
Десятая Международная научно-практическая конференция «BIG DATA and Advanced Analytics. BIG DATA
и анализ высокого уровня», Минск, Республика Беларусь, 13 марта 2024 года

254

UDC 004.021:004.75

WEIBULL DISTRIBUTION BASED MODEL BEHAVIOR IN COLOR
INVARIANT SPACE FOR BLIND IMAGE QUALITY EVALUATION

A.M. Gavrovska
Assistant Professor, Department of

Telecommunications at the University of
Belgrade - School of Electrical

Engineering, Serbia, PhD in Electrical
Engineering and Computer Science,

anaga777@gmail.com,
anaga777@etf.bg.ac.rs

A.B. Samčović
Full Professor of Information

and Communication
Technologies at the

University of Belgrade -
Faculty of Transport and
Traffic Engineering, Serbia,

PhD
andrej@sf.bg.ac.rs

D.M. Dujković
IT&HR Manager at the
University of Belgrade -
School of Electrical

Engineering, Serbia, M.Sc. in
Electrical Engineering
dragi@etf.bg.ac.rs

Y.I. Golub
Associate Professor,

United Institute of Informatics
Problems National Academy of
Sciences of Belarus (UIIP NAS),
PhD in Engineering Sciences,

6423506@gmail.com

V.V. Starovoitov
Chief Researcher, United

Institute of Informatics Problems
of the National Academy of
Sciences of Belarus, Doctor of
Engineering Sciences, Professor,

valerys@newman.bas-net.by

A.M. Gavrovska
Graduated from the University of Belgrade - School of Electrical Engineering, Serbia (Dipl.Ing), and

acquired PhD in electrical engineering and computer science at the University of Belgrade - School of Electrical
Engineering. Current position is Assistant Professor. The area of scientific interests is related to the development of
methods and algorithms in the field of signal and image processing, multimedia, video and telemedicine
technologies, information and communication systems.

A.B. Samčović
Andreja B. Samčović is currently a Professor of Information and Communication Technologies at the

University of Belgrade – Faculty of Transport and Traffic Engineering. He received his Dipl.Ing and PhD degrees
at the University of Belgrade. He is a visiting professor and scholar worldwide (Germany, Austria, England,
Slovakia, Scotland, Romania…), where he taught lectures, seminars or tutorials. His research interest includes

mailto:anaga777@gmail.com
mailto:anaga777@etf.bg.ac.rs
mailto:andrej@sf.bg.ac.rs
mailto:dragi@etf.bg.ac.rs
mailto:6423506@gmail.com
mailto:valerys@newman.bas-net.by


Десятая Международная научно-практическая конференция «BIG DATA and Advanced Analytics. BIG DATA
и анализ высокого уровня», Минск, Республика Беларусь, 13 марта 2024 года

255

signal and image processing, coding and compression, information security and information and communication
technologies.

D.M. Dujković
Graduated from the University of Belgrade - School of Electrical Engineering, Serbia, and received his BSc.,

and MSc. at the Department for synthesis and analysis of electric circuits. The area of scientific interests is related
to RF electronics, digital signal and image processing, linear and nonlinear analyzing methods, and algorithm
development. He is currently IT&HR manager at the University of Belgrade - School of Electrical Engineering,
Serbia.

Y.I. Golub
Senior Researcher United Institute of Informatics Problems National Academy of Sciences of Belarus (UIIP

NAS). Graduated from the Belarusian National Technical University (2005). Post-Graduate Courses – UIIP NAS,
2006-2009, thesis titled «Algorithms for human recognition by iris images». The area of scientific interests is
related to the development of methods and algorithms for processing and analyzing digital images.

V.V. Starovoitov
Graduated from the Belarusian State University. Laureate of the State Prize of the Republic of Belarus

(2002). The area of scientific interests is related to the digital image analysis.

Abstract. In this paper, we analyze Weibull distribution based fitting using phase congruency components
obtained via color invariance approach. Since such model is found suitable for image quality evaluations, we test the
effects on different distorted images. Blind or no-reference image quality assessment enables testing without having
available subjective ratings. Thus, it is possible to consider additional type of distortions usually neglected in
available datasets through data augmentation artificial intelligence tools. The obtained results show that Weibull
based modelling using color invariance domain components may be suitable for further experimental analysis.
Moreover, data augmentation not used in the training phase, demonstrate the importance of development modern
quality evaluator that can be applied even for modified data obtained as a result of augmentation.

Keywords: Probability distribution, fitting, distortion types, image quality assessment, data augmentation.

Introduction. When comparing the effectiveness of different quality evaluations, three
approaches are considered, as well as appropriate fine tuning of the parameters. Namely, in
addition to subjective image quality assessment (IQA) and personal ratings, there are: full-
reference (FR), reduced-reference (RR) and non-reference (NR) evaluation approaches. FR
metrics for IQA are expected to give the most satisfying results compared to pristine or original
images named as reference [1, 2]. RR approach exploits the attributes of the reference images [3],
while the most valuable are NR ones [4, 5]. The purpose is to design a new method for automatic
quality assessment of digital images of various types using selected features and low complexity
model which do not rely on pristine image content. This is also called blind IQA since no prior
information about reference is available.

Recently, there are many blind IQA models and frameworks developed [4, 6-9]. One of the
most successful approaches is Naturalness Image Quality Evaluator (NIQE) based on natural
scene statistics (NSS) [4, 8]. High correlation with subjective ratings is obtained by block or
patch-wise estimations. Typical features are subtracted and contrast normalized (MSCN)
coefficients, where local activity is measured and only active patches are treated using Gaussian
based fitting. Some of the IQA metrics include supervised model based approaches [9]. Recently,
some of the novel unsupervised machine learning models are introduced [6-7]. In [6]
unsupervised blind IQA based on joint structure and NSS features, called JSN-NIQE, is
employed using thirty eight features per block and per scale (blocks of 9696 pixels and two
scales meaning additionally blocks of 4848 pixels size). Among MSCN and other statistical
features, phase congruency mapping is employed within NIQE-like framework. Such mapping is
applied for structural measurement in color invariance domain. Inspired by the results presented
in [6], such calculations are tested using different distortion types.

Materials and methods. One of the most applicable benchmarking datasets for IQA is
LIVE database [10] applied initially only for FR method development. Five different distortions
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can be found such the noise, two compressions, blurring and fading. Here, we compare JSN-
NIQE measurement results and Weibull fitting results for available distortions and additional
images not included in the dataset, but obtained through data augmented approach. Even though,
such data may or may not be considered as natural ones structural similarity exists, as well as of
importance to observe whether such data may be considered through color invariance domain
[11].

The color invariance is calculated using common RGB (Red-Green-Blue) color space,
leading to three components: C1=0.06*R+0.63*G+0.27*B, C2=0.3*R+0.04*G-0.35*B and
C3=0.34*R-0.6*G+0.17*B. These components represent the result of transforming color values
to the Gaussian color model in RGB terms [11]. The color invariance is expected to be robust to
material properties, as well as illumination change or any other similar imaging conditions.
Weibull fitting is employed for each component in order to observe the behavior of the
coefficients representing the local activity of image/patch. In [6] such color space is employed in
order to form the feature vector. Structure and attention methods enable to exploit gradient or
edge information. Discontinuity found within distorted images is expected to have a crucial
impact on subjective based evaluation. By color invariant domain, it is possible to evaluate
different types of edge strength while enabling robust content measurements regardless of object
reflectance, illumination, noise, highlights, shadows, and similar.

Figure 1 shows an example of pristine image and the three components. They can be
interpreted as edge strength measures in order to evaluate the image (or patch) content activity.

Figure 1. Example of (a) pristine image, and (b)-(d) three color invariance domain components.

Nowadays, the generative AI (artificial intelligence) is applied for content creation.
Namely, models and libraries are developed for image generation. Data augmentation can be
described as the process of producing new data from available content, primarily for overcoming
data lack in learning phase. Even though, the augmented image content may produce biases in
the learning step. It can be applied for further experimenting with test images as well, in order to
analyze how possible random changes may affect the model, like in the case of quality
assessment. There are many ways to perform data augmentation. Some of the typical examples
are: by changing brightness, contrast, saturation, color spaces, by adding noise, or cropping,
scaling, flipping, translation, rotation, etc. Currently, there are different tools that can be used for
enabling data diversity [12]. Some of the Python libraries have been especially designed for this
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task, like: Albumantations [13], Augmentor [14], Imgaug3 [15], Keras ImageDataGenerator [16]
or some other similar tool. In the absence of available subjective scores intended for supervised
machine learning evaluations, it is valuable to observe what the effects are obtained using novel
generated data. Here, this is done for JSN-NIQE [6] and Weibull color invariance components.
For defining data augmentation Albumantations library [13] is applied. In this paper, pipeline
consists of horizontal flip and a random selection of brightness and contrast selection using [13].

Results. In order to quantify the differences obtained with augmented data compared to
pristine and originally distorted image [12], the selected pipeline is applied primarily to generate
additional image data. Depending on the distorted image type, local activity throughout content
is changing, which also affects the patch-wise results used in blind measurements. In Figure 2
Jpeg compression distorted image and Fast fading based distorted image are processed with the
pipeline for obtaining Data augmentation 1 and Data augmentation 2 samples, respectively.
Moreover, obvious discontinuities are presented in the color invariant domain.

Figure 2. (a) Jpeg distorted image and corresponding (b) result of data augmentation and (c) C1
component; (d) Fast fading (ff) based distorted image and corresponding (e) result of data

augmentation and (f) C2 component.

Phase congruency is used to map relevant discontinuities as dimensionless measure. For
each color invariant component, histogram of obtained coefficients is approximated using two-
parameter Weibull distribution. The two parameters are noted as a and b, representing scale and
shape, respectively. In the case of jpeg compression distortion, for an image produced by
augmentation fitting is performed globally here, and the comparison between components is
presented in Figure 3.
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Figure 3. Fitting for (a) C1, (b) C2, and (c) C3 component, and (d) comparison between the curves.

Table 1 shows the relative differences for the two parameters ( D a, D b) in Data
augmentation 1 for jpeg distorted images used as a source. The relative differences are calculated
in terms of pristine image, showing C2 component as the most robust here. On the other hand,
absolute shape difference (bdiff) found between source and augmented version is less than
difference calculated for the scale parameter, adiff.

Table 1. Percentage of Weibull distribution parameter variations in Data augmentation 1 (jpeg)
Component Da [%] Db [%] adiff [%] bdiff [%]

C1 -24.5 -12.2 25.8 3.9
C2 -2.5 0.1 2.5 -0.8
C3 13.6 5.1 -27.1 -5.2

Table 2 shows the percentage of Weibull distribution parameter variations found in Data
augmentation 2, where fast fading (ff) distorted image is treated as a source. Higher variations
for fading are found expressed as the relative differences in terms of pristine reference.
Nevertheless, the ff parameters are, in general, less affected compared to the jpeg distorted
source.

Table 2. Percentage of Weibull distribution parameter variations in Data augmentation 2 (ff)
Component Da [%] Db [%] adiff [%] bdiff [%]

C1 32.5 26.4 -0.6 0.4
C2 62.9 33.3 2.5 0.9
C3 110 35.1 0.0 -0.2

Having in mind other features, like the NSS based ones, and JSN-NIQE measure, a
comparison between measurements is given in Table 3. Distortion effects are evident in both
distorted and augmentation cases. It is shown that unsupervised quality evaluation based on
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augmented data may have different impact based on distortion type used as a source. Here, a
decrease in score is obtained in the jpeg case, and metric increase for the fading.

Table 3. Unsupervised quality evaluation based on augmented data and distortion type.
Data Score Relative difference [%]

Original 4.3 /
Distorted 1 (jpeg) 15.8 267
Distorted 2 (ff) 12.9 200
Data augmentation 1 (jpeg) 15.5 260
Data augmentation 2 (ff) 13.2 207

In Figure 4 Weibull parameters are compared for both source distorted images and
augmentation data. The parameters are found while distribution fitting for images, and are
calculated globally, not for patches as in JSN-NIQE. It is illustrated that some of the parameters
may perform weaker grouping, leading to more sparse clusters after the augmentation.

Figure 4. Weibull parameters comparison for jpeg and fast fading (ff) in the case of source
and augmented data.

Conclusions. In this paper we analyze an unsupervised metric, and modification of
Weibull parameters when applying a simple data augmentation procedure. Depending on the
distortion source image, color invariant components are affected in different ways.

Weibull distribution is shown to be adequate for modelling task for each of the component.
Even though, it should be noted that the fitting may not be suitable in some cases, like when the
amount of distortion is extremely high. The estimation of Weibull parameters in each of the
color invariant components represent an efficient and blind insight into existing distortions, and
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seem to be valuable for further experimental analysis. It is expected that augmented data for big
data tasks may be estimated in the similar manner.

Acknowledgements. The presented paper is a result obtained within bilateral cooperation
with the Republic of Belarus supported by the Ministry of Science, Technological Development
and Innovation of the Republic of Serbia. This study is partially supported by the Ministry of
Science, Technological Development and Innovation of the Republic of Serbia, 451-03-47/2023-
01/200103.

Reference list
[1] Rajchel, M. and Oszust, M. No-reference image quality assessment of authentically distorted images with

global and local statistics. Signal, Image and Video Processing, 15, pp.83-91. 2021.
[2] Wang, Z., Bovik, A.C., Sheikh, H.R. and Simoncelli, E.P. Image quality assessment: from error visibility

to structural similarity. IEEE transactions on image processing, 13(4), pp.600-612, 2004.
[3] Dost, S., Saud, F., Shabbir, M., Khan, M.G., Shahid, M. and Lovstrom, B. Reduced reference image and

video quality assessments: review of methods. EURASIP Journal on Image and Video Processing, 2022(1), pp.1-31.
2022.

[4] Mittal A., Soundararajan R., and Bovik A. C. Making a “completely blind” image quality analyzer. IEEE
Signal processing letters, 20(3), pp. 209-212, 2012.

[5] Zhao, K., Yuan, K., Sun, M., Li, M. and Wen, X. Quality-aware pre-trained models for blind image
quality assessment. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
22302-22313, 2023.

[6] He, Q., Yang, C., Yang, F. and An, P. Unsupervised blind image quality assessment based on joint
structure and natural scene statistics features. Journal of Visual Communication and Image Representation, 87, 2022.
p.103579. https://doi.org/10.1016/j.jvcir.2022.103579

[7] Saha, A., Mishra, S. and Bovik, A.C. Re-IQA: Unsupervised Learning for Image Quality Assessment in
the Wild. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 5846-5855.
2023.

[8] Gavrovska, A., Dujković, D., Samčović, A., Golub, Y. and Starovoitov, V. No-reference local image
quality evaluation. In 2022 30th Telecommunications Forum (TELFOR), pp. 1-4. IEEE. November, 2022.

[9] Dendi, S.V.R. and Channappayya, S.S. No-reference video quality assessment using natural
spatiotemporal scene statistics. IEEE Transactions on Image Processing, 29, pp.5612-5624. 2020.

[10] Sheikh H.R., Sabir M.F. and Bovik A.C., A statistical evaluation of recent full reference image quality
assessment algorithms, IEEE Trans. on Image Processing, 15(11), pp. 3440-3451, 2006

[11] Geusebroek, J.M., Van den Boomgaard, R., Smeulders, A.W.M. and Geerts, H., Color invariance. IEEE
Transactions on Pattern analysis and machine intelligence, 23(12), pp.1338-1350. Doi: 10.1109/34.977559. 2001.

[12] Data augmentation, https://research.aimultiple.com/data-augmentation-techniques/
[13] Albumentations, https://pypi.org/project/albumentations/ (last accessed 10.02.2024.)
[14] Augmentor, https://pypi.org/search/?q=Augmentor (last accessed 10.02.2024.)
[15] Imgaug, https://pypi.org/project/imgaug3/ (last accessed 10.02.2024.)
[16] ImageDataGenerator,

https://www.tensorflow.org/api_docs/python/tf/keras/preprocessing/image/ImageDataGenerator (last accessed
10.02.2024.)

[17] Kovesi, P. Image features from phase congruency. Videre: Journal of computer vision research, 1(3),
pp.1-26. 1999.

authors’ contribution
Ana Gavrovska – led the research on evaluation the quality of tested images.
Andreja Samčović – statement of the research problem, description of the procedure.
Dragi Dujković – describing the data augmentation possibilities.
Yuliya Golub – analysis of quality assessment possibilities.
Valery Starovoitov – statement of the research problem, introducing distribution relevance.

https://doi.org/10.1016/j.jvcir.2022.103579


Десятая Международная научно-практическая конференция «BIG DATA and Advanced Analytics. BIG DATA
и анализ высокого уровня», Минск, Республика Беларусь, 13 марта 2024 года

261

ПОВЕДЕНИЕ МОДЕЛИ НА ОСНОВЕ РАСПРЕДЕЛЕНИЯ ВЕЙБУЛЛА В
ЦВЕТОВО-ИНВАРИАНТНОМ ПРОСТРАНСТВЕ ДЛЯ СЛЕПОЙ ОЦЕНКИ

КАЧЕСТВА ИЗОБРАЖЕНИЙ

A.M. Гавровска
Доцент кафедры телекоммуникаци
Белградского университета -

Электротехнически Факультет,
Сербия, доктор наук,

А.В. Самчовић
Профессор информационных и

коммуникационных
технологий Белградского
университета - Факультет
транспорта и транспотной
инженерии, Сербия, доктор

наук,

Д.М. Дујковић
Менеджер Белградского

университета -
Электротехнически
Факультет, Сербия,
кандидат наук,

Ю.И. Голуб
Старший научный сотрудник,

Объединенный институт проблем
информатики Национальной

академии наук Беларуси (ОИПИ
НАН), кандидат технических наук,

В.В. Старовойтов
Главный научный сотрудник
Объединенного института
проблем информатики

Национальной академии наук
Беларуси, доктор технических

наук, профессор,

Аннотация. В этой статье мы анализируем аппроксимацию на основе распределения
Вейбулла с использованием компонентов фазовой конгруэнтности, полученных с помощью
подхода цветовой инвариантности. Поскольку такая модель признана подходящей для оценки
качества изображения, мы проверяем ее влияние на различные искаженные изображения. Слепая
оценка качества изображения или без эталонного изображения позволяет проводить тестирование
без наличия субъективных оценок. Таким образом, можно учитывать дополнительный тип
искажений, обычно игнорируемых в доступных наборах данных, с помощью инструментов
искусственного интеллекта для увеличения данных. Полученные результаты показывают, что
моделирование на основе Вейбулла с использованием компонентов области цветовой
инвариантности может быть пригодным для дальнейшего экспериментального анализа. Более того,
пополнение данных, не используемое на этапе обучения, демонстрирует важность разработки
современного оценщика качества, который можно применять даже для модифицированных
данных, полученных в результате пополнения.

Ключевые слова: Распределение вероятностей, аппроксимация, типы искажений, оценка
качества изображения, увеличение данных.
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