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Abstract: - The ima@ urcereverg transfom is poposel for image structue representain and analysjs
which is basd on an electrstaic analgy. In the prposal transformthe ima@ is taken as the potetial field
and the virtubsource d the image $ reversd imitating the Gausss law Regon borde detecton is effedively
implemented based on ehvirtual soure representin o the imag structure. Moreover, the engrg
concentratn propery of the prgosel transfom is investigatd for promising gplication in losy image
compressian. Experimentaresuts indicak that tle propose soucereverg transfom can achiew efficiert
representation of imagstructure, and Bgromisimg goplication in imag processig tasks.
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1 Introduction

Image transfom is a1 important nears far image
analysis and provide theorett suppot to many
image processig and analyzig mehods[1]. Typica
image transforrs incluce the classic durier
transfom and the widely gpplied Wavel& Transform
[1]. Reversib¢ image transforsiae basd on tre
integrd transfom in mathematigs which can

deconpos andrestoe the image based on the kernel

function. Besides those based on t mathematical
integrd transform thee ae other kinds d technique
such as the Hotellirg transfom and Hough transform
[1]. The constahemergene d new image transfom
techniques improves ¢h devebpment ad
application of inage processing.

Currerily, the research of meimage transfom
techniques tm attracted much atteati D
accomypish variots image procssirg tasks A typicd
categoy is the emergencefovirtual field methods
inspired by physich field, which ha& achieved
promising ad effective resultg2-5]. Theg mehods
hawe an etctrostatc a magnetestaic metaphor
which takes the imag as tle ©urce d the virtud
field. This categor of methods ha successfily
applied in biometrics, corrre detetion, image
segnentaton, etc[2-9]. Becau® the praessiny tasks
are implementd in the transformdomain the
reversibility is usually not taken into considertion in
the desig of the transform.

In physics the fiel is determined by the sa#
distribution [2,3,10,11] Therefore the sources an
compact representationf dhe field and reflet
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structurd feature d the field. This is the foundaion
of the effetivenes d the virtuatield baseé methods
Currert researb focuss on the virtual fied
generated by thimage i.e. the imag is jug taken &
the fied souce[2-5].

To obtain interior structure represerpati of
images, in thg pape a novéimage transfom namel
sourcerever® transfom is pioposel by taking tle
image as tle electrestatc potential field ® reverge
the source. Baseon the relatbnshp between the
field and soure in physics, the virtual aurce
obtainedby the proposel transfom reflecs structura
featue d the imag and can be thevdindaton for
further processimg tasks.In the experimets, the
sourcerever®g transfom is implemented for tés
images and realworld images. The analysid the
experimental results proves thatethvirtud field
sour@ is a interia representation fothe regim
borde structure and the enegy ooncentratio
propery of the poposeal transfom can beexploited
in lossyimage compressin.

2 The Reationship between the
Electro-static Field and the Fied

Source
In physics the electric fied intensiy is virtudly the
inverted gradientecta of the potentia[10,11}

E=-0V (1)
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where E means the electric field intensity at a space
point; V is the potential; [0 is the Hamiltonian
operator:

~ 97, 95,9¢ @
ox oy o0z

wher i, ] andk are three base vectors.

Therefore the electrestatc field can e
representg by dther of the two equivalent formsthe
form of vecta field (i.e. the electié field intensity)
and the fom of scala field (i.e. the electg potential)
The electrestaic field distribution § determind by
the fied souce, i.e. the distriltion of the charges
On the othe hand the source canebreversed frm
the field which is wel known & the Gass’s law n
differertial form [10,11}

dvE=0OE="F 3)
EO

where div mears the divergege; p is the charg

densiy a the same space pointf dé i.e. the
distribution d the sourceg, is the pernittivity of

the vacuumThereforethe soure distrbution can ke
obtained by th fdlowing:

p =—&, Ldiv(grad(V)) (4)

wherediv andgrad mean tte divergencerad gradieh
opeition respectively.

The aboe equatin can be regarded #e revers
process fran field to ®urce. Becaus the source
determines th distributon of the field, the

distribution of the source can be a compact

representatin d the field and contais the field's
interior structue information. Thereforein this
pape a nové image transfom is proposd by
imitating the field soure revers principk far image
structue representation and analysis.

3 The Source-reverse Transform for
Digital Images

One ofthe utimate goat d intelligent conpute
vision is the automaic recogiition of the objecs in
the scene. Gendha speaking, differen objecs
occupy differen regions n the image. Therefore
beside the imag itself an efficient representath o
image structue is importart for further analys ard
recogniion. In this papera novéimage transfom is
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presented based on the ralaghp between té field
and the source, which takahe imag as tle field and
rever® the source distributin. The prperties o the
soure@ revers transfom ame investigated
experimentally which can be applied in furtihe
image analyss and processing.

The Gauss law nh the eéctrostatic field is for a
continuos field in the space. Howevethe digital
image is discrée. Therefore to reverg from the
image o the virtud source, discree operato should
be usedd obtain tle gradient ath divergence fothe
digital image Imitating the fietl soure revers in
electrostatc field, the sourceever®e transfom for
an imaef(x, y) is as fdowing:

F(x,y) = —div,(grad, (f(x,Y))) ()

where F(x, y) is the virtud field soure obtaind by
the transform divy and grady are the discree
operatos o gd the esimation of the divergence and
the gradietrespectivelylt is ndable that tle domai
of F(x, y) is stil the two dimensond plare whee the
imace is definel. Thereforethe sptal properties o
F(x, y) may have direct relationship with the in&g
structure.

Accordirg to Equaton (5) the sourcerever®
transfom for an image incudes two step &
following:

Stepl: Estimate the virtuafield intensiy E(x, y)
for each imag point:

E(x y) = grad, (f (x,y)) (6)

The operatogrady can géthe two conponens d
the discre¢ gradieh on the x ard y coordinates
resgectively. To obtain tle gradien vector, the two
partid derivatives d f(x,y) should be eSmated. In
this paperthe Sobel operatos iusél to esimate the
two partid derivatives i.e. the conmponens o
gradient, whichs show in Fig. 1.

101 1 (2|1
2102 0|00
101 -1]-2]-1

The template to estmate the
component on x-coordinate

The template to estmate the
component on y-coordinate

Fig. 1The two templates of Sobel operator to estimate the
gradient
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According to the above two image templates, the

components of é(x, y) are estimated as following:

EdXy)=

[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)]

Ey/(Xy)=

[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)]

()

)
where E4(x,y) and E,(x,y) are the two components of

the estimated virtual field intensity E(x, Y).

Step2: Estimate the divergence of the virtua field
intensity for each point as the virtual field source
distribution F(x, y):

F(xy) = —divy (E(x, ) )

For the continuous vector field on the two
dimensional plane, the divergence is defined as
following:

ai + aEy
ox

divE =

oy (10)

where E,and E, are the two components of the vector

field E(X,Y).

Based on Equation (9), the estimation of the
divergence of a discrete vector field should also use
the discrete operator divy where the two partia
derivativesin Equation (10) are still estimated by the
Sobel operator asin Stepl.

By the above two steps, the virtual source reverse
can be implemented for a digital image taken as a
potential field, and the virtual source is obtained as
the result of the proposed image transform.

4 The Virtual Fied Source as the

Representation of I mage Structure

The representation and analysis of image structureis
important for many image-processing tasks [1,13].
Because the virtual sourceis still defined on the 2-D
plane where the image is defined, the spatia
properties of the virtual source may be closely related
to the image structure. To investigate the properties
of the proposed sourcereverse transform,
experiments are carried out for agroup of test images
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and also a group of real world images. The principle
to select proper images in the experiment is that the
transform results for simple test images may
digtinctly show the basic characteristics of the
source-reverse transform, while the transform results
for real world images of much more complexity will
reveal possible and promising applications of the
method.

In the experiments, the val ue of the source on each
point is recorded. The results indicate that there are
both positive and negative values in the source. To
reveal the property of the virtual source, the source
values F(x, y), their absolute values | F(x, y) | and the
sign of each value sgn(F(x, y)) are visualized in the
form of gray-scale images. An example is shown in
Fig. 2, which is one of the simple test images. Fig. 3
shows the distribution of the absolute values of the
source, where larger gray-scal e corresponds to larger
absolute value. Fig. 4 shows the sign of the value on
each point, where the white points represent positive
values, the black points represent negative values and
the gray points represent the zero value. The values
of F(x, y) is shown in Fig. 5, where the larger the
gray-scale the larger the value.

Fig. 2 One of the simple test images

Fig. 3 The distribution of the absolute values of the source

@)ES

[

Fig. 4 The sign of the value on each point in the source
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Fig. 5 The value of each point in the source

Fig. 4 showsthat there are both regions of positive
values and regions of negative values in the virtua
field source. Fig. 6 and Fig. 7 show the borders of the
positive regions and negative regions respectively,
where the white points represent the border points.
The experimental results show that for test images
with simple objects, the borders of positive and
negative regions can be the counters of the objects.

Fig. 6 The borders of the positive source regions

Fig. 7 The borders of the negative source regions

In the experimental results for simple test images,
Fig. 4 showsthat the source valuesin a homogeneous
region are zero. Fig. 3, Fig. 4 and Fig. 5 show that the
non-zero valuesin the virtual field source concentrate
near the region borders, where there is more complex
structure than the other parts of the image [12]. In
another word, the energy in the virtual source
concentrates on the borders of the homogeneous
image regions, which is quite different from the
Fourier transform in which the energy in the
frequency domain concentrates in the area of low
frequency. Moreover, Fig. 4 indicates that the source
values on different sides of a region border are of
different signs, which can be exploited in image
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structure  representation and analysis. The
experimental resultsfor another test image are shown
in Fig. 8 to Fig. 13, which aso proves the above

analysis.

Fig. 8 Another smple test images

>

Fig. 9 The distribution of the absolute values of the source

@)ES
]

Fig. 10 The sign of the value on each point in the source

Fig. 11 The value of each point in the source

O

|

Fig. 12 The borders of the positive source regions
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Fig. 13 The borders of the negative source regions

Fig. 21 The distribution of the
absol ute values of the source

Fig. 20 A medical image
of thebrain

In order to investigate the possible application of
the source-reverse transform, experiments are also
carried out for real world images. The experimental
results are shown in Fig. 14 to Fig. 31 for the
broadcaster image, the brain image and the house
image. The experimental results for real world
images also indicate the properties of energy
concentration and sign reverse across the region
border in the virtual field source, which inspires a
method of region border detection in Section 5. on each point in the source

Fig. 23 The value of each
point in the source
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Fig. 14 The image of the Fig. 15 The distribution of the Fig. 24 The borders of the
broadcaster absolute values of the source positive source regions

Fig. 16 The sign of the value on Fi. 17 The value of each
each point in the source point in the source

Fig. 26 Theimage of ahouse  Fig. 27 The distribution of the
absolute values of the source

— e ] M
Fig. 29 The value of each point
on each point in the source in the source

Fig. 18 The border: Fig. 19 The borders of the
positive source regions negative source regions
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Fi g 31 The brders of the
negative source regions

the
positive source regions

Fig.

5 Region Border Detection Based on

the Sour ce-reverse Transform
In the above experimental results, the borders of the
positive and negative source regions show the detail
for all the image regions, while minor details may not
be preferred in rea world applications. Because the
energy of the virtual source mainly concentrates near
the region borders, the minor details of region
borders can be diminated with a threshold of
absolute source value so that the main border of
interest will be preserved for further analysis.
Therefore, a region border detection method is
proposed based on the virtual field source as
following:
Stepl: Implement the source-reverse transform for
the image
Step2: Detect the points where the sign of source
values reverse, i.e. find the points with different sign
from neighboring points
Step3: For the points detected in Step2, eiminate the
points with less absol ute value than the threshold
The results of border detection for rea world
images are shown in Fig. 32 to Fig. 37.

Fig. 32 Theregi

ased on Fig. 18
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Fig. 37 The region border detected based on Fig. 31

The experimental results indicate that the virtual
source can be an efficient representation of image
structure, based on which region border detection can
be effectively implemented.
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6 The Opposite Transform from the
Virtual Source to the Image as a
Virtual Potential Field

For any image transform, whether it is reversible is
one of the basic characteristics. In this paper,
although the analysis can be carried out just in the
virtual source and its reversibility may not be
considered for some applications, the opposite
transform from virtua sourceto virtua potential field
(i.e. theimage) is discussed in this section.

For continuous electro-static field, the continuous
source can be obtained by source reverse as Equation
(4). On the other hand, the continuous potential field
can aso be generated by the source asfollowing [11]:

1 _padv

V(X Yy) =
() 4, r

(11)

where p represents the charge density at a space

point and r is the distance between that space point
and (x, y). Theintegral in Equation (11) is carried out
for the whole space where thereis charge distribution.
For continuous electro-static field in physics, the
transform defined by Equation (4) and (11) is
reversible.

However, for digital images, the opposite
transform should be in a discrete form, i.e. the
integral operation in Equation (11) should be
replaced by summation as following:

| ) H W F, J)
ey =K U)o 12
(X y) %; r(iyj)—»(X,y) ( )

where K isapositive constant; H and W are the height
and width of the image respectively. f '(x,y) is the
virtual potential field (i.e. the restored image)
obtained by the opposite transform; F(i,j) is the
virtual source.

Although the transform for  continuous
electro-static field is theoreticaly reversible, the
discrete source-reverse transform includes operations
of discretization which will introduce small errorsin
the transform process. Therefore, f '(x,y) can be a
nice approximation of the original image f(x,y), and
the source-reverse transform for digital imagesis not
strictly reversible. The opposite transform is
implemented for read world images. The
experimental results for some of the rea world
images are shown in Fig. 38to Fig. 41. Theleft one (a)
of each pair of results is the visudization of the
origind data of f’(x,y), and the right one (b) of each
pair isthe result of a contrast enhancement operation
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for f’(x,y). The experimental results indicate that the
quasi-reversible transform of source-reverse can
provide nice approximation of the origina image by
the opposite transform, which may be exploited in
lossy image compression.

(c) The original peppersimage

Fig. 38 Therestored results and the original image of the peppers

(& Visudization of f'(x,y)
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(b) Result of contrast enhancement

(c) Theoriginal house image (b) Result of contrast enhancement

Fig. 39 The restored results and the origina image of the house

(c) Theoriginal bridge image

Fig. 41 The restored results and the original image of the bridge

7 Data Reduction of Virtual Fied

Sour ce for L ossy lmage Compression
The experimental results have indicated that the
energy in the virtual field source concentrates near
the border of the homogeneous image regions, which
may be exploited in lossy image compression.
Because a large part of the values in the source are
relatively small, experiments are carried out to
investigate the effect of eliminating small source
values on the restoration of the field (i.e. the image).
The experimenta results are shown in Fig. 42 to
Fig. 45. In the experiments, the threshold to eliminate
small valuesin the virtua source is determined by a
certain percentage of the maximum of the absolute
values. For each real world image, the results show
the effect of assigning 1%, 5%, 10% and 20% of the

(c) The original boat image maximum absolute value to the threshold
respectively. If the absolute value on a poaint is
Fig. 40 The restored results and the original image of the boat smaller than the threshold, that value is set to zero.
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Then the virtual potential field (i.e. the image) is
restored from the reduced source with small values
eliminated. The experiments show the different effect
of eliminating small values in the source with
increasing the threshold value. The original images
are of the size 128 x 128. Therefore, the

uncompressed virtual source hastotally 16384 val ues.

The results indicate that the subjective visua
perception of the restored image is ill acceptable
when a large part of the values in the virtual source
are reduced. But when most of the small values are
eliminated, the quality of the image becomes
unacceptablefor visua perception, whichisshownin
(c) and (d) of each group of results. The results
indicate that the sourcereverse transform has
potential and promising application in lossy image
compression.

(a) Result of restoration with the threshold defined as 1% of the
maximum absolute value; 3684 values diminated
(b) Result of restoration with the threshold defined as 5% of the
maximum absol ute value; 8969 values dliminated
(c) Result of restoration with the threshold defined as 10% of the
maximum absolute value; 11473 values eliminated
(d) Result of restoration with the threshold defined as 20% of the
maximum absol ute value; 13858 values eliminated

Fig. 42 The effect of eliminating small source values on the
restoration of the peppersimage
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(a) Result of restoration with the threshold defined as 1% of the
maximum absolute value; 6870 values dliminated
(b) Result of restoration with the threshold defined as 5% of the
maximum absolute value; 11347 values eliminated
(c) Result of restoration with the threshold defined as 10% of the
maximum absol ute value; 12688 values eliminated
(d) Result of restoration with the threshold defined as 20% of the
maximum absolute value; 14356 values eliminated

Fig. 43 The effect of eliminating small source values on the
restoration of the house image

(a) Result of restoration with the threshold defined as 1% of the
maximum absolute value; 3176 values dliminated

(b) Result of restoration with the threshold defined as 5% of the
maximum absolute value; 7526 values dliminated

(c) Result of restoration with the threshold defined as 10% of the
maximum absolute value; 9690 values diminated

(d) Result of restoration with the threshold defined as 20% of the
maximum absolute value; 12361 values eliminated

Fig. 44 The effect of eliminating small source values on the
restoration of the boat image

Issue 2, Volume 8, February 2009



WSEAS TRANSACTIONS on COMPUTERS

(a) Result of restoration with the threshold defined as 1% of the
maximum absolute value; 1954 values dliminated

(b) Result of restoration with the threshold defined as 5% of the
maximum absol ute value; 5565 values diminated

(c) Result of restoration with the threshold defined as 10% of the
maximum absolute value; 9103 values eliminated

(d) Result of restoration with the threshold defined as 20% of the
maximum absolute value; 13065 values eliminated

Fig. 45 The effect of eliminating small source values on the
restoration of the bridge image

8 Conclusion

In this paper, a novel source-reverse transform is
presented for digital images based on the relationship
between the electro-static potentia field and the field
source in physics. The properties of the proposed
transform are investigated and analyzed by
experiments on groups of test images and real world
images. A region border detecting method is
proposed based on the virtual source representation
of image structure. The quasi-reversible property of
the proposed transform is aso experimentaly
investigated and analyzed. The promising application
of the transform in lossy image compression is aso
investigated based on the energy-concentration
property in the virtual field source. Future work will
consider how to overcome the small error between
the origind and restored images caused by
discretization in the transform process, so that the
quality of the restored image will be improved to a
standard of strictly reversible transforms. Further
rescarch will aso investigate the detaled
characteristics of the source-reverse transform
together with its potentia application in other image
processing tasks.
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