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4 Frequency Selective Extrapolation Overview

Fig. | schematically shows an example of the area A , which is a part of a digital image, where a
‘missed block has occurred. A area is composed of dark grey area B (a missing block area),
which has to be estimated by extrapolation of elements in light grey area A (a support area).
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Fig.1. Part of digital image with missing area
The part of image, which is contained in the arca®, we denote_ F = {f[m,n]}, where |
1=01,...M~1 n=01...N~1_ Inorder to extrapolate the observed area A , the elements of
e known area are approximated by the parametric model @ = (@[m,n1}, which is also defined in 4.
The parametric model is a weighted liner combination of basis functions. In this algorithm 2D
IFT functions are used as basis functions. The parametric model is generated successively, in each
eration we calculate
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/here K” represents a set of basis functions used for the expansion of the parametric model Elm,n]
(w2

efore iteration ¥ ; %l is expansion coefficient which is calculated in iteration v; @wa[m.n] s DFT

asis function which is defined in the entire area A.
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For each iteration a residual error is calculated
¥ fm, n] = (ffm. 7]~ g*m. n])blm. n],
here bbm.nl is the window function i
A
bbm.nl = {5 n.ndeB .

In each iteration the residual error of support area is decreased by Ag[m,n], which shows the
hange of parametric model between the iteration steps ¥ and ¥ +1 , Aglm.n] js updated in each
eration. Then, the residual error is calculated in the following way:

r&*Om,n] = r®m,n] - Agim,nlbfm,n]

Tl'le‘lc:l) expansion coefficient is calculated to minimize the weighted instantaneous residual

ror encrgy Ba (1). For iteration step V+ 1 the residual error energy is calculated in the following way:
ES= Y wimnl(-®pn.n] - Agim.n])’ .
trmndeh (1)
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3. Description of Selective Extrapolation Algorithm .‘
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5. Check if the AZ " is less than the predefined Epunri=15 threshold or if the number
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- gorithm terminates we get a parametric model by Inverse Discrete Trans ]
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The algorithm is implemented in Matlab. Fig 2 shows the result of the selective extrapolation algoritl



Fig. 2 (a). Input image with missing blocks; (b) Concealed image.

Modification of Selective Extrapolation Method
i the selective extrapolation algorithm the size of the support area for all blocks is fixed. We suppose
Jt each block has a suboptimal size of support area. The suboptimal size will bring to a better result of
sitrapolation in comparison to the fixed size of support area border width. We have implemented the
Illowing experiment. For each block of input image we have implemented the selective extrapolation

ithm with different sizes of support area borders (1px, 3px, 5px, 8px, 16px) and have calculated
1iNR value for all of them. The support area border size, corresponding to PSNR with maximum value is
¢ed for current block in selective extrapolation algorithm. After repeating this process for all blocks, we
Jlculate the final PSNR value. The final PSNR value of test method is higher in comparison to PSNR
llue of images concealed with the fixed size of support area border for all blocks, The results are shown
[ Table 1. This test method cannot be used in practice, because for calculating PSNR for each block, we
‘e the original image. But, this method proved our assumption that there was a suboptimal size of
pport area border.

Table 1. PSNR values for each color chamd

Support Area PSNRR PSNR G PSNR B
Fixed 1px 34.91dB 31.72dB 31.70dB
Fixed 3px 35.53dB 31.71dB 32.08dB |
Fixed 8px 34.07dB 32,4448 3224dB

[ Fixed 16px 35.15dB 32.73dB 33.09dB
Test method 38.15dB 33.82dB 3381dB |

In practice to define the suboptimal size of support area border, without having the original image,
2 implement content-aware analysis of each block area. The analysis is made with the help of Canny
ige detection algorithm. It is easy to define the coefficient of homogeneity of the support area by
alyzing the image, which was processed by Canny algorithm. We define the size of support area taking
to account the coefficient of homogeneity; it should be less than a predefined threshold. The method is
scribed below. At first we teke the input image and apply Canny edge detection algorithm on it, see
B2
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Fig. 2 (a). Input image, (blCmOfWWwwbyomynm

which have white color, m;;:d!ﬂ the ]:fmm Fig. 2 (b). T
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the input image. Then, We Rpper Sk (COH),
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COH = (number of all pixels)
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the selective extrapolation algorithm. The results of the experiment are shown in Table 2.

Table 2. The result of the prop -_'i_m_gE,_PSNRvaim for R, G, B color channels
Support Area PSNRR PSNR G PSNR B

1-16 Pixels (Proposed method) 36.01dB 32.58dB 323%B |

5. Conclusion and Future Work

In this paper a modification method of frequency selective extrapolation was described. The modificatic
based on support area analyses is targeted to choosing the suboptimal size of the support area. The

of Canny algorithm allows us easily to detect the edges of the input image, thus to calculate
coefficient of homogeneity.

The results of the experiments have shown that the method is effective. We have shown that 1l
size of support area affects the quality of extrapolation. Each missing block has its suboptimal suppe
area size, In our future work we are going to improve the support area analysis technique. Morcover,
the frequency selective extrapolation method the discrete Fourier transform (DFT) is used: we are mig
g use other transformations such as Haar, discrete cosine transform (DCT) and Hadamard transform [:
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Uju wzhiwnwipnd Gauijwé b hwiwhmbwi phGnpwipuwjhG tpunpwwnywghuh
FAeE) dbpnnh dp Gnp nwppbpwl: LzkGp, np 3CE dbpnnG ogunwgnpéynd £ pUuwjhG
pywinybpGbpnud  pinbughG  YnpniunGbph  prnupydwl  Guwwnwynyg: JdbnphGhu
iinnhphljwghwl (Jkpunhnjunulp) hhiGwé b wewlgnn wbpnuph Ubpniénipywi Ypw'
wguugnndbing Ywlhh wignphpdp:  dbpnuénipjwl wpynulpnud JnLpwpwGsinun
ja(nyh hwiwn plupynid t wewlgnn whpnyph blpwowwnhiwy (suboptimal) swih, npG
ugjinthbnk oqunwgnpéynud £ 3CE wignphpdnud: Uzfuwwnwipnud pbpwé GG 30E
lipnnh Onp niwppbpwih tnpdwplyiwl wprynilplbpp, hGswbu Gwl Ywuinwpyws t
mwibdwunwlwi Ybppnuénipynil Lk dbpnnh wprynilGplGbph hbwn:

Mopnduxanua merona IBD Ha Gase xoahduuHeHTOB OAHOPOAHOCTH

I'. Kapanersn
AnnoTauus

PaGora mocesmena MORR(HKAIME METOAa JACTOTHOH BHGOpOYHOH SECTpamonsIEE
'4B3). Merox mcmOmESyercd AN PEKOHCTPYKUEE GNOYHEX NOTEDE B UE(POBHX
ssobpamennsx. Mopuduxanus meroga UBD ocHOBaHA Ha aHAaNH3e BCIOMOraTeNEHOMN
o6nacte ¢ mcmonsaopaEmem amropETMa Kamm. Bomepcrsme amammsa pms xaxporo Gmoxa
JuCHpaercs CyGONTHMANEHEE pasMep BCmOMOratensmO# OGNACTH, KOTOpHEt jamee
acnomsyercs B anropurme YBD. B paore IpEBeAeHE pPe3yNBTATH SKCIEDPEMEHTOB,
£OTOPHE CPaBHEHH C pesyTsTaTaMu Meroza IBD.
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