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Abstract: Kidney stones are a disease due to the buildup of substances that are not needed 
in the urinary system. Knowledge of the composition and type of stone is required in the 
treatment of action. Micro CT is one of the modalities that can be used in determining the 
composition of kidney stones. However, there are limitations when using single-energy 
micro-CT. Stone attenuation has almost the same value when using single energy, therefore 
it is necessary to use dual-energy CT to determine the difference in stone attenuation more 
precisely. The image of the dual-energy CT micro-energy stone needs to be processed before 
analyzing and determining the rock composition. Image fusion is one of the image 
processing techniques that can be used. The purpose of this study was to determine the effect 
of image fusion on the image quality of five kidney stones. The stages in the research carried 
out are collecting high energy and low energy projection image data, and performing image 
fusion on the two projected image data. The results obtained are first, the dual-energy CT 
image fusion affects the image quality which can be seen from the increase in the signal to 
noise ratio (SNR) value. A high SNR value provides the best image quality information. 
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Introduction  
 

One of the common diseases found in the urinary 
tract is kidney stone disease (Figure 1). Kidney stones are 
solids that form in the urinary tract due to clumping of 
organic and inorganic substances that should dissolve in 
the urine. Kidney stones must be removed either 
through urine or through therapy and surgery. Before 
doing therapy or surgery, it is necessary to know the 
composition and type of kidney stones needed in 
determining the diagnosis and appropriate treatment. 

Kidney stones are a disease due to blockage of 
substances in the urinary system. Substances that should 
be able to circulate properly in the kidneys become 
solids and eventually form stones as a result of this 
condition. Kidney stones consist of several different 
compositions of substances, including calcium oxalate, 
cystine, struvite, brushite and uric acid (UA). Calcium 
oxalate is the most prevalent type of kidney stone. It 
occurs in 70–80% of the kidney stone population (Asplin, 

2002). To follow up the presence of kidney stones in 
patients, proper treatment is needed. 

Knowledge of the composition and type of stone is 
needed, especially for the hospital. The importance of 
knowing the composition and type of stone because the 
treatment of kidney stone patients depends on the 
composition and type of stone. UA stones can be treated 
with alkalinization, struvite stones can be crushed by 
extracorporeal shock wave lithotripsy (ESWL), while 
brushite, calcium oxalate (CaO) and cystine stones are 
harder and harder to crush with ESWL (Thomas et al., 
2009; Li et al., 2013). ESWL is effective and safe 
procedure which can be preferred in patients with 
ureteral stones but even these are not without some 
complications (Sfoungaristos, et al., 2012; Aldaqadossi, 
2013). Therefore, the grouping of kidney stones is also an 
important thing to do regarding the diverse composition 
of kidney stones and the treatment measures are also 
adjusted to the type of stone. 
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Figure 1. Coronal CT image showing the presence of kidney 

stones in the urinary tract (Primak, et al., 2011) 
 
One of the modalities to determine the composition 

and type of kidney stones is a micro-CT scan. Research 
on determining the composition of kidney stones using 
micro-CT has been carried out previously by Leni (2015). 
The research conducted has succeeded in explaining the 
operational standards for the use (SOP) of micro-CT in 
determining the type of kidney stone. Studies on the 
characterization of kidney stones with micro-CT 
modalities need to be evaluated and studied further. 

Single energy CT measures the attenuation of the 
entire energy quantity in the tissue. The attenuation 
value is quantized in CT number or Hounsfield unit 
(HU) which is then indicated by different gray level 
values in the image. The non-uniform composition of 
kidney stones causes difficulties in characterizing each 
component using single-energy CT. Several types of 
kidney stones have almost the same attenuation value 
even though the constituent components are not the 
same so it is difficult to distinguish. Therefore, single-
energy CT is not appropriate for differentiating certain 
types of kidney stones. 

The approach that can be used in dual energy CT 
imaging is to use DEXA. DEXA is a method used to 
determine the density of certain organs using dual 
energy X-rays. Dual energy X-rays are used to optimize 
the difference between soft tissue and bone tissue 
around organs that have different densities (Judith, 2008; 
Tabari et al., 2017; Chae et al., 2010). Dual-energy X-rays 
can also show attenuation differences that are affected 
by the photoelectric effect and Compton scattering in 
tissues with different densities (Boll et al., 2012; Zaidi, 
2006). This concept is used to differentiate kidney stones 
using dual energy X-rays. 

Boll, dual energy X-rays used are low-energy X-
rays and high-energy X-rays where the energy source is 
obtained depending on the mechanism of the modality 
used. In general, there are two mechanisms used, the 

first mechanism uses a device with a low energy 
generator (70-100 kVp) and high energy (140 kVp) which 
is carried out alternately during the irradiation process, 
and the second mechanism uses a generator with a 
constant beam but uses a certain filter. to separate high 
energy and low energy (Ramos et al., 2011). In this study, 
stone samples were obtained from the first mechanism. 
Scanning is performed alternately with low energy and 
high energy on kidney stone samples without changing 
the position of the stone and other parameters (Leni, 
2015). 

In general, network attenuation is indicated by its 
CT number value. The CT number is affected by the 
photoelectric effect and the Compton effect, both of 
which also depends on the energy and the type of 
material being scanned. The photoelectric effect is more 
dominant at low energy photons and is highly 
dependent on the increase in photon energy while 
Compton scattering does not depend on photon energy. 
On the other hand, the photoelectric effect is also related 
to atomic number, while the Compton effect is more 
dominantly related to the density of the material 
(Johnson et al.,2007; Heye et al.,2012). Therefore, the 
effects of these two mechanisms will be different at 
different energy levels. 

To get a combined image, it is necessary to do a 
series of image processing processes. One of the simple 
image processing processes used is image fusion. Image 
fusion is the process of combining images that have 
different parameters into a single image that is carried 
out simultaneously. Multi imaging fusion of medical 
image technologies are utilized to combine the data from 
many pictures to create a more useful image (Pydi et al., 
2022; Fatma et al., 2016; Bikash et al., 2018). Merging is 
done to improve image content and image quality to 
make it easier to detect and identify information on the 
composition of kidney stones. To produce a good image 
quality, it is necessary to add a weight correction factor 
in the image summing algorithm. The weight correction 
factor can improve the quality of the combined image of 
kidney stones so that it is more informative in 
distinguishing kidney stones. 

Image fusion is done by simulation using Matlab. 
The low-energy and high-energy projection images are 
combined into one image before reconstruction. 
Reconstruction is then performed on the projected image 
that has been combined with image fusion. 
Reconstruction is an important step before image 
analysis. 
 
Method  
 
The flow of research carried out is as follows (Figure 2). 
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Figure 2. Flow of research 

 
The dual energy projection image data used is a 

sample that has been scanned, carried out in a previous 
study by Leni (2015). The projection image data is the 
result of scanning two energy parameters on kidney 
stones, namely 80 kV and 120 kV, measuring 2240×2240 
pixels with a depth of 16 bits. The projection image 
consists of five kidney stones which are scanned 
simultaneously with four irradiations. In the scanning 
process, no parameters are changed other than the 
voltage parameter. This information can be seen in the 
image parameter data log. The differences in the 
parameters used are described in Table 1. 

The data in Table 1 collects all the parameters used 
when the kidney stone image is scanned using low 
energy and high energy. Scanning is performed 
alternately between low energy and high energy, 
without changing the position and distance of the stone 
to the detector and other parameters except for voltage. 
 
Table 1. Parameters related to high energy and low 
energy images 
Parameter High Energy Low Energy 
Voltage 120 kV 80 kV 
Current 58 µA 100 µA 
Filter  AI 1 mm AI 1 mm 
Image pixel size 14.96 µm 14.96 µm 
Distance from source to 
sample 

109.2 mm 109.2 mm 

Distance from detector 
to sample 

364 mm 364 mm 

Depth 16 bit 16 bit 
Length of exposure 1200 ms 1000 ms 
Rotation Step 0.2° 0.2° 
Rotation 180° 180° 

 
The 120 kV and 80 kV energy parameters used are 

the voltages set on the CT micro tool, not the average X-
ray energy. To obtain the average X-ray energy at 120 kV 
and 80 kV irradiation, two approaches are used. The first 

approach uses the SpekCalc software with a 1 mm Al 
filter. The second approach uses the NIST spectrum 
reference from Bruker micro-CT skyScan 1173. The X-
ray spectrum has been digitized and used as a reference 
in previous research by Leni (2015). 

The next stage is the projection data of the two 
images scanned by the two energies which are combined 
to get a new image through the image merging process. 
Merging is done with Matlab simulation. The kidney 
stone projection image data with low energy and high 
energy irradiation consists of 4800 irradiation angles. 
Each image is combined by adding up the two projected 
images for each irradiation angle. Iterations are carried 
out until the irradiation angle is 4800.  

The combined projection image resulting from 
image fusion is then reconstructed using nRecon 
software. In this study, there are five different types of 
projected images that have been combined with 
variations of the ratio in the previous stages (A, B, C, D, 
and E).  

The reconstruction process was carried out five 
times with each stage consisting of one kidney stone. 
Each reconstruction process uses the same parameter 
selection for artifact correction and beam hardening. 
Artifact correction is selected on a scale of 20 while beam 
hardening correction is selected on a scale of 5. Apart 
from these parameters, the image window level is also 
set the same. The result of the reconstructed image is an 
image with 8.bmp format consisting of hundreds of 
slices for each stone.  

Analysis of the effect of image fusion on the quality 
of the stone image is carried out by optimizing the ratio 
value used. The optimization steps carried out can be 
explained in the following steps: 1. Collect samples of 
the combined projection image results of six images at 
adjacent irradiation angles for each stone and each 
different ratio. 2. Analyze histograms for each projected 
image using ImageJ software. 3. Determine the average 
gray level of the image and the standard deviation of the 
image. 4. Calculate the SNR value of five images at the 
adjacent irradiation angle for each stone and each 
different ratio. SNR is used as a parameter to determine 
the image quality of each stone and optimization in the 
use of the ratio value. A high SNR provides the best 
image quality information. 
 
Result and Discussion 
 

The initial projection image used is a CT dual 
energy projection image on low energy and high energy 
irradiation measuring 2240×2240 pixels with a depth of 
16 bits and in tiff format. Figure 3 is the projection data 
taken from different sources and parameters at the same 
irradiation angle. Figure 3 (a) is kidney stone projection 
data with energy irradiation of 120 kV, while Figure 3 (b) 

Dual energy projection image data 
collection 

Image processing with image fusion 

Image reconstruction into 2D 

Dual energy projection image data 
collection 
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is projection data for kidney stones with energy 
irradiation of 80 kV. 
 

 
Figure 3. (a) high energy kidney stone projection image, (b) 

low energy kidney stone projection image. 
 

In Figure 3 there are differences in the projection 
image with high energy and low energy irradiation. 
From the aspect of the resulting image, the projected 
image of stone with high energy irradiation looks whiter 
than the reconstructed image of stone with low energy 
irradiation. This shows that the signal received by the 
detector at high energy irradiation is greater which 
means that the intensity is also higher, so that the 
projected image looks white or brighter. 

The distribution of the gray level of the image in the 
two-projection data can be seen from the histogram of 
the image. The histogram is a diagram that describes the 
relationship between the degree of gray in the image 
with a certain number of pixels. The degree of gray of 
each image is shown in Figure 4. 

 

Figure 4. Differences in histograms of rock projection images 
with low energy and high energy 

 
The difference between each image based on 

histogram data can be explained by the statistical data in 
Table 2 below. The initial rock projection image is an 
image in tiff format with a depth of 16 bits. So that the 
gray level of the image in Figure 6 and Table 2 below is 
in the range 0-65535. 

Table 2. Statistical differences in the degree of gray of 
high energy and low energy projection images 
Statistic of image 
gray level 

Image with high 
energy 

Image with low 
energy 

Maximum value 
(max) 

65535 65535 

Minimum value 
(min) 

1396 619 

Average (mean) 40091.829 29172.737 
Standard deviation 
(SD) 

18639.520 18645.195 

 
The combined projection image with image fusion 

is 2240×2240 pixels with a depth of 16 bits and is in tiff 
format. Mixed projection image of one type with 
different ratio variations. Each composite projection 
image contains information for five kidney stones. The 
following is an image showing a projected image of rock 
1 with different ratios at a certain ROI for one of the 
irradiation angles (Figure 5). ROI was chosen so that the 
observation area is more homogeneous. 

 

 
Figure 5. Combined projection image of rock 1 with variation 
in the ratio (a). ratio = 0, (b) ratio = 0.3, (c) ratio = 0.6, (d) ratio 

= 0.8, (e) ratio = 1. 
 

The degree of gray in the image can be determined 
by using histogram analysis. The degree of gray in the 
image of stone 1 is different for each ratio value shown 
in Figure 6. 
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Figure 6. Comparison of histograms of composite projection 

images of rock 1 on ROI with a variation of ratio (a). ratio = 0, 
(b) ratio = 0.3, (c) ratio = 0.6, (d) ratio = 0.8, (e) ratio = 1. 

The differences in each image based on histogram 
data can be detailed in the statistical data in Table 3 
below. The combined projection image of the rock is also 
an image in tiff format with a depth of 16 bits. Therefore, 
the gray level of the image is still in the range 0-65535 as 
shown in Table 3. 

 
 
 
 
 
 
 

 
Table 3. Statistical differences in the degree of gray of the combined projection image with the variation of the k ratio 
Statistic of image gray level kratio = 0 kratio = 0.3 kratio = 0.6 kratio = 0.8 kratio = 1 
Maximum value (Max) 23701 19057 14505 11538 8634 
Minimum value (Min) 15367 12197 9000 6898 4771 
Average (Mean) 19464.277 15574.338 11735.592 9214, 091 6734.066 
Standard deviation (SD) 1635.238 1373.538 1118.995 955.765 801.029 
 

The deviation value or deviation of each combined 
projected image involving ROI shows a value that is 
smaller than the deviation of the initial projection image 
that does not involve ROI. This shows that by analyzing 
a certain ROI, the observation area will be more 
homogeneous. 

The results of the combined projection image are 
then reconstructed to produce a 3D image and the 
results of the reconstructed image can be seen in Figure 
7 below. The following image is a 3D image of the 
reconstruction of stone 1 on the first fusion (ratio = 0) of 
one of the slices. 

The reconstructed image is an image with a .bmp 
format with a depth of 8 bits. The combined projection 
image is also reconstructed on other variations of the 
ratio. The difference between each reconstructed image 
from different ratios can be seen in the figure 8. 
 

 
Figure 7. 3D image resulting from stone reconstruction 1 with 

k ratio = 0. 

 
Figure 8. Differences in 3D images from the reconstruction of 
stone 1 with variations in the ratio (a). ratio = 0, (b) ratio = 0.3, 

(c) ratio = 0.6, (d) ratio = 0.8, (e) ratio = 1. 
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The color distribution of stone 1 in Figure 8 shows 
different brightness with variations in the k ratio. Stone 
1 with a ratio of = 0.3 looks the brightest compared to the 
others. This shows that with a ratio = 0.3 the signal 
received by the detector is getting less, which means the 
more X-rays are absorbed, the intensity is lower, so the 
reconstructed image looks brighter. On the other hand, 
with the ratio = 1 stone 1 looks darkest than the others. 
This shows that with a ratio of 1 signal received by the 
detector more and more, which means that less X-rays 
are absorbed, the intensity is higher, so the reconstructed 
image looks darker than the others. The degree of gray 
in the image can be determined by using histogram 
analysis. This results were related with author Paul 
(2011) that proves the different weighting of the two data 
sets has a statistically significant effect on both the 
contrast enhancement and the visual quality of the fused 
images. The gray degree of stone reconstruction image 1 
for each ratio value can be seen in Figure 9 below. 
 

 
Figure 9. Comparison of histogram image reconstruction of 

stone 1 with the variation of ratio (a). ratio = 0, (b) ratio = 0.3, 
(c) ratio = 0.6, (d) ratio = 0.8, (e) ratio = 1. 

 
The differences in each image based on histogram 

data are explained by statistical data in the following 
table. The stone reconstruction image is an image in bmp 
format with a depth of 8 bits. So the degree of gray in the 
image in Figure 9 and Table 4 is in the range of 0-255. 
 

Table 4. Statistical differences in the degree of gray in stone reconstruction image 1 with the variation of k ratio. 
Statistic of image gray level kratio = 0 kratio = 0.3 kratio = 0.6 kratio = 0.8 kratio = 1 
Maximum value (Max) 255 255 255 255 231 
Minimum value (Min) 0 0 0 0 0 
Average (Mean) 82.569 104.150 96,533 87.739 61.166 
Standard deviation (SD) 53.022 79.683 74.439 71.650 45.045 
 
Image fusion with variations in the ratio provides 
information on different degrees of gray in the five 
stones. The following is Table 5 which shows the 
comparison of the gray degrees of each stone with 

different ratio values. Stone histogram data was 
obtained from the average value of the gray degree of 
rock reconstruction images on six adjacent slices. 

 
Table 5. Comparison of the average value of the stone’s gray level with variations in the ratio  

 kratio=0 kratio=0.3 kratio=0.6 kratio=0.8 kratio=1 
Average value 147.722 199.138 190.262 175.889 108.263 

 
The variation of the ratio gives the effect of 

different degrees of gray on each stone. Stone with 
number 1 has the highest average gray level in the ratio 
of 0.3. Information on the average gray level of this 
image cannot be used as a reference in determining 
which image quality is good if a different ratio is used. 

SNR calculation is done to find out how it affects 
the image quality. The variation of the ratio value affects 

the image quality of kidney stone reconstruction. The 
parameter used in this case to determine the quality of 
the reconstructed image is noise. The noise parameter is 
seen from the SNR value of the image, where a good 
image has a high SNR value. The following is a table that 
shows the effect of the ratio value on the SNR value of 
kidney stone reconstruction images. 

 
 
Table 6.  Comparison of SNR value of stone with variations in the ratio  

 kratio=0 kratio=0,3 kratio=0,6 kratio=0,8 kratio=1 
SNR value 1768.194 638.741 334.436 245.709 340.116 

 
Stone based on Table 6 has a maximum SNR value 

if the ratio used is 0, which means it has the best image 
quality if the ratio is 0.3. Increasing the weighting factor 
from 0.0 to 1.0, this doubles the intensity of contrast 
enhancement and showed the different image quality. 
This is in line with previous study Fidy, et al (2002) and 
Fatma, et al (2016), that proved fusion improve image 

content and image quality to make it easier to detect and 
identify some information. 

 
Conclusion  
 

In summary, image fusion dual energy micro-CT 
has an effect on improving the image quality of kidney 
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stones. Improved image quality is indicated by 
increasing the SNR value of rock images using different 
ratios. In this study explain that using different ratio in  
dual energy micro CT causes statistically significant 
changes in contrast enhancement and image quality of 
anatomic structures in kidney stones.A high SNR image 
value indicates a higher signal quality value than the 
noise, which means that the image quality is also better. 
The quality of the stone reconstruction image could be 
better with a ratio equal to 0.3. 
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