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Abstract

In past centuries, to prevent exquisite paintings, new works of art were painted on them. To
identify the hidden paintings on the board, using digital radiography as a non-destructive testing
method is recommended. Some phenomenon such as photon scattering, different types of noises,
etc. causes on the quality of output radiographs. In this paper, we use two pyramid-based
techniques, i.e., the Gaussian pyramid method and the Laplacian pyramid method, to improve the
quality of radiographs. The experimental results show the effectiveness of applied techniques for
identifying the hidden paintings.

Keywords: Hidden designs, Antique paintings, Industrial radiography, Image processing, Gaussian
Pyramid Method, Laplacian Pyramid Method.

Introduction

Artwork in museums is a major source of scientific, historical, and other research related to
archeology. Different risks such as rupture, discoloration, and biodegradation threaten the
paintings. Insect’s attack, natural disasters, and temperature changes are some other risk factors [1-
3].

Preservation of art pieces is an essential and challenging task during wars and different social
events. In the past, new works of art were painted on existing paintings to prevent the burning of
exquisite ones that were not compatible with the post-war social conditions [4-7]. Examples are
including portraits of celebrities and leaders. This could also be done due to a lack of raw materials
and the obsolescence of many paintings. In some cases, these works were painted by various artists,
and there is no information about the process of their changes. There are various methods for
detecting defects and hidden designs of boards [6-10]. Regarding the materials used in different
layers that are different in each historical period, useful information can be obtained about the
designs and other artwork properties. An important issue in art paintings is their preservation and
identification of defects without damaging the painting. Various non-destructive techniques are
used for this purpose [11-15]. Radiographic examination is an important part of non-destructive
testing [16-19]. In radiography, latent patterns and serious damage are revealed due to the
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penetration of X-rays into the underlying layers. X-rays can reveal the hidden image of a painting
on different layers [20-22]. Before using the radiographic test, the thickness of the painting layers
leads the experts to believe that the painting is not the original and another design has been drawn
on it. Radiographic images may suffer from the photons scattering, different noises, geometrical
unsharpness, and blurring effects. The quality of the radiographic images can be reduced by those
phenomena. Image processing methods can be used to increase the quality of radiographs [23-27].

Methods
Gaussian and Laplacian Pyramids methods
In this research, by using the sub-sampling approach, we constructed an image pyramid, e.g., Fig. 1-
A, which leads to two pyramid-based methods, namely the Gaussian pyramid and the Laplacian
pyramid [28,29]. The Laplacian pyramid will be construct based on the Gaussian pyramid, i.e., there
is a Relationship between Gaussian and Laplacian Pyramids, see Fig. 1-B for more details. The
mentioned methods are user-friendly (due to the small number of input parameters), easy to
implement and also have low computational cost [28]. Therefore, these methods can be used to
improve the quality and reduce the opacity of radiographs. In the following, we briefly describe
these methods. We begin with the Gaussian pyramid. Let I = gg be the input noisy image, i.c., the
base of the pyramid. Each layer in the pyramid will be constructed by a reduction operator in the
following form
ge(ij) = Xh- 2 Xn-aw(m,n)gp_1(2i + m 2j — ),
T is a Gaussian window (filter). In this rescarch, we set
w! =[0.0625 0.250.3750.250.0625].

It is known that the Laplacian pyramid provides an extra level of analysis as compared to the

Gaussian pyramid by breaking the image into different isotropic spatial frequency bands [28].

where w = W X W

Assume that gp and gpiq represent two successive layers (scales) of the Gaussian pyramid. The
pth layer of the Laplacian pyramid is defined in the following form

L, =g, — expand(ge41), @
where the operator expand(gp4q1) up-samples layer gpiq by doubling its size and defined as

follows
i-m j-n

expand(ges1(L,))) = 4Xh-_2¥5- , w(n, n)gesa (TT) : 3)

Therefore, the denoised image can be obtained in the following form

9o = Lo + expand(g,).

In this paper, to improve the contrast of radiographs and enhance their qualities, we use the
background removal technique. In this technique, we consider the £ th Jayer of an arbitrary pyramid,
and using (3) we change its size to the size of original input image I, then by subtracting it from the
original image, we obtain the denoised image I genoised-

The Gaussian pyramid method and the Laplacian pyramid method are summarized in
Algorithm 1 and 2, respectively.

Algorithm 1: The background removal technique using the Gaussian pyramid method

1. Inputs:
e Noisy image I = g,
e Number of layers §
e Filterw
2. For£=0,1,..,5do
e Compute the " layer of the Gaussian pyramid using (1)
3. Using expand operator (3) set
9o = expand(gy)
4. Set
Laenoisea =1 — Go-
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Algorithm 2: The background removal technique using the Laplacian pyramid method

1. Inputs:

e Noisyimage I = g

e Number of layers §

e Tilter w
2. Forf=0,1,..,5do

e Compute the " layer of the Gaussian pyramid using (1).

e Compute the £*" layer of the Laplacian pyramid using (2) and (3).
3. Using expand operator (3) set

Ly, = expand(Ly).

4. Set

~

Lienoised = I — Lo-

For evaluating the reconstructed images and their similarity, the peak signal-to-noise ratios
(PSNR) and mean squared error (MSE) of images are calculated. Given an original image I €
RM*N and its reconstructed image Igenoised € RM*Y, PSNR and MSE are defined as [29]:

1 MN
PSNR = ﬁlog( N ) )

ngil Z]=1 (I(i'i)_ldenoised (i'i)z

and

1 R = =
MSE = |oo3M; SN (G §) — Laenoisea(i, 1)) ©

The radiography procedure

The employed X-ray unit is the TRANXPORTIX 50 X-ray machine made by General Electric®. It
has 3 kW output power, a focal spot size of 2.3 mm, and a total filtration of 2 mm of aluminum.
The range of high voltage variation is between 20 kVolt to 110 kVolt. The phosphor imaging plates
(computed radiography, CR) and conventional industrial radiography films (AGFA® films) are
used for X-ray detection and image generation.

Results

The X-ray radiography technique was used to examine hidden designs in valuable paintings. In Fig.
2, the radiographs of paintings of Fig. 1 are shown. It is noticeable that the designs of radiographs
are completely different from the design on the canvas or the woods. Besides, the hidden
construction detail, defects and damage of painting can also be recognized in radiography of
paintings. Therefore, the radiography technique can reveal the hidden designs and help the restorer
for better decision. The quality obtained hidden radiographs have been suffering from some
blurriness. Digital image processing techniques has been implemented to enhance the quality of the
images. For this purpose, the Gaussian and Laplacian Pyramids methods were applied to the images
to improve the quality of assessment of hidden paintings. Fig. 4 shows the output of the Gaussian
and Laplacian Pyramids methods for Fig. 2-A. It is difficult to find the best threshold level for an
unknown dynamic noise and to remove the foggy component of the images. Therefore, a method
of the background removal has been utilized. According to Figs. 4 and 5, the high levels of
decomposition in the sub-sampling approach are caused a very foggy output images. We subtracted
the original radiograph (Fig. 2-A) to the foggy component (Fig.4). The reconstructed images have
higher contrast and sharper edges. The reconstructed images in this way are shown in Figs. 6-8 for
the burial of the sardine, the scenery and two ladies paintings. It can be seen that the reconstructed
images are clearer and have sharper edges in the content of the paintings. Two radiography experts
and two restoration specialists evaluated the results. Table 2 shows experts' scores for original and
reconstructed radiographs by Gaussian pyramid and Laplace pyramid methods. The professionals’
opinions confirm that the reconstructed images are clear and have visualized better than the original
ones.
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Conclusion

The results show that radiography is an effective method in identifying hidden paintings. Digital
processing of radiographic images can also help for better identification of hidden designs. The
effectiveness of the Gaussian Pyramid is to decompose the original radiograph into smoother and
to extract the feature or structure of interest, and it can also attenuate the image noise. This goal
can be achieved by two simple operations, i.e., smoothing and down-sampling which the former
process can smooth the images with a sequence of smoothing filters and the latter operation
reduces image size by half after each smoothing. Also, levels of the Laplacian pyramid will be
constructed to evaluate the difference between two successive levels of the Gaussian pyramid.
When the level of the Gaussian/Laplacian pyramid is obtained, the improved radiograph will be
constructed by subtracting its values from the original radiographs. The mentioned methods are
implemented on the several painting of the Valencia Museum. The results show the effectiveness of
the radiography along with digital image processing techniques for image enhancement of the
paintings specimens.
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Fig. 1: Painting: A(The burial of the sardine, B) Scenery, C) Man with Accordion, by Genaro Lahuerta, D(Portrait of man,
E) Two ladies, F(Lady G) Still Life with Pears by Valentine Durban
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Fig. 2: The radiography of the Paintings in Fig. 1: A) The burial of the sardine, B) Scenery, C) Man with Accordion, by
F) Lady G) Still Life with Pears by Valentine Durban Genaro Lahuerta, D) Portrait of man, E) Two ladies,
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Table 1. The parameters of exposure for the painting

Name of painting Detector type SEFD (cm) time (Second) electric current voltage (kV)
(mA)
The bu_rlal of the CR 300 3 20 51
sardine, B-,
Scenery Film 120 1265 20 36
Man with Accordion, .
by Genaro Lahuerta, Film 190 600 20 36
Portrait of man, CR 200 3 20 37
Two ladies, CR 90 3 20 59
Lady CR 90 3 20 35
Still Life with Pears by .
Valentine Durban Film 196 175 20 32
Gaussian Laplacian
Pyramid B Pyramid
3
n
7
3
2
1.
0
(<)

[29] (oMY g (w55 sapye o bl o 28] gl ppo S il JSS
Fig. 3: A) An image pyramid [28], B) Relationship between Gaussian and Laplacian Pyramids [29]
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Fig. 4: Output image (for Fig.2-A): A and C) Gaussian pyramid method, B and D) Laplace pyramid method for sampling
at levels 5 and 6
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Fig. 5. The variation of A) MSE and B) PSNR with different level for Fig. 2-A for the Laplacian pyramid method.
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Fig. 6: The reconstructed image by subtracting (Fig. 2- A) from the images Fig. 3 A) Gaussian pyramid method, B)
Laplacian pyramid method.
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Fig. 7: The reconstructed image of radiographs (Fig. 2-b) for

five levels, A) The Gaussian pyramid method, B) the

Laplacian pyramid method
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Fig. 8: The reconstructed image of radiographs (Fig. 2-c) for the five levels A) Gaussian pyramid method, B) Laplace

pyramid
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Table 2: Percentage of experts' scores on original and reconstructed radiographs by Gaussian pyramid and Laplace
pyramid methods

Original Reconstructed by Reconstructed by
Name of painting radiograph Gaussian Pyramid Laplacian Pyramid
method method
The burial of the sardine, B-, 68% 92% 91%
Scenery 72% 93% 94%
Man with Accordion, by Genaro Lahuerta, 92% 92% 92%
Portrait of man, 93% 92% 91%
Two ladies, 81% 96% 96%
Lady 81% 96% 95%
Still Life with Pears by Valentine Durban 79% | 91% 91%
Loy & 5 4o .0

1. Multi Spectral Imaging

2. Scanning Electron Microscope Equipped
with X-ray energy Diffraction Spectroscopic
3. analysis

4. Non-destructive  testing or Non-
destructive evaluation

5. Computed Radiography

6. Phosphor plate

7. Noise

8. Down-sampling

9. Up-sampling

10. Peak Signal to Noise Ratio

11. Mean Square Error

12. MATLAB
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