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In order to reduce the amount of noise component in X-ray imaging system, various reduction techniques were
frequently used in the field of diagnostic imaging. Although the previous techniques —such as median, Wiener
filters and Anscombe noise reduction technique — were able to reduce the noise, the edge information was still
damaged. In order to cope with this problem, total variation (TV) noise reduction technique has been
developed and researched. The purpose of this study was to evaluate and compare the image quality using
normalized noise power spectrum (NNPS) and contrast-to-noise ratio (CNR) through simulations and
experiments with respect to the above-mentioned noise reduction techniques. As a result, not only lowest NNPS
value but also highest CNR values were acquired using a TV noise reduction technique. In conclusion, the
results demonstrated that TV noise reduction technique is proved as the most practical method to ensure

accurate denoising in X-ray imaging system.
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1. Introduction

With the advances in imaging techniques, X-ray images
based on general radiography and computed tomography
(CT) were utilized as an essential method in clinical
diagnostics. These images provide a lot of information
about patients. However, the image noise still occurs
because of the interaction between X-ray source and
patients. X-ray images are usually suffered from this
noise that restricts the diagnostic accuracy. The recent
issue of X-ray images is the high amount of noise com-
ponents. Noise reduction is the process of elimination of
noise from an acquired signal. Appropriate filter and
algorithm were required to reduce the noise in images.
Although the median filter based on median value in the
designated area was frequently used in the medical
imaging field, different techniques for the noise reduction
have been recently developed [1-3]. Among these techni-
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ques, Anscombe noise reduction technique and Wiener
filter helped stabilization of noise variance such as Poisson-
Gaussian noise. Markku M"akitalo et al. and Jingdong
Chen et al. suggested effective Poisson-Gaussian noise
reduction with improved Ascombe noise reduction techni-
que or Wiener filter [4-6]. Especially, Anscombe noise
reduction technique is useful in various inverse problems
with Poisson noise contamination. As mentioned earlier,
the noise reduction techniques are very effective for
improving image performance; however, the edge with
high frequency components is removed. Leonid I. Rudin
et al. demonstrated that TV noise reduction technique can
acquire sharp edge in the image [7-9]. However, a few of
quantitative studies have been conducted with respect to
the noise reduction techniques. The purpose of this study
was to quantitatively evaluate and compare the image
performances using various noise reduction techniques.
For that purpose, we evaluated normalized noise power
spectrum (NNPS) and contrast-to-noise ratio (CNR) with
simulation and experiment.

The remainder of this paper is organized as follows: In
section 2, the process of TV noise reduction technique
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Group Spatia‘l)/frr:rcj]t;ency Group Spati(aIL/f:gl;ency
1 0.25 9 2.60
2 0.50 10 3.47
3 0.61 1 5.21
4 0.87 12 10.42
5 1.04 13 5.21
6 1.49 14 3.47
7 1.74 15 2.60
GI‘OU,D 16 8 2.08 16 2.08

Fig. 1. The photo of resolution phantom image with various spatial frequency groups for the simulation study.

using phantom is described. In section 3, NNPS and CNR
using a region of interest (ROI) in the phantom are
calculated to compare between TV and other noise reduc-
tion techniques. In section 4, the image performance with
noise reduction techniques is analyzed and the usefulness
of TV noise reduction technique is proved.

2. Materials and Methods

2.1. Total variation (TV)
Standard image degradation is often modeled as follows:

g(x,y) = u(x,y) + n(x,y)

where u(x, y) is the desired clean image, n(x, y) represents
error (i.e., Gaussian noise), and the g(x, y) is degraded
image. To obtain the recovery image, many researchers
have been studying the inverse problem such as spline
smoothing, filtering using Fourier and wavelet transforms,
and non-local self-similarity based methods [10-13]. How-
ever; in comparison to the least square methods where
closed form, the linear solutions are well understood and

easily computed. Also, the 1;-estimation is non-linear and
computationally complex [14]. For that reason, we
investigated for the denoising images by minimizing the
TV norm of the estimated solution. Here, the TV can be
written as:

M N : >
Z Z’\/(ui,j_ui—l,j) + (ui,j_ui—l,j)

i=1j=1

M N
ld =22 [Vu, | =

i=1j=1
u = argminTV(u)

where M and N are the numbers of rows and columns of
the image u, respectively. Basically, TV from signals
indicates the change of information from neighboring
pixels in the image and the summation of all the differ-
ence in adjacent pixels’ gradient. Then, iterative algorithms
using the advantages of TV minimize each pixel gradient
in the image.

2.2. System geometry and phantom
Figure 1 shows the used resolution phantom image in
simulation which consisted of sixteen groups with different

Fig. 2. (Color online) The photo of the experimental system with chest phantom.
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spatial frequencies (Ip/mm). We implemented proposing
algorithms by using the MATLAB (Version 8.3) pro-
gramming language for the simulation study. Also, we
acquired the chest image by using a general X-ray imag-
ing system. Figure 2 shows the description of the X-ray
system and the chest phantom used in this study. The X-
ray system is mainly consisted of an X-ray generator (120
kVp and 3 mAs) and a CMOS-type flat-panel detector
having a pixel size of 200 um. Also, the chest phantom
consisted of anterior-posterior (AP) thickness of approxi-
mately 20 cm.

2.3. Evaluation of image quality

NPS was measured for resolution and chest phantoms
in X-ray imaging system. NPS represents the observa-
tional noise amplitude and texture at acquired image by
homogeneous radiation which has specific photon flux
and quality. Initial NPS (called by one dimensional NPS)
is calculated by the slit synthesis method. However;
because of its long processing time, the initial NPS method
is continuously being decreased. In order to improve the
processing time, Dainty and Shaw expressed two dimen-
sional NPS on the following [15]:

NPS(u,v) = lim 2)(1 —
X, Y > .

X ¥ - W 2
(I ] U y)-Tle ™ dxdy|)
X "-Y

where I is the image intensity, / is the average of the
background intensity, and < > accounts for the whole
average. Additionally, the derived NPS should be con-
sidered, based on discrete frequency components of sample
images in digital X-ray imaging system. Also, the first
image of each X-ray system acquisition was only used to
minimize the effect of lag on NPS measurement. There-
fore, two-dimensional NPS mathematical expression is
calculated as follows:

NPS(u,, v) = lim (NN AAYY|FT,d(x, ) =S, y))

M
~ lim nm%‘fﬁﬁ Y. [FT,d(x, y)—-SCx, )
N,N,»>oM—>x m=1

M

. AxA
= |lim _y z
N\,N‘_,A//—MQM.N)(Nym=1
N, N, 2

( Z Z (I(x;, }’j)_S(xis )’f))eXp(_Z”i(”nxi+kai)) )

i=1j=1

where S is the average of background intensity, N.N,, Ax,
Ay account for pixel number of X, Y axis and pixel size
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in X, Y axis, respectively. Finally, we used NNPS to
improve accuracy of NPS in this study. The NNPS is
calculated as follows:

NPS(u, v)

NPSnormalized(ua V) = 2
(large area signal)

To evaluate the image quality between contrast and
noise, we estimated CNR. With the CNR value, we
indicated the difference of contrast in acquired images
which are applied by each noise reduction technique. Y.
N. Choi et al. expressed the CNR as follows [16]:

|Sb_SC|

JN; + N’

where S, and S, are the average value of the contrast
components and the mean value of the background,
respectively and N. and N, account for the contrast com-
ponents and noise measured in the background, respec-
tively.

CNR =

3. Results and Discussion

Figure 3 shows the bar phantom image for the various
noise reduction techniques in the simulation. We quan-
titative evaluated NNPS and CNR using a ROI A, B and
C in the acquired images. In order to accurately evaluate
image quality, we established same size of ROIs.

Figures 4 and 5 show the results for NNPS and the
CNR as function of noise reduction techniques with bar
phantom images, respectively. In the noisy bar phantom
image, the NNPS result was distributed about regularly

1

- Noisy image Median

(@ (b) (c)

1A A

Total variation
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Fig. 3. (Color online) The simulated bar phantom images for
(a) original, (b) noisy, (c) median filter, (d) Wiener filter, (e)
Anscombe noise reduction technique and (f) TV noise reduc-
tion technique.
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Fig. 4. (Color online) The results for the NNPS for noisy,
median filter, Wiener filter, Anscombe noise reduction tech-
nique and TV noise reduction technique. When we used TV
noise reduction technique, the lowest value was acquired in
all frequency.

(=}

10~ mm in the range from 0 to 2.5 Ip/mm spatial frequency.
When we used the noise reduction techniques, the
NNPS result is gradually decreased compared to the noisy
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Fig. 5. The results for the CNR for noisy, median filter, Wie-
ner filter, Anscombe noise reduction technique and TV noise
reduction technique.

bar phantom image according to the increase of spatial
frequency. Using Wiener filter and Anscombe noise re-
duction techniques, we acquired the NNPS result, which
is the constant distribution with 10"® mm? when we used

Wiener.

Total variation
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Fig. 6. (Color online) The acquired chest phantom images for (a) noisy, (b) median filter, (c) Wiener filter, (d) Anscombe noise

reduction technique and (e) TV noise reduction technique.
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Fig. 7. (Color online) The results for the NNPS using ROI D
for noisy, median filter, Wiener filter, Anscombe reduction
technique and TV reduction technique.

over 1.5 lp/mm spatial frequency ranges. Especially, the
NNPS results were acquired with approximately 1078
mm? using TV proposed noise reduction technique. The
noise distribution for TV noise reduction technique was
approximately 1.5 and 2 times lower than Wiener filter or
Anscombe noise reduction technique and median filter,
respectively.

The measured CNR value for the noisy bar phantom
image, median, Wiener filters, Anscombe and TV noise
reduction techniques were about 28.4, 126.4, 168.8, 134.9
and 294.8, respectively. In this result, TV noise reduction
technique was 2.3, 1.7 and 2.2 times higher than median,
Wiener filters and Anscombe noise reduction technique,
respectively.

Figure 6 shows the chest phantom image for the various
noise reduction techniques in the real experiment. Figure
7 shows the results for NNPS using ROI D as function of
noise reduction techniques with chest phantom images.

In chest phantom images, the NNPS result was di-
stributed about regularly 10~ mm in the range from 0 to
3.5 Ip/mm spatial frequency. According to the results,
three different techniques-median filter, Wiener filter and
Anscombe noise reduction technique-showed a similar
tendency. In the techniques listed above, we acquired
constant distribution with 10 mm? when we used over
1.5 Ip/mm spatial frequency ranges. Especially, the NNPS
results were acquired with approximately 10~ mm? using
TV proposed noise reduction technique. The noise di-
stribution for TV noise reduction technique was approxi-
mately 2 times lower than Wiener filter, Anscombe noise
reduction technique and median filter.

According to the results, we were able to reduce the
noise performance with the filters and the noise reduction
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techniques that are used in quantitative evaluation. Wiener
filter is often applied in the frequency domain with the
Discrete Fourier Transform (DFT) to obtain degraded
images. In Anscombe noise reduction technique, the noise
can be treated as additive Gaussian. Both Wiener filter
and Anscombe noise reduction technique are the degrad-
ed by image blurring. These are unable to reconstructed
frequency components that have been degraded by noise
components. Also, the image using median filter caused
lower blurring and relative high edge preservation. How-
ever, TV noise reduction technique can be acquired the
lowest noise component with preserved edge area.

4. Conclusion

The purpose of this study was to confirm effectiveness
of TV technique for noise reduction in X-ray image. In
this study, we evaluated and compared the image quality
with various noise reduction techniques using NNPS and
CNR. Through simulations and experiment, we were able
to acquire the lowest NNPS in all frequency ranges and
the highest CNR value in both simulation and experiment.
In conclusion, our results successfully confirmed that
proposed TV noise reduction technique is the efficient
and practical technique and promising to application in
the field of medical imaging.
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