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Abstract

This paper describes implementation of local structure tensor and anisotropic enhancement diffusion
filters using the Insight Toolkit. The anisotropic diffusion filters are implemented using ITK’s finite dif-
ference solver framework. The filters are used to implement the 3D edge-enhancing diffusion ( EED),
coherence-enhancing diffusion (CED) and hybrid diffusionwith continuous switch(HDCS) noise filter-
ing algorithms described in Mendrick et al [2].
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1 Introduction

The hybrid diffusion filter with continuous switch (HDCS) is a noise filtering algorithm based on anisotropic
non-linear diffusion process[2]. The technique combines edge-preserving noise reduction while enhancing
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local structures. This algorithm uses a hybrid approach that combines theadvantages of edge enhancing
diffusion(EED) and coherence enhancing diffusion(CED) techniques.

EED focuses on edge preservation and enhancement. In EED, strong smoothing is applied along the direc-
tion of the edge while the strength of the smoothing along the other perpendicular directions depends on the
gradient. The higher the gradient the lower the smoothing strength would be.Applying EED to a medical
image would enhance boundaries of larger organs but would blurvessels and smaller structures.

On the other hand, CED is designed to to connect lines and improve flow-like structures. Running CED on
medical images would preserve smaller structures and filter vessels but would not filter noise and plate-like
structures. Therefore, a hybrid technique such as HDCS would combineintelligently the benefits of the two
techniques.

The main underlying equation in this algorithm is the anisotropic diffusion equation

δu
δt

= ∇.(D.∇u) (1)

Where
u is input image∇ is the divergence operator
∇u is the gradient of the imageu
D is the diffusion tensor

The diffusion tensorD allows to tune the smoothing( both the strength and direction ) across the image.D
is defined as a function of the structure tensor.

J(∇uσ) = Kρ ∗ (∇uσ∇uT
σ) (2)

WhereK is the Gaussian Kernel with standard deviationρ scale and∇uσ is the gradient of the imageu at
scaleσ. Expanding the gradients, one gets
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V1,V2,V3 denote the eigen vectors of the structure tensor. The eigenvaluesλi define the strength of the
smoothing along the direction of the corresponding eigen vectorVi. EED, CED and HDCS differ in the way
they defineλi.

2 Filter Designs in ITK

The anistotropic diffusing filters implementation consists of two steps. The firststep involves developing
a filter that computes the local structure tensor. Such type of filter is not currently available in ITK. The
second part involves integrating the structure tensor into a diffusion tensor for anisotropic diffusion filtering.
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Figure 1: Anisotropic diffusion filters class hierarchy

2.1 Structure Local Tensor

The principle directions of diffusion/smoothing are based on the local structure. For this purpose, local
structure tensor generator is needed. We implemented such type of filter using ITK’s recursive Gaussian
filter. This filter is implemented using the recursive gaussian filters in ITK.

2.2 Enhancement Anisotropic Diffusion Filters

The implementation of the enhancement anisotropic diffusion filters follows ITK’s finite difference solver
(FDS) framework. The framework has two components: Function and solver objects. The solver object es-
tablishes the infrastructure for accepting input image and producing output image. The function object com-
putes a single scalar value from a neighborhood of values and computes the incremental change at a pixel in
the solution image from one iteration of the solver to the next. The solver objectand the the function objects
are derived from itk::FiniteDifferenceImageFilter and itk::FiniteDifferenceFunction respectively. Figure1
shows the class hierarchy of EED, CED and HDCS diffusion filters. An example program that demonstrates
the use of the HDCS filter is provided in appendix.

3 Experiments and results

We tested the local structure tensor and diffusion filters on synthetic and real data.

3.1 Local Structure Tensor

For validation of the local structure tensor, we generated a 3D synthetic image with a sinusoid patternsin(x)
(see Figure2(A)). Note thatIx = cos(x) and Iy = Iz = 0. Therefore the 3x3 tensor consists of only one
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Figure 2: Validation of structure tensor using a synthetic sinusoid image. Thethree sub-figures respectively
show 2D(X −Y ) cross sections of three 3D images: (A) the original sinusoid imagesin(x), (B) the reference
imagecos(x)∗cos(x), and (C) a 3D scalar image showing the first element (Ix

2) of the result structure tensor
at each pixel.

non-zero elementIx ∗ Ix = cos(x) ∗ cos(x). We validated the structure tensor filter by comparing its output
(Figure 2(B)) with the expected analytical function(Figure2(C)).

In addition, for visual validation of the results of the local structure tensorfilter, we generated a cylinderical
spatial object and applied the structure local tensor filter. For visual inspection, a good visualization tech-
nique is to overlay the primary eigen vectors on the input image. For this, we used Paraview, an open-source,
multi-platform data analysis and visualization application, to generate the visualization shown in Figure3
as follows

1. Load the synthetic cylinder image.

2. Apply a contour filter to generate surface rendered view of the cylinder.

3. Load the primary eigen vector image.

4. Generate a glyph visualization overlay on the cylinder surface. The glyphs are oriented according to
the eigen vector of the local structure tensor.

3.2 Noise filtering using the enhancement filters

Experiments were conducted to test the effectiveness of the anisostropicfilters in removing noise from a
lung CT scan. Figure4a) shows CT scan used to test the algorithm. The testing dataset is distributed as part
of the source code submission to the Insight Journal. We run the filters using the default parameter values
suggested in [2] and got the results shown in Figure4 B, C, and D running the CED, EED and HDCS filters
respectively on the cropped lung CT test image.
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Figure 3: Visualization of the structure tensor primary eigen vectors overlaid as glyphs on the synthetic
cylinder surface

4 Conclusions

In this paper, we have described local structure tensor and diffusion anistotropic filters implemented using
ITK. The filters are used to implement the 3D edge-enhancing diffusion ( EED), coherence-enhancing dif-
fusion (CED) and hybrid diffusion with continuous switch (HDCS) noise filtering algorithms developed by
Mendrick et al [2].
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6 Appendix

This example demonstrates how to use the itk::AnisotropicHybridDiffusionImageFilter to filter the input
image using the hybrid diffusion filter using a continous switch.

#include "itkAnisotropicHybridDiffusionImageFilter.h"
#include "itkImageFileReader.h"
#include "itkImageFileWriter.h"

int itkAnisotropicHybridDiffusionImageFilterTest(int argc, char* argv [] )
{
if ( argc < 3 )
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Figure 4: Anisotropic filters applied on lung CT scan a) Original lung CT scan slice b) CED C) EED D)
HDCS filtered results.
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{
std::cerr << "Missing Parameters: "

<< argv[0]
<< " Input_Image"
<< " Edge_Enhanced_Output_Image "
<< std::endl;

return EXIT_FAILURE;
}

// Define the dimension of the images
const unsigned int Dimension = 3;
typedef double InputPixelType;
typedef double OutputPixelType;

// Declare the types of the images
typedef itk::Image< InputPixelType, Dimension> InputImageType;
typedef itk::Image< InputPixelType, Dimension> OutputImageType;

typedef itk::ImageFileReader< InputImageType > ImageReaderType;

ImageReaderType::Pointer reader = ImageReaderType::New();
reader->SetFileName ( argv[1] );

std::cout << "Reading input image : " << argv[1] << std::endl;
try

{
reader->Update();
}

catch ( itk::ExceptionObject &err )
{
std::cerr << "Exception thrown: " << err << std::endl;
return EXIT_FAILURE;
}

// Declare the anisotropic diffusion edge enhancement filter
typedef itk::AnisotropicHybridDiffusionImageFilter< InputImageType,

OutputImageType> HybridFilterType;

// Create a edge enhancement Filter
HybridFilterType::Pointer HybridFilter =

HybridFilterType::New();

HybridFilter->SetInput( reader->GetOutput() );

try
{
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HybridFilter->Update();
}

catch( itk::ExceptionObject & err )
{
std::cerr << "Exception caught: " << err << std::endl;
return EXIT_FAILURE;
}

std::cout << "Writing out the enhanced image to " << argv[2] << std::endl;

typedef itk::ImageFileWriter< OutputImageType > ImageWriterType;
ImageWriterType::Pointer writer = ImageWriterType::New();

writer->SetFileName( argv[2] );
writer->SetInput ( HybridFilter->GetOutput() );

try
{
writer->Update();
}

catch( itk::ExceptionObject & err )
{
std::cerr << "Exception caught: " << err << std::endl;
return EXIT_FAILURE;
}

return EXIT_SUCCESS;

}
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