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ABSTRACT

This paper referred to the 13 aesthetic measures in the interface layout proposed by the NGO,
and put forward the idea of applying the two-dimensional plane evaluation method to the
element layout 2.5D graphic. The research first elected the 2.5D graphic in 11 existing web
pages as the samples, and extracts two-dimensional layout diagram of these samples. Then
the beauty index calculation of the samples layout data found that the 13 aesthetic measures
all have significant characteristics. In the experimental part, this study chose to take the
measure of balance in the aesthetic measures as an example. By analyzing the numerical
setting of the calculation formula, we designed 16 experimental samples and recruited
subjects for subjective evaluation. Finally, the standardized data is fitted with manual
evaluation results. The experimental results show a certain similarity with the previous
sample data calculations, which proves the applicability of this evaluation method.

Keywords: 2.5D graphic (sometric graphic) , Interface layout, Computational aesthetics,
Moderate standardization of indicators
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INTRODUCTION

2.5D graphic (sometric graphic) , as a common graphic expression method, was included
as an important trend of the 2019-2020 ISUX design trend report [1] and the 2020 behance
design trend report [2]. And then it has been fully developed in 2021 and has become a
prevalent Ul illustration element.

2.5D graphic, also called isometric graphic, is a graphic element in which the length of each
side of the object is scaled according to the drawing ratio, and all parallel lines on the object
remain parallel when drawn. The common viewing angle of these graphics are 30-120-30.
The isometric view first appeared in the 1980s and was used in the game field to disguise the
two-dimensional picture as a three-dimensional effect. This view can not only enhance the
spatial sense of the game, but also because the fixed perspective maintains the sense of the
order of the game, it is widely loved by users. Now, this method is widely used in icon design,
interface design, web design, infographic design, games, videos, etc. With the continuous
development of the times, designers are no longer limited to flat homepages. Dynamic
interactive pages have become the mainstream trend in 2022. The 2.5D graphics can more
realistically transform the dynamics of three-dimensional objects on a two-dimensional
plane, and will undoubtedly become the preferred style of designers.

RELATED WORK

With the rapid development of computer technology, many two-dimensional graphic images
are analyzed and calculated digitally, and integrated data are efficiently and automatically
generated. Aesthetic evaluation starts from subjective perceptual evaluation to rational
digital calculation. The calculation of aesthetics originally originated from
Brikhoff (1933) proposed famous mathematical calculation formulas for various aesthetic
fields in his literature “Aesthetic Measure”[3]. NGO (2002) proposed calculation formulas
for 13 aesthetic measure indicators in the interface layout, quantified the characteristics of
the interface layout, and constructed an aesthetic measure index system [4]. Then in 2005,
the concept of Computational Aesthetics was formally proposed at the first Conference on
Computational Aesthetics in Graphics, Visualization and Imaging organized by the
European Computer Graphics Society (EG) [5]. Since then, more and more scholars have
begun to conduct research on the application and evaluation of computer aesthetics. Bauerly
M et al. (2006) introduced the computational modeling of the influence of symmetry,
balance, and the number of components on the aesthetic judgment of the interface, and
verified them with experiments [6]. Lai CY etal. (2010) calculated the symmetry and balance
of the text overlay image based on the principle of visual weight, and studied the best position
of the text superimposed on the image [7]. Jin et al. (2012) proposed a piecewise quadratic
aesthetic energy function constrained by linear inequality to measure the distance between
the original position of the visual element and the aesthetic target position to evaluate the
composition of the target image [8]. Zhou L et al. (2013) used gray relational analysis to
study the order of beauty superiority of design schemes, and comprehensively evaluated the
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13 indicators proposed by NGOs [9]. Li M et al. (2019) focused on the aesthetic evaluation
based on visual balance, and proposed a new method to analyze the color composition of the
image by K-means clustering method, and then combine the visual center position of the
image to quantify the law of visual balance and automatically evaluate the aesthetic value of
the image [10]. The above-mentioned research on the aesthetic evaluation of these two-
dimensional planes supports the application and development of computer-aided graphics
and image technology.

Although the 2.5D graphics belongs to a two-dimensional plane, it is different from ordinary
plane elements, and it shows a three-dimensional effect. If it can also be studied in
combination with the evaluation method of the two-dimensional plane and quantify its
aesthetic characteristics, shortly, it will be possible to automatically generate demanded 2.5D
graphics based on demand and user aesthetics, reducing labor costs and ensuring stable

quality.

Ul 2.5D graphic illustrations for web design applications are mostly a small scene. From the
design process, it is to draw simple isometric elements first and then combine them into a
whole that fits the theme. Designers can change their thinking and regard the drawing of the
whole picture as the layout of objects in a three-dimensional scene, that is, the placement of
three-dimensional elements on a plane basis. Therefore, we can start with the layout of the
elements and study whether the beauty calculation method suitable for two-dimensional
planes can be applied to the formal aesthetic evaluation of the element layout in 2.5D
graphics. This research first selects the calculation method based on the beauty index system
proposed by NGO, collects existing websites with 2.5D graphics as samples, and calculates
the beauty index after sample processing, and judges the significance of the value. Then
select an indicator from the more significant indicators, design experimental samples
combined with manual evaluation to fit standardized data, and conduct subsequent research
and analysis.

BEAUTY INDEX CALCULATION BASED ON SAMPLE
LAYOUT DATA

The 13 aesthetic measures for graphic displays proposed by the NGO are: balance,
equilibrium, symmetry, sequence, cohesion, unity, proportion, simplicity, density, regularity,
economy, homogeneity, rhythm. These 13 measures play an effective evaluation role in the
plane layout, and the 2.5D graphics stretch the two-dimensional plane longitudinally to a
visual effect close to three-dimensional. So whether the graphic layout at this time can still
be measured by indicators is worthy of further investigation. In order to observe whether the
layout of 2.5D graphics in web page illustrations conforms to the rules of formal aesthetics,
we selected 11 conceptual web samples with 2.5D graphics as the main visual design. The
samples come from the web design section of design websites such as Dribble, Pinterest,
Behance, and Qiantu.
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Sample Processing and Data Extraction

After confirming the sample, we regarded the 2.5D graphics in the sample as a 3D figure,
and use Rhino3D NURBS to simulate and model the sample. We adjusted the projection of
the perspective working window of Rhino3D to be parallel, and the angle of view is adjusted
to 30-120-30. And simplify the modeling at this angle as similar as possible to obtain a set
of three-dimensional models, then record the top view of the model to simplify it to a two-

dimensional plane composed of rectangles.

Since the formula needs the overall frame size, this study defines the frame as: take the edge
of the rectangular element in the plane as the overall center and magnify it by 1.2 times, and
then measure the width (W) and height (H). Then, using the lower left corner of the frame as
the origin of the coordinates, the coordinates X and Y of the lower left corner of each
rectangular element in this quadrant and the width (w) and height (h) of each rectangular
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element are measured ( the sample processing flow is shown in Figure 1) .

Figure 1. Sample processing flow chart. (Adapted from U.S Air Force, 2005)

onal s

Table 1: Font sizes of headings. Table captions should always be positioned above the

tables.
Y w H
Sample 1 | Frame 83.15 51.6
A 6.93 36.3 56.45 10
B 66.22 37.3 10 10
C 12.21 24.3 2 2
D 18.22 19.3 16 7
E 50.22 12.3 20 14
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F 10.22 6.24 7.11 7.11
G 18.11 6.24 7.11 7.11
H 39.22 53 4 4
| 43.22 9.3 2 2

Sample Data Calculation

We putted the data in Table 1. into the 13 aesthetic measures for graphic displays proposed
by the NGO to get the calculation results as shown in Table 2.

Table 2: The 13 aesthetic measures for graphic displays calculation results of S1.

BM |CM |DM |ECM|EM |HM [PM |[RHM|RM |SMM |SQM|SYM |UN
S1]0.684 [0.795 |[0551 [0.143 [0.988 [0.002 [0945 |0.467 [0059 [0115 [0.75 [0.458 [0.389

According to the above method, we modeled, simplified, and measured all 11 samples, and
put the obtained data into calculations to obtain 143 values. Among them, sample 8 and the
other 10 samples have completely different data presentation indicators as invalid data. In
the remaining 10 valid samples, 13 indicators all showed significant significance (p <0.05) (
The data results are shown in Table 3.) . Among them, BM, ECM, EM, HM, RHM, RM,
SMM, and SYM have low degree of dispersion and relatively high significance, which is
worthy of in-depth study.

Table 3. The 13 aesthetic measures for graphic displays calculation results for ten valid

samples

BM|[CM|DM|ECM|EM | HM | PM [ RHM | RM [ SMM | SQM | SYM | UN
S1 0.684 | 0.795 | 0.551 [ 0.143 0.988 | 0.002 | 0.945 | 0.467 0.059 | 0.115 0.75 0.458 0.389
S2 ]0.664 |0.795 | 0.639 | 0.125 0.994 | 0.002 | 0.985 | 0.435 0.078 | 0.107 1 0.439 0.361
S3 ]0.776 |0.702 | 0.695 | 0.1 0.995 | 0.003 | 0.795 | 0.451 0.178 | 0.009 1 0.461 0.398
S4 0.792 | 0.843 | 0.584 | 0.2 0.994 | 0.147 | 0.890 | 0.438 0.226 | 0.15 1 0.449 0.494
S5 ]0.872 |0.730 | 0.802 | 0.2 0.994 | 0.003 | 0.768 | 0.444 0.163 | 0.231 0 0.460 0.332
S6 |0.81 0.754 | 0.595 | 0.125 0.994 | 0.024 | 0.911 | 0.416 0.170 | 0.136 0.75 0.443 0.356
S7 |0.73 0.933 | 0.455 | 0.143 0.995 | 0.000 | 0.927 | 0.438 0.116 | 0.103 1 0.437 0.425
S9 0.708 | 0.747 | 0.972 [0.333 0.984 | 0.006 | 0.835 | 0.435 0.163 | 0.231 0 0.441 0.597
S10 | 0.797 | 0.958 | 0.499 | 0.125 0.997 | 0.001 | 0.919 | 0.475 0.161 | 0.111 1 0.473 0.385
S11 | 0.704 | 0.952 | 0.528 | 0.167 0.995 | 0.000 | 0.991 | 0.480 0.142 | 0.130 0 0.448 0.430
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BEAUTY INDEX CALCULATION BASED ON SAMPLE
LAYOUT DATA

Choice of Aesthetic Measures

Based on the research in the previous chapter, the calculation method of the two-dimensional
aesthetic measurement can be applied to the bottom layout research of the 2.5D graphics, but
the relationship between the different aesthetic measures and the overall aesthetic evaluation
of the 2.5D graphics needs further verification. This article intends to take the balance index
as an example to conduct an aesthetic evaluation research experiment. The balance index
mainly calculates the difference between the total weight of each part on both sides of the
horizontal axis and the vertical axis. The formula is as follows [4]:

\BM i |\+\Bmh . “\ (1)
BM =1— vertica . orizonta e[O,l]
W, —W, 2
BM ertical = R @
max(w, |, WR‘
W, — W, )
BM horizontal =
max WT|,|WB|i
4)

WJ :Za”d” J=L1 RaT!B

In the formula, L, R, T, and B represent the four situations where the object is on the x and
y axis, left, right, up and down, a is the area of the object on this side, and d is the distance
from the center of the object on one side to the x, y axis. BMhorizontal is the balance index
in the horizontal direction of the object, BMvertical is the balance index in the vertical
direction of the object, and BM is the overall balance index. It is not difficult to see from the
formula that the two most important variables of this formula are the area of the object and
the distance from the center of the object to the x and y axes.

Experimental Sample Design
In order to prevent the generation of too many experimental samples, the number of objects

in each group of samples was selected as 5 in this experiment. According to the formula, the
samples are divided into the following three situations (Figure 2. a):

Intelligent Human Systems Integration (IHSI 2022): Integrating People and Intelligent Systems
https://openaccess.cms-conferences.org/#/publications/book/978-1-7923-8988-7



Applied Human Factors and Ergonomics International AH IF E

International

The area of objects do not change, the distance from objects to the x and y axis change.(S1-
S4)

The area of objects change, and the distance from objects to the x and y axis unchanged.(S5-
S8)

The area of objects do change, the distance from objects to the x and y axis change.(S9-S16)
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Figure 2. Experimental sample display diagram, (a) is the layout diagram of the designed
preliminary experimental sample, (b) is the final presentation sample stimulus

Based on these sixteen bottom layouts, we build simple models. Considering the influence
of the vertical axis on the entire 2.5D graphics is indispensable, the situation where all
elements have the same vertical axis is too dull and affects the perception, so the height of
the elements in each sample is selected to be 25, 20, 20, 15 ,15. Refer to TSAI[11] et al.'s
research results on perceptual aesthetics of text overlay graphics, we fixed the proportion of
text in the web page layout, and the WBB value was as close as possible to 0.8 to generate
the final sixteen experimental sample stimuli(Figure 2. b)

In this experiment, the five-point scale in the Likert scale was used to evaluate the beauty of
16 samples. The number of participants in the experiment was 10, including 4 males and 8
females, with an average age of 23 years old, all of whom were students majoring in design.

Survey value fitting

Table 4. Experimental investigation value and BM calculated value
S|S2(S3|[S4|S|S6|S7[S8[S9|sS1|S1|S1|S1|SL|sS1]|s1
5 0| 1| 2| 3| 4 5] 6

Evaluatio
29 |21 31 35 20 |24 25 16 23 29 24 26 24 24 22 23

n score
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BM 0.59 | 0.62 | 0.75 0.73 10.64 |0.22 |0.52 |0.73 |0.60 |0.72 |0.18 | 0.37 | 0.32 | 0.55

We used the data processing software Originlab to use the BM calculation value in Table 4
as x and the experimental investigation value as y to generate a data discrete point diagram,
and perform a polynomial fitting experiment. The fitting results are shown in Figure 3.

(@) (b) ©

Figure 3. (a) is the result of quadratic polynomial fitting, the degree of fit is 0.14113 ; (b) is the
result of cubic polynomial fitting, the degree of fit is 0.20045 ;(c) is the fitting result of the fourth
degree polynomial, the degree of fit is 0.15564

It can be seen from Figure 3. that the degree of fit of the cubic polynomial is the highest, so
we finally choose the third-degree polynomial as the moderately standardized formula for
the equidistant graph plane layout. The formula extreme value is 0.8185. The BM calculation
results of the ten existing sample layout data selected in the previous chapter are between
0.664 and 0.872, with an average value of 0.754,which is very close to the extreme value of
0.8185 in this experiment. This shows that the research results have a certain degree of
reliability.

CONCLUSIONS

This paper proposes an aesthetic evaluation method for 2.5D graphics based on planar layout.
This method is to process 2.5D graphics as 3D stereo graphics, and then apply the two-
dimensional plane aesthetic calculation evaluation method to a brand new evaluation idea of
the element plane layout in 2.5D graphics.And we have proved the applicability of this
evaluation method through experiments.

The aesthetic evaluation method in this article brings a possibility for the automatic
generation of 2.5D graphics on web pages. Through the quantification of the beauty of
different indexes in the 2.5D graphics, the drawing of 2.5D graphics becomes intelligent. This
trend greatly saves the designer's work cost and time, and can also stabilize the quality of the
design through accurate calculations.In the future, we will continue to study and improve
this aesthetic evaluation method, and apply it to the evaluation and generation of 2.5D
graphic aesthetics as soon as possible.
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