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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.

22


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-03-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

11€a=1PV 2(P)¢ 1999 (aimalml asg)y

f/,;'»«//}f.s’.‘/'/, DOI: 10.52547/jra.6.2.127 URL: http://jra-tabtiziau.ir/

W 1 ootil b aiic ghli 15 sy Bz b (ool

CrossMark
e (8595 5

o o] . 2 r - ‘n Y ~ .- A '*'" -
2yl (G951 0595 ¢ (gigomiod] (b o g0 Bp (L e Tyl 0 (G0
0‘555‘90 )ﬁo‘ CilﬁM))tf
Ol (gl L logy 0B (3L 09,5 (alecin gas g jbakiul )
ol 955 o) iz plol el KI5 S35 09,5 olocciom e 5 b Y

Sl 3B (o)) s plol Malliyes olisls oSy b ) li S ggmila¥
Lol dbowlly dnlly iS5 L oKD esilojl 5 Conyo (BRI dsho olecih g g slil

1099/09/P0 gispdy 436 1099/0V /00 : 18 lyys

N
0 s e Jl gl iddS o elatrl @l 5 S ploj )3 i gkl g 5 <59 5 xS sl s
e S et |y oy slog b Vst 45 ee gy <o 5] odlitl daghl ety sl lolid (gly ul 205 o
el 31 ool 31 b S e |y LSl ol yr9e5 Sl e oyl |y il dlye 45 g Cubls &8 Lol dnd] .l
5 2ok ol ) 5 0355 ol Sl &S Bl psl ol Ty Ll BB oY (9w «5)Sgi
il (sloyd ol ol sl sl LBl nlr Lokt g ol Lais e i (slaghl us) s yd w0 Aliuus Caol 005 01038
@ Sl 365 s 4y )55 3 el B e laygel Sl S BSS gei] g 485 4 O e b
3 ool pglaai g b e ST as slacul 5 (lo5 oSl aalojl Dgad )3 5 5 0 55 gk ) sloaY
M & lgie pgas G5l slagsbey baoylS 5 anl it (Rl (sl sl lgds o)l i )3 e (2l alulid
bll dedlly B350 53 39290 (Lo BLE (Slaghl (laiy poluad paseds ly )iy Jl 35 (al )3 Ngd 48,5
Loo)LSS 95 99 pios 2alS 5 sl S9st0 Sl (Y P g (oS o2 (09 97 1 e el oudodlil
b9y 6L 45 Mmoo U el ikt (53lodly 3 Vb (53l g o8 Slsbe (St (s> 48 ] onboslizl
3350 )3 (sotee ClEMb] g o0 b5 & ool W55 (145 )]s g g ol b el plagy SladlE plolid 3 (535
2 Blgion s B35 gl )3 s g oY (ooyp (B slapte )oK Sl ealisl 5] s 4y ol Glaiy sl b
S S8 ooy slagb e lolid

Y o2 Uig) o055 o0 9y e &g it gkl ol slag )b 1 s S o3l

FOVWA-YAPAD 1 iy B ¢ oy 09)5 i Jogy oKy ¢ gy (gden] dpd Eblen cylbed :lile Jgtue™
m.mirzapour@basu.ac.ir : g5l Cony

s oly Allie umd 0 ojl! ale 4y Creative Commons Attribution LiCense jgme cod sdiw g g ol (B )odin s 4 Blate pis 3> @
b 0,Lil aloxe oyl 3 allie gl Liml &y g Lais 51 Cilge o> 48! bogte 3,380 STyrdl 4 o[, Ks L1,


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-03-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

Ty L5Jl5&9.'i_},.g Jl eslaiwl L oduic (slaghli 5o ulgx LSL‘ban wrbwlud / glSus g J%'J_H.O \_5@*’0‘3-“[-3

g dlso sluwlids dy dngy Ly L5 g ooliiwl e
Gglite (Fuyl5 8)90 2 53 &5 5hU (ppj slagsb
Cowd 4o Lol 3590 )3 (chuho SleMbl 4lgn Aiun
11,3,5] 34!

=0 slaghli )3 39290 Cgue (olulid Caa
plod Bud g Wb oo 485 )0 (ooite slagby)
Gl poee (5l K] 5 S odlatwldyge (sl
S Wb o 013 ghaso o il b g Mt gy &S
wasds Gy olerd 5 (93 Gy (ke
S lagl e g9y et 53935 day Ll ) bl
5 5Tl odlial (3,5 Jsheas S 3k
cby b asdlop b plgiee |y 1SS slapdg,
T 539:5 ezge (lojygyeds (oo Slge oS 393
Gge sy Tl ()b ydisal 5 Sgdige (g
Sgdie ol oB) om 3l 9 0y50

lgbl o 55 abolid o5 (650 slagby,
Lagigy ol 51 5o )b 2929 ol ples sl
aS ol (MSI) Y ok s (g)bppaa jl ooliwl
Ol [6-8] 29 oo Cgine 0y e i gy So
by 45 28 (3ol |, el Canl 3B b,
L2 6P pgal g odaliie JB Ll puin
Sl ey ool sl mily p ogMe (il
LSS,y slolis 5 (ol 55 oolaiwlyyge dlgs bl
P9y (] w3 en 58 G ye laasiie HLid] >
o=l 3l 5 B3lainl g )l (639000 (il zo2g
5 Yol paass L lagilpl ey S5
Oezed [9-12] 5l L slohg (SOlKe slaolSiws
50T & same sdngy (G395 oSy Se ool
(SEM-EDS) " uSulgs s (63581 (ol (s295sg i
S 5 peld sl & cwl alagby) gl (So
odlauwldyge baylid L sy Baaliio g adiges (olowd
[13] 35 00 )13

) 3929 bagialesl VU sl g, 2 09Me
syl JSG 5 s sbol 5 (ail, ol g &S
4 piolejl 350 (slmadad 5 b1 (S50 Cundg
S ey 9 2y sogsb 5 e g e alolid
"oyt yut Lo o)l L gl 4 & 28

Aodds .Y
el 5 Simp e il Sl 5 sy b
s ool g pte (x99I (VL Sl (55
L by pyle , 505 9 (Fo)l5 (ole wliios
Sy U ol gy 00 e d olidlisl
slo plas dipl g ain (50l LBy g L))
Slaol> g aled po > Lagludl (Sin b cgn
S GRS gy o olSin Ngd oo e
obea jl e 5l ol il e (L &) (Sl
Olysis 38 (0 )5 I3 9 jeasd oo me )3 daxd
Ole 335 gl Sl dame slod gy o
(28l (S (ol gl {(xb 5 ym)
s g (Seid 6296 Jalse j)lge plo g lpis
Jslse ol gy Jlod 4 (i BT (gpmlls S
L g 00 ps ool gaw )3 (S3j0y98 dbml g
5 i 0, L Bd S, b e (S olal
B 55kl 50 (S)b 5 ) )P () Sl
SBT3 ol Jeloiga o5 g aalllaly [1,2] 339 oo
D)3 3929 la ylpw sloojes )3 48 (g yin
M dlge g9 (b b9 jl wre Sl g0
s 4 LS55, JoSlge sl 5 bailscSs,
1lgs e laastie «leMbl ) 5l ealizwl b oyl
S oleiig BT oo g cblis (sl (ol (o)
sloagyb g o pasdd ¢y Jslite s,
HUT 5l o)haSs g Lads (gl o)1y 5gmg aghls Lo
il g Laassal pbard oS ololid (2
o a Gl Jolgs 5l i 55 spusilSe il
[3:4] B9y

d250 s SO 9 () slacal S
Lol 59 gl 5 995 (lolid i 55l 5
Ol JByt Sloso (loj €3Sk g5 485
g2 alg3S o) BB ol (BB g 398 3l U
N xSl Gl (BLS asSS bl 5> (izren
5 Sz ol 3 et glagll (Wil 9 oSS
B g e S el o slaal coly
ol 05l |y shls Lol )b &S e
5 Slaghyy jl cal oY Ml 4 ol

H”‘iqUtLuw_jg_jﬁv‘[og)oJLoxbspﬁ@dLm | 1 PA


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-03-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

gk . .
\JMCJ[:UUL’ Ry liwl s g j swliliad g

9 2l sl o) gy cslio g o ppnds

elwlis Cas 5585 ¢ i SleMbl 9,0l cuss 4
Jd 4 )5 palal sl (5y90 (o slgS]
Tabgs glgl asle S0 Jelgs g Sl B (S
Slagy g olfiw (Sl Cuond bawgs okl

TSy Lhalj3l g CodS 250 deils Lol oo
Lo ) LS5 55y 09— (Jlizud Jds 4 el pglas
Loyl oS s9s0 (sl il slagsby, 5l olgs o
By daiis JlS dad 3,5 Koo 3,5 ool
u.))_q d)‘?_o 9 )\_M)ug)_Q Oldo )l OJLQ._M)‘ (LS.«.MJL’
oS5 95 CudS dgup sla g 5l (Ml slavgi s
2 S Sloml dieil g, ol bl gy o sladd
WAy 00 (ool A ia 4 e (55055 oK
S9-sk Sl U9y ey e (gyde 9 (25
Sl oslial Ll Lz Lais L o)l g5y S
sbagbyy ol pgad (53 st )sNl g by,
(LS Lot )s S L Jooneygbds poai o5y
3 PS5 g 353 e plsl (Sloj iS5 5 (S8
23-S a0 Ja5 ol oSl Jlioplgiods dagis oSl ]
126-28] ;5 (Slo b s yé 1 SSle (Slo (23]
LS 555 5l (ol sla S iy ilogbles 4 0B
At & glaghly
GSlaal gl el ()l gy 4l 4 aagi b
=l 3 pgad iy g Slesd Sl (Sb5 5 o
33 gy (Soll 4y Cuns (g5 Yol Castd oo
ol slapt e claddie jusi b Gl Jo
5303 Gaall gy slashl sl |y o] ol g
2 e LS 4 5,8 esliul laisS) 1
L (S g g e (o)l 5y padg il
SNy skl kS 9 (Sl 35 ol
sy bl 12 39250 Glaz SlagSll pasuls o
oaBodiiwl (WY pyn g (wsS pyp Slaet )]
el Lialas g slapyn by | G
Gilises (gl oo 5 Lo o clo St 5 5k
g 5SasS sl b palas 5l dlis G & alfaiges

1rAa | 199 gliwoj g jub (g 6 jloud ¢pulnd Jlw

Ciliske glg sl iz (g, e (NDT o NDE)
]y (gl 3 le oy et (slagygs)]
Sl sopseil (508009k) ¢ g S0y
oy pd L)l Gl 0358 Hebar 6 Kgi
g o odlaiwl g [8-11] Wloabadlis (¢ b (slaghls
sl eyt slagygefl I S o ey il
999305 sl Ay JuloSigdn s pm sfa op ek
gy S oS 5 g SY ublis 4 bgyye le
5 gl Lol (glp Ty dmd o sl 1, Ll
[14- s 03latwl bB gl 13 39390 lod (sl
18]

slapgil jl 5 S00 b9y SIS i)
9 o ) 03 yiS 3,5y 0gMe &S Canl O ySeo
lolid gl olidplinl Olllas g pole > ¢ Si5
23S o Gl BT )0 oty o 2l e g
sbagiy Sl ol ()55 Ggajl oll 215 (3L
U155 oS ol (505,500 Vo7 =V 9o Jsb) Sl
1545 bl (g5 )l plual 13 2V Jlen 558
) G Al ol 3 S (b s o] 5l e
9 0081y (gomnd (lalejl 3)90 dslad QA gy
DS e 9 s 4l o > 55 end
il Sl 4y 0,585 b osd b slagiyy ol 99500
Lo ) LS5 55y )b j14 8 iole] diged cudy Cuwyd &S
S o Sl |y () Sigi 5 ol y5lc)
P Cgldte (6)LSgiy g9 A diu bajlu S
Lol 3l s ) Sigy pseil 3 Jlie sboay
3 (CR) T Gillns (5)Sigyy (190l )3 § pogeaco
ool L S5T iy s o Oy oloeias
[19-22] 395 50

Pl Sl g e s slaghl ()55 b
s Oz (b 9 (Sledie slag)b pgr CUSF 550
23] Cd dy gareld 8 > o 5 (el ) Ll
Lagl o8 cuabos s 4 (i gl (5
SIS Sl odlainlsyge (551 5 ol Jlgdd (g el
Lol )l (St y95 dociin U o dlold g gl slasl &
ClghS £ BV oy 3l alaging Sl Jgene sl
D9 o olitul (6,595 sl


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-023-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

o (58565 0 jl eslaiwl b adric slaghli 5o ¢l GLQan lwlud /7 glySos g J921j 20 WUML’

ro=a5 Slwil sl yp Colo I )l (gt
slaaY S 5y p |y s dd Il ead albjads
N l3Blasise 3,00y L g 9 2 0 Jlosl p 30
o e @l b b el gyin S s
015548 dmo)lSS 55 5 laiy G99 od
SAeM] ol b 3y S5 o) Sae e Ll 3 el

P9y 32 Hgdior Prie poal pyp Mg 4 & Nedi oo
Jadsyo ym 3 ppn colw (lm (S
P9y 2 45 Jo )3 395 0 o2listl (S (655 (ke
Py 3l (o Y s Sl Y oo
Y 2 epgal slapyn (pl )3 9 o0 odlatul g
Solyan 5 5 S2sS dhal 395 Fimb LY 4 Cud

b (S5 5 =5 il =g 05 99 & el 90 = e b (6350~ Il — & eyl 595 — il gl st ) IS5

w5

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

1199 limoj g juil g ol iy Jw | 10


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-03-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

s . :
\—smu[:wb Ry liwl 0 jy swoliliad g

CR 30- yogaase 5y pSul b 655y il an &
Jiowd pgad Slg o JuSy F-AEXFAS sl b X

s gLt Ll slol i) & drgs b 438 g5
oled U dadia Aol aiile 5)byppgar sl )l
o) 95 e Soml s 5L s 9 o
Gl sl polan V Jgan o sl bl sl

Gl aBdiS g5 gL ya (6,565 5

MY 22 9 owsS 02 Sl o Y-
Se sbaShy gl g lold gy, 5l (Se
Jasgeome So S0y (il 3 9dise pgal Sl i
Ol Jd> 9 oo 4 pgai py b s gere ()
S b degerne cpl pslad By & cl ol ()5 el
clizeo Lo ) (pgar sl Bldjl) o5 oS 5
e 8Bl ppa Ojgod JSES gl o e
i oy Sy Sily IV S 390 0l IS
Py g (s P2 )l 0929 pi2 g5 93 [29] o
9 P02 &5 9> Ol e jeboay asl 3 LY
g go 0303 gy bl oy bLS))
2 il eddody I = gg a8y pgal muiS (159
oilidl g (reduce) Lials ,Slas 93 il wsS pyn
Fas )3 4 S o odlaiwl yguai slal (expand)
2o B3] Cal byl S & Jad gl ¢ ialS
o (b gl (Bl Shes )3 9 39500 i (ol
9o Jead ol ool ol 93 dlal b g S
Ge = ©ygmodny (s pyb pht o cplpl
bl 5l ol ol g 340 00 ke Teduce(ge—1)
Higd o Ao
9e(,)) = Y=z Xa=—aw(m,n)g,1(2i +
m,2j —n) (V)
()_:l:é)é)_?c;inﬁ_.;,w:ﬂ\/XWT L'j)JAJ
‘e (R
wT =10.0625 0.25 0.375 0.25 0.0625]
bl (osS py )3 3980 daxMo a5 jobolen

| 1199 Glie] g b 9 o laib (i Jlw

9wy sl 1y B9y o pcwlie Wilg oo o)) 50e yo
ool il Ban [28,29] v o (g5l j Cawl > g Laas
s 5y S Lnghl S a3l L3065 (claght
ey (5 8330 44 (Blaio (35855 3l 55 orBoslizl
Py 9 (55 Py i yo S Cl Lill joiS" 5
YU g zgog sy ol opl sloo IS5 55 0 (DY
9 LogSll (a5 s g Lo )L 955 cstS (o
o] oJuileo.cl O"Qé dhdﬁlﬁj

b g, .Y

Lol e )Y

Lol 3 Ldlly 8350 (505 5 (g BT 51 ol cam
Obis N JSd )3 a8 e dolswsl (o) ol Sl
aS ol oyl o485 obl call =Y IS L sileadsenl
el gy S5y oilts S5 g anlisl o ol
$9) F9rN) b & Cul jIuledia ol o -V S5
=) S s e ol |y il sl Bl s
oty ol senY o)l il (e3,)8T L (g3ye 55kl
colwdl 8y7p gl 7 g e =) (o IS apd o
bl g =% JSb md oo L ]y 6k S g 05 90
Olng oy bwgs 451y « ML (S35 joinn
USSP AP PV X Wi g

&)Wy Y-Y
pLorl 50% uSiygy ool oBd S b ()55,
55101 5 YRW o L Sl dndl ogss (glyls 48 ot
ol ¥ mm egeinegl 8lo b V¥ mm Sgls dai
CaglS WY BYe o g opl 5y &lyoss 839000
195 Wil s S5 ¢ gwSGlgi s Moo oliuwd oyl sl
9 Gl 0l Ly (298 Silginy b &S )0 Sy
o3l gbL5 (59 o Jome (25 Ao sl )
o g gy gkl (S5 (e 90
(st 9y sl oabodlatl Sl 5y
(i CR Slivo I Sl 93 5 ST o3 ]
Sl o pgal (6 ppuwd Gl ol sadbodlail
ol oAbl pas 3| (55008 WSSl dnidl (g 3l y1S05]


http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.10.6
http://jra-tabriziau.ir/article-1-252-fa.html
http://dx.doi.org/10.52547/jra.6.2.127
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.10.6
https://jra-tabriziau.ir/article-1-252-en.html

[ Downloaded from jra-tabriziau.ir on 2023-023-17 ]

[ DOR: 20.1001.1.24764647.1399.6.2.10.6 ]

[ DOI: 10.52547/jra.6.2.127 ]

o (58565 0 jl eslaiwl b adric slaghli 5o ¢l l_r,l.ma_;b lwlud /7 glySos g J921j 20 wuub

8]
r

0035 95— obusl 05y~ (950,51 b (6350~ ¢jllautin = G eyl 35—l Y S (ool gl (slao )5S g3y ¥ S
WL (S8 e > gl —¢
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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