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Abstract

The problem of full-reference image quality assessment is considered based on the
application of the mathematical model of the Rice distribution. The gradient field of an
image is adequately described by the Weibull distribution, which allows one to effectively
analyze image properties, evaluate their similarity, classify them by quality, etc. In this
paper, an attempt is made to solve similar problems using the above-mentioned model,
relying, in particular, on additional properties of the Rice distribution associated with the
normal approximation of the latter. It is shown that the structural similarity measure used
in different problems is also applicable to the case of the Rice gradient field model. In
particular, images from the TID2013 database are experimentally studied. The modeling
results obtained from both the Weibull and Rice distribution models were compared using
the mean square and structural similarity measures, as well as the Mean Opinion Score
(MOS) values. It is shown that the types of distortions in these indicators are in complete
agreement, while for some other types, the Rice distribution model shows better results.
Keywords: Gradient magnitude, Weibull distribution, Rice distribution, Parameter
estimation, Image similarity, MOS.
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1. Introduction
Creating effective quality assessment methods is one of the most popular and applied tasks in the
field of image processing. The existing quality assessment methods are divided into two classes:

Full-Reference and No-Reference methods. The Full-Reference method assumes the presence of
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an initial reference image and a set of test images that differ from the reference due to the impact
of certain distorting factors on the reference. In this case, the task of quality assessment consists
of comparing the test and reference images using a pre-selected criterion.

No-reference methods do not assume the presence of a standard and the quality of the tested
image assessing using only the internal properties of the image. The literature devoted to methods
for assessing image quality is quite extensive. Of particular interest are methods that use the
properties of the human visual system (HVS), since the "final judge™ of quality assessment is a
person. These methods often include Mean Opinion Score (MOS) values obtained by experts for
images pre-distorted by different methods, which allows for checking the ability of the tested
method to assess image quality. For this purpose, researchers have created extensive image
databases accompanied by MOS assessments. Brief descriptions and links to dozens of such
databases are given in [1].

Previously, we proposed a method for assessing image quality based on statistical analysis
of the gradient field of an image [2]-[3]. In this case, the Weibull distribution model was adopted
to describe the set of gradient magnitudes. It is shown that this model allows for solving many
relevant applied problems. Thus, in [4], a Full-Reference algorithm for assessing image quality is
proposed using the TID2013 database of distorted samples [5], for which MOS values are also
given. The latter circumstance allows for assessing the quality of both the tested image and the
applied testing algorithm.

This paper attempted to supplement the proposed approach using other gradient field models.
The proposed method is based on the Rice distribution, which, unlike the Weibull distribution,
converges to a normal distribution with appropriate parameter values, thus creating additional
opportunities for adequate analysis and assessment of image quality.

The paper considers the following tasks:

* Modeling Weibull and Rice distributions with the ability to estimate parameters using
various methods.

 Calculating the similarity of the original test image with distorted samples based on the
proximity of the parameter values of the original and distorted samples. Comparison and
analysis of the results obtained for both distribution models.

e Comparison of similarity values with the corresponding MOS values, comparing and
analyzing the existing discrepancies, and developing appropriate recommendations.

2. Research Methodology

The methodology involves modeling the Weibull and Rice distributions, calculating the
magnitudes of the gradients of the tested images, and estimating the parameters of both
distributions based on these data. In this case, the gradients are estimated using the Sobel operator.
The parameters of the Weibull distribution are estimated using the method of moments [3], and
the maximum likelihood method is used to estimate the parameters of the Rice distribution [6].
The experiments were conducted on images from the TID2013 database, which also contains other
auxiliary information. The MOS values, PSNR and W? image similarity measures were used to
compare the results.

The probability density function of the two-parameter Weibull distribution is defined by the

formula
n(x n-1 X n
f(x;A,n)==-]—=| exp—-|—| |, x=0,
(x;4,7) ﬂ,(lj p{ {/1”

where n >0 - Shape parameter, and A >0 - Scale parameter.
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The Rice distribution density is
—(+2 2
flatv,0) = Zewp (52) 10 (),

where I,(z)- modified Bessel function of the first kind of zero order.

Unlike the Weibull distribution, in the literature, it is customary to define the shape and scale
parameters in the Rice case as the following functions of the initial parameters v and o: Shape

2
parameter K = ;7 and Scale parameter Q = v + 2¢2. With the values of these quantities, we

can estimate the initial parameters of the Rice distribution using the formulas

KQ Q
V= |—, o= :
K+1 2(K+1)

It should be noted that in the field of signal processing theory and technology [7], an
important characteristic is the signal-to-noise ratio, which is determined by the expression ¢ =
v/o. Itis known that &—oo the Rice distribution tends to a normal distribution with parameters v
and o. Moreover, for & > 3, this approximation is quite acceptable. This means that under this
condition, we have K > 4.5, and the estimation of the parameters of the Rice distribution can be
performed by traditional statistical methods.

The similarity (closeness) of two images can be estimated by the degree of closeness of the
corresponding empirical Weibull or Rice distributions constructed from the set of magnitudes of
the gradients of the compared images. However, instead of nonparametric statistical criteria of
goodness of fit, we use a less accurate but simple measure [2], based on the closeness of the
parameter estimates of the of the distributions under study themselves according to the formula

W2 = min(n,,n,) min(k,4,)

max(n,,n,) max(x,,A,)

The resulting image similarity scores were then compared with the MOS scores using the

Spearman correlation coefficient. This measure is often conveniently assessed by visual analysis,
classifying their absolute values as equal to or less than one.

We have repeatedly and successfully applied the described method to various problems [3].

In particular, in [4], by analyzing the database data, the types of distortions for which the estimates

of the Weibull distribution parameters belonged to one or another class from those described above

were identified. In the present work, a similar analysis was carried out concerning the Rice

distribution data.

0<W?2<1.

3. Results of Modeling

Modeling was performed on all 3000 images of the database [5] simultaneously using both models.
By analyzing the modeling results, the types of distortion identified for which the Weibull model
leads to high or low values of the W2 correlation with MOS. The corresponding values obtained
using the Rician model are also recorded. It turned out those types of distortions, and chaotic
behaviour of W? estimates were observed using the Weibull model, while the situation is much
better using the Rician model. Of course, there may also be types of distortions for which the
behaviour of these estimates completely coincides. Examples of this kind are given below.

Example 1. Matching indicators. Let us consider the images 101_01 and 101_04 of the base.
Table 1 shows the calculation results.
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Table 1. Comparative results for images 101 and 104
W? W? . W? W?

10101 | PSNR | \weipul | Rician | MOS | 10204 | PSNR| \veipun | Rician | MOS
i01 01 1 | 36.50 0.92 0.92 | 551429 || i01 04 1 | 30.14 0.69 0.69 5.76190
i01 01 2 | 33.56 0.87 0.87 | 5.56757 || i01 04 2 | 29.26 0.55 0.55 5.47619
i01 01 3 | 30.48 0.79 0.78 | 4.94444 || i01 04 3 | 27.85 0.40 0.38 4.92857
i01 01 4 | 2751 0.68 0.66 | 4.37838 || i01 04 4 | 25.95 0.27 0.23 4.26829
i01_ 01 5 | 24.50 0.56 0.51 | 3.86486 || i01 04 5 | 23.61 0.18 0.13 4.00000

Visual analysis of the data in Table 1 shows that the nature of the change in the values of the
considered indicators for these images is generally the same. First, we note the monotonic decrease
in PSNR with an increase in the degree of applied distortion, which is a serious argument for using
this indicator in the absence of MOS-type data. In this case, PSNR can also be used to assess the
quality of the experiment to create MOS data. We also note the practical coincidence of the W?
values for the considered images and the Weibull and Rice distributions, despite some deviations
in the MOS series. However, as shown in [4], these patterns are not always observed, so several
similar examples with appropriate comments are given below.

Table 2 compares the calculation results for images i05 and i07, subjected to the same type
of distortion (Contrast change). As can be seen, PSNR decreases monotonically in both cases, and
W2 with the Rice distribution also decreases monotonically in the case of image i05_17. However,
deviations from monotony are observed for i0._17.

Table 2. Comparison of similarity scores with MOS scores

W2 W2 . W2 W2
105171 PSNR | \weibull | Rician | MOS || 10717 | PSNR | \veibunl | Rician | MOS
1 | 3351 | 009 0.79 53 1 3507 | 0.9 08 | 554545
> | 2892 | 085 | 074 | 682927 | 2 3028 | 084 | 077 | 64
3 | 2553 | 075 | 055 | 4025 3 2806 | 075 | 055 | 440476
4 | 2281 | 077 | 053 | 656008 | 4 2360 | 0.72 06 | 6.72727
5 | 1947 | 05 0.24 28 5 2200 | 05 0.25 | 3.34001

The MOS values do not decrease monotonically, as expected by the meaning of the
experiments, but the nature of the changes is similar for both images. This effect can be explained
by the peculiarities of the human visual system (HVS) that inadequately react to changes in image
contrast in one direction or another.

Thus, the results of Table 2 indicate some advantages of using the Rice distribution when
assessing image quality.

It is interesting to compare the calculation results for the same image with different types of
distortion. Table 3 shows the data for the i04 image with changes in brightness (Mean shift
(intensity shift)) and contrast (Contrast change). In this case, deviations from the monotony of the
similarity indices W2 with the Weibull model and MOS were observed, while W? with the Rician
model decreased monotonically, corresponding to the meaning of the experiment on creating the
T1D2013 database.
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Table 3. Comparison of ratings for different types of image distortion

W2 W2 . W2 W2
10416 | PSNR I \veibull | Rician | MOS || 10417 | PSNR | \weivun | Rician | MOS
1 3333 | 099 | 084 | 628571 1 3051 | 09 0.84 5
2 24.63 1 068 | 664286 | 2 2879 | 081 0.68 | 6.66667
3 2452 | 098 | 059 | 609524 | 3 2762 | 075 | 059 | 4.78049
4 1757 | 099 | 050 | 566667 | 4 2447 | 069 | 050 | 7.21429
5 1794 | 079 | 026 | 515385 | 5 2313 | 050 | 026 | 3.925

Similar results were obtained for images 121, i24 and several others from the same database

with the same types of distortions.

4. Conclusions

The problem of Full-Reference image quality assessment is considered based on applying the
mathematical model of the Rice distribution. The previously proposed technique is based on the
application of the Weibull distribution model and the measures of mean square and structural
similarity of images. In this paper, the properties of images from the TID2013 database are
experimentally investigated, evaluating and comparing their similarity indices according to the
Weibull and Rice models, as well as the MOS index. This shows that the applied measure of
structural similarity is also applicable to the case of the Rice gradient field model. It is also shown
that for types of distortion, these indices are in complete agreement, while for some other types;

the Rice distribution model shows better results.
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Udthnthnid

Thunnupyynid E uinniqutidnioh htnn hwdbdwndwt dbpngny wwwnlkph npuyh
quuhwwndwt punhpp (fajuh pushudwt dupkdwunhljuljut dnpbih jhpundwt hhdwt
Jput: Zwynh k, np quuljtph gpuphbunught nuonp hwdwpdipnptu tjupugpynid
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hwwnlnipjniuutpp, quwhwwnt] npubg tdwinipnitp, puuwlwpgl] nputp puwn
npwlh U wyh: Uju hopjuénid tnpd b owpdl] sk tdwbwnhy  ulghpbbp
oquuugnpstny Jbpp togws Unnhyp’ hbbgkny, dwubu]npuygbu, Mwypuh pushndwh
[pugnighs hwnlnipimbtbph Jpu Juuydws Jipehtthu inpuw) dninwupliwi htwn:
8nyg L wpyk], np wwppbkp pughptubpnid  oquugnpédynn  Junnigwspught
tdwunipjut swthwthop hpwebih £ twb (fayuh dnnbjh nphypnud: Cwubwynpuy bu,
thnpdtwluwinpbit ntumdttwuhpdty o TID2013 wyjwjubph puquyh wwnlkpubpp:
dipnih b ffujuh pupjudwt  dnpbjukph  dhongny uwnwgdwés dnphjuynpdwui
wpynibpbpp hwdbdwnl] &' oquuugnpstyn]  Uhoht  punwlniuughtt b
Junmguspuyhlt tdwbnipyut  swhwlhobpp, hbswhu twl  Gnpdwghnwlub
Jwupsdhph uUhoht quwhwwnwlwih wpdbpubpp (MOS): 8nyg E wpqws, np
wnuyunnidutiph nkuwlubph wyu gniguhpubpp (hnyhtt hwdptljund G, dhtsnbn
npn2 wj] mbkuwljuiph hwdwp Qwyjuh pupjodwt dnpbip gnyg E wnwjhu wydbh juy
wpyniupukbp:
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AHHOTaANuA

PaccmaTpuBaercs 3agaua OlLEHUMBAaHUS KadyecTBa HM300paXKeHUsS METOJOM CpPaBHEHHUS C
JTAJIOHOM, OCHOBAaHHAs Ha NPUMEHEHUM MaTeMaTH4eCKOM Mojenu pacupeneneHus Paiica.
W3BecTHO, YTO TpaJUEHTHOE TI0JIe HU300pa)KeHHs] JOCTaTOYHO aJeKBATHO OMHUCHIBAETCS
pactpenenenueM BeiiOymia, uto mo3Boiser A(PQEKTUBHO aHAJIM3UPOBATh  CBOWMCTBA
M300pakKeHHH, OIEHUBATh UX CXOJCTBO, KIIACCH(HUITMPOBATh MO KauecTBY U Jp. B nanHoit padoTe
cleNaHa NOMbITKA pEIIaTh AHAJOTUYHBIE 3aJa4d 10 YHNOMSHYTOM MOJENH, pacCuMThIBas, B
YaCTHOCTH, Ha JOIOJIHUTENIbHBIE CBOWCTBA pactpeneneHus Paiica, cBs3aHHbIE ¢ HOpPMAaJbHBIM
npubimkeHneM nocienHero. [lokazaHo, 4YTO mpuMeHseMas B pasHBIX 3a7adax Mepa
CTPYKTYPHOTO CXOJCTBa NMPUMEHMMA M B Clydae pPaliCOBCKOW MOJEIW T'PaJUEHTHOro mnojsi. B
YaCTHOCTH, HKCHEPUMEHTAJIbHO MCCIENOBaHbl H300pakeHHss W3 6a3pl gaHHbIX 11D2013.
ConoctaBneHbl pe3ynbTaThl MOJEIMPOBAHUS, MOJYyYEHHBIE 10 MOJESAM pachpeeneHuit
BeiiOymnna u Paiica, ucnonb3ys Mepbl CpeIHEKBaIPATUIECKOTO M CTPYKTYPHOTO CXOJICTBA, & TAKXKE
3HaueHust dKcepTHHIX orieHOK (MOS). [Tokazano, 4To a1 onpeIeIEHHBIX TUIIOB HCKAXEHUH 3TH
MIOKAa3aTeIM HAXOAATCSA B IOJHOM COIVIACHM, B TO BpPEMs KakK JJIsl HEKOTOPBIX APYTUMX THUIIOB
MoJienb pacnpenenenus Paiica moka3pIBaeT Jy4line pe3yabTaThl.

KiroueBble cjioBa: MarHuTyja TpajaueHTa, pacmpesnerncHue BeiOymia, pacnpeneneHue
Paiica, orileHuBanme mapaMeTpoB, CX0ACTBO n3obpaxenuit, MOS.
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