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ANALYSIS OF OPPORTUNITIES TO IMPROVE IMAGE DENOISING
EFFICIENCY FOR DCT-BASED FILTER

The subject matter of the paper is the process of image filtering. The goal is to provide high efficiency of de-
noising according to metrics that are more adequate to human vision system than traditional criteria as mean
square error or peak signal-to-noise ratio. The tasks to be solved are the following: to carry out analysis of
denoising efficiency using visual quality metric, to determine optimal settings of DCT-based filter depending
upon image and noise properties, to propose a method for setting a global threshold adaptively (in quasi-
optimal manner) based on preliminary analysis of image and noise properties. The following results have been
obtained: 1) optimal values of filter parameters depend upon many factors including image complexity and
noise intensity, 2) optimal values also depend on optimization criterion (or metric) used to characterize filter
performance; 3) optimal values of parameter [ that determines the threshold can considerably differ from 2.6
which is traditionally recommended; 4) this opens opportunities for improving image denoising efficiency; 5)
one of this opportunities consists in preliminary analysis of image and noise properties with setting the thresh-
old value according to the obtained dependences. Conclusions: 1) the filter performance can be sufficiently
improved due to the proposed adaptive procedure; 2) this happens if either noise is intensive and image has a
simple structure or if noise is not too intensive and image has a complex structure; 3) the proposed adaptive
procedure requires a very small amount of additional computations for calculating input parameter and can be
realized by 60 or more times faster than filtering itself; 4) the adaptive procedure slightly differs depending

upon a metric used as performance criterion.
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Introduction

Images of different origin are widely used nowa-
days in numerous applications [1]. Quality of original
(acquired) images is different. Sometimes it satisfies
users and no preliminary processing is needed. Mean-
while, quality of acquired images is unsatisfactory due
to noise presence and, thus, image pre-filtering is de-
sired [2, 3].

It is worth noting that there exists an enormous
number of image denoising methods where the most
advanced ones belong either to orthogonal based group
[4, 5] or to non-local filter family [6-8]. Although quite
modern and rather efficient principles are put into basis
of these methods, there are many situations when
achieved results (outcomes) do not satisfy users or re-
searchers. The main reason behind this is that it is diffi-
cult to separate signal component and noise especially
for cases when their features are close as, e.g., for high-
ly textural images [9, 10]. Then, one needs to look for
ways to improve filtering efficiency.

One opportunity (option) to reach this is to set fil-
ter parameters “properly”, i.e. so that performance of a
considered filter is close to optimal according to a given
criterion. It is worth recalling here that most filters have
parameters that have to be set empirically by a user or

according to some default recommendations. For exam-
ple, for scanning window filters one has to select, at
least, scanning window size and shape. Then other pa-
rameters have to be chosen as, e.g., parameter o for
standard or modified sigma filters [11]. One has to
choose type of thresholds and their values (proportional-
ity factors) for filters based on orthogonal transforms
including wavelet and discrete cosine transform (DCT)
[4, 5, 12]. Even more parameters that influence de-
noising performance have to be set for non-local filters
including patch (block) size, similarity measure, area of
similar block search, thresholds, etc. [6-8]. Thus, filter
properties sufficiently depend upon these settings and
experience of a user (who sets parameters) or a filter
designer who recommends default settings.

Let us put forward a hypothesis that, for a given
image and noise intensity, parameters of a used filter
can be set properly, in an optimal way according to a
quantitative criteria (metric) employed to characterize
filter performance. Then, a question arises, what benefit
can be gained due to such optimal settings compared to
default (recommended) settings. Analysis carried out to
answer this question indirectly answers another question
— is it worth looking for a way (some adaptation proce-
dure) to set filter parameters optimally.

The goal of this paper is just to carry out such
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analysis for DCT-based filter [4, 12]. The reasons why
this filter is chosen for analysis are the following. First-
ly, this filter is simple enough and its realization is fast.
Secondly, block size does not have too much influence
and the block size choice as 8x8 pixels is a good com-
promise [4]. Thirdly, hard thresholding is the best
choice among possible variants [12]. Fourthly, DCT-
based filter can be easily adapted to different types of
noise [13]. Then, one parameter is left that can be varied
and optimized — this is proportionality factor £ used in
threshold setting as Tj,. =BG}, where &, is local

estimate of noise standard deviation that can be defined
in different manner depending upon noise type.

One peculiarity of this paper is that performance is
analyzed not only in terms of standard criteria as output
mean square error (MSE) or peak signal-to-noise ratio
(PSNR) but also in terms visual quality metrics [14, 15].

Image/noise Model, Considered Filter
and Denoising Efficiency Criteria

As it has been mentioned in Introduction, let us
consider the simplest image noise model

Ilr} =IltJ+nU, (1)

Iir} and Iitj are ij-th pixel values of noisy and true im-
ages, respectively, n; defines the noise in the ij-th
pixel. It is supposed that nij,i =1..,Lj=1,.,] (IlandJ

define the image size) is additive white Gaussian noise

with zero mean and variance o2

supposed to be
known in advance or accurately pre-estimated before
denoising.

Recall that DCT-based denoising is usually carried
out in blocks of fixed size (mostly often 8x8 pixels).
Denoising consists of four main stages. First, in each
block, 2D DCT is performed. Second, thresholding is
done where the obtained DCT coefficients are compared
to thresholds and changed according to certain rules.
The simplest case is hard thresholding where DCT coef-
ficients are either assigned zero values (if they do not
exceed threshold) or, otherwise, they are kept un-
changed. Third, inverse 2D is performed in each block
with obtaining filtered values for all pixels that belong
to a given block. Since a given image pixel belongs to
several blocks (if processing with block overlapping is
applied), filtered values for a given pixel coming from
different blocks are averaged. This is the fourth (final)
stage of DCT-based denoising.

Although DCT-based denoising with full overlap-
ping of blocks take more time than processing without
overlapping or with partial overlapping, let us below
consider that former variant since it provides the best

efficiency with respect to most quantitative criteria. Be-
sides, even in the case of full overlapping of the blocks,
the DCT-based denoising is quite fast compared to
many other modern methods due to simplicity of the
method and availability of hardware and/or software
implementations of 2D DCT.

Usually, analysis of filtering performance is car-
ried out using such conventional criteria as output MSE
or PSNR [4, 10, 12]. However, in recent years, other
metrics including visual quality ones have gained popu-
larity. One problem with them is that nowadays there
are already more than one hundred visual quality met-
rics and design of new ones continues. Visual quality
metrics that have shown themselves good for one appli-
cation or type of distortions occur to be not the best for
other applications and vice versa. Currently, there is no
visual quality metric accepted by image processing
community as the best or the most general one. Because
of this, let us use two visual quality metrics, namely,
PSNR-HVS-M [14] and FSIM [15]. They have shown
themselves quite general in assessment of grayscale
image quality in general and for images corrupted by
residual noise and artifacts after denoising in particular
[10, 13].

The metric PSNR-HVS-M [14] can be treated as
extension of PSNR that takes into account two specific
features of human vision system (HVS), namely, less
sensitivity to distortions in high spatial frequencies and
masking effect in texture and edgy areas. Similarly to
PSNR, PSNR-HVS-M [14] is expressed in dB and larg-
er values correspond to better visual quality.

The metric FSIM [15] (we consider its grayscale
version here) is an extension of famous SSIM that takes
into account more emphasis of human vision to edges
and small sized objects in assessment of image visual
quality. FSIM varies from 0 to 1 where unity corre-
sponds to perfect visual quality.

It is also worth noting that the values of PSNR-
HVS-M over 41 dB and FSIM over 0.99 relate to invis-
ible or almost invisible distortions [16]. Also note that
both visual quality metrics are not perfect, so we have to
jointly analyze them both to make adequate conclusions.

Methodology of experiments and their
result analysis

A good tendency now is to use many test images,
at least, more than ten [4]. Following this tendency and
using experience in [17, 18], we have used twenty test
images of different origin and properties including low
complexity ones (Peppers, Lenna, F16, Tiffany, Couple,
Frisco, Pole), middle complexity images (Man, Boat,
Aerial, Sailboat, Airfield, Goldhill, Barbara, AVIRIS)
and highly textural ones (Baboon, Stream Bridge, Map,
San Diego, Grass).
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In analysis, two versions of DCT-based filter have  for the metric PSNR-HVS-M are presented in Fig. 1.
been analyzed — one (called standard and denoted as  Three values of noise variance have been considered —
DCTst) with fixed B =2.6 and the optimal one (denoted 65 (middle intensity noise), 200 (intensive noise), and
as DCTopt) that used such B, that optimum has been 625 (VerY intensive noise).

Besides, data are presented for the filter BM3D

provided according to the considered metric (either that is considered currently to be state-of-the-art in

PSNR-HVS-M or FSIM as explained above. The results
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Fig. 1. PSNR-HVS-M values for twenty test images for noise variances 65, 200, and 625
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The data are given only in plots, but also in Tables

below each plot. As it is seen, for o2 =65 (see the up-
pre plot and Table), PSNR-HVS-M values vary in the
limits from 36 to 41 dB. The metric values for the
BM3D filter are almost always the best but they are do
not differ from the corresponding values for two DCT-
based filters too much (less than by 1 dB). The differ-
ences between PSNR-HVS-M values for two considered
versions of the DCT-based filters are even smaller —
they do not exceed 0.3 dB and, thus, visual quality im-
provement due to setting Bopt (under assumption that it

is known) compared to denoising with 3 =2.6 can be
hardly noticed.

For o =200 (the central plot in Fig. 1), PSNR-
HVS-M varies in the wider limits from 30 to 37 dB.
Denoising produces rather small values of output
PSNR-HVS-M for complex structure images as Baboon
or Grass. Meanwhile, they are sufficiently better for
simple structure images as Pole, Tiffany or Peppers.
Again, BM3D performs the best whilst the standard
DCT-based produces the worst results. The DCT-based
filter with optimal B provides certain benefit compared
to the standard version, but the benefit is not large, it
does not exceed 0.25 dB. There are many test images
(mainly, simple structure ones) for which f=2.6 is the
optimal choice (then data for both DCT-based filters
coincide).

Finally, the lower plot in Fig. 1 presents data for
very intensive noise. The results for the BM3D filter are
the best again. There are some test images (mainly,
simple structure ones) for which the BM3D filter out-
performs other ones by up to 2 dB. The DCT-based fil-
ter with optimal B is usually slightly better than the
standard DCT-based filter, but again the benefit is not
large.

Results for the metric FSIM are presented in
Fig. 2. The upper plot is obtained for 6?=65. As it is
seen, the metric values for each considered test image
are close to each other for all three considered filters
although for BM3D they are almost always slightly bet-
ter. The DCT-based filter with optimal  often performs
slightly better than the standard DCT-based filter.

The analysis of data obtained for 6?=200 (central
plot) shows that the BM3D filter mostly performs the
best. The difference between two versions of DCT fil-
ters is not large. The same holds for the last case of
6°=625 (the lower plot in Fig. 2).

Thus, we can state that BM3D outperforms both
DCT-based filters for most test images, especially for
simple structure ones and if noise is intensive. For two
version of the DCT-based filters, the difference in per-
formance is not large. A question is when it takes place?

To answer this question, the following study has
been done. We have obtained scatter-plots of the con-

sidered visual quality metrics on statistical parameter
Pis. This parameter is determined in 8x8 pixel non-
overlapping blocks for each image. This is probability
that absolute values of alternating current (AC) DCT
coefficients are less than c. Theoretically this parameter
varies from O to 0.68.

Small values of Pj; mainly correspond to small
values of noise standard deviation (they are indicated by
different colors in Fig. 3) and/or textural images. The
values of Pis smaller than 0.13 correspond to images
corrupted by AWGN with standard deviation 1 and 2
when filtering is not worth applying at all since noise is
invisible [19]. In opposite, large values relate to large
values of noise standard deviation and/or simple struc-
ture test images.

As it is seen, optimal values of B vary from 1.8 to
3.2 but mostly they concentrate around 2.15 for P;5<0.5.
This is confirmed by curve fitting (polynomial of the
fifth order) in Fig. 4. This conclusion practically coin-
cides with the recommendation earlier given in [13] —to
set optimal  approximately equal to 0.9 multiplied by B
optimal according to PSNR, i.e. 0.9x2.6=2.34. Mean-
while, for P15>0.5, there is an obvious tendency to larger
optimal values of B. Then, one can use approximation
presented in Fig. 4 (upper part of the plot, x should be
replaced by P,).

Summarizing the results, the following automatic
procedure of predicting [ optimal according to
PSNR-HVS-M and filtering carrying out can be pro-
posed: calculate P;s; and compare it to 0.13; if P15<0.13,
skip filtering at all, other wise compare it with 0.5. If
P15<0.5, perform filtering with =2.15, otherwise calcu-
late optimal [ according to approximation given in Fig.
4 and carry out denoising using the obtained value of .

One might think that such operation sufficiently
complicates processing. This is not so. Recall that the
most time consuming additional task is to calculate Pis.
This probability is calculated in non-overlapping blocks
and their number is about 60 times smaller than
the number of DCT blocks for which 2D DCT is
calculated at denoising stage if full overlapping of
blocks is applied. Moreover, for large size images
it is enough to process about 500 non-overlapping ran-
domly placed blocks to calculate P;; with appropriate
accuracy.

We have carried out similar study for the metric
FSIM. The obtained results are presented in Fig. 5. As it
is seen, the optimal values of B vary practically in the
same limits — from 1.7 to 3.2. Again we have the same
tendency — optimal P are about 2.2 for P;,<0.5, then
they start to grow and can be approximated according to
the corresponding expression (polynomial of the fourth
order given in the upper part of the plot). Thus, the au-
tomatic procedure very similar to that one given above
for the metric PSNR- HVS-M can be realized.
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Fig. 2. FSIM values for twenty test images for noise variances 65, 200, and 625

Finally, let us give one example of image de-
noising using the proposed approach. Fig. 6,a presents
the test image Stream Bridge corrupted by AWGN with
noise variance equal to 200. Noise influence is consid-
erable (PSNR-HVS-M=28.95 dB, FSIM=0.956). The
DCT filter output for the used f=2.6 (default setting) is
given in Fig. 6,b (PSNR-HVS-M=30.30 dB,

FSIM=0.967). Noise is suppressed well but fine details
are smeared. The DCT filter output for p=2.15 (deter-
mined according to the proposed automatic procedure)
is given in Fig. 6,c (PSNR-HVS-M=30.53 dB,
FSIM=0.969). Noise suppression is good, fine details
and textures are smeared less than in Fig. 6,b.
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Conclusions

The opportunity to improve the DCT-based filter
performance is analyzed. It is demonstrated that more
careful setting of threshold (compared to the recom-
mended by default) can provide certain improvement of
output image visual quality (according to two studied
visual quality metrics).

c
Fig. 6. Noisy image (a) and outputs of the DCT based
filters for f=2.6 (b) and p=2.15 (c)

For both metrics, the results are similar and this al-

lows proposing a simple automatic procedure of param-
eter setting. This provides better visual quality of highly
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textural images for which denoising with default setting
can result in smeared edges and fine details. The pro-
posed procedure needs a very small amount of addition-
al computations and can be realized by 60 or more times
faster than filtering itself.

The proposed procedure presumes global adapta-
tion of parameter . We expect that local adaptation can
be done as well, including other DCT-based filters.

References (GOST 7.1:2006)

1. Pratt, W. K. Digital Image Processing. Fourth
Edition [Text] / W. K. Pratt. — New York : Wiley-
Interscience, USA, 2007. — 1429 p.

2. Image Filtering: Potential efficiency and cur-
rent problems [Text] / V. Lukin, S. Abramov,
N. Ponomarenko, K. Egiazarian, J. Astola // Proceed-
ings of ICASSP. — May 2011. — P. 1433-1436.

3. Secrets of image denoising cuisine [Text] /
M. Lebrun, M. Colom, A. Buades, J. M. Morel // Acta
Numerica. —2012. — Vol. 21, No. 1. — P. 475-576.

4. Pogrebnyak, O. Wiener discrete cosine trans-
form-based image filtering [Text] / O. Pogrebnyak,
V. Lukin // Journal of Electronic Imaging. — 2012.
—Vol. 21, no. 4. — 14 p.

5. Image denoising using scale mixtures of gaussi-
ans in the wavelet domain [Text] /J. Portilla, V. Strela,
M. Wainwright, E. Simoncelli // IEEE Transactions on
Image Processing. — Now. 2003. — Vol. 12, no. 11. —
P. 1338-1351.

6. Buades, A. A non-local algorithm for image de-
noising [Text] / A. Buades, B. Coll, J. M. Morel // Com-
puter Vision and Pattern Recognotion IEEE Computer
Society Conference. — 2005. — Vol. 2. — P. 60-65.

7. Image denoising by sparse 3D transform-
domain collaborative filtering [Text] / K. Dabov, A. Foi,
V. Katkovnik, K. Egiazarian // IEEE Transactions on
Image Proc. — 2007. — Vol. 16, no. 8. — P. 2080-2095.

8. Pizurica, A. Image Denoising Algorithms: From
Wavelet Shrinkage to Nonlocal Collaborative Filtering
[Text] / A. Pizurica // Wiley Encyclopedia of Electrical
and Electronics Engineering. —2017. — 17 p.

9. Chatterjee, P. Is denoising Dead? [Text] /
P. Chatterjee, P. Milanfar // IEEE Trans. Image Pro-
cessing. — 2010. — Vol. 19, no. 4. — P. 895-911.

10. Efficiency of texture image filtering and its
prediction [Text] / O. Rubel, V. Lukin, S. Abramov,
B. Vozel, K. Egiazarian, O. Pogrebnyak // Signal, Image
and Video Processing. — Nov. 2016. — Vol. 10, no. 8.
—P. 1543-1550.

11. Modified sigma filter for processing of images
corrupted by multiplicative and impulsive noises [Text]
/ V. V. Lukin, N. N. Ponomarenko, A. A. Zelensky,
P. Kuosmanen, J. T. Astola // Proceedings of EUSIP-
CO-96. — Italy, Sept. 1996. — Vol. Ill. — P. 1909-1912.

12. Image filtering based on discrete cosine trans-
form [Text] / V. Lukin, R. Oktem, N. Ponomarenko,
K. Egiazarian // Telecommunications and Radio Engi-
neering. — 2007. — Vol. 66, no. 18. —P. 1685-1701.

13. HVS-Metric-Based Performance Analysis Of
Image Denoising Algorithms [Text] / V. Lukin,
N. Ponomarenko, K. Egiazarian // Proceedings of
EUVIP. — Paris, France, 2011. — P. 156-161.

14. On between-coefficient contrast masking of
DCT basis functions [Text] / N. Ponomarenko, F. Sil-
vestri, K. Egiazarian, M. Carli, J. Astola, V. Lukin //
Proc. of the Third Int. Workshop on Video Processing
and Quality Metrics. — Scottsdale, Arizona, USA, Jan.
2007. — 4 p.

15. FSIM: a feature similarity index for image
quality assessment [Text] / L. Zhang, L. Zhang, X. Mou,
D. Zhang // IEEE Transactions on Image Processing. —
Aug. 2011. — Vol. 20, no. 8. — P. 2378-2386.

16. Analysis of HVS-Metrics’ Properties Using
Color Image Database TID2013 [Text] / V. Lukin,
N. Ponomarenko, K. Egiazarian, J. Astola // Proceed-
ings of ACIVS. — Italy, October 2015. — P. 613-624.

17. Rubel, A. Analysis of visual quality for de-
noised images [Text] / A. Rubel, O. Rubel, V. Lukin //
14th International Conference The Experience of De-
signing and Application of CAD Systems in Microelec-
tronics (CADSM). — Lviv, Ukraine, 2017. — P. 92-96.

18. Still Image/Video Frame Lossy Compression
Providing a Desired Visual Quality [Text] /
A. Zemliachenko, N. Ponomarenko, V. Lukin,
K. Egiazarian, J. Astola // Multidimensional Systems
and Signal Processing. —June 2015. — 22 p.

19. Is texture Denoising Efficiency Predictable
[Text] / O. Rubel, S. Abramov, V. Lukin, K. Egiazarian,
B. Vozel, A. Pogrebnyak // International Journal on
Pattern  Recognition and Artificial Intelligence.
—Vol. 32. - 2018. — 32 p.

References (BSI)

1. Pratt, W. K. Digital Image Processing. Fourth
Edition. N. Y., Wiley-Interscience Publ., USA, 2007.
1429 p.

2. Lukin, V., Abramov, S., Ponomarenko, N.,
Egiazarian, K., Astola, J. Image Filtering: Potential
efficiency and current problems. Proceedings of
ICASSP, May 2011, pp. 1433-1436.

3. Lebrun, M., Colom, M., Buades, A., Morel, J.
M. Secrets of image denoising cuisine. In Acta Numeri-
ca, vol. 21, no. 1, 2012, pp. 475-576.

4. Pogrebnyak, O., Lukin, V. Wiener discrete co-
sine transform-based image filtering. Journal of Elec-
tronic Imaging, no. 4, 2012. 14 p.

5. Portilla, J., Strela, V., Wainwright, M., Simon-
celli, E., Image denoising using scale mixtures of gauss-



Memoou i 3acobu 06pooKu 300paricens

11

ians in the wavelet domain. /[EEE Transactions on Im-
age Processing, vol. 12, no. 11, Nov. 2003, pp. 1338-
1351.

6. Buades, A., Coll, B., Morel, J. M. A non-local
algorithm for image denoising. Computer Vision and
Pattern Recognotion (CVPR) IEEE Computer Society
Conference, vol. 2, 2005, pp. 60-65.

7. Dabov, K., Foi, A., Katkovnik, V., Egiazarian,
K., Image denoising by sparse 3D transform-domain
collaborative filtering. IEEE Transactions on Image
Processing, vol. 16, no. 8, 2007, pp. 2080-2095.

8. Pizurica, A., Image Denoising Algorithms:
From Wavelet Shrinkage to Nonlocal Collaborative
Filtering. Wiley Encyclopedia of Electrical and Elec-
tronics Engineering, 2017. 17 p.

9. Chatterjee, P., Milanfar, P. Is Denoising Dead?
IEEE Trans. Image Processing, vol. 19, no. 4, 2010, pp.
895-911.

10. Rubel, O., Lukin, V., Abramov, S., Vozel, B.,
Egiazarian, K., Pogrebnyak, O., Efficiency of texture
image filtering and its prediction. Signal, Image and
Video Processing, vol. 10, no. 8, Nov. 2016, pp. 1543-
1550.

11. Lukin, V. V., Ponomarenko, N. N., Zelensky,
A. A., Kuosmanen, P., Astola, J. T. Modified sigma
filter for processing of images corrupted by multiplica-
tive and impulsive noises. Proceedings of EUSIPCO-96,
Trieste, Italy, Sept. 1996, vol. III, pp. 1909-1912.

12. Lukin, V., Oktem, R., Ponomarenko, N.,
Egiazarian, K. Image filtering based on discrete cosine
transform. Telecommunications and Radio Engineering,
vol. 66, no. 18,2007, pp. 1685-1701.

13. Lukin, V., Ponomarenko, N., Egiazarian, K.,
HVS-Metric-Based Performance Analysis Of Image
Denoising Algorithms. Proceedings of EUVIP, Paris,
France, 2011, pp. 156-161.

14. Ponomarenko, N., Silvestri, F., Egiazarian, K.,
Carli, M., Astola, J., Lukin, V. On between-coefficient
contrast masking of DCT basis functions. Proc. of the
Third Int. Workshop on Video Processing and Quality
Metrics, Scottsdale, Arizona, USA, Jan. 2007. 4 p.

15. Zhang, L., Zhang, L., Mou, X., Zhang, D.
FSIM: a feature similarity index for image quality as-
sessment. /[EEE Transactions on Image Processing, vol.
20, no. 8, Aug. 2011, pp. 2378-2386.

16. Lukin, V., Ponomarenko, N., Egiazarian, K.,
Astola, J. Analysis of HVS-Metrics’ Properties Using
Color Image Database TID2013. Proceedings of ACIVS,
October 2015, Italy, pp. 613-624.

17. Rubel, A., Rubel, O., Lukin, V. Analysis of
visual quality for denoised images. /4th International
Conference The Experience of Designing and Applica-
tion of CAD Systems in Microelectronics (CADSM),
Lviv, Ukraine, 2017, pp. 92-96.

18. Zemliachenko, A., Ponomarenko, N., Lukin,
V., Egiazarian, K., Astola, J. Still Image/Video Frame
Lossy Compression Providing a Desired Visual Quality.
Multidimensional Systems and Signal Processing, June
2015.22 p.

19. Rubel, O., Abramov, S., Lukin, V., Egiazarian,
K., Vozel, B., Pogrebnyak, A. Is texture Denoising Effi-
ciency Predictable. International Journal on Pattern
Recognition and Artificial Intelligence, vol. 32, 2018.
32p.

Tocmynuna 6 pedaxyuro 02.04.2018, paccmompena na peoxoanezuu 16.05.2018

AHAJII3 MOXKJIMBOCTI NOKPAIIEHHA E@EKTUBHOCTI ®LIbTPAIIII
30BPAKEHbD UIA ®1JIbTPIB HA OCHOBI JKII

0. M. 3emnauenxo, I. I'. Iséaxuenxo, I'. A. Yepnosa, B. B. Jlykin

IIpenmeTom cratTi € mporec (imbTparlii 300pakeHb. MeTol0 € 3a0e3IeUCHHST BUCOKOI e()eKTUBHOCTI TPH-
JIyIIEHHS 3aBaJl Y BIAMOBIJHOCTI 10 METPHK, SIKi € OLIBII aJIeKBATHUMU JI0 CHCTeMU OaueHHs JIFOMUHU, HIK Tpau-
LiifHI KpUTepii IK-TO CepeAHbOKBAPATHYHA MMOXUOKA UM IIKOBE BiHOIICHHS CHTHAI-IIYM. 3aBIaHHS € HACTYIIHU-
MU: NPOBECTH aHaJi3 e(peKTUBHOCTI OOPOOKH 3 BUKOPHUCTAHHSIM METPHK Bi3yaJIbHOI SIKOCTi, BU3HAYUTH ONTHMAJbHI
ycranoBku JIKII-dinpTpy B 3a€KHOCTI Bifl BIaCTUBOCTEH 300pa)keHb Ta 3aBajl, 3alPOIIOHYBATH METO]] YCTAHOBKH
3HAYEHHs TII00AILHOTO TOPOTry aJalTUBHO (KBa3iONTHMAIGHUM YHHOM) Ha OCHOBI TONEPEAHBOrO aHalli3y BIACTH-
BOCTEH 300pakeHHs Ta 3aBajl. OyJIM OTPUMaHI HACTYIIHI pe3yJbTaTh: 1) oNTUMaIbHI 3HaYEeHHS TapaMeTpiB GUIbTPY
3ajexarb BiJ 0aratboxX (haKTOpiB, BKIIOYAIOUM CKIIAIHICTh 300pakKeHHs Ta IHTEHCHUBHICTH 3aBajl, 2) ONTHMAaJbHI
3HAYCHHS TAKOXX 3aJICKATh BiJl KPUTEPIIO ONTUMAIBHOCTI (200 METPHKH), IO BUKOPUCTOBYETHCS IS OMUCY edek-
TUBHOCTI QinbTpanii; 3) ONTUMAaNbHI 3HAYEHHS ITapaMeTpy P, sSKUi BU3HAYa€ MOPIT, MOXKYTh CYTTEBO BiJPiI3HATHCH
BiJ 2,6, 1110 3a3BHYall PEKOMEHIYETHCS 10 BUKOPUCTaHHS; 4) 1ie BiIKpUBa€E MOXKIMBOCTI IiABUIICHHS €()eKTHBHOCTI
¢binpTparii 300pakeHb; 5) omHA 3 MOXKJIMBOCTEH TOJNATAE Y MOMEPEAHbOMY aHalli3l BIACTHBOCTEH 300paKeHHS Ta
3aBajl 13 HACTYITHOIO YCT@HOBKOIO 3HAUY€Hb IIOPOTY Y BiJIIOBIJHOCTI 0 OTPUMAaHUX 3asiekHOCTEH. BHCHOBKH € Ta-
kuMu: 1) poboTa QinkTpy Moke OyTH 3HAYHO TOKpallleHa 3aBISKH 3alpOITOHOBAaHI aJaNTHBHIA Mporenypi; 2) e
Mae Micle, SIKIIO IIyM € IHTEeHCUBHUM, a CTPYKTYpa 300pakeHHs HE € CKIIaJHO0, a00 SKIIO ITyM HE € IHTEHCUBHHM,
a 300pa)KeHHsI Ma€ CKIIa[HY CTPYKTYpY; 3) 3alpOIOHOBaHA aJaNTHBHA MPOLEAypa BUMarae Majoro o0’emMy noaat-
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KOBHMX OOYHCIIEHb Ul BU3HAUCHHS 3HAUCHHS BXIJJHOTO IapaMeTpy 1 Moxke OyTH pearnizoBaHa y 60 abo Ounblue pa3iB
LIBHJIIE, HDXX cama (uIbTpawis; 4) agantiBHA MpoLeaAypa N0 BiAPi3HAETHCS 1 3aJISKHOCTI Bil METPUKH, IO BH-
KOPHCTOBYETHCS B SIKOCTI KPUTEPitO (hEKTHBHOCTI.

Karuosi cioBa: dinprparis 300paxens, ¢pinbTp Ha ocHoBi JIKII, ontimizaris mapamerpis, Kpurepii epexTu-
BHOCTI

AHAJIN3 BOSMOXHOCTH YJIYUHIEHUSA 2OPEKTUBHOCTHU ®UNJIBTPALIUN
W30BPAKEHUM J1JISI ®PUJIHTPOB HA OCHOBE JIKII

A. H. 3emnauenko, H. I. Heaxnenxo, I. A. Yepnosa, B. B. /Iykun

IIpeameTom craTbu siBisieTcst npouecc GpuabTpanuu n3odpaxenuil. Leab — odecneunt BICOKYIO 3¢ dexTHB-
HOCTH (PUIBTPALIUHM B COOTBETCTBHU C METPUKaMH, KOTOPBIE SBJISIFOTCS OoJiee a/leKBaTHBIMK CUCTEME 3PEHHS Yello-
BEKa, YeM TaKHe TPaJUINOHHbIE KPUTEPUH, KaK CpeIHEKBapaTHYeCKasi OUIMOKa WM MTMKOBOE OTHOLICHUE CUTHAI-
myM. Pemarorcs ciemyromiye 3aaqu: MpoBeCTH aHaiu3 dPQEeKTHBHOCTH (UILTPALIUH, HCIONB3YSI METPUKU BHU3Y-
aJIBHOTO KayuecTBa, ONpeNeNuTh onTuMaibHble ycraHoBKH JIKII-gunbrpa B 3aBUCUMOCTH OT CBOMCTB U300paskeHNH
U TOMeX, MPEATIOKUTh METO]] aalTHBHON (KBa3MONTUMAIILHOW) YCTAHOBKH TJI00aIbHOTO 3HaYeHHs Iopora Ha oc-
HOBE TIPEBAPUTEIBHOIO aHalIM3a CBOMCTB W300pakeHHs U TOMeX. BBUTH MOJydeHbl CleqyIolue pe3yabTaThbl:
1) onTuMainbHBIe 3HAYECHUS ITapaMeTpoB (PUIBTPA B 3aBUCUMOCTH OT Pa3HBIX (hPaKTOPOB, BKIIFOYAs CIIOKHOCTH U300-
pa)XKEHUs! 1 MHTEHCUBHOCTD TIOMEX, 2) ONTHUMaJbHbIC 3HAUEHHSI TAKXKe 3aBHCAT OT UCIIOIB3YyEMOI'0 KPUTEPHS OITH-
MU3aIMU (METPUKH), XapaKTepH3YIOLIEr0 CBOWCTBAa (HIBTPA; 3) ONTHMaJbHbIE 3HAUYEHHs Mapamerpa [3, KOTOpBIi
OIIpeIeIISIET TIOPOT, MOT'YT CYIIECTBEHHO OTIIMYATHCS OT 2,6, SBISIONIETOC 00BIYHO PEKOMEHAYEMbIM 3HaueHueM; 4)
9TO OTKPHIBAECT BO3MOXKHOCTH IOBBIIIEHUS d(PPEKTUBHOCTH (PHIIBTPAIIMK M300paKeHUit; 5) OHa U3 3THUX BO3MOXK-
HOCTEH COCTOWT B IIPEBAPUTEIILHOM aHAIN3€ CBOMCTB M300paKEHHH M NIOMEX C YCTAaHOBKOW MOPOTOBBIX 3HAUYEHHH
B COOTBETCTBHUH C 3apaHee MOMyIeHHBIMH 3aBHCUMOCTIMH. BbIBoabI: 1) paboTa puiIbTpa MOXKET OBITH CyIIECTBEH-
HO yJydllIeHa 0aroaps UCIOIb30BaHHIO MTPEIOKEHHON alallTUBHOM MPOIEAYPHL; 2) 3TO UIMEET MECTO JIM0O0 eciu
IIYM WMHTEHCUBHBIA M M300pa)KEHHE MMEET MPOCTYI0 CTPYKTYpY, JIMOO €CM IIyM HE CIUIIKOM HHTEHCHBHBIH, a
n300pakeHHe UMEET CIIOKHYIO CTPYKTYPY; 3) IpeIUIOKeHHas alalTUBHAs Tpoleaypa TpeOyeT oueHb Majloro o0b-
€Ma JIOTIOJIHUTENbHBIX BBIYHUCICHHUH JUI pacdeTra BXOIHOIO IapaMerpa U MOXeT ObITh peanu3oBaHa B 60 u Oonee
pa3 ObicTpee, YeM coOCTBeHHO (pmubTpanus; 4) aJanTUBHAS MPOIEAypa HEMHOIO OTIIMYACTCS B 3aBHCHMOCTH OT
TOrO, Kakasi METPUKa HCIOJIb3YeTCs B KauecTBe Kpurepus 3h(HeKTHBHOCTH.

Karouessbie ciaoBa: ¢ubtparms nzodpaxenuid, unbtp Ha ocHoe JKII, ontuMuzanus mapaMeTpoB, KpUTe-
puu 3dpdexTuBHOCTH
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