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Abstract—To enhance the contrast and the details of the
wireless capsule endoscopy images, which are used to diagnose
the status of the human gastrointestinal tracts, we propose a
tensor based diffusion method in this paper. After analyzing the
structure tensor of the image in RGB color space, we focus on
the properties of the nonlinear anisotropic diffusion. Then we
design two diffusion strength functions to determine the
anisotropic diffusion according to the local characteristics of the
wireless capsule endoscopy images. Experimental results on real
wireless capsule endoscopy images indicate effective
enhancement of details and contrast by our new approach.

I. INTRODUCTION

ASTROINTESTINAL(GI) endoscopy has been widely

applied for the diagnosis of diseases in the alimentary

canal and small intestine. But there is a dead space in the
middle part of the small intestines during diagnosis due to the
limitations of the traditional GI endoscopy. Most recently, the
wireless capsule endoscope system was invented and
employed to record the whole GI tract images. With these
images sent out to the recorder and downloaded into a
personal computer, physicians could review the images and
analyze potential sources of bleeding on the GI tracts [1].
However, the qualities of these images are not very good for
some reasons such as low illumination and complex
circumstances in the gastrointestinal tracts. To facilitate the
diagnosis of the diseases, it is necessary to enhance these
images. In fact, many methods [2-6] have been investigated
for image enhancement. Among them, the nonlinear diffusion
proposed by Perona and Malik [6] has drawn a lot of attention
for its good behavior of preserving image edges while
smoothing. In [7], the nonlinear diffusion was extended to
multi-valued images. Weickert [8] proposed a multi-scale
texture enhancement method to enhance flow-like pattern
images.

In this paper, we develop a method to enhance the wireless
capsule endoscopy images to make easier analysis and
diagnosis of them. It is a tensor based anisotropic diffusion
way with two diffusivity strength functions designed
according to the characteristics of the wireless capsule
endoscopy images. Experimental results show the
effectiveness of this new method.
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II. STRUCTURE TENSOR IN CLOLOR SPACE

The structure tensor has been successfully used to enhance
gray images containing flow-like structures in [8]. As the
wireless capsule endoscopy images are color images, so we
firstly extend the structure tensor into color space. Given an

image [ , the structure tensor is
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where the subscript denotes spatial derivatives and the ~
indicates the convolution with a Gaussian filter. For a
multi-channel image I = (1,, 1,,...1,))" , the structure tensor is

given by
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where superscript 1’ represents the transpose operation. For
color images in RGB color space 1= (R, G,B)", this results

in the color structure tensor
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The color structure tensor describes the 2D first order
differential structure at one point in the image. Eigenvalue

analysis of the tensor leads to two eigenvalues which are
defined by
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The larger eigenvalue 4 indicates the change rate along

the gradient direction, and its eigenvector corresponds to the
gradient direction. The smaller eigenvalue ;, denotes the
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variation rate in the edge direction and its eigenvector
corresponds to the edge direction.

III. TENSOR BASED DIFFUSION FOR WIRELESS CAPSULE
ENDOSCOPY IMAGES

To enhance an image / (x,y), one of the widely used

methods is to consider it as the initial state of a partial
differential equation.
& ey ©)
Ot
where I(x, y,t) is an image at time f, F:R— R is a map

corresponds to a specific algorithm, and the solution of (9) is
the enhanced image. There are many different algorithms
according to different ', such as linear diffusion, nonlinear
diffusion [7], and nonlinear anisotropic diffusion [8]. The
linear diffusion is defined as
{1/ =CAI
I(x,y,0) = 1,(x, )
where C is a positive constant during the diffusion process.
And the nonlinear diffusion is defined as follows
{1, =div(C(| VI |)VI)
1(x, y,0) = 1,(x, )
Here the diffusivity C is a function of V/. And one of the
functions proposed by Perona and Malik is:

VI = (12
1+ (' Vi V 2 )
K

This elaborated work triggered great focus afterwards in
image processing and computer vision, and the review of its
extensions and applications is beyond the scope of this paper.
It must also be noted that the parameter K plays a very
important role in the whole diffusion process. It determines
the behavior of the diffusion, i.e, it determines whether the
region in the image will be enhanced or smoothed. This leads
into a high dependence of its choice in general.

Weickert [8] changed the above scalar-valued nonlinear
diffusion into nonlinear anisotropic diffusion, taking into
account the diffusion orientation. In nonlinear anisotropic
diffusion, the diffusivity changes into a tensor D . And it is as
below

(10)

(11

{1, =div(DVI) (13)
I(xayao) = [o(an/)
where the diffusion tensor D is a matrix of size 2x2:

(14)
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where @, @, are the eigenvectors correspond to the two

cigenvalues of D, i.e, #; and u,.

The diffusion tensor steers the diffusion process in the
following way: its eigenvalues determine the diffusivities

along the directions of the eigenvectors. That is, u,

represents the diffusion strength along the direction of @, ,

and 1, indicates the diffusion strength along the direction of
@, -
For a color imagel = (R, G, B)", the nonlinear anisotropic

diffusion (13) changes correspondingly into

I' =div(DVI")

I'(x,y,0) =1, (x, )
where i=R,G,B.

For different domains in a wireless capsule endoscopy
image, we hope that an isotropic diffusion is done in
homogenous region, while an anisotropic diffusion is
performed in regions of edges and local details. This will
result into efficient enhancement of the structured tissues and
image textures that are rich of information about the status of
the intestines while smoothing those flat regions without any
details. From the point of view of gradient variation, the
homogenous regions correspond to smaller gradient variation,
and we need an isotropic diffusion along all directions, so we

(15)

choose u; = u, ; while in the domains of edges and local

details, which correspond to a larger gradient variation, we
need an anisotropic diffusion along the direction of the edge
and the gradient direction respectively in order to preserve
edges or even enhance edges, i.e., we require y <u, Or

sometimes y, < 0.

Furthermore, in order to process a color image efficiently,
we should try to combine the different channels’ information
together to guide the diffusion. Employing the structure
tensor of color images discussed in section II, we choose e,

and o, the same as the eigenvectors of 2, and Qs and this

ensures that the anisotropic diffusion will take place along the
structure tensor’s two directions. In other words, to
efficiently enhance the contents in the wireless capsule
endoscopy images, we need a smoothing diffusion which
performs along the direction of o, and a smoothing or even

enhancing diffusion which implements along the direction of
o, - This may be achieved in the following way by designing

two diffusivity functions:

exp(_wj_exp[_wj lf(/%_ﬁz)z ST (16)
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where 4 and y are the eigenvalues of the structure tensor
mentioned in section II, and (4 - 4,)* indicates the local

property of one point in the wireless capsule endoscopy
image. K, and K, are the parameters to be set in the

experiments.

4862



When (4, -4,)" is small, the region corresponds to
homogenous region, because in these regions 4 ~ 4, . And
when (4, - 4,) is large, it indicates region of edges and local
details since A> A, - From (16) and (17), we can see that
u, =u, at domains of rather flat regions and y, <u,at other

regions, and this is just what we need. To accomplish the
desired  diffusion along the gradient direction
when A=A >T , we require K <K, . The unstable

problem caused by the backward diffusion when y <0 is
avoided because the value of 4, tends to zero when ( A-4)

is sufficiently large.

Compared with the original nonlinear diffusion in [6], we
design two new diffusion functions to determine the behavior
of the diffusion according to the local properties of the
wireless capsule endoscopy images, so it can control the
whole diffusion process more efficiently. Moreover, these
two functions also adaptively control the diffusion strength
along the structure tensor’s two directions. Finally, the
parameters of our proposed method in (16) and (17) do not
have the same role as that of (12), so the performance of our
new proposed approach will be more stable.

Iv.

To validate our new approach, we performed experiments
on real wireless capsule endoscopy images containing vessels,
which are in fact used to detect whether there is any blooding
in the gastrointestinal tracts. The threshold 7 in the
experiments is empirically chosen as 7= 0.1x max( A — 12)2 ,

EXPERIMENTAL RESULTS

and the Gaussian filter we used to obtain the structure tensor
is a Gaussian filter with standard deviation being equal to 1
and a window size of 3x3.

Fig.1 shows the results obtained for a ROI (128x138) of
one image. Figl. (a) is the ROI of the original wireless
capsule endoscopy image. Figl.(b) is the result of the
standard nonlinear diffusion P-M method in [6] with K =2.8,
and 25 iterations, we implemented the diffusion in each
channel and combined the results to get the color image result.
Figl. (c) is the result of our new tensor based anisotropic
diffusion way with K, =24,K,=5 and the same iterations.

With the new tensor based anisotropic diffusion, the contrast
of the image has been enhanced better. Furthermore, we can
see some small vessels clearly in Figl.(c), but we can’t see
them in Fig.1(b) or Fig.1(a).

Fig.1 Enhancement of one ROI image (a) original ROI, (b)
enhanced by P-M method, (¢) enhanced by our new
method

Fig.2 depicts another example that verifying our method’s
effectiveness. Fig2. (a) is the ROI (164 x172) of the original
wireless capsule endoscopy image. Fig2.(b) is the result of
the P-M method in [6] with K = 2 and 30 iterations. Fig2.(c) is
the result of our new tensor based anisotropic diffusion
withK, =1.8,K, =4 and the same iterations. It can be also

seen that the result of Fig2. (c) is better than that of Fig.2(b).
As a matter of fact, we find that all the results in our
experiments are not sensitive to the choices of parameters of
our new proposal in our experiments.
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Fig.2 Enhancement of another ROI image (a) original ROI,
(b) enhanced by P-M method, (c) enhanced by our
new method

V. CONCLUSION

We have put forward a new diffusion method for wireless
capsule endoscopy images to overcome the problem of low
contrast in these images in the present paper. Based on the
structure tensor of the wireless capsule endoscopy images,
this new approach exploited the nonlinear anisotropic
diffusion to diffuse along the structure tensor’s two directions
with different forces respectively. Here, we designed two
diffusivity functions to adaptively determine the diffusion
force according to the characteristics of the wireless capsule
endoscopy images. Experiments demonstrated the new
method’s usefulness for the wireless capsule endoscopy
images enhancement.

(1]

(4]

(3]

(8]

4864

REFERENCES

D. G. Adeler, C. J.Gostout, “Wireless Capsule Endoscopy,” Hospital
Physican , pp.14-22 May 2003.

K.Tan and J.P.Oakley, “Enhancement of color images in poor visibility
conditions,” in Proceedings of the 2000 International Conference on
Image Processing. Vol.2,British Columbia,Canada , Sep. 2000,
pp.788 — 791.

J. Qin and M. R. El-Sukku, “A new wavelet-based method for
contrast/edge enhancement,” in Proceedings of the 2003 International
Conference on Image Processing. Vol.3, Barcelona, Spain Japan ,
Sep.2003. pp.397 — 400.

J.L. Starck, F. Murtagh, E. J. Candés, and D.L. Donoho, “Gray and
color image contrast enhancement by the curvelet transform,” /EEE
Transactions on Image Processing, vol.12, No.6. pp.706-717, 2003.
T.Li, R. Tompkins, and V.K. Asari, “An Illuminance-Reflectance
Model for Nonlinear Enhancement of Color Images,” in Proceedings of
the 2005 IEEE Computer Society Conference on Computer Vision and
Pattern Recognition, San Diego, CA, USA ,Volume 3, 20-26 June 2005
Page(s):159 — 266

P. Perona and J.Malik, “Scale-space and edge detection using
anisotropic diffusion,” IEEE Tansactions on PAMI vol.12, pp.629-639,
July 1990.

G. Sapiro, D.L. Ringach, “Anisotropic diffusion of multivalued images
with applications to color filtering,” [EEE Transactions on Image
Processing,Volume 5, Issue 11, Nov. 1996 Page(s):1582 — 1586

J. Weickert, "Multiscale texture enhancement," Computer analysis of
images and patterns; Lecture Notes in Computer Science, 970 (1995),
pp. 230-237, Springer



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


