers 87 

broadcaster 77 

boat 149 

cameraman 142 

house 117 

brain 131 

heart 342 

 
The region division results of real world images 

consist of large amount of regions due to the 
complexity of real world images. To obtain 
practically useful segmentation result, a region 
merging method is proposed based on the gray-scale 
similarity of adjacent regions. First, an expected 
number of remaining regions after merging is given 
(usually by trail). Then the following steps are 
carried out to merge regions until the expected 
region number is reached: 

 
Step1: For each region in the image, calculate its 

average gray-scale value. 
Step2: Find the pair of neighboring regions with the 

least difference of the average gray-scale, and 
merge them into one region. 

Step3: If current region number is larger than the 
expected region number, return to Step1; 
otherwise, end the merging process. 

The region merging results for the real world 
images are shown in Fig. 20(c) to Fig. 26(c), where 
different regions are represented by different gray-
scale. Fig. 20(c) to Fig. 26(c) show the merging 
results for Fig. 20(b) to Fig. 26(b) respectively. 
 
 
 
 
 
 
 
 

 
Fig. 20(a) The peppers image 

 

 
Fig. 20(b) The region division result based on Fig. 13(c) 

 

 
Fig. 20(c) The region merging result for Fig. 20(b) (50 regions 

remained) 
 

 
Fig. 21(a) The broadcaster image 

 

 
Fig. 21(b) The region division result based on Fig. 14(c) 
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Fig. 21(c) The region merging result for Fig. 21(b) (20 regions 

remained) 
 

 
Fig. 22(a) The boat image  

 

 
Fig. 22(b) The region division result based on Fig. 15(c) 

 

 
Fig. 22(c) The region merging result for Fig. 22(b) (80 regions 

remained) 
 

 
Fig. 23(a) The cameraman image 

 
 
 
 
 
 
 

 
Fig. 23(b) The region division result based on Fig. 16(c) 

 

 
Fig. 23(c) The region merging result for Fig. 23(b) (20 regions 

remained) 
 

 
Fig. 24(a) The house image 

 

 
Fig. 24(b) The region division result based on Fig. 17(c) 

 

 
Fig. 24(c) The region merging result for Fig. 24(b) (20 regions 

remained) 
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Fig. 25(a) The medical image of a brain 

 

 
Fig. 25(b) The region division result based on Fig. 18(c) 

 

 
Fig. 25(c) The region merging result for Fig. 25(b) (40 regions 

remained) 
 

 
Fig. 26(a) The medical image of a heart 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 26(b) The region division result based on Fig. 19(c) 

 

 
Fig. 26(c) The region merging result for Fig. 26(b) (20 regions 

remained) 
 

Based on the above sections, in this paper a novel 
image segmentation method is proposed with the 
virtual magnetic field generated by the virtual edge 
current. The procedure of the segmentation is as 
following: 
Step1: Calculate the tangent edge vectors in the image 
to form the virtual edge current; 
Step2: Calculate the virtual magnetic field generated 
by the virtual edge current; 
Step3: Carry out the region division based on the 
direction distribution of the virtual magnetic field; 
Step4: Merge the region division result to a pre-
defined number of regions. 

The experimental results have proved the 
effectiveness of the proposed segmentation method. 

 
 

6 The Influence of Different Edge 
Intensity Thresholds on Border 
Formation 
The gradient magnitude is the intensity of gray-scale 
changing at an image point, which is a natural 
measurement of the possibility of edge existence in 
the early stage of image analysis. It can be seen 
from Fig. 13(c) to Fig. 19(c) that the region borders 
can be determined by the direction distribution of 
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the virtual magnetic field. In the experimental 

results, the whole field of ),( yxB
→

 is formed by the 
accumulation of all the tangent edge vectors with 
various magnitudes. Those tangent edge vectors 
with relatively large magnitudes have major affect 
on the formation of main region borders. 
Experiments have been carried out to investigate the 
effect of different vector magnitude on the 
formation of region borders. In the experiments, 
before the calculation of the virtual magnetic field, 
the tangent edge vectors with magnitudes less than a 
pre-defined threshold are set to zero, then the virtual 
magnetic field is formed by the remained vectors 
with relatively larger magnitudes. In the 
experiments, the threshold is defined as some 
percent of the maximum magnitude of the tangent 
edge vectors. The experimental results for the 
broadcaster image are shown in Fig. 27(a) to Fig. 
27(j).  Fig. 27(a) to Fig. 27(e) show the magnitude 
of the obtained virtual magnetic field, where larger 
gray-scale values represent larger magnitude of 

),( yxB
→

.  Fig. 27(f) to Fig. 27(j) show the direction 
distribution of the virtual magnetic field, where the 
white points represent the direction of going into the 
paper, and the black points represent the direction of 
coming out of the paper. The threshold values are 
set as 0%, 0.05%, 0.1%, 0.2% and 0.5% of the 
maximum gradient magnitude in the image 
respectively. 

 

 
Fig. 27(a) The magnitude distribution of the magnetic field 

generated by the virtual edge current with 0% of the maximum 
vector length as the threshold 

 

 
Fig. 27(b) The magnitude distribution of the magnetic field 

generated by the virtual edge current with 0.05% of the 
maximum vector length as the threshold 

 
 

 
Fig. 27(c) The magnitude distribution of the magnetic field 

generated by the virtual edge current with 0.1% of the 
maximum vector length as the threshold 

 

 
Fig. 27(d) The magnitude distribution of the magnetic field 

generated by the virtual edge current with 0.2% of the 
maximum vector length as the threshold 

 

 
Fig. 27(e) The magnitude distribution of the magnetic field 

generated by the virtual edge current with 0.5% of the 
maximum vector length as the threshold 

 

 
Fig. 27(f) The direction distribution of the magnetic field 

generated by the virtual edge current with 0% of the maximum 
vector length as the threshold 

 

 
Fig. 27(g) The direction distribution of the magnetic field 
generated by the virtual edge current with 0.05% of the 

maximum vector length as the threshold 
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Fig. 27(h) The direction distribution of the magnetic field 

generated by the virtual edge current with 0.1% of the 
maximum vector length as the threshold 

 

 
Fig. 27(i) The direction distribution of the magnetic field 

generated by the virtual edge current with 0.2% of the 
maximum vector length as the threshold 

 

 
Fig. 27(j) The direction distribution of the magnetic field 

generated by the virtual edge current with 0.5% of the 
maximum vector length as the threshold 

 
Fig. 27(f) and Fig. 27(g) indicate that the tangent 

edge vectors of small magnitudes have important 
effect on local region details, which generates many 
small region borders in Fig. 27(f) and Fig. 27(g). 
With the threshold value increasing, small region 
borders become less. Fig. 27(h) shows a nice 
balance of border accuracy and the degree of detail. 
When the threshold becomes too large, there is 
obvious lost of the border accuracy, which is 
indicated in Fig. 27(i) and Fig. 27(j). The magnitude 
threshold for the tangent edge vectors can be 
adjusted experimentally for different requirement of 
detail level. 

 
 

7 Conclusion 
The spatial property of the physical magneto-static 
field generated by stable currents provides a suitable 
model for region border detection and segmentation. 
In this paper, the tangent edge vector and the virtual 
edge current are proposed with a magneto-static 

analogy. The virtual edge current is defined to be an 
orthogonal version of the image gradient field. The 
direction distribution of the discrete magnetic field 
generated by the virtual edge current is 
experimentally proved to be a novel feature for 
border detection and region division. A new image 
segmentation method is proposed based on the 
region division result in the virtual magnetic field. 
Experimental results also prove the effectiveness of 
the proposed segmentation method. Further work 
will investigate the application of the virtual edge 
current in other image processing tasks. 
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