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ABSTRACT 
 
X-ray transmission micro-computed tomography technique is a reality for characterization of pores spaces and 

fractures. Imaging rocks in three-dimensions this technique enables routine visualization of structures in 

samples, which can be spatially resolved down to the sub-micron scale. The image of micro-computed 

tomography is a mapping of the linear attenuation coefficient of one cross section of the sample in study. The 

main objective of this work is to describe the importance of using mathematical filters in the volume 

measurement of a travertine sample as, well as to evaluate the relevance of the filters, which were: Gaussian 

Blur, Unsharp Mask, Median, Uniform and Kuwahara. The results showed interesting differences both among 

the different filters and, mainly, in the same filter when using different radius and, also, for analysis of 2D 

space, as well as the resulting histograms. However the study showed that even with the evolution of the 

“upgrades” of the image there is not a technique capable of solving 100% of the problems that a digital image 

might present and that the choice of filters must always determine the characteristics of the image emphasizing 

them within a specific application, always taking into consideration the image processing time. 

 

 

1. INTRODUCTION 
 

Filtering techniques are pixel to pixel transformations of an image, which depend not only on 

the gray level of a given pixel, but also on the gray levels of neighboring pixels. Improving 

image quality through contrast implies in contrast amplification, elimination of periodic or 

random patterns, and focus improvement, thus accentuating the image features [1]. 

Theoretically, digital image filtering consists in applying transformation techniques by means 

of operators and masks, aiming to correct, remove undesired features, smooth or highlight 

certain characteristics of an image, accentuating them as desired [2]. However, it is necessary 

to know to what extent certain filters affect the quantification of geometric features such as 

the volume of a given object. 

 

The aim of this work is to evaluate micro-computed tomography (µ-CT) images after 

applying different mathematical filters, such as Gaussian Blur, Unsharp Mask, Median, 

Uniform and Kuwahara. The study object was a geological sample, which consisting in a 

travertine limestone, a sedimentary rock of calcareous chemical origin, formed by 

precipitation of calcium carbonate in warm-water lakes and streams [3]. This sample was 

chosen due to the growing demand of geological studies using the µ-CT technique. It is 

known that energy resources such as water, gas and oil occupy void spaces within rock 

formations, which makes it very important to know pore-related features to investigate 

potential reservoirs. Rock porosity is an important study object, due to the various genetic 
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implications of these features, and µ-CT helps characterizing pore spaces and visualizing the 

structure of pores and cracks. 

 

The µ-CT image is a mapping of the linear attenuation coefficient of one cross section of a 

sample under study, providing quantitative and qualitative data. After the reconstruction 

process, the original image can be processed using mathematical filters so that the resulting 

image is the most adequate for a specific purpose. An increasing number of papers on the use 

of µ-CT to study rock porosity and permeability are being published [4], but mostly they 

make no mention to the choice of mathematical filters available in image processing 

software. 

 

In this study it was used filters: Gaussian Blur, Unsharp Mask, Median, Uniform, and 

Kuwahara. The Gaussian Blur filter (also known as Gaussian Smoothing) results from 

blurring an image using a Gaussian function. The visual effect of this blurring technique is a 

smooth blur similar to viewing an image through a translucent screen. It is also used as a pre-

processing stage in computer vision algorithms with the aim of enhancing image structures at 

different scales. Mathematically, the use of this filter on an image is equivalent to convolving 

an image with a Gaussian function. Since the Fourier transformation of a Gaussian is another 

Gaussian, applying this filter has the effect of reducing the image's high-frequency 

components, so the Gaussian Blur is considered a low-pass filter [5]. The median filter is 

used to reduce noise in digital images, improving its quality. The main idea of the median 

filter is to run through the signal entry by entrance, replacing each entry with the median of 

neighboring entries. This filter is a nonlinear digital filtering technique, frequently used to 

remove noise. Such noise reduction is a typical pre-processing step to improve the results of 

later processing. Median filtering is very widely used in digital image processing because, 

under certain conditions, it preserves edges while removing noise [6]. The Unsharp Mask 

filter is used for edge enhancement. This involves isolating the edges of an image and 

amplifying them, and then placing them back in the image [6-7]. In the Uniform filter, the 

output image is based on a local averaging of the input filter in which all of the values within 

the filter support have the same weight [6]. The Kuwahara filter is called an edge-preserving 

filter. It is known that edges have an important role in human perception of images, and thus 

also in image analysis. Therefore, it is important to have the possibility of smoothing images 

without disrupting sharpness and, if possible, edge position. This can be accomplished using 

the Kuwahara filter [8]. 

 

 

2. METHODS 
 

The image of a sample of travertine limestone with an approximate volume of (33527.18 + 

0.02) mm³ was acquired using the Skyscan-Bruker 1173 µ-CT system. After acquisition, the 

reconstruction was done using the NRecon/InstaRecon® software (version 1.6.8.0), [9 and 

10], developed by the system manufacturer. In order to optimize reconstruction time and later 

image processing, 310 slices of the sample were reconstructed, resulting in a volume of 1220 

mm³ (figure 1). Acquisition was carried out with the equipment operating at a voltage of 90 

kV with a current of 88 µA. Pixel size was 12.7 µm, resulting in a spatial resolution of 26.9 

µm. The time for reconstruction was about 6147s. 
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Figure 1:  Photography of  the travertine sample. 
 

Quantitative analyses were performed with the CTAn® software (version 1.12.0.0), [11]. 

Routines called “task lists” were used in order to study filter influence in this µ-CT 

quantification. After the reconstruction, the first quantification was done without using any 

mathematical filter, and then the filters were applied to originals images before segmentation. 

 

A combination of each filter's inherent parameters was used for each filter, as presented in 

table 1, one sees the parameters assessed, in which the radius R describes the number of 

pixels on which the filter acts. 

 

Filters were applied on the 2D space, thus acting within a ROI (region of interest) referring to 

the sum of all collective ROIs along a set of slices of the image cross section. 

 

 

For the Unsharp Mask filter, 2 other parameters were changed: Amount and Threshold. 

Amount is listed as a percentage, and controls the magnitude of each overshoot (how much 

darker and how much lighter the edges become). This may also be seen as how much contrast 

is added to the edges. Threshold controls the change in minimum brightness to be 

accentuated, or how distant must adjacent tonal values before the filter operates. 

 

Table 1: combination of each filter's inherent parameters 
  

Filters Radius Amount (%) Threshold 

Gaussian Blur 1, 5, and 10 --- --- 

Unsharp Mask 1, 5, and 10 1, 50, 100, 150 and 500 50, 100 and 255 

Median 1, 5, and 10 ---  

Uniform 1, 5, and 10 --- --- 

Kuwahara 1, 5, and 10 --- --- 
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3. RESULTS 
 

In the quantitative analysis of the sample without using filters, the percentage of the VOI 

(volume of interest) occupied by objects (BV/TV) was 90.2%, which will minister as a basis 

for further analyses. Figure 2 shows the 3D reconstruction of the travertine limestone sample. 

Quantitative results after application of the mathematical filters are shown in tables 2 and 3, 

and present a standard deviation of 11.54%. 

 

 
 

Figure 2:  3D reconstruction of the travertine limestone sample. 
 

 

Tabela 2 – Quantitative results after application of the mathematical filters (Uniform, 

Gaussian Blur, Median e Kuwahara)  

 

Radius Gaussian Blur (2D) Median (2D) Uniform (2D) Kuwahara (2D) 

 BV/TV BV/TV BV/TV BV/TV 

1 91.0 % 91.0 % 91.0 % 90.6 % 

5 91.3 % 91.4 % 91.1 % 91.1% 

10 92.1 % 92.1 % 7.5 % 91.7% 

 

 

The results in table 1 show  that BV/TV values (percentage of material within the VOI)  are 

close to the reference value (90.2%). The largest difference for all filters used is observed 

when using a radius of 10. This occurs because  the gray level of the central pixel takes on a 

new value according to  the pixels located within its neighbourhood within a radius of 10. 

Thus, regions with small pores visible prior to the use of the filters become more 

homogenous and are rendered imperceptible for the quantification.  
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A BT/VT of only 7.45% was obtained solely with the Uniform filter when using a radius of 

10 in the 2D space. This occurred because as the radius is increased for this filter, the 

contribution of what is negative is also increased, significantly altering the image and its 

quantification, as depicted in 3 [6]. 

 

Table 2 shows the results of the quantification after using the Unsharp Mask filter. It can be 

seen that  BV/TV keeps close to the reference value even when the  radius is increased. The 

ratio is reduced, however, when increasing Amount, as can be seen in figure 3. As the 

purpose of the Unsharp Mask filter is to enhance the image edges, amplifying high-frequency 

components, definition may help it enhance textures and details. The use of Amount controls 

how much contrast is added to the edges, so the pores become more evident in some regions. 

In this case, the radius affects the size of the edges to be enhanced; therefore, a smaller radius 

improves details on a smaller scale.  Largest radius values may cause halation in the edges. 

Finer details need a smaller radius. As can be seen, Radius and Amount interact in such a way 

that the reduction of one allows increases in the other. Threshold, in turn, controls changes in 

the minimum brightness which will be accentuated. Using the filter with a radius of 10, 

Amount of 500% and Threshold of 150 resulted in a fine tuning of the image and in better 

quantification. 

 

Tabela 3 – Quantitative results after application of the mathematical filters (Unharp 

Mask) 
 

Radius Amount Threshold Unsharp Mask  (2D) 

 BV/TV 

1 1 % 0 91.0 % 

1 50 % 0 91.0 % 

1 100 % 0 90.9 % 

1 150 % 0 90.9 % 

1 500 % 0 90.2 % 

5 1 % 0 91.0 % 

5 50 % 0 90.7 % 

5 100 % 0 90.3 % 

5 150 % 0 89.6 % 

5 500 % 0 79.4 % 

1 100 % 50 91.0 % 

1 100 % 100 91.0 % 

1 100 % 255 91.0 % 

5 100 % 50 90.9 % 

5 100 % 100 91.0 % 

5 100 % 255 91.0 % 

5 100 % 255 91.0 %  

5 500 % 50 90.9 % 

10 1 % 0 91.0 % 

10 1 % 255 91.0 % 

10 100 % 255 91.0 % 

10 500 % 0 79.0 % 

10 500 % 150 91.0 % 
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Figure 3:  Reconstruction 3D (a) Median filter 2D space radius 10, (b) Uniform filter 2d 

space radius 10, (c) Unsharp Mask 2D radius 10, amount 500%, threshold 0 and (d) 

Unsharp Mask 2D space, radius 10, amount 500%, threshold 150.  
 

 

 

4. CONCLUSIONS  
 

This study shows that the quantitative results  using a radius of 1 with the Gaussian Blur, 

Median, Uniform and Kuwahara filters are closer to the reference values, while radius of 5 

and 10 mask regions with small pores, rendering them more homogenous and imperceptible 

for quantification. An exception was the Uniform filter with a radius of 10 in the 2D space, 

for which increases in radius also led to increases in the contribution of what is negative, thus 

significantly altering the image and its quantification. For the Unsharp Mask filter, it could be 

noted that higher radius values may cause halation in the edges, altering the quantification. It 

was also observed that there is an interaction between radius and amount, in such a way that 

reductions in one allow increases in the other. Furthermore, it was seen that changing 

Threshold may provide a fine tuning of the image, resulting in better quantification. 
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Nevertheless, the study showed that, despite the evolution of image enhancement, no 

technique can solve 100% of the problems a digital image may present, and also that filter 

choice must always consider certain features of an image, accentuating them within the scope 

of a specific application and always taking image processing time into account. 
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