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Introduction: Chest X-ray imaging has become the most commonly used, as it is the primary method for 
lung cancer screening during medical check-ups.  The radiation dose should be minimized to ensure that the 
patients are not overexposed to radiation. However, radiation dose reduction results in increased noise in the 
chest X-ray image. Thus, the purpose of this study was to evaluate the utility of fast non-local means 
(FNLM) filters to reduce radiation dose while maintaining sufficient image quality. 
Material and Methods: This study evaluates three filters (median, Wiener, and total variation) and a newly 
proposed filter (fast non-local means (FNLM)), which reduce image noise. A realistic anthropomorphic 
phantom is used to compare images acquired depending on positions such as anterior-posterior, lateral, and 
posterior-anterior, using a self-produced 3D printed lung nodule phantom. To evaluate image quality, we 
used the normalized noise power spectrum (NNPS), contrast to noise ratio (CNR), and coefficient of 
variation (COV) evaluation parameters. 
Results: The NNPS and COV were lowest and the CNR was highest with FNLM images. FNLM filter 
outperforms other compared filters in terms of noise reduction. 
Conclusion: Therefore, the use of an FNLM filter is recommended, because it reduces the radiation dose to a 
patient and thus minimizes the risk of cancer, while maintaining diagnostic quality. 
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Introduction 
The use of diagnostic imaging has increased 

significantly over the years owing to numerous 
technological developments. Between 1980 and 2006, 
the medical exposure of the population in the United 
States increased by approximately 33% [1]. Korea is 
no exception; according to the International 
Commission on Radiological Protection (ICRP) report, 
the frequency of diagnostic radiologic examinations 
increased steadily from 2006 to 2011 [2]. In 
particular, the frequency of chest X-ray examinations 
performed in Korea has increased. Chest X-ray 
examination, which is the primary examination to 
detect lung nodules, has contributed significantly to 
the efficient diagnosis of diseases. The detection of 
malignant lung nodules can significantly help to 
prevent cancer. However, as the chest is anatomically 
complex, it is difficult to obtain high-quality 
radiological chest images. More specifically, structures 
such as lung, spine, and mediastinum are not easily 
recognized in radiographic images simultaneously as 
such structures with largely different contrast are in 
one location. Therefore, to lower the contrast, a high-

tube-voltage technique has been established, which 
improves the diagnostic quality of chest images [3]. 
However, these techniques result in an increased 
effective dose for the patient [4, 5]. 

Medical radiation can be beneficial to a patient. 
However, as ionization radiation damages 
deoxyribonucleic acid (DNA) directly, which can result 
in cancer, radiation exposure can induce harm if not 
used properly. In fact, there is a linear relationship 
between the likelihood of developing cancer and 
radiation dose, and the former increases even at low 
doses [6]. Increasing medical radiation exposure has 
raised concerns about the increased risk of cancer, 
which is also a public health issue at present that will 
continue in the future [7]. Therefore, in chest X-ray 
examinations, which are being performed not only on 
patients, but also on the general public, radiation 
exposure should be lowered while maintaining 
diagnosable image quality. One approach in the effort 
to minimize radiation exposure involves suppressing 
noise in images. Reducing the radiation dose may 
severely degrade the image, resulting in excessive 
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noise, specifically electronic and quantum noise. By 
eliminating the excess noise, high image quality can be 
maintained even at low doses [8, 9]. Conventional 
filters have been used to suppress noise. One is the 
median filter, which is a nonlinear method used to 
remove noise, particularly the salt-and-pepper type, 
while maintaining edge details. Another, called the 
Wiener filter, can be considered as one of the most 
fundamental noise reduction methods. The Wiener 
filter is a low-pass filtering method based on the least 
squares principle in the frequency domain, and has 
the advantage of more accurately analyzing the 
distribution of noise compared to the median filter 
[10]. In addition, the total variation (TV) filter restores 
a deteriorated image by reflecting a correlation to the 
overall image configuration variable for a certain 
region by setting a certain region around the pixel 
value of the region of interest. The TV minimization 
method using iterative reconstruction is one of the 
most widely used methods for image noise reduction 
[11, 12]. The TV filter uses an algorithm that 
minimizes the integral value of absolute gradients in 
an image. Because artifacts and noise usually 
represent high absolute gradients, TV filters can 
effectively reduce high-frequency elements, such as 
streak artifacts. However, with these filters, weak 
edges in particular are still damaged. To address this 
problem, fast non-local means (FNLM) filters, as 
proposed by J. Darbon et al. [13], have provided 
noticeable improvements. This filter is used to 
compute the similarity between two pixels by 
estimating the Euclidean distance between two image 
patches. It is suitable for preserving the edge of an 
image deteriorated by noise. 

Studies on phantoms have been conducted before 
tests on patients to obtain the correlation between 
radiation dose and image quality. In particular, the 
commercial nodule phantom is a useful tool to obtain 
quantitative information about the correlation 

between the detection probability of a nodule and 
image quality [14]. However, the commercial nodule 
phantom has shown a limitation in representing a 
malignant nodule. As the shape of some commercial 
nodule phantoms is consistent with a sphere, 
malignant nodules cannot be reliably represented. 

This study quantitatively compares the 
performance of an FNLM filter with those of the 
median, Wiener, and TV filters. Chest phantom images, 
including self-produced 3D printed lung nodule 
phantoms, were acquired for each position (anterior–
posterior (AP), lateral (LAT), and posterior–anterior 
(PA)) by reducing the radiation dose, while 
maintaining sufficient image quality. 

 

Materials and Methods 
Experimental Study 

Lung nodule phantom produced using 3D printing 
Figure 1 shows the process of nodule phantom 
fabrication. Four patients who were diagnosed with 
irregular-shaped and lobulated-shape nodules from a 
low-dose chest computed tomography (CT) scan were 
randomly selected. CT Digital Imaging and 
Communications in Medicine (DICOM) images of the 
selected patients were loaded in the TeraRecon 3D 
program (TeraRecon, San Mateo, CA, USA). Nodules 
were segmented while checking axial, coronal, and 
sagittal CT images. The segmented nodules were 
converted to STL file format with the smoothness of 100 
and the decimate of 20, as recommended by the 
manufacturer. The created STL nodule files were 
converted to g-code, ready to be 3D printed. The 3D 
printer (RS pro 800 SLA stereo lithography apparatus, 
UnionTech, Illinois, USA) printed the lung nodule 
phantom using a stereolithography method, made of 
hardening liquid plastic materials by shooting a laser 
and the employed material, which was polylactic acid. 
The volumes of the fabricated nodule phantoms were 

0.219, 0.649, 0.715, and 1.668 cm3. 

 

 
 
Figure 1. Nodule phantom fabricated using nodule segmentation in CT image: (a) 1.25-mm-thin slice CT axial image including segmentation area 
acquired for nodule phantom production and (b) phantom production process using TeraRecon software 
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Technical parameters 
Figure 2 presents the experimental conditions and 

phantom structure. A multipurpose anthropomorphic 
male chest phantom (N1 “LUNGMAN”, Kyoto Kagaku 
Co., Ltd., Kyoto, Japan) was used. The image of the 
phantom was acquired at the AP, LAT, and PA 
positions. A pathology was simulated through the 
insertion of all four lung nodules. The lung nodules 
were positioned as follows: two on the right lung and 
two on the left lung. A digital radiography system 
(Innovision-SH, SHIMADZU, Japan) was used with an 
added filtration of 2.0-mm aluminum and source-to-
image distance of 180 cm. In the AP and PA positions, 
the tube charge was gradually increased to 1, 2, 3.2, 4, 
and 5 mAs. The tube voltage was maintained at 120 
kVp. Subsequently, the tube charge was fixed to 3.2 
mAs, and the tube voltage was changed to 90, 100, and 
110 kVp to acquire the phantom images. In the LAT 
position, the tube charge was gradually increased to the 
values of 2, 4, 5, 10, 20, and 30 mAs. Meanwhile, the 
tube voltage was maintained at 120 kVp. Finally, the 
tube charge was fixed to 5 mAs and the tube voltage 
was changed to 90, 100, and 110 kVp. 

 

Fast non-local means (FNLM) 
The FNLM filter was proposed by J. Darbon et al. 

[13] in the late 2000s and has been developed to 
efficiently compute large calculations, which was a 
drawback of the non-local means filter proposed by 
Buades et al. [12,15]. This filter removes noise by 
calculating weights based on the structural similarity of 
surrounding pixels and taking the average of the 
weights, which is similar to a Gaussian filter or a 
bidirectional filter. These conventional filters are 
different in that only pixel m and the adjacent pixels are 
weighted, while the FNLM filter calculates the distance 
L in patches to obtain a weight. A patch is a concept that 
represents a set of pixels in a square region around any 
pixel. The FNLM filter simply does not consider the 
difference between two pixel values when weighing a 
pixel. Instead, the FNLM filter calculates the weight 
between two pixels by calculating the difference through 
all S×S-sized pixels in the patch, formed around pixels c 
and d. When weights are calculated, a high similarity of 
grayness in surrounding pixels results in high weight. 
New filters, which reduce image noise, are characterized 

by the use of an entire image, unlike the existing local 
filters [15-18]. The FNLM filter algorithm is defined as 
below; 
 

𝑁𝐿[𝐼](𝑐) = ∑ 𝑤(𝑐, 𝑑)𝐼(𝑑)𝑑∈𝐼 ,    (1) 

 
where I(c) and I(d) represent the brightness at pixels 

c and d, respectively, and w(c, d) is a weight for each 

region that satisfies 0 ≤ 𝑤(𝑐, 𝑑) ≤ 1 and ∑ 𝑤(𝑐,𝑑∈𝐼

𝑑) = 1. The weight for each region can be expressed as 
below; 
 

𝑤(𝑐, 𝑑) =
1

𝑍(𝑐)
𝑆𝜆(𝐼(𝑐 + 𝑃) − 𝐼(𝑑 − 𝑃)), (2) 

 
where P is the local patch size when the image is 

vectorized to 1D, and 𝜆 is d-c [13,17]. If the weight is 
calculated as above, the computation amount is 
determined independently of the size of the patch, and 
could be then calculated more efficiently compared with 
that required by the existing non-local means (NLM). 

 

Quantitative analysis of the images 
The quantitative evaluation of the images were 

conducted using normalized noise power spectrum 
(NNPS), coefficient of variation (COV), and contrast–
to–noise ratio (CNR). As shown in Fig. 3, all images 
were evaluated in ROIs A and B. In Fig. 3, the pixel of 
ROI was 136×136 pixels, and in the case of AP and PA 
positions, a quantitative evaluation was performed on 
the inside of the heart, which is a noisy space due to the 
thick effective thickness in the chest, and in the case of 
LAT, a quantitative evaluation was conducted on the 
costophrenic (CP) angles, where sharpness is the most 
important anatomically. The NNPS is the noise value in 
the image, which depends on the frequency, allowing 
measurement of the image noise, which varies 
depending on the amount of radiation [20]. The COV is 
known as the relative error. A smaller COV value 
implies that images are corrupted with a small amount 
of noise [21]. The CNR is a parameter for evaluating an 
image by analyzing the contrast characteristic through 
the signal of the selected ROI and the background noise 
[22]. 

 

 

 
Figure 2. (a) Photograph showing experimental setup, including X-ray tube, detector, and chest phantom. (b) The inner appearance of the 
LUNGMAN phantom. (c) magnified image of nodule phantom located inside LUNGMAN phantom 
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Figure 3. Chest phantom images with four applied filters, i.e., median, Wiener, TV, and FNLM, in the (a) AP, (b) LAT, and (c) PA positions. 
NNPS, COV, and CNR were obtained for the quantitative evaluation at ROIs A and B using images that depended on eight dose steps. 
 

Results 
The NNPS evaluates the distribution of the overall 

noise. The corresponding values were highest 

(approximately 10−3 mm2) with the Wiener filter among 

the filters in the AP, LAT, and PA positions, and lowest 

with the FNLM filter (approximately 10−5 mm2). In the 

AP, LAT, and PA positions, the image at 120 kVp and 1 

mAs had the lowest NNPS value in the AP position, which 

was the smallest at 120 kVp and 30 mAs in the LAT 
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position, and 120 kVp and 5 mAs in the PA position. From 

the results, the higher the dose, the lower the NNPS that 

can be achieved. In the AP position, the NNPS value is the 

lowest when applying the FNLM filter, even though the 

radiation dose is the smallest at 120 kVp and 1 mAs. 

At all positions, the highest COV value was obtained 

with the median filter, while the lowest was obtained with 

the FNLM filter. With the FNLM filter at the AP, LAT, 

and PA positions, the average COV values were 50%, 

38%, and 15% lower than those of the original image. The 

COV values were analyzed for each position depending on 

the radiation dose. In the AP and PA positions, the image 

with 120 kVp and 1 mAs exhibited the lowest COV value, 

while in the LAT position, the lowest was at 120 kVp and 

20 mAs. In the AP and PA images, most noises were 

removed using the FNLM filter in the image with the 

smallest dose. 

From the CNR results, the median filter demonstrated 

the highest value at all positions, while the lowest value 

was realized with the FNLM filter. When using the FNLM 

filter at the AP, LAT, and PA positions, the CNR revealed 

noise reductions of 32%, 35.7%, and 18% on average from 

the original image. In the AP position, the image at 120 

kVp and 5 mAs showed the highest CNR value; in the 

LAT position, the highest was at 120 kVp and 4 mAs, and 

in the PA position, it was the highest at 120 kVp and 1 

mAs. 

As shown in Fig. 4, the COV and CNR were measured 

at four locations where the nodules were located. In Fig. 4, 

a quantitative evaluation was performed by setting the ROI 

size to include the entire nodule in the chest image. 

Considering the COV, the FNLM filter exhibited the 

lowest value under all combinations of tube voltage and 

charge. Further, when using the FNLM filter, the noise was 

improved on average by 24% in ROIs 1, 2, and 3, and by 

16% in ROI 4. In particular, the largest rates of decrease in 

the COV compared with the original image among all 

combinations of tube voltage and charge are at 120 kVp 

and 1 mAs in ROIs 1, 2 and 4, and at 120 kVp and 5 mAs 

in ROI 3, respectively (Fig. 5). The FNLM filter showed 

the highest CNR value under all combinations of tube 

voltage and charge, except in ROI 4. Here, the TV filter 

performed better. When using the FNLM filter in ROIs 1, 2 

and 3, the CNR revealed average noise reductions of 13%, 

12.5%, and 17% from the original image. In ROI 4, 

compared with the original image, the CNR improved by 

9.5% when using the TV filter. In particular, the largest 

rates of increase in the CNR compared with the original 

image among all combinations of tube voltage and charge 

are at 120 kVp and 1 mAs in ROIs 1,2 and 3, and at 120 

kVp and 4 mAs in ROI 4 (Fig. 6). The FNLM filter has a 

high CNR value and a low COV value, which significantly 

reduces image noise. 

 
Figure 4. Chest phantom image in the AP radiography position where a nodule is located for a quantitative evaluation of the COV and CNR in ROIs 1, 2, 3, 

and 4, and background. 



      Jina Shim, et al.                                                                                                                                                     FNLM Filter Denoising for Radiation Dose 
    

Iran J Med Phys, Vol. 19, No. 6, Novamber 2022                                                                                368 

 
 
Figure 5. COV results in (a) ROI 1, (b) ROI 2, (c) ROI 3, and (d) ROI 4 for the median, Wiener, TV, and FNLM filters depending on radiation dose in the 

AP position. 

 
 

Figure 6. CNR results in (a) ROI 1, (b) ROI 2, (c) ROI 3, and (d) ROI 4 for the median, Wiener, TV, and FNLM filters depending on radiation dose in the AP 
position. 
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Discussion 
The lower the tube charge, the lower the radiation 

dose to a patient. However, a small number of photons 
cannot sufficiently penetrate a patient's body, resulting 
in excessive noise in the image. For example, in a CT 
image, artifacts are generated because photons do not 
sufficiently penetrate the shoulder portion, resulting in 
noise [23, 24]. A lower tube charge leads to degradation 
of image quality, owing to noise increase, but the use of 
an image filter allows removal of noise [9, 25, 26]. In 
addition, noise reduction using an image filter might 
reduce the signal difference caused by dose reduction. 
[27]. In another quantitative evaluation, decreasing the 
tube charge more than the tube voltage in the image has 
a strong effect on the image quality [28]. However, the 
use of a lower tube voltage can reduce patient doses 
more effectively than that of a low tube charge. A 
previous study has reported that tube voltage has a 
greater effect on patient doses [7]. Therefore, the use of 
the FNLM filter, after lowering tube voltage and raising 
tube charge, is recommended. First, lowering tube 
voltage significantly reduces the patient dose but 
degrades the image quality. To compensate for this, it is 
possible to supplement the image quality by raising the 
tube charge at the line that does not exceed the existing 
patient dose. The FNLM filter can then be used to 
maintain the image quality while lowering the patient's 
dose. 

 

Conclusion 
In this study, the utility of fast non-local means 

(FNLM) filters to reduce radiation dose was investigated 
on images acquired from an adult chest phantom 
inserted with a nodule phantom fabricated via 3D 
printing based on a real patient's nodule shape. The 
experimental images were quantitatively evaluated by 
applying four filters (median, Wiener, TV and FNLM), 
in the AP, LAT, and PA positions while changing the 
tube voltage and radiation dose. The FNLM filter 
exhibited the best performance in the quantitative 
evaluation compared with the original image in all 
positions depending on the radiation dose. In addition, 
noise reduction using the FNLM filter was the most 
effective for images with high noise because it 
minimized the radiation dose required. For this reason, 
the use of FNLM filters to maintain diagnostic accuracy, 
while lowering the radiation dose, is beneficial for 
preventing cancer. 
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