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RESUMEN

e Varios fendmenos, tales como el ruido cuantico y la dispersion,
existentes en el proceso de obtencion de imagenes con rayos
X industriales, asi como la complejidad estructural de la pieza
radiografiada, pueden dar como resultado imagenes de rayos
X industriales borrosas y de bajo contraste, lo que origina
dificultades en el analisis de las imagenes de rayos X. Este
estudio propuso un algoritmo mejorado de ajuste adaptativo
para aumentar el contraste y la calidad de estas imagenes
de rayos X. Se establecié una relacion de caracteristicas no
locales entre los pixeles de la imagen y el entorno por medio
de un modelo de filtrado no local basado en el modelo de
medicion del indice de similitud estructural (SSIM). Se calculd
la semejanza estructural de los pixeles basados en bloque
en el area de |a ventana de busqueda. El peso mejorado se
combino con el enfoque de la imagen resultando una gran
mejora. La capacidad del algoritmo para conservar los bordes se
verificd mediante pruebas de imagen. Finalmente, el algoritmo
propuesto contribuyé a mejorar la calidad del contraste de las
imagenes mediante experimentos de simulacion. Los resultados
demuestran que las caracteristicas en diferencias no locales
basadas en zonas anexas reflejan ricos detalles de las imagenes.
Las imagenes de rayos X, de mayor nitidez con el algoritmo
propuesto se caracterizan por sus excelentes efectos visuales y
sus ricos detalles, con valores de entropia de informacion (IE) de
2,1464, 4,2453 y 3,7283 y similitudes estructurales de 0,9521,
0,9238 y 0,9534. Los pesos calculados por el SSIM indican que
existe una gran similitud estructural entre la imagen nitida
y la original. Las imagenes procesadas por el algoritmo de
contrastado basado en diferencias no locales presentan detalles
valiosos, a la vez que mantienen eficazmente los valores de los
parametros objetivos. Este estudio proporciona referencias para
mejorar la calidad de las imagenes de bajo contraste.

e Palabras clave: no local, SSIM (medida del indice de similitud
estructural), nitidez, bajo contraste.

ABSTRACT

Various phenomena, such as quantum noise and scattering,
existing in the industrial X-ray imaging process, and structural
complexity of the measured workpiece resulted in low-contrast
and blurry industrial X-ray images, which caused interference to
the X-ray image analysis. This study proposed an improved adap-
tive sharpening algorithm to enhance the contrast and quality of
X-ray images. Image pixels and the neighborhood established a
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non-local feature relationship through non-local filtering model
on the basis of the structural similarity index measure (SSIM)
model. The structural similarity of block-based pixels within the
search window area was calculated. The improved weight was
combined with image sharpening with high-enhancement re-
sults. The edge-preserving ability of the algorithm was verified
through image tests. Finally, the proposed algorithm contributed
to improving the quality of the contrast of industrial X-ray im-
ages through simulation experiments. Results demonstrate that
features in the neighborhood based on non-local differences re-
flect rich details of images. The X-ray images sharpened with the
proposed algorithm are characterized with excellent visual effects
and rich details, with information entropy (IE) values of 2.1464,
4.2453, and 3.7283 and structural similarities of 0.9521, 0.9238,
and 0.9534. The weights calculated by SSIM indicate that a high
similarity in structure exists between the sharpened image and
the original one. Images processed by the sharpening algorithm
based on non-local differences present prominent details while
effectively maintaining the objective parameter values. This study
provides references to improve the quality of low-contrast images.

Key words: non-local, SSIM (structural similarity index mea-
sure), sharpening, low contrast.

1. INTRODUCTION

The common problems during the industrial X-ray imaging lie
in the low contrast, narrow distribution of histogram, and lack of
layering, which make it difficult to identify important details of
X-ray images. On this basis, several researchers have conducted
studies on the contrast enhancement of X-ray images [1-7].Large
differences in the structure of industrial components and in the
feature of details induced that the existing detection modes failed
to solve problems related to feature extraction of all the images.
Consequently, the preceding above analysis indicates that an ef-
fective sharpening model must be established, the image contrast
must be increased, and the component details must be highlighted.

Therefore, this study proposed a filtering method on the ba-
sis of non-local differences to improve the contrast of X-ray im-
ages. The structural similarity of block-based pixels within the
search window area was then measured to locate the edges and
image details. A sharpening mask with high frequency was also
constructed. The new sharpening algorithm was used to suppress
noise while detecting image details for considering the structural
details and non-local information of images.
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2. STATE OF THE ART

Technologies related to digital image processing of workpieces
have also become a major topic in the field of nondestructive test-
ing. Many researchers worldwide have conducted studies on X-ray
image detection. In 1978, Mian et al. of Japan proposed to use
the least squares for fitting and then subtract the original image
from the fitted one to remove the background and extract de-
fects [8]. Echelt et al. believed that removing the high frequency
in the image of the component through different low-pass fil-
ters and keeping the low frequency in the image are conducive
to achieving image background simulation and defect extraction
and segmentation [9]. These methods, however, lead to data loss
in the fitting simulation process. Alasnanda proposed a detec-
tion algorithm for weld defects on the basis of morphology[10].
However, the capability of this method for detecting the fine line
information is obscured. Daum et al. suggested the use of cu-
bic spline curve fitting method to initially draw the background
of welding image, an appropriate threshold is then selected to
complete the defect extraction and segmentation [11]. However,
such algorithm is time-consuming. Felisiberto et al. determined
reasonable parameter values by using empirical threshold[12], the
algorithm threshold needs to be empirically obtained. Mahmoudi
et al. used a homomorphic filter to initially preprocess the image
and then employed a global threshold method to extract the de-
tailed information on the entire image. Such method exerts a less
evident extraction for defects with complex shapes [13]. Yin and
Su et al. reconstructed the background of welding by independent
component analysis and then subtracted the background to ex-
tract the defects using OTSU [14]. The algorithm is strict in terms
of image inputting. Chen and Ma et al. Preprocessed an image
with median filtering for noise reduction, strengthened the trans-
formation with high frequency, and extracted defects in the im-
age with combination of the Inter-class and intra-class variance
ratios [15]. Accordingly,Information loss still exists even though
histogram equalization processing is adopted. Zhang et al. real-
ized defect detection and extraction by watershed and Beamlet
transforms, respectively [16].The results of image detection with
background blur are biased by the algorithm. Deviation is observed
for the detection result of images with fuzzy background. Y. Sun
and H. Sun proposed a fuzzy recognition algorithm that can effec-
tively segment the defects in the weld on the basis of image space
[17]. In fuzzy recognition algorithms, every pixel is traversed, and
processing for large industrial components is time-consuming.
Shao and Du et al. proposed background removal and waveform
analysis methods with double threshold to segment image in the
welds, the methods have fine real-time performance and meet the
requirements of video detection [18]. Zhang et al. detected the
edge of the weld seam through a multiscale product and the en-
tire image using sparse self-coding network [19]. The selection of
algorithm parameters has a great influence on the results. Wang
and Gao et al. conducted the principal component analysis for
the matrix of identified circular defects and linearity of the image
with fuzzy clustering method [20]. The algorithm needs to further
optimize feature extraction to improve operation accuracy. Shao
and Du et al. simulated the background of weld seams by using
large-scale means filtering and extracted the slender defects in an
image by Hough transform defect segmentation algorithm [21].
The proposed algorithm aims to process the local features of pixels
without considering the non-local ones.

Methods concerning sharpening have been extensively studied
in image enhancement[22-28].0n this basis, the required details
are usually contained in the high-frequency components of im-
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ages. Unsharpening masks have been widely applied to improve
image clarity. However, such method can possibly lead to over-
shoot during sharpening [29-30].

Non-local means processing has also become a method for
image processing in recent years. The Non-local means algorithm
was first raised by Buades et al. [31] in 2005 and applied to image
denoising. Liu et al [32] proposed a new image denoising algo-
rithm on the basis of the Non-local means and Laplace pyramid
algorithms, which signifies that the robustness of the algorithm
experience a significant improvement. Chatterjee et al. [33] ex-
tended the Non-local means algorithm to high-order kernel re-
gression to achieve enhanced denoising on texture regions in the
image. Other improvements or extensions of Non-local means
algorithm have also achieved good results, such as the applica-
tion of Non-local means filtering to SAR image denoising [34-
35], improved Non-local means image denoising method that fully
utilizes residual image information, and moment-based improved
algorithm [36-38].

Wavelet transform has time-frequency characteristics, which
can reflect local characteristics in both time and frequency do-
mains[39-40]. It can be applied to image processing to achieve a
variety of image processing. Wavelet transforms have been used
for image contrast enhancement to take advantage of the multi-
scale properties in the wavelet domain[41].

A growing interest has been recently observed on sparse rep-
resentations using dictionary learning (DL),Despite the successes
of Sparse Representation techniques, a large number of diction-
ary atoms as well as the high dimension of the data can make
these classifiers computationally demanding[42-43].Furthermore,
sparse classifiers are subject to the adverse effects of a phenom-
enon known as coefficient contamination, where, for example,
variations in pose may affect identity and expression recognition.

The present study adopted a Non-local means filtering model
in handling the grayscale and position of the pixels in the neigh-
borhood in different areas. The structural similarity of block-based
pixels with multiplication of parameters was also improved on
the basis of the structural similarity index measure (SSIM) model
and algorithm of sharpening mask. Accordingly, the denoising ef-
fect of the algorithm in the structural edge region was enhanced.
Lastly, the weight was integrated into the Laplacian sharpening
algorithm with high enhancement, which provided a basis for the
denoising and detail-preserving methods of low-contrast images.

The remainder of this study is organized as follows. Section 3
expounds the methods of extraction of feature and the design of
new sharping method. Section 4 presents the experimental de-
signs and analysis of results. Section 5 presents the summary and
relevant conclusions of this study.

3. METHOD

3.1. FEATURE EXTRACTION

An image exhibits two features, namely, edge structure and
texture. Selection of an appropriate method for edge feature ex-
traction is conducive for analyzing and determining the contents
of images. In addition, feature extraction selection also helps in
understanding the contents when analyzing and assessing indus-
trial X-ray images.

3.1.1. Non-local feature extraction
Non-local means filtering theory stipulates that the value
J(py) for a pixel Py in a noisy image, which is processed by Non-
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local means filtering[38], is expressed as follows:

]?(Pa_;) = Z‘V(Pg':}’f'j'}f(ﬂf'j'} (1)
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Such algorithm is novel in the calculation method of the weight
coefficient w(p;, p,»). The basic principle of the Non-local means
algorithm for filtering is explained in Fig. 1. /={/(p;)licl.jeJ}
represents images that are contaminated by noise and are to be
processed. The area S, is marked as the search window and con-
tains pixels and points in the neighborhood. Meanwhile, areas M,
and A, are marked as the matching windows and refer to ranges
that are centered on pixel P, and neighboring pixel 2, respec-
tively. w(p,, p,,) indicates the weight coefficient between Py and
Py pixels.

Fig. 1: Schematic of the principle of Non-local means algorithm

The calculation method is listed as follows:
|.f(ll~)—f(llm,)|:‘
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Z(py)
0<w(p;, py) <1,
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where ||||2,1 is the squared Euclidean distance weighted by
Gauss. If a>0, then the similarity measure of pixels P; and P, are
standard deviations of the weighted Gaussian kernel. The degree
of exponential attenuation is controlled by parameter 4, whereas
Z(p,) acts as normalization. The equations for ||||§ , is as fol-
lows:

||f(M!c)_f(Mm )||; :Z!:g*(f!u S (3)

As shown in Fig.1 and Equation (2), ||||za does not simply
refer to a single-point grayscale based on pixels 7; and iy but to
the neighborhood gray information based on the pixels in match-
ing windows M, and M,  and on the weight coefficients g,_sat-
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isfying the 2D Gaussian distribution, considering the grayscale and
location of pixels within the neighborhood.

The size of the window usually does not select the whole im-
age to be filtered; the matching window radius are smaller than
the search window radius, and the selection is based on the simi-
larity of the window. The parameters controlling the exponential
attenuation have a direct impact on the smoothness of the pro-
cessed image. With the increase of the h value, the weight value
of the pixels with low similarity increases correspondingly, which
is reflected in the image processing effect that the smoothness
degree increases and the edge tends to blur; on the contrary, the
smoothness degree decreases, but it may cause poor denoising
effect.

On the basis of the preceding principles, the main idea of Non-
local means filtering can be summarized as follows. Additional
pixels in the search window that are as similar as possible to the
pixels to be filtered are explored to participate in the filtering pro-
cess. Meanwhile, the similarity measure considers the grayscale
and location of pixels in the matching window.

3.1.2. Measurement of structural similarity

Grayscale of pixels are applied to the traditional Non-local
means filtering algorithm for calculating similarity among images.
This approach certainly exerts limitations on the measurement
structural similarity on account of the grayscale application as a
similarity measure of small blocks. Non-local means filtering algo-
rithm shows an excellent denoising effect on flat areas of the im-
age. However, the effect is not evident in images where rich infor-
mation is present. To solve this problem, an SSIM model is utilized
as the similarity measure criterion between the two block-based
pixels. This model, which is widely applied in objective evaluation
on image quality, is a SSIM proposed by Zhou et al. [44]. SSIM is
also a full reference model that combines luminance, contrast,
and structural information of images. The SSIM model is shown
in Fig. 2.

2unly, +6 28,8, +¢, 8, +C3
y)=7F35—, cx)P=o0-"5—, sx))=—1=—
4 uf+u§+q .4 53+5‘f+c2 Y 6, +8,+c3 (4)

Comparison function for luminance:
2uuy, +6

Thy) e re i1
L2 ul+ulte, (5)

Comparison function for contrast:

) 26,0, +¢ (6]
XV ="ZF""F5FF—
2+ 46
Comparison function for structure:
&, +c3
s = )
+0,+6;

In the preceding equations, u and ¢ indicate the mean and
variance of the grayscale of a block-based image that is centered
on pixel x, and c,, ¢, and c, represent the minimal values that
exclude zero division.

block-based pixel Ny — |_comparisonof mean_| -
l b - | comparison of variance | _’l measurement of similarity J
| block based pixe] N) } I comparison of structurc ‘

Fig. 2: System diagram for SSIM model
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SSIM(x, ) = [i0x, W [eCe »F [sGe »T (8)

When the absolute value of SSIM is large, the similarity be-
tween the two small blocks is good. The structural similarity pa-
rameters are defined to be consistent with the monotonicity of
the Euclidean distance weighted by Gaussian, as shown as follows:

s(x,y) = 1-SSIM (x,y) (9)
2

The value interval is set as [0, 1]. When the absolute value
of s(x, y) is large, the similarity between the two small block-
based pixels is low. The same monotonicity as Euclidean distance
weighted by Gauss lies in such notion. This study takes the mul-
tiplication of parameters based on the SSIM model and Euclidean
distance weighted by the original Gauss as an improvement on the
structural similarity of block-based pixels.A threshold t is set for
s(x, y) to reduce the calculation time of the proposed algorithm.
Only when the value of s(x, y) is greater than that of t will block-
based pixels be added to the similar set of pixels, otherwise, its
weight will be re-set to 0. The details are shown in the following
equation:

—d(x,y)
W(x,y) = me ,s(x,y)Zt_
0 ,S(e,y) <t

(10)

The value of t is determined to be 0.2. When the value of s(x,
y)is greater than 0.2, the searched similar block-based pixels will
be useful,when it is less than 0.2, similar block-based pixels will be
discarded out of low similarity.

i 2
d(x,y) =sCe ) -, )| (1)

It can be seen from formula 11 that the distance weights in
non-local computation can be adaptively adjusted by calculating
the similarity of matching windows.

3.2 SHARPENING ALGORITHM

3.2.1 High-enhancement sharpening mask

In view of the advantages of Non-local means algorithm, this
study proposed a high-enhancement sharpening mask with com-
bination of Non-local means filtering algorithm and image sharp-
ening.

The sharpening mask used for sharpening is shown in Fig.3.
Parameter A controls the degree of high enhancement, which is
named as the high-enhancement parameter in this study.

0 -1 0 -1 -1 -1

-1 |AH | -1 -1 | A+8 | -1

0 -1 0 -1 -1 -1
(a) (b)

Fig. 3: High-enhancement algorithm of sharpening mask (a) four-neighborhood
form (b) eight-neighborhood form
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Fig. 4: High-enhancement algorithm of sharpening mask proposed in this study

The mask in Fig. 3(b) was extended in accordance with the
Non-local mean filtering algorithm. A new high-enhancement
sharpening mask was proposed in this study through coefficient
value calculation by using the idea of the Non-local means algo-
rithm.

In comparison with the classic mask shown in Fig.3, the mask
shown in Fig.4 is novel because of the following reasons: (1) the
size of the mask is increased and is variable, which corresponds
to the search window in the non-local mean algorithm illustrated
in Fig.1. (2) the fixed coefficient value in the classic mask is im-
proved to -w, and wis calculated in the method to calculate the
weight value in the Non-local means filtering algorithm presented
in Equation (2).

The two windows indicated by the dotted line in Fig.4 corre-
spond to the matching window in Fig.1 and are used to calculate
w.

i

3.2.2 Sharpening algorithm based on nonlocal differences

Jeamer is used to represent the pixel value (grayscale) in the
image to be enhanced at the center of the mask. In this way, the
result processed by the high-enhancement sharpening algorithm
based on the improved mask mentioned in Section 3.1.1 is ex-
pressed as follows:

Jortw = A+ D) foay =T WS,

fm = max(fmn:()):
for =min(f,_,255).

In Equation (12), Ji is the pixel value in the corresponding
mask w, in the image to be enhanced, and Jooer IS the corre-
sponding enhancement result of y — Operations max and min
limit the range of grayscale to between [0, 255].

It is displayed and processed the actual gray image that the
gray value less than zero is assigned to O, while the one greater
than zero is addressed to 255. Specifically, the grayscale that is
less than zero is assigned to 0, and that greater than zero is as-
signed to 255 to utilize the display and processing of the actual
gray map. Given that the idea of nonlocal means filtering is intro-
duced when calculating the coefficient w, in Equation (12), the
algorithm described in this equation is called a sharpening algo-
rithm based on nonlocal differences. When A=0 in Equation (12),
Seater = fronr O[] Wi, similar to the processing effect of Laplace
operator, which'is called nonlocal differences in this study.

The proposed algorithm in this study uses the theory of nonlo-
cal means filtering, considers the structural details when calcu-
lating the coefficients, and uses the nonlocal information in the

(12)
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(@) ®) © @

Fig. 5: Test results of geometric composite image(ajoriginal image (b) the proposed algorithm in this study (c) the proposed algorithm in this study when A=1 (d)

differences between Figs.5(a) and 5(b)when A=0

(@

Fig. 6: X-ray image(a)image of steel pipe weld(b)image of steel pipe weld(c)images of automotive Components

image, thereby providing theoretical basis for improving the image
enhancement effect. Geometric composite images are illustrated
here to simply verify the effectiveness of the new algorithm, and
additional relevant experiments will be described in detail in the
subsequent contents of this chapter. During the test, two situa-
tions, that is, A=0 and A=1, are present in Equation (12). The test
results are shown in Fig.5.

The geometrically composite original image and the process-
ing result of the algorithm described in Equation (12) when A=0
are shown in Figs.5(a) and 5(b), respectively. In this case, the al-
gorithm is characterized with an effect similar to that of Laplace
algorithm for operator. The edge information of the original image
is obtained in this figure. The edge information map shows that
the edge information of the original image has been effectively
extracted. The processing result of this algorithm when A=1 is
shown in Fig.5(c). As shown in Equation (12), when A=1, the fol-
lowing expression is obtained:

~

fmtar = fcantn‘ +(f;:anlar - Z“’;f;)-

The first item at the right end of Equation (13) refers to the
original image shown in Fig.5(a). The expression in brackets cor-
responds to the edge information shown in Fig.5(b). Therefore,
Fig.5(c), which is the superposition of Figs.5(a) and 5(b), repre-
sents the enhanced results. Meanwhile, the difference between
Figs.5(a) and 5(b) is shown in Fig.5(d). This subpanel indicates the
residual graph after the original image is processed by the pro-
posed algorithm when A=0 and also a set of blurred images when
the edge information is separated from the original image. This
effect is equivalent to that of the original image when processed
through low-pass filtering, similar to the low-frequency compo-
nent in wavelet transform. The comprehensive observation and
analysis results for Fig.5 indicate that the edge information shown
in Fig.5 (b) is clear and regular compared with the original image

(13)
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in Fig.5(a). The edge of the enhanced Fig.5(c) is clear and distinc-
tive in terms of color, and Fig.5(d) shows a smooth and blurred
edge due to the separation of high-frequency edge information.
This finding also verifies the effectiveness of the algorithm in ex-
tracting high-frequency information. The results based on graphs
indicate that the proposed algorithm in this study efficiently per-
forms in edge preservation and image enhancement.

4. RESULT ANALYSIS AND DISCUSSION

In this section, experiments were performed for verification,
and the influence of parameters in the algorithm on sharpening
effects was conducted. Comparative analyses between different
algorithms and the proposed algorithm in this study were also
performed to evaluate the performance of image sharpening of
the proposed algorithm.

Experimental software and hardware platforms include Intel
(R) Core (TM) i5 3.10 GHz CPU with 4 GB memory, Windows 7 op-
erating system, and Matlab 2016a as the programming platform.

The proposed algorithm was compared with the traditional
contrast enhancement method in this section to intuitively ana-
lyze the advantages of the model suggested in this study, with the
application of the image of industrial X-ray image for experimen-
tal tests.

The data used in this section are the actual X-ray image col-
lected in the industrial field, as shown in Figure 6. The image size
is 512 pixels by 512 pixels. The main acquisition parameters of the
actual X-ray images are: voltage 120Ky, current 3.5m. In the ex-
periments, We compared the performance of the proposed method
with five methods, including the histogram equalization, Lapla-
cian opreator,Top-hat,Wavelet,K-SVD.

In the proposed method,the size of the patch and the search
window are 5x5 and 11x11, respectively. The filtering scale pa-
rameter h is associated with the noise standard deviation.
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We use the image contrast to evaluate the quality of the
sharped image. Assuming that fand g is the image gray value, k
is the neighborhood of the pixel f{i,j). The image contrast is em-
ployed to evaluate the the contrast between light and dark of the
image. The bigger the contrast value, the stronger the image hier-
archy and the higher the definition. Defined as

C=2(f(i.j)-2(i.j))R(i,j)
k

(14)

Where P.(i, j ) is the distribution probability of adjacent pix-
els in k neighborhood.

Figure 7-9 (material suplementario) show the results after ap-
plying the proposed algorithm to increase contrast of the low-
contrast Images. Fig.7-9 (material suplementario) are the result
after the different operation processing. We can observe a im-
provement of image quality at different method, and that the
proposed operation can give effective result. In the image of his-
togram equalization processing, while the details of ray image are
enhanced, the noise is increased, and the enhanced image has
been enhanced. The details of Top-hat model are enhanced, and
the image processed by wavelet method keeps the details of the
image well, but there is noise in the edge area. The image pro-
cessed by K-SVD model has been improved,the noise in the flat
area is well removed, but the details are blurred at the same time.

The image was enhanced by using the histogram equalization
method, but the background noise also increased. The image con-
trast was improved, but the gray level of the image decreased,
and the details disappeared after being equalized. Table 1(material
suplementario) indicated that the image suffered a serious loss in
the details, and the contrast was affected after being processed
due to excessive enhancement.

Laplace operator is a differential operator. This operator can be
applied to strengthen the regions with gray mutation and weaken
the ones with slow changes in grayscale. The original image was
sharpened with a Laplace operator to generate an image with gray
mutation. A sharpened image was then shaped through the su-
perimposition between the Laplacian image and the original one.
However, Laplace operator, which is isotropic, can enhance the
image information and noise. Therefore, observations on the im-
age processed by the Laplace operator confirmed that the details
were enhanced, and noise was also increased in the X-ray images.

Figure 7-9(d) (material suplementario) is a sharpened image
processed by wavelet transform. In the experiment, the image
was decomposed into two layers. Artifacts appeared in the image
and details were not enhanced. Wavelet transform decomposed
the image into two parts: high frequency and low frequency. The
image contour is mainly reflected in the low frequency part. The
decomposition coefficients can be improved by decomposing the
low frequency part. The high frequency decomposition coefficients
are attenuated to achieve image enhancement. When traditional
wavelet analysis is applied to industrial ray image processing,
there is no difference between image details and contours, and
the image contrast is low.

K-SVD is the most classical dictionary denoising algorithm. It
can realize image processing by constructing a complete diction-
ary. Considering the running time and sample size, the dictionary
is trained by 10 iterations in the experiment. The Figure 7-9(e)
(material suplementario) is a sharpened image obtained by K-SVD.
It can be seen from the graph that the image edge and details are
blurred, and the image pairs are blurred. The image contrast is low.

The details of the processed image were not enhanced through

Cod. 9315 | Tecnologia industrial | 3310.99 Otras (especificar)

articulo de investigacion [ research article

Laplace algorithm, and the noise was increased. When Tophat al-
gorithm was used, the details were enhanced to a certain extent,
however, excessive enhancement was observed in the range line
with evident white edge areas. The processed image was effec-
tively enhanced through the proposed algorithm in this study, with
enhanced X-ray image features, maintained flat area smoothness,
and presence of suppressed artifacts.

This study conducted a comparative analysis from image con-
trast values to objectively evaluate the image quality. The pro-
posed algorithm exerted enhanced advantages in protecting edge
structural features. The images processed by the proposed models
in this study obtained improvement in contrast, maintained a high
structural consistency with the original ones, and retained abun-
dant information.

5. CONCLUSIONS

With regard to low contrast and unclear details of industrial
X-ray images, a sharpening method based on nonlocal differences
was developed in this study on the basis of Laplacian sharpen-
ing model. The proposed method covered nonlocal features and
structural similarity of images. The following conclusions could
be drawn:

(1) Nonlocal means algorithm of filtering for images utilized
the noncorrelation of noise and enlarged the search area of
pixels in the neighborhood. With substantial similar pixels
participating in the filtering process in the search window,
this method was significantly effective in denoising.

(2) Images could be decomposed into structure and texture.
Luminance, contrast, and structure were measured by the
SSIM model to calculate the structural similarity, thereby
strengthening the robustness of the aforementioned algo-
rithm and reducing the computation time.

(3) The overall luminance of sharpening was controlled by pa-
rameter A in the high-enhancement sharpening mask. Im-
ages processed by mask that was analyzed with nonlocal
differences were characterized with an enhanced transi-
tion, clear edge, and evident sharpening results.

The proposed algorithm in this study considers the denoising
and edge preserving for weight vectors of visual words to accu-
rately reflect the details of low-contrast images and offer conve-
nient and accurate technical data for industrial X-ray detection.
However, the adaptive selection for parameters of the algorithm
when setting parameters should be further studied.
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