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Abstract: -A novel way of matching two images with shifting transformation is studied. The approach is based
on the presentation of the virtual edge current in images, and also the study of virtual electromagnetic
interaction between two related images inspired by electromagnetism. The edge current in images is proposec
as a discrete simulation of the physical current, which is based on the significant edge line extracted by
Canny-like edge detection. Then the virtual interaction of the edge currents between related images is studied
by imitating the electro-magnetic interaction between current-carrying wires. Based on the virtual interaction
force between two related images, a novel method is presented and applied in image matching for shifting
transformation. The preliminary experimental results indicate the effectiveness of the proposed method.
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1 Introduction they need manual intervention such as setting and
Image registration is one of the research focuses indjusting program parameters. _ _
image processing, which is applied in many Matching is the core issue in image registration.

practical tasks such as remote sensing, medical Traditional registration methods are based on the
image, robot vision, photography, etc [1-9]. The similarity between the matched areas in two images.
registration can facilitate the integration of useful Quite different from previous matching methods,
data in two related but separated images, so that thetNiS paper introduces a novel idea for matching - the
complementary information in the images can be virtual force which reflects the transformation
fully exploited in practical tasks. The relative Petween two images. In the physical world, there
position of the two images can also be estimated by €Xist various interaction forces. Some physical
image matching. Current image registration Interaction mechanisms can be exploited in image
methods can be divided into several categories from Processing tasks if properly = configured ~and
different viewpoints. Some methods are based on simulated. The electro-magnetic interaction is one
grayscale or color matching, while others are based ©f them. In recent years, the electro-magnetics
on feature extraction and matching [1-9]. The nature inspired methods have become a new branch in
of transformation from one image to another may NOVvel image processing techniques [10-17]. In this
be one of the following cases: rigid, affine, paper, a novel method is studied for image matching
projective or curved [1-9]. Different methods have inspired by the electro-magnetic interaction. In
their own advantages and disadvantages PNYsics, a current-carrying wire can produce its
respectively. Most methods are based on the Magnetic field, which can further apply magnetic
searching for similarities between the matched parts force on another current-carrying wire. Inspired by
in the two images. Currently, it is relatively difficult ~ the physical phenomena of the attraction between
to implement the registration both very rapidly and WO current-carrying wires, an automatic image
very accurately (on commonly-used PCs). matching _method is proposed_ for shifting
Moreover, largely mismatched images ma transformation. In the method, one image produces
invalidate many registration methods. On the other & Virtual magnetic field and puts virtual magnetic

hand, most methods are not full-automatic becauseforce on the other image. The force can represent
the relative transformation between the two images,
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and the matching can be implemented by following
the guidance of the virtual force.

2 The Physical Interaction between
Current-carrying Wires

2.1 The magnetic field

In physics, the description of the magneto-static
field is given by the Biot-Savart law [18,19], where
the source of the magnetic field is the current of
arbitrary shapes which is composed of current

elements. A current elementdl is a vector
representing a very small part of the whole current,
whose magnitude is the arithmetic product aihd
dl (the length of a small section of the wire). The

current element has the same direction as the

current flow on the wire. The magnetic field (i.e.
the magnetic induction) generated by a current

element | Eu is as following [18,19]:
dp = Ho J dXT (1)
am  r

where dB is the magnetic induction vector at a

space point.l dl is the current element. is the
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= " dixr

= DA v
where B is the magnetic induction vector at a
space point generated by the whole current of the
wire. D is the area where the current element exists.

dB is the magnetic field generated by each current
element in D

2.2 The force on current-carrying wire in
stable magnetic field
In electro-magnetic theory, the magnetic field
applies force on moving charges, which is described
by the Lorentz force. Derived from the Lorentz
force, the magnetic force on a current element is as
following [18,19]:

dF =1dI xB 3)
where Idl is the current element andF is the
magnetic force on it caused by the magnetic
induction B. The direction ofdF satisfies the “left
hand rule”, which is shown in Fig. 2. In Fig. 2, the
vector of dFis perpendicular to both &d Idl

| ¥

B g

distance between the space point and the current

element. r is the vector from the current element
to the space point. The operatsr represents the
cross product. The direction of the magnetic field
follows the right-hand rule [18,19]. The direction
distribution of the magnetic field on the 2D plane
where the current element lies is shown in Fig. 1.
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Fig. 1 The magnetic field’s direction 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

fields generated by all the current elements on the

wire [18,19]:
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Fig. 2 The directions ofB, Idl and dF

A current-carrying wire of arbitrary shape
consists of many current elements. The magnetic
force on a wire is the summation of the fodteon
each of its current elements, which is as following
[18,19]:

EzjcldeE (4)

whereC is the integration path along the wire, and
F is the total magnetic force on the wire.

2.3 The electromagnetic interaction between
two current-carrying wires

The current-carrying wire can generate magnetic
field, meanwhile the magnetic field can put force on
another wire. Thus there is interaction force
between two current-carrying  wires. In
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electro-magnetic theory, the Ampere force between
two wires of arbitrary shapes is based on the line
integration and combines the Biot-Savart law and

Lorentz force in one equation as following [18,19]: L eeEEERs
- - ind [ L
= _ I [, dlax(1,dl2xr21) £ "R
Fio= —I I 3 (5) g 3
4G oY) o e
. . . 4 5
whereF;, is the total force on wirel due to wire2. " 2
AA

lo 1S the magnetic constartdl; andl.dl, are the
current elements on wirel and wire 2 respectively.
r,; is the vector fromh.dl, to I.dl;. C; andC, are the
integration paths along the two wires respectively.
Equation (5) is virtually the accumulation of the

magnetic force on the current elements in wirel put
by the current elements in wire2. If such interaction
is simulated on computers, the continuous wires
should be discretized, and the integration in
Equation (5) should be discretized to summation:

Fd:& 2 Z leX(ngerk,) (6)
4]TT115C1T2|<D:2 rkj
where F4 is the force on wirel from wire2. Here
both wirel and wire2 are in discrete form, which
consist of discrete current element vectors
respectivelyC, andC, are the two sets of discrete Fig. 3(c) The discrete form of a continuous straight-line

| EE]
AN
e

Fig. 3(b) The discrete form of a continuous circle current

current elements for wirel and wire2 respectively. current
In another word, all the discrete vectors @ _ _ _ _
constitute the discrete form of wirel, and all the In further simulation experiments, the force is

discrete vectors i, constitute the discrete form of ~ calculated between the original discrete current and
wire2. Ty; and T, are the current element vectors in the one with a certain displacement by a shifting
C; andC2 respective|yrkj is the vector fromTzk to transformation. The resu-lts are shown in Flg 4,
Ty, whereC; andC, are two discrete currents afgis
Some examples of discretized current-carrying the force onC, applied byC. The virtual force on
wires are shown in Fig. 3. For display in the figures, Ci1 by C; is calculated according to Equation (6). In
the continuous current directions are discretized the simulation experiments, the discrete cur@nt
into 8 directions: {east, west, north, south, northeast, attracts its shifted versio@;, which has the effect
northwest, southeast, southwest}. Fig. 3(a) shows Of restoring the shifted one back to the original
the discrete form of a continuous current with the Position. This phenomenon inspires the matching
rectangle shape. Fig. 3(b) shows the discrete formapproach by virtual electromagnetic interaction
of a continuous current with the circle shape. Fig. between images, which is discussed in the
3(c) shows the discrete form of a continuous current following sections.
with the straight-line shape.
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Fig. 4(a) The simulation of the interaction between two
Fig. 3(a) The discrete form of a continuous rectangle discrete rectangle current
current
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s “RE 3.1 The significant edge current
L A . In this paper, the “significant edge points” are

A TR ) 1 P extracted for image matching. The significant edges

K "l F. A . . .

g g, 5 = /’ are definite borders of regions, and there is sharp
S P T _— Fy change of grayscale across the significant edge lines.
NGy HE Gy In the proposed method, first the significant edge

' AA . . .

#3u P points are extracted in the two images to be

matched. The virtual currents in the image are
defined as the set of discrete current elements on the
significant edge lines. Then the interaction force
between the virtual currents in the two images is
calculated, which inspires a novel matching
approach.

Canny operator is widely used to extract edge
lines [20,21]. To improve computation efficiency, in
this paper a simplified Canny-like method is
proposed to extract the significant edges in image.
First, Sobel operator is used to estimate the gradient
~ . . i fields of the two images to be matched. Then the
&) L& (—-:'*(—'(_.Tl thresholding process of the gradient magnitude is
Ef performed to extract the definite edge points, in

which only the points with a magnitude larger than
the threshold value are reserved for further process.
(The threshold value is set as a predefined percent
of the maximum value of gradient magnitude.)
Fig. 4(c) The simulation of the interaction between two After that, “non.-maXImum suppression '5
discrete straight-line current performed to get thin edge lines. For an edge point,
it is reserved as a significant edge point only if its
gradient magnitude is larger than the adjacent points
on at least two of the following pairs of directions:
) ) ) west and east, north and south, northwest and
3 EIeCtromagnetlsm'mSp'red Image southeast, northeast and southwest.
Matching for Shifting Transformation With the above process, the significant edge
Among the current methods of image registration, lines can be extracted. However, the direction of
feature-based methods have the notable advantageurrent element should be along the tangent
of much less computation load. There are several direction of the wire, while the gradient vector is
important image features which can represent image perpendicular to the tangent direction of the edge
structure, and edge is one of them. On the otherline. Therefore, all the gradient vectors on the
hand, many physical experiments and theoretical significant edge lines rotate 90 degrees to form the
analysis indicate that the electro-magnetic virtual edge current. Then the vector direction after
interaction can cause a shifted current-carrying wire rotation is along the tangent direction of edge lines.
attracted to another wire of the same shape on theln another word, on the significant edge lines, the
original location (Strictly speaking, the attraction virtual current elements are obtained by rotating the
between the original wire and the shifted one exists gradient vectors 90 degrees counterclockwise. For a
only in a certain range of displacement). The clear demonstration, a simple example is shown in
simulation experiments in the above section also Fig. 5. All the virtual current element vectors on the
produce such results. If a proper line feature significant edges form the virtual currents in the
representing the image structure can be found in theimage, i.e. the virtual edge current in an image is a
image, it is possible to exploit the above set of discrete current element vectors on the
location-restoring  effect of electro-magnetic significant edge lines.
interaction for image matching. The edge feature is
just suitable for this requirement.

Fig. 4(b) The simulation of the interaction between two
discrete circle current
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Fig. 5 An example of the significant edge lines and the
corresponding virtual current of a square shape image

(a) The image of the square shape

(b) The significant edge lines of (a)

(c) The gradient vectors on the significant edge lines

(d) The discrete virtual current

Fig. 5(a) shows a simple image of a square. Fig.
5(b) shows its significant edge lines extracted. Fig.
5(c) shows the direction distribution of the discrete
gradient vectors, where the continuous gradient
direction is discretized into eight directions for
display: {east, west, north, south, northeast,
northwest, southeast, southwest}. Fig. 5(d) shows
the direction distribution of the discrete current
elements, which is the rotated version of gradient
vector. The dots in Fig. 5(c) and Fig. 5(d) show the
points with no current elements.

Some other examples of extracting virtual edge
current are shown from Fig. 6 to Fig. 10. Fig. 6(a)
to Fig. 9(a) show some simple images of the size
32x 32. Some real world images of the size
128%x 128 are shown in Fig. 10. The significant
edge lines extracted are also shown, which will be
used as virtual edge currents in the following
matching process.
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(@) (b)

Fig. 6 The significant edge lines and the corresponding
virtual current of a rectangle shape image

(a) The image of the rectangle shape

(b) The significant edge lines of (a)

(c) The discrete virtual current

Fig. 6(a) shows an image of a rectangle. Fig. 6
(b) shows its significant edge lines. Fig. 6 (c) shows
the virtual current elements on the significant edge
lines, where the arrows show the discrete directions
of discrete current elements. The dots in Fig. 6(c)
show the points with no current elements.

(@) (b) (©)

Fig. 7 The significant edge lines and the corresponding
virtual current of an ellipse shape image

(a) The image of the ellipse shape

(b) The significant edge lines of (a)

(c) The discrete virtual current

Fig. 7(a) shows an image of an ellipse. Fig. 7(b)
shows its significant edge lines. Fig. 7(c) shows the
virtual current elements on the significant edge lines,
where the arrows show the discrete directions of
discrete current elements.
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Fig. 8 The significant edge lines and the corresponding
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virtual current of an irregular shape image
(a) The image of the irregular shape

(b) The significant edge lines of (a)

(c) The discrete virtual current

Fig. 8(a) shows an image of an irregular shape.
Fig. 8(b) shows its significant edge lines. Fig. 8(c)
shows the virtual current elements on the significant ¢
edge lines, where the arrows show the discrete

directions of discrete current elements.

@)

Fig. 9 The significant edge lines and the corresponding

ol
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(b)

virtual current of a shrunken image of broadcaster
(a) The shrunken broadcaster image

(b) The significant edge lines of (a)

(c) The discrete virtual current

Fig. 9(a) shows the shrunken version of a e
broadcaster image. Fig. 9(b) shows its significant (k) Boat |mage B
edge lines. Fig. 9(c) shows the virtual current
elements on the significant edge lines, where the
arrows show the discrete directions of discrete

current elements.

In Fig. 10, the real world images and their
significant edge lines are shown,
images of the broadcaster,

including the
the cameraman,

Xiaodong Zhuang, N. E. Mastorakis

(e) Peppers image e lines of (e)

I|nes of (i)

%
\.

the(m) House image (n) Significant edge lines of (m)

peppers, the locomotive, the boat, the house and a
medical image of brain.
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Fig. 10 A group of real world images and their significant
edge lines
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currents between two related images

If the virtual currents in two images are extracted

respectively, the interaction force between them can
be calculated according to Equation (6). Suppose
the sets of discrete current elements in imagel and
image2 areC, and C, respectively. Each current e ey
elementTy in C, is applied the force by all the N
current elements inC +§

3.2 The interaction of the virtual edge = : (:)
g
(@ (b)

(©)

Fy=any DXzl g Plecyprppppet™
T 0C, n4

where Fy; is the force oy from C,. T« is a current

element vector iI€,. ry is the vector fronT to Ty;. @

Als a Predeflned cons.tant V.alue for programming Fig. 12 The virtual force on each current element in the

convenience. Some simulation examples of the ghifted image for the ellipse image

force on the virtual current elements are shown in (a) the ellipse image

Fig. 11 to Fig. 13. (Here suppose the two images are (b) the significant edge lines of (a)
on the same plane.) (c) the significant edge lines of the shifted image

' (d) the forces on the discrete current elements in the shifted
image

. - - Fig. 12(a) shows the image of an ellipse. The
@) (b) ©) significant edge lines of the original image and the
shifted one are shown in Fig. 12(b) and Fig. 12(c).
The translation from (b) to (¢) ox and y
LRI, coordinates are -6 and -6 respectively. Fig. 12(d)
shows the force direction on each current element in
the shifted image, which is applied by the virtual
current in the original image.
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Fig. 11 The virtual force on each current element in the e QR SO ¢
shifted image for the rectangle image L
(a) the rectangle image 2z T
(b) the significant edge lines of (a) ‘;{_"g 23
(c) the significant edge lines of the shifted image A £ A
(d) the forces on the discrete current elements in the shifted e S "3
image ol I 3
F + £ +
_ _ £ 1, 3
Fig. 11(a) shows the image of a rectangle. The " R *

significant edge lines of the original image and the @

shifted one are shown in Fig. 11(b) and Fig. 11(c). Fig. 13 The virtual force on each current element in the

The translation from (b) to (¢) ox and y shifted image for the shrunken image of broadcaster

coordinates are 5 and -4 respectively (in the screen(a) the shrunken image of the broadcaster

coordinates). Fig. 11(d) shows the force direction on (P) the significant edge lines of (&)

: - . . . (c) the significant edge lines of the shifted image

each current eIe_ment in the S,h'ﬂed 'mage’ Wh|Ch IS (d) the forces on the discrete current elements in the shifted

applied by the virtual current in the original image. image

The gray lines in Fig. 11(d) show the original

position of the rectangle. The force on each current  Fig. 13(a) shows the shrunken image of the

element in the shifted image is calculated according broadcaster. The significant edge lines of the

to Equation (7). original image and the shifted one are shown in Fig.
13(b) and Fig. 13(c). The translation from (b) to (c)
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on x andy coordinates are -1 and 5 respectively. Fig.
13(d) shows the force direction on each current
element in the shifted image, which is applied by
the virtual current in the original image.

It is interesting and worthwhile to investigate
the total force on the shifted image by the original
one. For the whole sé&; as the virtual current in
imagel, it is applied the force fro@. The total
force onC; from C, is the summation of the force
on each of its component;T

Fo=any ¥ Tix(Taxrs)
740G, T2 0C, "y

whereF, is the force or€, from C,. T;; and Ty are

the current element vectors ilC; and G,

respectively. j is the vector from Z to Ty;.

Assume two images have large matched part but
there is shifting transformation between them. Their
virtual edge currents are almost consistent due to
the large matched parts. Therefore, the interaction
between their virtual edge currer@s and C, will
be similar to that between the two current-carrying
wires with the same shape, with which one wire
will attract the other to coincide in position. Such
effect of attraction will make the shifted wire
restore its original position, which can serve as a
novel way for image matching with shifting
transformation.

Here the direction of the total force is
investigated experimentally. The total forces in Fig.
11(d), Fig. 12(d) and Fig. 13(d) are calculated
according to Equation (8). The results are shown as
following.

(8)
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Fig. 14 The significant edge lines of the original and shifted

rectangle images, and the forces on the shifted image

(a) the significant edge lines of the rectangle image

(b) the significant edge lines of the shifted image

(c) the forces on the discrete current elements in the shifted
image
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Fig. 14(b) moves northeast relative to Fig. 14(a).
It can be found in Fig. 14(c) that most forces along
the horizontal direction are westward, and most
forces along the vertical direction are southward.
After calculating the total force by programming,
the total force on Fig. 14(b) applied by Fig. 14(a)
has such direction: its component is negative and
its y component is positive. Under the screen
coordinate shown in Fig. 15, the effect of the total
force is making the shifted image move southwest.
In another word, in this experiment the effect of the
total force is restoring the shifted image back to its
original position.

o

¥
¥
Fig. 15 The screen coordinates
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Fig. 16 The significant edge lines of the original and shifted

ellipse images, and the forces on the shifted

(a) the significant edge lines of the ellipse image

(b) the significant edge lines of the shifted image

(c) the forces on the discrete current elements in the shifted
image

In another experiment,Fig. 16(b) moves
northwest relative to Fig. 16(a). The total force on
Fig. 16(b) has such direction: kscomponent ang
component are both positive. Under the screen
coordinate, the effect of the total force is making the
shifted image move southeast. In another word, in
this experiment, the effect of the total force is also
restoring the shifted image back to its original
position.
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distribution map of force direction for different shift

7 can be drawn. The total force distribution map
shows the total force on each position which the
center of imagel can be shifted to. Fig. 18 to Fig.
20 show some experiment results for the test images

-
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Fig. 17 The significant edge lines of the original and shifted _>_;_,_;;W.,,,,,,,,:‘immmmm“..;
broadcaster images (the shrunken version), and the forces e
. . drFAAAAAA AAAATEEEEEEEEEEEF ££ 4
on the shifted image Ldisanna AFATREE e IRERRRE
(a) the significant edge lines of the shrunken image of the AN T TInee
broadcaster EEE::: RERRER Ao §§§Z§§
(b) the significant edge lines of the shifted image . . P Pyl
(c) the forces on the discrete current elements in the shifted KL uuEuEY
. [Ty FEEREF

Image @) (b) (©)

Fig. 18 The direction distribution map of the total force for
In the experiment of the broadcaster imdgje, the rectangle image (the gray point is the original position

17(b) moves southwest relative to Fig. 17(a). The before shifting)
. . . . (a) the rectangle image

total force on Fig. 17(b) has such direction obtained ) ine significant edge lines of (a)

by calculation: itsx component is positive and ¥s (c) the direction distribution map of the total force

component is negative. Under the screen coordinate,

the effect of the total force is making the shifted Fig. 18(a) shows the image of a rectangle. Fig.

image move northeast. In another word, in this 18(b) shows its significant edge lines. Fig. 18(c)

example the effect of the total force is still restoring shows the direction distribution map of the total

the shifted image back to its original position. Other force. There is an arrow on each discrete position in

experiments for simple images also demonstrate theFig. 18(c).The direction of the arrow shows the

same phenomenon as shown in the above resultsdirection of the total force on imagel applied by

which inspires the matching approach in the paper. image2 when the center of imagel moves onto that
position. The continuous force directions are
discretized into 8 directions for display: {east, west,

3.3 Matching for shift transformation by north, south, northeast, northwest, southeast,

virtual electromagnetic interaction southwest}. The gray dot at the center represents the

In the above simulation experiments, one image is original position of the image center before shifting

the shifted version of the other, and the total force (the center of image2).

between them has the effect of restoring the shifted RRRRRS : : 55532
image back to the original position. This inspires a RRERERRRAALL LRERRAATAS
novel matching method for shift transformation. ERL 43
3.3.1 The distribution map of total force FEREEE IR ey T
Suppose there are two images: image2 is the et

original one and imagel is the shifted version of 33a3i3qam0aan REEREELE LR L
image2. It is interesting and meaningful to Fanane TRTERE
investigate whether the “position restoring” effect 23 T
exists for arbitrary shift of image position. In order EEEEEEWM T A
to investigate the total force on imagel with o O vELEEvEL LY Wi

different shift of position, the experiment is @) (b) ©)

designed as following: image2 is fixed in position, Fig. 19 The direction distribution map of the total force for
and the center of imagel is moved onto each the ellipse image (the gray point is the original position
discrete position on the image plane (the two E’a‘?)fct’lfli Zrl‘l'lg'sneg?mage

images are on the same plane). Calculate the total ) e significant edge lines of (a)

force on imagel by image2 for each shift. Then the (c) the direction distribution map of the total force
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Fig. 19(a) shows the image of an ellipse. Fig.
19(b) shows its significant edge lines. Fig. 19(c)
shows the direction distribution of the total force.
The gray dot at the center represents the original
position of image center before shifting (the center
of image2). The arrow on each discrete position
represents the discrete direction of the total force on
imagel applied by image2 when the center of
imagel moves onto that position.

In Fig 18(c) and Fig. 19(c), most of the force
vectors around the original position (the gray point
in the figures) point to the center (i.e. the original
position), which form a force field area attracting
the shifted image back to the original position.
However, in the border areas of Fig 18(c) and Fig.
19(c), the force vectors point to the opposite trend,
which do not have the “position restoring” effect for
shift transformation. Therefore, it is necessary to
study the effective range of shifting within which
the virtual force can bring the shifted image back to
the original position.
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Fig. 20 The direction distribution map of the total force for
the shrunken image of the broadcaster (the gray point is the
original position before shifting)
(a) the shrunken image of the broadcaster
(b) the significant edge lines of (a)
(c) the direction distribution map of the total force

Fig. 20(a) shows the shrunken image of the
broadcaster. Fig. 20(b) shows its significant edge
lines. Fig. 20(c) shows the direction distribution of
the total force. The gray dot at the center represents
the original position of image center before shifting
(the center of image2). The arrow on each discrete
position represents the discrete direction of the total
force on imagel applied by image2 when the center
of imagel moves onto that position.

3.3.2 The convergence and divergence points in
the distribution map of total force

Since the distribution map of the total force can be
obtained such as Fig. 18(c), Fig. 19(c) and Fig.
20(c), it is possible to move the shifted imagel
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towards the original position according to the force
distribution map, which is an interesting and
meaningful topic. If imagel (with a certain
displacement in position) can be guided back to the
original position step by step, a novel matching
approach for shift transformation can be
implemented.

Therefore, experiments are designed and carried
out by programming for the above topic. For each
discrete positionxy) (i.e. shifted image center),
there is a total force. According to the direction of
the total force, move to the next position. Then
repeat the moving step by step in the force
distribution map. If the original position of image
center (the center of image2) is finally arrived, a
path will be formed along which the shifted imagel
can be guided back to the original position. In
another word, the matching for imagel and image2
can be implemented. In the experiment, each
position is taken as the starting point of the above
moving process, and the final result of moving in
the force distribution map is recorded and
classified.

In Fig. 18(c) and Fig. 19(c), two different cases
of the moving resultscan be found. In the first case,
the path finally ends at the original center position,
which leads to a successful matching. The starting
positions in such case are defined as the
convergence points in the force distribution map. In
the experiments, for the convergence points, when
the path arrives at the original center point, the
moving process can be ended naturally because the
next moving steps will oscillate back and forth
between the original center point and its adjacent
point. Such points like the original center point are
defined as thebalance points in the force
distribution map, from which the next moving steps
will oscillate. If such oscillation is found in the
experiments, the moving process can be ended. An
example of convergence point found in Fig. 18(c) is
shown in Fig. 21.
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Fig. 21 An example of convergence point found in Fig. 18(c)
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Another example of convergence point in Fig. Another example of the divergence point in Fig.
19(c) is shown in Fig. 22. 19(c) is shown in Fig. 24.
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Fig. 22 Another example of convergence point found in Fig. Fig. 24 Another example of the divergence points found in
19(c) Fig. 19(c)

Therefore, if the center of imagel is shifted onto a
position of convergence point, imagel can be moved 3.3.3 The classification of the positions in the
back to the original position (i.e. the position of distribution map of total force
image2) according to the guidance of the force For Fig. 18(c) and Fig. 19(c), investigate each
distribution map. position in the force distribution map as starting
The second case found in the experiments is point, and each position can be determined as a
quite different from the first one. For some starting convergence or divergence point. Therefore, a
points in the force distribution map, when moving classification of the positions in the direction
according to the force direction step by step, the distribution can be obtained. Fig. 25 and Fig. 26
path will finally exceed the range of the image area show the classification result of Fig. 18(c) and Fig.
and never return back to the original center position. 19(c). In Fig. 25(d) and Fig. 26(d), the black area
In such case, the matching for shift transformation represents the convergence points, and the white
can not be accomplished. The starting points in such area represents the divergence points.
case are defined as thdivergence points. An
example of the divergence points found in Fig. 18(c)
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ERa leluiutel elelt] Fig. 25 The classification result of the total force
ELERER, i 1 AAAAS ot 1t .
CEwee PP R Aot A 71 e distribution for the rectangle image
i b (a) the rectangle image
EEEE Sy (b) the significant edge lines of (a)
ELELE BT

Fig. 23 An example of the divergence points found in Fig. (c) the direction distribution map of the total force
g P w80 g (d) the classification of the direction distribution (the black

area is the convergence area for matching)
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ERFREEFR AaAaaA

EEREERTITTT TTtran A Therefore, it is indicated by the experiments that
Lo AAAA . . . . .
RRRERRCYSS 033023822 there are 3 kinds of points in the direction
ST b distribution map: convergence points, divergence
suain vhrbeey points and locally trapped points. After each
HIT plevtity discrete point is classified as one of the above 3
FEFEEELE] 4 "4 Ty TaA TS 3 o . h
AR R S categories, a classification result can be obtained,
aaaaTaas TrAERE which is the “classification map”. For an image in
271 T matching, the force distribution can be calculated
o o AN bitaie ‘ and the classification map can be obtained. The
A Y bt classification map of Fig. 20(c) is shown in Fig. 28.
(@ (b) o (© (d) In Fig. 28(d), the black points are the convergence
Fig. 26 The classification result of the total force points, the white points are the divergence points
distribution for the ellipse image ' . '
(a) the ellipse image anq the grey points represent the I(_Jcally trapped
(b) the significant edge lines of (a) points. The effectiveness of the matching method by
(c) the direction distribution map of the total force virtual electromagnetic interaction can be clearly

(d) the classification of the direction distribution (the black

: ) and directly perceived in the classification map.
area is the convergence area for matching)

Only if the center of the shifted image is in the area
In Fig. 25(d) and Fig. 26(d), if the center of of convergence points, the virtual force can guide it
imagel is shifted to a position within the black area back to the original position and accomplish the

of convergence pointgmagel can be moved back to matching.
the original position (i.e. the position of image2) ceeAnALIIR MR AR
. . . . . Foe £ A 3, Ly (e

according to the guidance of the force distribution. e E e Rt S e
Therefore, the segmentation of the force distribution is Feeeveiiine v aire
useful in the analysis of the effectiveness of matching fenvEIeIIy 3
by virtual electromagnetic interaction between images. B e e

For real world images which are more complex ST et et
than the simple test images, another case is found in ; : REETEEI L
the experiments besides the convergence and a3 aiae Hitea
divergence points. For some starting points, the o ARRTHEIIEIRIIIIIAC T Rai ]
moving process guided by the total force is trapped lﬁj;' FRECIIIEEIIIAAS FIRETEEE i
into a local balance point rather than arrive at the O Smamiieinan g
original image center. In another word, the moving @ O © @

finally becomes oscillating back and forth around Fig. 28 The classification map of the total force distribution
the local balance point. Such points are defined asfor the shrunken image of the broadcaster

the locally trapped points. In Fig. 20(c) such case (&) the shrunken image of the broadcaster

can be found. An example is shown in Fig. 27, in (D) the significant edge lines of (a)

hich th . h | | bal (c) the direction distribution map of the total force
whic € moving process reaches a local balance (d) the classification map of the direction distribution (the

point. For the locally trapped points, the matching black area contains the convergence points for matching,

can not be accomplished. and the gray areas represent locally trapped points)
EEE2AA3IR HECLER ARG Therefore, if the area of convergence point gets
LrifTalise SerEreiRiairii larger, the matching by virtual electromagnetic
BRaaL s eRE 5 Fom interaction will be more effective. In another
ol T Ty e e - £ - P . .
AEELLE UL EEE LI 4 experiment, the classification map with the
FEE T % m . R ) X
ST S et broadcaster image of the size B8 is obtained,
O, DA R A which is shown in Fig. 29. In Fig. 29(b), the black,
3’125"""?‘5:: A1333A _;:; % white and gray points represent the convergence
4 " thé::ﬁ::‘::::ggg points, the divergence points, and the locally
F Ay A3 . . .
Eaey PEEETIUIEA A trapped points respectively. In Fig. 29(b), the
CoiIin ety raiila convergence point area is not large enough for
Ei’a KEEile wﬁ""""'*EE’E;EEHH matching with large shift between images. Some
IANATT IR Rt possible improvement is studied in the following
. +AAAA + AAAFR HE*-{-I{I{H_Z-‘F . SeC'[IOI’]
Fig. 27 An example of the locally trapped points found in :
Fig. 20(c)
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Fig. 30 The classification map of total force for the

shrunken image of the broadcaster (the distance between

the images is 5 pixels)

- . X (a) the shrunken image of the broadcaster

(b) the classification map of the total force distribution (b) the direction distribution map of total force (the distance
between the images is 5)

(c) the classification map (the distance between the images

Fig. 29 The classification map for the broadcaster image is 5)

Fig. 30(a) shows the shrunken image of the
broadcaster. The distance between the original

3.3.4 Improve the matching effectiveness in 3D image and the shifted one is 5 pixels (an
space coordinate). Fig. 30(b) shows the direction

In the above experiments, the shifted image distribution of total force. Fig. 30(c) shows the
(image1) and the original image (image2) are on the classification map for Fig. 30(b). Compared to Fig.
same plane. From the view point of 3D space, 28(d), the convergence point area in Fig. 30(c) is
imagel only has displacements on and y  larger, and the area of locally trapped points
coordinates. Its height oncoordinate is the same  disappears in Fig. 30(c).

as image2. In order to improve the effectiveness of

33 AAASE e R Rl o
the proposed approach, the authors have attempted 33AanERr L a el ST e
to place the two images on different heights (i.e. :EEZ“MZ§§§§E EEEEEEEK
differentz coordinates in the 3D space), and studied e S T ey e
. e - el e e R L]
the changes in the classification map. In another £ ELa3ITInIIEL Eriiniid
word, imagel and image2 are placed on two v e EAIIINE
different but parallel planes in 3D space, and 2 E ... £
imagel is the shifted one onandy coordinates RREELEn AATRR R333337
. . L i AAaAa FAAAAAA
with respect to image2. RRRRRR T AAAAAAAY TA%33%5
In the following experiments, the two images TRERRRIAAG AN 133333
are placed on two parallel planes at different heights PETTrAnAAnS ATTT
) - AAAAAL Attt
respectively in 3D space. Here “pixel” is used as the FAARAAAIIIII ietiner

unit to measure the height in 3D space. Then the @) ©

virtual force vectors on imagel applied by image2

will have X, Y andz Componentsl Here Only the Fig. 31 The classification map of total force for the

andy components of the force are considered to shrunken image of the broadcaster (the distance between
the images is 8 pixels)

calculate _the total force on they pla_ne. Some of (&) the shrunken image of the broadcaster

the experiment results for the test images with the (b) the direction distribution map of total force (the distance

size 32x 32 are shown in Fig. 30 to Fig. 33. In the between the images is 8) _

results, the black points represent the convergence(c) itgtiag)class|f|cat|on map (the distance between the images

points for matching.

The total force distribution and the
corresponding classification map are changed with
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the increasing of the distance between the two
images. Fig. 31 shows another result by further
increasing the distance between the original image
and the shifted one. The distance between the
original image and the shifted one is 8 pixels fon
coordinate). Fig. 31(b) shows the direction
distribution of total force. Fig. 31(c) shows the
classification map for Fig. 31(b). Compared to Fig.
30(c), the convergence point area in Fig. 31(c)
becomes larger, which indicates the effectiveness of
matching by virtual electromagnetic interaction is
further improved.

Another two experiment results are shown in
Fig. 32 and Fig. 33. These two are for the test
images in Fig. 25 and Fig. 26. The distance between
the original image and the shifted one is 8 pixels
(on z coordinate). The original images, the force
distribution and the classification map are shown
respectively. In Fig. 32(c) and Fig. 33(c), the black
and white points represent the convergence and
divergence points respectively. Compared to Fig.
25(d) and Fig. 26(d), Fig. 32(c) and Fig. 33(c)
indicate obvious improvement in the increasing of
convergence point area. It is proved by experiments

that setting proper distance between the two images

(on z coordinate) will improve the effectiveness of
the matching approach by virtual electromagnetic
interaction.
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Fig. 32 The classification map of total force for the rectangle

image (the distance between the images is 8 pixels)

(a) the rectangle image

(b) the direction distribution map of total force (the distance
between the images is 8)

(c) the classification map (the distance between the images
is 8)
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Fig. 33 The classification map of total force for the ellipse

image (the distance between the images is 8 pixels)

(a) the ellipse image

(b) the direction distribution map of total force (the distance
between the images is 8)

(c) the classification map (the distance between the images
is 8)

Experiments are also carried out for real world
images of the size 128128. Some of the results
are shown in Fig. 34 to Fig. 39. The original images
are shown together with the classification maps
under different height distances between the two
images. In the classification maps, the black, white
and gray points represent the convergence points,
the divergence points, and the locally trapped points
respectively. The experimental results again prove
the advantage of setting proper height distance
between the two images to be matched. In the
experiments, with the increasing of the height
distance, the convergence point area also increases.
Especially, in Fig. 35(f) and Fig. 36(f) the

convergence point areas almost cover the whole
image region.
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b

(e) ®

Fig. 34 The classification maps for the broadcaster image

with various height distances between the two images in 3D

space

(a) the broadcaster image

(b) the classification map of total force direction (the
distance between the images is 0)

(c) the classification map of total force direction (the
distance between the images is 1)

(d) the classification map of total force direction (the
distance between the images is 4)

(e) the classification map of total force direction (the
distance between the images is 8)

() the classification map of total force direction (the
distance between the images is 16)

(e) (®

Fig. 35 The classification maps for the locomotive image

with various height distances between the two images in 3D

space

(a) the locomotive image

(b) the classification map of total force direction (the
distance between the images is 0)

(c) the classification map of total force direction (the
distance between the images is 1)

(d) the classification map of total force direction (the
distance between the images is 2)

(e) the classification map of total force direction (the
distance between the images is 4)

(f) the classification map of total force direction (the
distance between the images is 8)
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Fig. 36 The classification maps for the brain image with

various height distances between two images in 3D space

(a) the medical image of the brain

(b) the classification map of total force direction (the
distance between the images is 0)

(c) the classification map of total force direction (the
distance between the images is 1)

(d) the classification map of total force direction (the
distance between the images is 2)

(e) the classification map of total force direction (the
distance between the images is 4)

(f) the classification map of total force direction (the
distance between the images is 8)
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Fig. 37 The classification maps for the peppers image with

various height distances between the two images in 3D

space

(a) the peppers image

(b) the classification map of total force direction
distance between the images is 0)

(c) the classification map of total force direction
distance between the images is 1)

(d) the classification map of total force direction
distance between the images is 2)

(e) the classification map of total force direction
distance between the images is 4)

(f) the classification map of total force direction (the
distance between the images is 8)

(the
(the
(the

(the

)

Fig. 38 The classification maps for the cameraman image

with various height distances between the two images in 3D

space

(a) the cameraman image

(b) the classification map of total force direction (the
distance between the images is 0)

(c) the classification map of total force direction (the
distance between the images is 1)

(d) the classification map of total force direction (the
distance between the images is 2)

(e) the classification map of total force direction (the
distance between the images is 4)

(f) the classification map of total force direction (the
distance between the images is 8)
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Fig. 39 The classification maps for the house image with

various height distances between the two images in 3D

space

(a) the house image

(b) the classification map of total force
distance between the images is 0)

(c) the classification map of total force
distance between the images is 1)

(d) the classification map of total force
distance between the images is 2)

(e) the classification map of total force direction (the
distance between the images is 4)

(f) the classification map of total force
distance between the images is 8)

direction (the

direction (the

direction (the

direction (the

Based on the above experiment results and
analysis, a novel matching method for shift
transformation by  virtual  electromagnetic
interaction is summarized as following:

Sepl Extract the significant edge lines in the
images, and construct the virtual edge cur@nt
and G

Sep2 Calculate the total force on @pplied by G

Sep3 Move the center of imagel one step to the
next discrete position according to the discretized
direction of the total force

Sep4 If a balance point is reached, or the moving
exceeds the coordinate range of the image, the
moving process ends; otherwise, return to Stepl

If the shifted image center is within the convergence
point area, the method can successfully achieve
image matching for shift transformation.

4 Conclusion and Discussion

Magnetic field is a basic and important physical

phenomenon. Its unique characteristics may be
exploited in the design of novel nature-inspired

methods for image processing. Current is a basic
source of magnetic field. A macroscopic current in

the wire is based on the microscopic movement of
electrons. The virtual current proposed in the paper
is a kind of reasonable imitation of physical current
in the digital images. It is a discrete simulation of
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the physical current in the discrete image space,  Principles, Toolsand Methods, Springer, 2012.
which is a discrete flow field running along the [7] Joseph V. HajnalMedical Image Registration,
edge lines (i.e. the isolines or level curves of  Taylor & Francis Group, 2001.

grayscale) in the image. In this paper, the virtual [8] A. Sotiras, C. Davatzikos, N. Paragios, Deformable
edge current is defined based on the significant ~ Medical image registration: A surveyEFEE
edge lines which are extracted by a Canny-like  Transactions on Medical Imaging, 32(7):
operation. The virtual interaction between the 1153-1190, 2013. _

significant edge currents is studied by imitating the [°] Thomas B. Moeslundintroduction to Video and
electro-magnetic  interaction  between  the Image Processing: Building Real Systems and
current-carrying wires, which is then used in image Applications, Springer, 2012.

matchin for  shiftin transformation The [10] Mark S. Nixon, Xin U. Liu, Cem Direkoglu,
ching . 9 Con David J. Hurley, On using physical analogies for
preliminary experimental results indicate the

feature and shape extraction in computer vision,

effectiveness of the proposed method. Computer Journal, Vol. 54, No. 1, 2011, pp. 11-25.
Currently, the approach proposed in this paper [11] xjao-Dong zhuang, Nikos E. Mastorakis, A

does not consider the shift with non-integer magneto-statics inspired transform for structure

displacements. It may be solved by further representation and analysis of digital images,

post-processing on the result of the proposed  \WSEASTransactionson Computers, Vol. 8, No. 5,
method. On the other hand, larger shift that makes 2009, pp. 874-883.

the center of imagel out of the image coordinate [12] David J. Hurley, Mark S. Nixon, John N. Carter,

range is not discussed. Further work will study Force field feature extraction for ear biometrics,
larger range of shift by forming a larger Computer Vision and Image Understanding, Vol.
classification map. 98, No. 3, 2005, pp. 491-512.

Moreover, in practical tasks, the contents of the [13] X. D. Zhuang, Nikos E. Mastorakis, The curling
two images to be matched may not coincide vector field transform of gray-scale images: A
perfectly (i.e. some part in one image does not  magneto-static inspired approach,WSEAS
appear in the other). It is necessary to investigate  Transactions on Computers, Vol. 7, No. 3, 2008,
the effectiveness of the proposed method for _ PP.147-153. _
different degree of consistency between two images [14] Xin U Liu, Mark S Nixon, Water Flow Based
based on the “classification map” of total force, Complex Feature Extractiosdvanced Concepts
which will be studied in further work. The effect of E)r Inteillgeént_ \Asonz%séerrs é‘ggtgzz Notes in
scaling or rotating between two images will also be (15] )?mguzer:uaﬂencNeikos e I\ag:stora[(is e relative
investigated in future. On the other hand, the e 9 : '

. X . potential field as a novel physics-inspired method
images processed in this paper are of grayscale. For for image analysis, WSEAS Transactions on

color images, the proposed method can be extended Computers, Vol. 9, No. 10, 2010, pp. 1086-1097
if a reasonable definition of “color gradient” is [16]x. p. Zhuané N. E. Mastorakis I.mage sequénce

given, which is also a research topic in future. analysis based on the 3D relative potential inspired
by Physical Electro-Static Field, WSEAS
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