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Abstract:    Interventional Radiology (IVR) is an important 
technique to visualize and diagnosis the vascular disease. In 
real medical application, a weak x-ray radiation source is 
used for imaging in order to reduce the radiation dose, 
resulting in a low contrast noisy image. It is important to 
develop a method to smooth out the noise while enhance 
the vascular structure. In this paper, we propose to combine 
an ICA Shrinkage filter with a multiscale filter for 
enhancement of IVR images. The ICA shrinkage filter is 
used for noise reduction and the multiscale filter is used for 
enhancement of vascular structure. Experimental results 
show that the quality of the image can be dramatically 
improved without any blurring in edge by the proposed 
method. Simultaneous noise reduction and vessel 
enhancement have been achieved. 

1.  Introduction 
Interventional Radiology (IVR) is an important technique to 
visualize and diagnosis the vascular disease. In real medical 
application, a weak x-ray radiation source is used for 
imaging in order to reduce the radiation dose, resulting in a 
low contrast noisy image. It is important to develop a 
method to smooth out the noise while enhance the vascular 
structure. Several filters, such as Wiener filter [1] and 
Wavelet transform based filter [2] have been proposed for 
noise reduction. Though these filters are powerful method 
for noise reduction, but some blurring will be introduced 
and it is also not possible to enhance the vascular structure. 
In our previous works, we proposed a new shrinkage filter 
based on independent component analysis (ICA) for 
Poisson noise reduction in medical images [3-5]. The ICA 
Shrinkage filter can significantly reduce the noise without 
any blurring. In this paper, we propose a new method by 
combining the ICA Shrinkage filter with a multiscale filter 
[6] for enhancement of IVA images. The flowchart of our 
proposed method is shown in Fig.1. The ICA shrinkage 
filter is first used for noise reduction and then the 
multiscale filter is used for enhancement of vascular 
structure. Finally, the two results are combined to form an 
enhanced IVR image. 

In our proposed ICA shrinkage filter method, we first learn 
basis functions for linear transform from the sample images 
using ICA and then the noise image is transformed to ICA 
domain by using the ICA basis functions. In ICA domain, 
the signal components and noise components can be 
selected and a shrinkage filter is performed on noise 
components [3-5]. Compared with conventional DCT or 
wavelet transform, the ICA based transform has the 

advantage that the transform can be adapted to the real 
images and the noise components can be easily detected by 
ICA transform. So we can significantly reduce the noise 
without any distortion of signals. In multiscale filter, the 
multiscale second order local structure of image (Hessian) 
is examined for vessel enhancements. A vesselness measure 
is obtained on the basis of all eigenvalues of the Hessian. 
By combining the ICA shrinkage filter with the multiscale 
filter, simultaneous noise reduction and vessel enhancement 
have been achieved and the quality of IVR images have 
been significantly enhanced and improved. 

The paper is organized as follows: we describe details about 
ICA shrinkage filters in 2nd section and the multiscale filer 
in section 3. Experimental results are shown in section 4. 
The concluding remarks will be given in the final section. 

2.  ICA Shrinakge Filter 
2. 1 Image model 
An image x can be represented by a linear combination of 

basis functions as Eq.(1), where a i is the basis function and 

y i is the coefficient, which can be used as image features or 
image coding. Unlike Fourier transform or wavelet-based 
method, in our proposed independent component analysis 
(ICA) based method [3-5], the basis functions are learned 
from similar images by ICA. The advantage of the ICA 
based method is that we can obtain a set of adaptive basis 
functions based on data or images alone. 

Fig. 1 The flowchart of our proposed method.
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2. 2 Basis functions learned by ICA 
The Eq. (1) can be rewritten as 

x = Ay                     (2) 
Since we must obtain the A from sample images x alone, 
the solution of Eq.(2) can be viewed as a blind source 
separation problem, which can be solved by ICA. The goal 
of ICA is to find a matrix W that results in the estimates of 
coefficient y being statistically as independent as possible 
over a set of data (x) as shown in Eq. (3) 

y = Wx                    (3) 

The estimates or independent components y may possibly 
be permuted and rescaled. The rows of W respond to the 

columns of A (basis function a i ). Bell & Sejnowski 
proposed a neural learning algorithm for ICA [7]. The 
approach is to maximize the joint entropy by stochastic 
gradient ascent. The updating formula for W is:

W(y)yIW )g( T            (4) 

where y=Wx, and )1/(21)( yy eg  is calculated for 
each component of y. Before the learning procedure, x is 

sphered by subtracting the mean xm and multiplying by a 
whitening filter:    

)(0 xmxWx               (5) 

where 
2/1T

0 ]))([( xx mxmxW . Therefore, the complete 
transform is calculated as the product of the whitening 
matrix and the learned matrix: 

0WWWI                   (6) 

In our experiments, the training data set consists of 10000 
samples, which are randomly selected form natural images. 
The size of each image sample is 8x8. By the ICA 
algorithms (Eq. (4)-(6)), we can obtain 64 basis functions, 
which are shown in Fig. 2(a) [8]. In order to make a 
comparison, we also show basis functions of PCA 
(principle component analysis) and DCT (discrete cosine 
transform) in Fig.2 (b) and 2(c), respectively. 
As shown in Fig. 1, most of basis functions of ICA are 
localized and oriented and show some properties of wavelet 
Gabor filters, while the basis functions of PCA, which is 
also learned from sample images by PCA, are similar to 
those of DCT. Since the basis functions of ICA are similar 
to localized and oriented receptive fields, we can use ICA 
bases functions to extract the efficient features of images 
[8], [9]. Another advantage of ICA is that the ICA basis 
functions are not fixed, but they are extracted from training 
images. We can adapt them by selecting training images 
according to different applications.   

2. 3 ICA based shrinkage algorithm 
Shrinkage is an increasingly popular method in wavelet 
domain for curve and surface estimation. The wavelet 

shrinkage procedure for statistical application was 
developed by Donoho[10]. This shrinkage method relies on 
the basic idea that the energy of a signal (with some 
smoothness) will often be concentrated in a few coefficients 
in wavelet domain while the energy of noise is spread 
among all coefficients in wavelet domain. Therefore, the 
shrinkage function in wavelet domain will tend to keep a 
few larger coefficients representing the signal while noise 
coefficients will tend to reduce to zero.
As we know that in image decomposition by ICA, most 
independent components have super-Gaussian distribution 
and then are very sparse. The energy of an image will be 
concentrated in a few coefficients of ICA components. 
While if noise was projected to ICA basis functions, the 
energy will uniformly spread in ICA domain. Hence we can 
remove noise with shrinkage method in ICA domain just 
like wavelet shrinkage procedure.  
Assume that we observe an n-dimensional vector 
contaminated by noise. We denote by x the observed noisy 
vector, by P the original non-Gaussian vector and by v the
noise signal. Then we have 

x=P+v                  (7) 

The goal of signal denoising is to find P’=g’(x) such that P’
is close to P in some well-defined sense. The following 
gives the ICA based shrinkage procedure: 

Step 1 Estimate an orthogonal ICA transformation matrix 
W using a set of noise-free representative data z.
Step 2  For observed data x (corrupted by noise), use the 
ICA transformation matrix W to transform into ICA-
domain components:  

y = Wx                 (8) 
where y can be considered to be sparse variables, but also is 
corrupted by noise. 
Step 3 Use the shrinkage method in ICA domain to 
estimate noise-free components y’ for the noisy variables y:

y’ i = g i (y i )        (9) 
Step 4 Invert the denoised variables y’ and get an 
estimation of original data P:

P’ =W T  y’         (10) 
Here in step (3), g(y) is the operator or the function of the 
shrinkage, which is used to reduce the noise. In medical 
images, the noise is signal-dependent Poisson noise, thus, 
we mainly aim to reduce Poisson noise in images. In the 
next section, based on Poisson noise’s special property, we 
will give an efficient shrinkage scheme, which can be 
obtained directly from the noisy data. 

Fig. 2 Basis functions of ICA (a), PCA (b) and DCT (c).
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2. 4 Shrinkage for Poisson noise 
In this paper, we proposed a shrinkage function based on 
cross-validation algorithm [11] for Poisson noise. In our 
method, we can estimate noise level for ICA-domain 
coefficients in Poisson noise images. It is thus suitable for 
noise removal in Poisson noise images. The shrinkage 
function g(y) is given by 

g(y) = y’ = y 2

22

y
y

 (11)

where ��is the power of Poisson noise. The noise power of 
i-th component can be estimated by 

       i
2  = (W i .W i ) x           (12)

We can obtain noise power in each sample of noise data in 
ICA-domain and then denoise each data sample according 
to the SNR. Usually, we can interpret the shrinkage 
function as the following: Because the ICA transform 
matrix W can be considered as a local directional filter, 
after ICA transformation, the ICA-domain coefficient can 
be thought as the projections of the image onto localized 
“details”. For the noise power estimate, we project the 
image onto the square of the corresponding transformation 
matrix, which effectively computes a weighted average of 
local intensity in the image. This will be an approximation 
of noise power according to the property of Poisson noise. 
It is clear that the estimate of noise power can adapt to local 
variations in the signal or noise.. 

3.  Multiscale filter 
Multiscale filter was proposed for vessel enhancement by 
Frangi et al in 1998 [6]. The flowchart of a multiscale filter 
is shown in Fig.3. The basic idea of the multiscale filter is 
that the second order derivative of a Gaussian kernel at 
scale s generates a probe kernel that enhances the contrast 
between the regions inside and outside the range (-s, s) in 
the direction of the derivative. The local orientation of 
vessel can be obtained by eigenvalue analysis of the 
Hessian Matrix. The idea behind eigenvalue analysis of the 
Hessian is to extract the principal directions in which the 
local second order structure of the image can be 
decomposed. Table 1 summarizes the relations that hold 
between the eigenvalues of the Hessian and different 
structures.

Table 1. eigenvalues patterns in 2D and 3D. (H=high, 
L=low, N=noisy) 

Since we want to enhance the bright vessel structure, which 
is a tubular-like structure, the eigenvalues of Hessian matrix 
should satisfy the condition: highandLow 21 .

RB is defined as the ratio for distinguishing between blob-
like and tubular-like structures since it will be zero only for 
tubular-like structures:

)13(
||
||

2

1
BR

‘‘Second order structureness’’ measure is defined as, 

)14(2
2

2
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The final vesselness measure can be calculated: 
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and c  are thresholds, which can control the sensitivity of 
the filter measures of RB and E.

The vesselness measure is analyzed at different scales s
of Gaussian kernel. The response of the filter will be 
maximized at one scale, at which Gaussian kernel will 
approximately matches the size of the vessel to be detected. 
We fuse the vesselness measure provide by the filter 
response at different scales to obtain the final measure of 
noduleness: 

)(max
maxmin

sII
sss

 (16)

Fig.3 The flowchart of multiscale filter.

 4.  Experiment Results 
The effectiveness of the proposed method has been 

validate by using real medical IVR images. One typical 
IVR image, which was collected on Shimadzu Digital 
Angiography System "Bransist Safire", is shown in 
Fig.4(a). The result by ICA shrinkage filter is shown in 
Fig.4(b). It can be seen that the noise is significantly 
reduced by ICA shrinkage filter with less blurring. But the 
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vessel structures were not significantly enhanced. The 
result by multiscale filter is shown in Fig.4(c). It can be 
seen that only vessels were enhanced or extracted. The 
limitation is that non-vessel signals like bones were 
suppressed. In this paper, we propose to combine the ICA 
shrinkage result with the inversion of multiscale filter result 
as Eq.(17). 

)17(
1

)255( multiscaleICA III

where IICA is the result by ICA shrinkage filter and  Imultiscale
is the result by multiscale filter, (255- Imultiscale) is the 
inversion of  Imultiscale .  is a scaling factor. In this paper, 
is 0.1, which is obtained by several test runs. The combined 
result is shown in Fig.4(d). It can be seen that simultaneous 
noise reduction and vessel enhancement have been 
achieved.  

Fig.4 (a) Original IVR image; (b) ICA Shrinkage result;  
(c) multiscale filter result; (d) the combined result.   

5.  Conclusions 
We proposed to combine an ICA Shrinkage filter with a 
multiscale filter for enhancement of IVR images. The ICA 
shrinkage filter is used for noise reduction and the 
multiscale filter is used for enhancement of vascular 
structure. Experimental results show that the quality of the 
IVR image can be dramatically improved without any 
blurring in edge by the proposed method. Simultaneous 
noise reduction and vessel enhancement have been 
achieved. 

Acknowledgement 
The authors would like to thank Drs K.Kitamura and 
Y.Inoue at the R&D Department, Medical System Division, 
Shimadzu Co. for their valuable advice and discussions on 
this issue. This work was supported in part by the Grand-in 
Aid for Scientific Research of Young Scientists (B) from 
the Japanese Ministry for Education, Science, Culture and 
Sports

References 
[1] Lu H., et al.:  3D distance-weighted Wiener filter for 

Poisson noise reduction in sonogram space for SPECT 
imaging. Proc. SPIE, 4320: 905-913 (2001). 

[2] Nowak R.D., Baraniuk R.: Wavelet Domain Filtering 
for Photon Imaging Systems. Proc. SPIE, 3169: 55-66 
(1997). 

[3]Chen Y.W. and Han XH.: ICA Domain Filtering for 
Reduction of Noise in X-ray Images, Proc. of SPIE,
Vol.6144, p.613369-1.(2006). 

[4] Han X.H., Nakao Z., and Chen Y.W., An ICA-Domain 
Shrinkage based Poisson-Noise Reduction Algorithm and 
Its Application to Penumbral Imaging, IEICE Trans. Inf. 
& Syst., vol.E88-D, No.4, pp.750-757, (2005). 

[5] Chen Y.W., Han X., and Nozaki S.: ICA-domain 
filtering for penumbral imaging, Rev. Sci. Instrum., Vol. 
75, pp. 3977-3979, (2004) 

[6] Frangi A. et al : Multiscale vessel enhancement filtering, 
Lecture Notes in Computer Science, Springer, LNCS 
1496, pp.130-137 (1998). 

[7] Frangi A. et al : Multiscale vessel enhancement filtering, 
Lecture Notes in Computer Science, Springer, LNCS 
1496, pp.130-137 (1998). 

[8] Bell A.J. and Sejnowski T.J.: An information-
maximization approach to blind separation and blind 
deconvolution. Neural Computation, 7: 1129-1159 (1995). 

[9] Chen Y.W.: Independent Component Analysis (2) –
Feature Extractions based on ICA Basis Functions—
,“ Medical Imaging Technology, Vol.21, pp170-174 
(2003). (in Japanese) 

[10] Bell A.J. and Sejnowski T.J.: The “Independent 
Components” of natural scenes are edge filters. Vision 
Research, 37: 3327-3338 (1997). 

[11] Donoho D.L.: De-noising by soft-thresholding, IEEE 
Trans. Inform. Theory, vol. 41, no. 3, pp. 613-627 (1995). 

[12] Nowak R.D.: Optimal signal estimation using cross-
validation, IEEE Signal Processing Letters, vol. 3, no. (2), 
pp. 23-25, 1996. 

772



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


