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Abstract 

MicroCT has become a powerful and widely used tool for non-destructive testing and can be used for mapping the complex 3D 

structures of cracks and their interactions. The materials of most oil and gas transport pipes, buried or submerged, such as high 

strength low alloy steels, for example, are likely to suffer corrosion degradation and fracture due to the corrosive environment. 

Similarly, cracks are one of the most severe types of discontinuity in a welded joint since they are strong stress concentrators. 

High tensile stresses develop in the weld region as a result of the localized thermal expansion and contraction, associated with 

the welding thermal cycle. To better characterize the cracking behavior, it is important to gain information about the evolution 

of the 3D crack network. However, the search for improving image quality in the inspection of steel samples using X-ray 

beams is still challenging because of spreading effects that can cause noise in the 3D image. For this purpose, we performed 

microCT tests to verify cracks due corrosion and loss of weld adhesion cracks applying mathematical filters to improve the 

final image quality. To enhance details of the grey scale microCT slices, the image was improved using anisotropic diffusion 

(AD) and unsharp mask (UM) filters, which have been found to be highly effective for enhancement of digital fractured media. 

With the results was possible to verify cracks around 0.66 mm for corrosion cracks and 4.27 mm for cracks due to loss of weld 

adhesion, as well as the cracks network in the 3D visualization of the inspected materials.  
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1    Introduction 

 

X-ray microtomography (MicroCT) technique is used in the most diverse areas of research field and industry. It has become a 

very useful tool by allowing non-destructive material inspection with a resolution of the order of micrometers [1-5]. In steel 

samples, microCT has been usually applied to observe subsurface cracking [6-7]. However, in the inspection these materials, 

metal scattering artifacts can occur. This scattering effect produces an image that does not represent the actual structure of the 

sample, making it difficult to identify with definition sensitive faults in the structure as corrosion cracks and lack of the weld 

bead adhesion [8]. Therefore, imaging filters methods must be applied to enhance the detectability of those tiny cracks. The 

choice of these filters is relevant for preparing the data for image segmentation before the analysis.  

 

Partial differential equations (PDEs) have led to an entirely new field in image processing and computer vision. Hundreds of 

publications have appeared in the last decade, and PDE based methods have played a central role at several conferences and 

workshops. The success of these techniques is not really surprising since PDEs have proved their usefulness in areas such as 

physics and engineering sciences for a very long time. In image processing and computer vision, they offer several advantages: 

Deep mathematical results with respect to well-posedness are available, such that stable algorithms can be found. PDE-based 

methods are one of the mathematically best-founded techniques in image processing. They allow a reinterpretation of several 

classical methods under a novel unifying framework. This includes many well-known techniques such as Gaussian 

convolution, median filtering, dilation or erosion. This understanding has also led to the discovery of new methods. They can 

offer more invariance than classical techniques, or describe novel ways of shape simplification, structure-preserving filtering, 

and enhancement of coherent line-like structures. The PDE formulation is genuinely continuous. Thus, their approximations 

aim to be independent of the underlying grid and may reveal good rotational invariance. PDE-based image processing 

techniques are mainly used for smoothing and restoration purposes [9-11]. They can effectively reduce noise, but may require 

careful use for do not alter the information contained in the image, especially for quantification purposes. Otherwise, most 

digitized images often need a sharpness correction. Sharpening filters help reinforce the contrast at edges and make details 

appear sharper [12]. Anisotropic diffusion can be used to remove noise from digital images without blurring edge and the 

unsharp mask is highly effective at sharpening edges without excessively strengthening the noise. Thus, the objective of this 

work is to apply mathematical filters in order to enhance the visualization of crack in steel samples in microCT images. 
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2    Materials and Methodology 

 

Four steel samples were inspected by microCT. Sample 1 is a fragment of a welded joint containing fatigue cracks, sample 2 is 

a fragment of a steel pipe used in the oil industry containing corrosion cracks and samples 3 and 4 are fragments of pressure 

and tensile armors of a flexible riser, respectively, both containing corrosion cracks. 

 

The system used to inspect the samples was a Micro/nanoCT GE V|Tomex|M. Table 1 shows the acquisition settings for each 

one. 

 

Table 1 - Acquisiton settings for each sample. 

 Sample 1 Sample 2 Sample 3 Sample 4 

Voltage (kV) 300 300 170 200 

Current (µA) 300 300 130 200 

Integration 

(Frames) 
5 5 5 5 

Effective Pixel 

Size (µm) 
17 17 30 45 

Projections 1800 1800 1000 1000 

Filter 0.5 mm (SS) 0.5 mm (SS) 0.3 mm (Cu) 1 mm (Al) 

 

 

The reconstruction of the images was performed by GE phoenix Datos|x reconstruction software. The denoising filter was 

applied in order to improve the quality of the reconstruction of the image. This filter was applied in the samples after 

performing reconstruction tests and showed the first approach for improvement in the image quality to solve the metal 

scattering effect. After the reconstruction step, Avizo Fire v.9.0.1 software was used to apply different mathematical filters to 

the reconstructed data, where it was possible to make a previous evaluation in a region of interest (ROI) selected in the image. 

The best results combined were the smoothing Anisotropic Diffusion (AD) and edge enhancement Unsharp Mask (UM) filter, 

as shown in the example of figure 1. 

 

 
Figure 1: Preview in the ROI with cracks and the use of the combined filters. 

3 Results 

 

The combined mathematical filters were applied in all the samples. The 3D volume from the surface was generated to assess 

the qualitative results and the extraction of the 3D volume of the cracks was performed to verify the quantitative results.  

 

3.1 Cracks due to loss of adhesion in the weld bead sample 
 

Cracks are one of the most severe types of discontinuity in welded joints since they are strong stress concentrators. High tensile 

stresses develop in the weld region as a result of the localized thermal expansion and contraction, associated with the welding 

thermal cycle. The results acquired with image treatment in the weld bead sample are shown in figure 2. With the improvement 

of the image quality, it was possible to perform qualitative evaluation and quantitative measurements. The measurement of the 

cracks in the sample was estimated in order to calculate the total crack network distribution. With the image treatment to 

reduce the noise with a smoothing filter and preserve the edges with a sharp filter, it was possible to identify each crack 

individually and later to quantify all the values. It is possible to distinguish that this is a case of a fissure at the edge of the 

weld. The minimum identified dimension of cracks were of 4.27 mm and the maximum of 31.82 mm. 
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Figure 4: Segmentation and quantification of defect volume in a sample of pressure armor. 

 

For the inspection of sample 4, each slice was evaluated and when the existence of the crack was verified, the measurement of 

the crack size was performed (figure 5a). The smallest cracks identified were of the order of 1.44 mm while the largest were 

approximately 24 mm (figure 5b). The region of the cracks was delimited and a segmentation method was applied to select 

only the empty spaces, that is, the cracks.  After this process, it was possible to generate separately the 3D visualization of the 

cracks (figure 5c). As a result, we obtained a crack network with quantitative and qualitative data for a better understanding of 

crack behaviour and how it propagated throughout the sample. 

 

 
Figure 5: Segmentation and measurements of the crack network of the tensile armour sample. 
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4 Conclusion 

 

With the results, it was possible to demonstrate how the processing of digital images with mathematical filters is important to 

the quantitative and qualitative evaluation. The improvement of the image quality for metal artifact reduction, without loss of 

information related to the edge sharpness, provided accurate results. The study indicates that, for 3D features such as corrosion 

fissures and cracks at the edge of the weld, the 3D micro-CT imaging technique combined with mathematical filter allows 

greater detail of the crack paths and consequently results in a more comprehensive characterization of cracks with the 

improvement of the final digital image. 
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