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Abstract. This paper contains an overview of the progress achieved by researchers in solving the prob-
lem of evaluating 2D images compositional characteristics. A review of methods potentially suitable
for solving such a problem is given, the selected method is justified, and the adaptation of the selected
method to a specific task is given. A mathematical model adapted to work with existing models using
a new method called Adjusting the Structural Skeleton Coefficients is presented. The structure of the
training samples and the special aspects of data collection are described. Data analysis and sorting is
performed using a developed genetic algorithm, and the choice of the method is justified. The ob-
tained results are analyzed, and visualization of the compositional parameters of simple scenes, for
different groups of respondents identified during data sorting and analysis, is introduced. Finally, the
overall results of the research are presented, concluding that they coincide with the suggestion of
Arnheim about perception.
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1. INTRODUCTION

A general concept of an automated system for evaluating the compositional characteris-
tics of 2D images was developed based on the work of Rudolf Arnheim. A mathematical
model [1] for the first chapter of Arnheim's book “Balance” [2] was proposed, which allows
obtaining the compositional characteristics of objects located inside the “structural skeleton”
of the image.

For the accurate operation of the system, pF (perceptive force) coefficients of the struc-
tural skeleton should be customized with the peculiarities of human perception. There are no
exact values by which a graph of such function could be plotted in the book of Rudolf
Arnheim except the value at which the object stands at the source of the structural skeleton.
So the system should be configured with human perception data [3].

There are several methods for solving this problem: 1) Least square method: The devel-
oped mathematical model can be expressed as an equation, and the survey will provide statis-
tics. The least squares method can be applied similarly to the equalization on elements given
by Linnik Yu. V. [4] in chapter VIII pp. 203-211. 2) Gradient descent: The method is also
seen to be usable, since the developed mathematical model of the structural skeleton can be
presented as a complex function. The acceptable solutions set of this function can be investi-
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gated and we can find the required minimum, at which the parameters of the equation of the
structural skeleton would be adjusted in accordance with the human perception [5]. 3) Artifi-
cial neural networks: It is worth to note that this approach is universal, but maybe redundant
in some cases. However, it can be used to solve the problem of selecting coefficients for
sources of perceptive forces of the structural skeleton [6, 12]. 4) The genetic algorithm: Ge-
netic algorithms and such approaches are used in the training of neural networks, and also
they can be an independent optimization method. In this case, we are talking about an inde-
pendent method. It is also important to note that, despite the fact that genetic algorithms work
similar to the gradient descent, they do not require a strict definition of the mathematical
model.

To offer machines the ability of aesthetic quality assessment of images a lot of research
still need to be made. For assessing photos quality, high-level features were designed [15], the
consensus on visual quality was learned for image management [16], for automated albuming
and retrieval multidimensional image value assessment and rating was used [17], several vis-
ual quality assessment algorithms were investigated [18], an interesting study about aesthetic
visual quality assessment of paintings was carried out [11].

2. ADJUSTMENT OF THE MATHEMATICAL MODEL COEFFICIENTS

The genetic approach was selected because it provides a convenient isolated layer of ab-
straction over existing methods. Moreover, it allows operating with atomic units and fairly
simple concepts from genetics to control the learning process. Empirical results of efficiency
show incomparably higher efficiency than random solution search [7]. However, of course,
such an approach will lose speed in any analytical solution, such as LSM (Least square meth-
od) or unconstrained optimization.

2.1. Adjusting the Structural Skeleton Coefficients Method

The principle of DNA functioning, genes transfer from parents to children and directed
development of genetic systems is described by Richard Dawkins in his book “The Selfish
Gene” [8, pp. 60-94].

The author defines the gene as a carrier of certain genetic information, a feature that,
however, has not definite physical boundaries in the sequence of the chromosome. However,
in our case we operate with atomic numerical parameters, in the same way they are defined in
the computer memory. Therefore, it will be more convenient to identify the concepts of a gene
and a cistron, chromosomes regions bounded by certain sequences that designate the begin-
ning and end of a cistron [8, p. 69]. Then accordingly the chromosome is a sequence of genes.
A genotype is a specific set of chromosomes, and the concept of a phenotype can be reduced
to a combination of genotype and environmental factors.

Now we will apply all this to the tuning of the developed system. Let’s turn to the formula:

|p F dots
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where e — the error value at which we consider the influence of point sources of structural
plan is equal to zero, pF s — the influence of point sources of structural plan for the object,
PpFiee — the influence of line sources of structural plan. While pFy and pF i are the settlement
functions of the value of the impact of perceptual forces of a certain line or point source of the
structural plan on object.

(1)
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Each pF. and pF, can be represented in the context of the genetic algorithm context as
a chromosome. In turn, the x parameters from formulas

N
_ Zl pEy (dN’xlN7'x2N’ e xVN)

pF;egs - N R (2)
ZAlMpF’dM (dM’leasz,n.,xWM)
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can be defined as genes, where d is the distance to the center of mass of the object within the
structural plan and x is the parameter of the source structural plan function pF. The function is
constructed by Akima's spline interpolation [14].

The entire structural skeleton is identical to the genotype.

When we make a set of some initial “genes” or “DNA” for our mathematical model of
the structural skeleton, and create “parents”, we may get “successors” - models with different
variations of pF functions of the structural skeleton. To determine their quality, we need

a fitness function. We can use formula 1, as well as the polling data and then compare the re-

sults of the human estimation and pF, , function. This difference will determine the quality

cene

of a certain genes combination. We can get the total difference for all the scenes data from the
learning sample derived from the polls. Together with the genotype, the fitness function forms
a phenotype.

Let's present all of this in a more formal way:

gene=x 4)

chromosome = { gene,, gene,, ..., genen} (5)

genotype = {chromosome1 ,chromosome,, ..., chromosomen} (6)
phenotype = { genotype, ﬁtness} (7)

scene” (genOZyPe)_hEscene” |’ (8)

N
fitness = Z| pf
n=0

where gene, 1s the x values of the supporting points of the pF function graph in formulas 2 and
3. While chromosome, genotype, phenotype, fitness function, and pf ( genotype) are the

score of a particular scene in formula 1 that were used in the genes of the genotype as the pa-
rameters of the pF functions, and #E , is the human estimate.

2.2. Software Implementation

For the software implementation of this method the Jenetics library was selected [7,
pp. 60-94]. This library is well documented, developed using the Java Stream API, which al-
lows the full use of hyper-threading JVM, and provides a high level of compatibility with al-
ready developed systems that implemented flow control, and allows the use of popular pat-
ternls2 during development [13]. As a format for the declarative description, JSON was cho-
sen .

! XML Specifications Page, http:/www.xml.com
2 JSON Specifications Page, http://www.json.org/json-ru.html
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One of the minuses is that the library provides immutable entities that may confuse the
user who is not familiar with the Builder and Factory patterns [9, p. 89].

3. RESPONDENTS DATA ANALYSIS METHOD

A survey was conducted for obtaining the data. People were asked to rate graphic compo-
sitions of the simple geometric objects, like in the first chapter of Rudolf Arnheim book.
Amount of 76 compositions was presented in certain forms.

They were printed on A4 sheets in order to identify people’s perception of the scenes as
accurate as possible, the thing that different sizes and dimensions of computer screens don’t
offer. For the use of the obtained data, they need to be analyzed to highlight the main trends in
the evaluation of certain compositions and to find (or not to find) any patterns among the re-
sponses of the questioned people. Obtaining an average estimate is uninformative, since the
standard deviation in the estimates was very large. If we look at the distribution of human es-
timates for each scene, the spectrum of answers, it will be obvious that often in the scenes
there are tendencies to different answers, for example, 2 and 5, and finding an average just
does not allow to see these features.

This approach allows to obtain interesting learning samples, but if we assume that there
are certain taste groups with similar inclinations in the evaluation, which may intersect, find-
ing the mode also will not ensure the representation of all existing conformities. It should be
noted that the array of data obtained from interviews can be represented as a three-
dimensional plane, a two-dimensional table, where the value in each cell can be interpreted as
a height. If we assume that people have common aspirations in the perception of these scenes,
smoothing the plane by reversing the rows of a table can group data and allow us to see the
necessary dependencies that will allow to adjust the system.

Despite the fact that there is an analytical approach to the problem of smoothing surfaces
using sufficient conditions of smoothness [10, p. 71], we have already well configured the
system for optimization of a genetic algorithm. Because we haven't the task to obtain the fast-
est algorithm, we try to sort the data with directional selection. In this case, each chromosome
will contain a single gene — ID of a specific line. In addition, all chromosomes must contain
a unique set of gene-identifiers, a table row must not be repeated. The Jenetics library [7] pro-
vides tools for working with such tasks by using ordered sets and selectors, which leads the
enumeration process to recombination, not to crossing-over. The codec allows to obtain the
set of identifiers arranged in a certain order from a genotype. We can then build a new version
of the table based on this set. The fitness function can work in several ways: we can calculate
a sum of absolute differences of the vertical neighboring elements or go through the table by
a vertical window, calculating the sum of the average values for each neighboring element. In
each case, the smaller result will mean the smoothest surface, and so the people's answers are
likely to be grouped by common trends.

The software implementation of such sorting does not differ from the implementation of
the optimization of a genetic algorithm mentioned above in section 2.2. “Software implemen-
tation”. A special type of genes EnumGene<Integer> was used, and PartiallyMatchedCross-
over was used for the crossover, which ensures that each gene will only occur on the chromo-
some once.

3.1. Results of Respondents Data Analysis

We have analyzed the survey data above mentioned in section 3, which was collected by
Google Sheets service as shown in Figure 1, and adjusted using the Jenetics library, and we’ve

36



F. F. Gazimzyanov, M. A. Al Akkad
“Solving the problem of automated 2D images compositional characteristics evaluation”

discovered that the most scenes had a tendency to one or two estimates, and only a few did not
have a tendency and the answers was evenly distributed. The map built by the modes, is
depicted on Figure 3. The result is consistent with Arnheim's experiments described in his book
that is shown on Figure 2: the more “stable” areas are the right-hand side of the square, as well
as the lower sources of the structural skeleton. The lower right corner is the most stable.

o e

Figure 1. The software environment Figure 2. Arnheim’s structural
visual interface skeleton ([2], pp. 13)

5 Arheim Editor

Figure 3. pF" map for the modes Figure 4. pF’ map for modes
by all estimates on negative evaluations

7 Amheim Editor 1 Aunheim Edter

Figure 5. pF map for modes Figure 6. pF' map for modes
on neutral evaluations on positive evaluations
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Also, we can see the predominance in the right and lower parts inside the structural
skeleton relatively to the vertical line of symmetry. The visual assumption of the area for the
visual center is also shifted to the right lower part. Also results of sorting of all answers are
given, with the help of the vertical sum of differences (Figures 4, 5, 6). In the sorted data
visually it is possible to allocate groups of people who are inclined to negative (adolescence
female artists) and to positive (no clear pattern in this group) estimates.

Also middle-aged men without artistic skills have tendency to more moderate, average
estimates. The sorting by the genetic algorithm based on the average value of the estimate in
the groups is not informative because of the small number of surveys. Perhaps, more large-
scale surveys and additional information about respondents will make it possible to identify
the dependencies on average, but the identification of the tendencies seems to be more effec-
tive.

If we hold more accurate multivariate analysis, which would allow us to group the results
of surveys in a different plane, it would be possible to identify certain “tastes” among people,
according to which the system can be configured. This will solve the problem of subjectivity
of such systems and methodologies.

4. THE OBTAINED RESULTS AND CONCLUSIONS

We have chosen genetic algorithm as an optimization method and it is an appropriate
choice for the research. Besides the overall simplicity of the approach, it turned out to be uni-
versal for adjusting the coefficients of the mathematical model, and for sorting data. Analysis
of the theoretical values of the mathematical model confirmed that it was a correct representa-
tion for the methodology described in Arnheim’s book. There is an obvious similarity be-
tween the visualized results in his book and the obtained map. Data analysis showed that op-
erating on the mean values in this subject area was not informative.

Finding the mode of the survey’s results showed a better representation of the distribution
of estimates. Analysis of the responses made it possible to conclude that there were certain
trends in people’s responses, so the results were sorted by the developed method. System set-
ting according to the survey data and visualization of that field showed that the principles de-
scribed by Arnheim, manifested even in the analysis of small groups. Created system is ready
for more serious data analysis and extension of mathematical models and software tools that
will provide more accurate research results.
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