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ABSTRACT

As an important part of interface design, interface layout has attracted more attention.
Previous researchers used mathematical methods to explore the relationship betw-
een interface layout and user aesthetics in order to quantify users’ subjective feelings.
However, the current computational aesthetic quantification algorithms generalize the
interface elements into rectangular boxes for unified treatment by default. In the inter-
face layout, graphic elements with different shapes will bring users different levels of
aesthetic attraction. Therefore, simply “dividing” the interface elements into a series
of rectangular blocks for attraction evaluation will affect the objectivity of the results.
This paper proposes a computational model based on seeking the particle of image
pixels and makes a multivariate linear analysis between the subjective score and
the calculated values under the two computational models to explore whether the
improved evaluation method is more in line with people’s perceptual aesthetics. The
calculation method of balance (BM) is taken as an example to verify. In the experiment,
six test images are selected, and the number of image pixels and the centroid of pixels
are counted with the help of Matlab and other software, which verifies the accuracy
and objectivity of the new calculation method to measure the aesthetic layout of inter-
face elements. The results show that the fitting effect between the data obtained by
the beauty calculation model based on pixel particles and subjective ratings is better,
which is more in line with the user’s subjective preferences. Aesthetic calculation is
the design trend in the future.
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INTRODUCTION

Visual aesthetics is becoming more and more important in interface design
and product design. Interface design will affect users’ sensory experience and
work performance. Although the exact mechanism of how design aesthetics
affects system usability is not completely clear, the importance of aesthetics in
human-computer interface design has been clearly proved and has attracted
more and more attention.

In the review of aesthetic standards, different computational models are
proposed to quantify the aesthetic appeal of interface design elements. Ngo
et al. (2002) proposed 13 aesthetic image indicators to objectively measure
the relationship between interface design elements and users’ visual perce-
ption. At the same time, they verified the effectiveness of these indicators
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Figure 1: Interface element box diagram.

in measuring interface aesthetics. However, there are too many indicators,
which is inconvenient to calculate. Then, the evaluation theory of interface
aesthetics was constructed on the basis of 14 aesthetics indicators (Ngo et al.,
2003). The experimental results show that the evaluation formula is effective
in the aesthetic evaluation of digital screen design. At the same time, the
paper pointed out that the research needs to be further improved. For exam-
ple, large elements will be more visually heavier than small elements. Tsai
et al. (2013) proposed a calculation model to calculate the perceived aesthe-
tic attraction of text covered images. The research shows that it is valuable in
modeling subjective attraction based on the area ratio between text bounding
box and image background area. Ren and Xue (2018) refined six beauty indi-
cators on the basis of predecessors: balance, symmetry, integrity, simplicity,
density and cohesion to evaluate the layout of interface elements, quantified
the weight of different indicators by analytic hierarchy process, and finally
obtained the comprehensive beauty calculation formula of interface element
layout. However, when dividing the interface elements in the current calcula-
tion model, the design elements are unified into rectangular boxes by default
(see Figure 1). In the interface layout, graphic elements with different sha-
pes will bring users different levels of aesthetic attraction. Therefore, simply
planning the elements of the interface into a series of rectangular blocks for
beauty calculation will affect the objectivity and accuracy of the calculation
results.

The visual element type discussed in this paper is irregular graphics. Many
photos or images are usually composed of irregular image elements. Irregular
images refer to those figures whose boundary lines are messy and cannot be
defined and named. Different from the layout of traditional software inter-
face and product interface, the centroid of irregular image is usually not
located in the center of its bounding box. Therefore, it is unreasonable to
use the existing calculation model to calculate the beauty of the image con-
taining irregular graphic elements. If the calculation model can automatically
extract the irregular visual elements in the image and count their pixel points
and centroid coordinates, the improvement of aesthetic evaluation is of cer-
tain value, which can assist the computer system to better simulate the user’s
perceptual evaluation and layout.

In the following chapters, firstly, we briefly introduce the original compu-
tational model of counting design elements into rectangular blocks and the
improved model based on seeking the particle of the irregular graphic. Then
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the subjective evaluation method is used to obtain the user’s perceptual score
of the experimental materials. Then the balance degree in aesthetic indicators
is used to further verify the constructed calculation method. In order to avoid
the influence of color, hue, and other factors, the types of visual elements in
the images used are unified, and the experimental images are transformed on
a reference image. The research results and discussion will be given at the
end.

COMPUTATIONAL MODEL

Photography and architecture often pay attention to the beauty of balance.
The degree of balance (BM) has a significant impact on the page layout
(Lai, 2010). The balanced page layout gives people the beauty of solemnity,
atmosphere and harmony. Therefore, this experiment focuses on the beauty
optimization calculation and test of BM to assist the balanced composition
of the picture.

Computational Model of Balance Degree

Balance (BM) refers to the visual stability of the distribution of elements in
a picture. It is generally believed that area and color are important factors
affecting visual weight. The balance in interface design is to provide almost
weight interface elements on both sides of the vertical axis or horizontal axis.

BM = 1−

∣∣BMvertical
∣∣ + ∣∣BMhorizontal

∣∣
2

∈ [0, 1] (1)

BMvertical =
W1 −W2

max (|W1| , |WR|)
(2)

BMhorizontal =
WT −WB

max (|WT| , |WB|)
(3)

Wj =

nj∑
i

aijdij j = L, R, T, B (4)

BMvertical is the degree of symmetry of the image on the vertical axis of
symmetry, BMhorizontal is the symmetrical value of the image on the horizontal
axis. L, R are the left and right area of the interface bounded by the vertical
axis. T, B are the upper and lower region bounded by the horizontal axis. aij
is the area of object i on side j. dij is the distance between the center line of
the object and the axis frame. nij is the total number of design elements on
side j.

Computational Model Based on Seeking the Particle of Image
Elements

Since the object of this study is irregular visual elements, in the original for-
mula, aij (rectangular block area) and dij (distance between rectangular frame
and symmetry axis) should be modified. The meaning of aij is changed to the
sum of all pixel areas, and dij is the distance between the centroid of j-side
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Figure 2: Reference image.

elements and axis frame. Define the centroid coordinates of the elements on
side j as (xc,yc), and the page size is (W, H), where W is the page width and
H is the page height.

Wj = dcj

nj∑
i

aij (5)

dcj = W/2− xc j = L, R, T, B (6)

After the improvement, the image can be retrieved directly based on pixels
with Matlab, and there is no need to process the image with Photoshop.
After the background is removed, the number of pixels is directly counted
based on the four quadrants, and the pixel area is equivalent to the number
of pixels. The pixels in the area covered with design elements are assigned
values, and then the centroid position is judged to obtain the number of rows
and columns where the centroid pixels are located, to obtain the centroid
coordinates. In the next section, experimental verification will be carried out
to test whether the improved computing model is more in line with users’
perceptual cognition.

EXPERIMENTAL DESIGN

In this section, we select six test images (see Figure 3) and one reference image
(see Figure 2) and show them to the participants. Each photo is made by Pho-
toshop, and the visual symmetry of the reference image is good (the BM value
calculated by the previous computational model is 0.8848). The other six test
images are generated by changing the position of image elements based on
the reference image, excluding the influence of color and other image details
on the test. Using the subjective evaluation method, the participants of the
experiment were invited to score each picture based on the picture symmetry,
so as to obtain a group of subjective scores on the six test pictures.

Then useMatlab to obtain the total area and centroid coordinates of visual
elements, and then obtain a new set of BM values (see Table 1) through the
calculation formulas (5) and (6). The obtained subjective score data are basi-
cally fitted with the two groups of BM values respectively. Here, the basic
fitting tool in Matlab is used to determine whether the improved evaluation
model has better fitting effect and is more suitable for practice.

Experimental Subjects

Fifteen subjects, aged from 18 to 26, were randomly selected, including
12 females and 8 males. Among the 20 subjects, 10 were from design educa-
tion background and 5 had no design education background, so as to ensure
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Figure 3: Experimental test image.

Table 1. Comparision of BM values under two calculation.

the objectivity of the subjects’ evaluation of picture balance. All participants
had normal vision or corrected to normal, and normal color vision.

Experimental Stimulate

In this experiment, six test images are selected, each of which contains an
element with strong visual attraction. They are generated by transforming
the element position of a reference image containing five elements, as shown
in Fig. 3. Although the page elements are the same, the change of element
position can be perceived. In order to facilitate the experimental verification,
the basic graphic elements are selected to replace the real image.

Experimental Procedure

The experiment was conducted in an environment with sufficient light and
no noise interference. Use image playback software to display customized
benchmark images and other test charts. First, the subjects were invited to
be familiar with the reference image without time limitation; Then, score the
balance of other images according to the reference image (1 to 7 points), and
record the score. The display parameters used in the experiment are 15.6-inch
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Figure 4: Regression curve of aesthetic evaluation based on original calculation model.

Figure 5: Regression curve of aesthetic evaluation based on the calculation model of
seeking element particle.

LCD with a resolution of 1920x1080 pixels. During the test, all test images
and reference images are displayed horizontally in separate screens. The tester
is required to make a quick judgment based on the balanced layout of the
test chart, so as to avoid other details of the image affecting the subject’s
judgment.

The score of the reference image is defined as 7 points. The subjects are
required to evaluate the aesthetic attraction of the randomly played test image
according to the given reference image. After scoring a test chart, the subjects
need to browse the reference chart again to avoid the front and back inter-
ference between the test images. The higher the score of the test image, the
better the visual aesthetic attraction of the image.

Comparision of Experimental Results of Computational Models

We conduct multiple linear analysis between the subjective score and the
results of the two evaluation models to explore whether the improved calcu-
lation method is more in line with people’s perceptual aesthetics. The focus
of this research is to compare the two aesthetic evaluation methods with
the user’s subjective preference, so the number of multiple linear regression
equation has no effect on the experimental results. For the convenience of
calculation, the quadratic regression equation is selected this time. Figure 4
and 5 show the subjective evaluation values under the two computational
models. In the figure, the y-axis represents the score of subjective score,
and the x-axis represents the aesthetic attraction calculated by the two
models. Firstly, the original model is fitted with polynomial data to obtain
the equation y = 165x−172.6x2−35.02, and the value of R2 is 0.03599.
Then, the improved computational model is analyzed and the equation is
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obtained, y = 21.77x−19.74x2−1.481, and the value of R2 is 0.217. Com-
paring the value of R2, the model with larger R2 value has better fitting
effect, which means that the evaluation model is more effective. Although
the R2 values of the two computational models are lower, we can observe
that the R2 value of the calculation model based on seeking the particle
of image elements is significantly higher than that of the original model,
which indicates that the improved calculation method has better fitting effect
and can better reflect the user’s aesthetic perception of interface element
layout.

DISCUSSION

Because the balance (BM) occupies a considerable proportion in the subje-
ctive aesthetic evaluation of images, the BM value is mainly selected in this
experiment to test the calculation model methods, and the differences betw-
een aesthetic calculation methods are shown through BM. In the process of
testing the test results, the advantage of the improved model is more in line
with people’s aesthetic preferences than the original model, but the two fit-
ting results are not very good, the value of R2 is lower than 0.4, there are
many reasons for this situation. For example, other page evaluation indica-
tors, such as simplicity, integrity, and complexity, are not considered in this
experiment, and the number of samples is very limited.

In the future research, we should introduce real images in reality for
further experimental verification to explore whether this research method
has a significant impact on complex real images. To explore whether there
is a difference between the complex real images and the simple abstract
graphics.

CONCLUSION

On the basis of previous research work, this study partially modifies and
supplements the aesthetic evaluation formula, and constructs a computa-
tional method based on seeking the particle of image elements; Then the
subjective scores of the subjects were obtained through multiple test ima-
ges and subjective evaluation; Finally, taking BM as an example, the data
of the two groups of evaluation models and the user’s subjective evaluation
scores are fitted by multiple linear fitting. The experimental results show
that the new aesthetic calculation concept is more in line with the user’s
preference to a certain extent, which is helpful to improve the potential
of the original aesthetic computational model. In the future, the method
of aesthetic calculation may be combined with computer technology, color
recognition, and other technologies to better assist the layout of page ele-
ments and scientifically guide the improvement of page layout. However,
there are still many deficiencies in this study. For example, in more com-
plex scenes, whether the aesthetic evaluation method based on seeking the
particle of image elements is still effective needs further research in the
future.
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