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+e traditional methods for generating digital art composition have the disadvantage of capturing incomplete geometric in-
formation, which leads to obvious defects in the generation results. +erefore, a digital art composition generation method based
on the multilabel learning algorithm is proposed in this research. Firstly, a preset series of grids are prepared to generate sampling
and fractal pixels on the drawing base. +en, the preset grid construction is constructed by the interactive program of the preset
grid library. After the stroke is drawn by the user, the actual motion trajectory of the pen is sampled by the digital panel, and the
stroke information in the motion trajectory is obtained by the multilabel learning algorithm. Next, the steps of generating art
composition are designed, including generating the skeleton of art composition, generating the geometric network structure of the
skeleton, generating the sampling pixel and connecting the fractal pixel, and initializing other attributes of the mesh. Experimental
results show that the proposed method has higher sampling rate and geometric information capture rate and has better ap-
plication performance and prospect.

1. Introduction

As a new form of painting, digital painting is produced and
perfected with the continuous development of digital
technology [1]. Digital painting inherits the development
characteristics of contemporary and modern painting art,
including diversification and practicality. Specifically, di-
versification refers to the diversification of styles and ex-
pressions of painting. Before the 20th century, painting
styles in each historical period often only had one main-
stream form, and one style could represent a specific his-
torical era, such as the Impressionism, Renaissance, and
Christianity in the west, as well as scholars, academies, and
Taoist schools in China. However, after the 20th century,
there were many painting genres at the same time, such as
Pop Art, Abstract Expressionism, Surrealism, Expression-
ism, Abstractionism, Dadaism, Cubism, Fauvism, and other
painting genres with different forms of artistic thinking,
which emerged one after another and then developed to-
gether [2]. In digital painting, these genres are prosperous.

Practicality refers to the continuous enhancement of the
practicality of the painting and the continuous expansion of
the application field. Before the 20th century, whether it is in
the east or the west, the expression of the painting was a
work of art, and the rich and powerful were keen to regard it
as a luxury for collection. In addition to preserving this form,
modern painting has also penetrated into various fields.
Digital painting has become a basic technical means in many
fields, including film, animation, costume design, public art
design, architectural landscape design, illustration, and
advertising [3]. In the field of digital painting, the problem of
digital art composition generation is the current research
hotspot [4].

Great attention is paid to the research on the generation
of digital art composition. Among them, due to the in-depth
research on the digital painting, the international research
on the generation of digital art composition has been carried
out very early. Some scholars have proposed a digital art
composition generation method based on the agent model.
+e Chinese research on the generation of digital art
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composition has only lasted for decades, but certain research
results have also been achieved. Some scholars have pro-
posed a digital art composition generation method based on
interactive technology.

Because the above methods have problems in sampling
and capturing geometric information, a multilabel learning
algorithm is applied in the process of research on the digital
art composition generation method, and a digital art
composition generation method based on multilabel
learning algorithm is proposed.

2. Related Works

In this section, related works are reviewed and analyzed.
+e objective of Ramanto et al. [5] was to make a

framework that could haphazardly produce music that fits
the mood from the manual client input. Markov chain is a
stochastic model utilized in displaying the segments of the
music structure. For the procedurally created to satisfy the
mindset of the client, distinctive boundary esteems for every
synthesis segment are apportioned for every mindset. +ese
segments incorporate tempo, pitch range, note esteems,
harmony type strength, and tune notes. +e execution of the
procedural music generation framework is then assessed by
overviews and analyses. +e assessment yielded results that
guarantee the capacity of the music generation framework to
fit the mood input.

In [6], a modeling technique for advancement is created
utilizing an arithmetical model of plan details, prerequisites,
and binary codes to apply formal strategies for check, model-
based testing, just as techniques for mathematical coordi-
nating.+e details of the arithmetical equipment model have
conducted polynomial math decided on a bunch of activities
and practices.

In [7], a smart music composition neural network is
proposed to naturally create a particular style of music. In
this construction, themusic grouping is obtained through an
entertainer’s long transient memory and then, at that point,
fixed the likelihood of arrangement by a prize-based system
that fills in as criticism to improve the exhibition of music
synthesis. +e music hypothetical principle is acquainted
with compelling the style of produced music. A subjective
approval in the trial is additionally proposed to ensure the
predominance of the model contrasted and cutting edge
works.

In [8], first, through the elaboration of the neural net-
work techniques dependent on deep learning, the recurrent
neural network (RNN), long short-term memory (LSTM),
and gated recurrent unit (GRU) networks were presented,
and the deep learning-based GRU-RNN programmed piece
model was built. Second, the blockchain innovation was
broken down and communicated, and the issues in the
conventional copyright security and the board of comput-
erized music were dissected. +e three perspectives, i.e.,
possession, right of utilization, and right insurance, were
completely thought of, and the blockchain innovation was
incorporated into the copyright security and the board of
computerized music. At last, the manual investigation as-
sessment and delay examination were chosen as the pointers

to dissect and portray the music structure nature of the
GRU-RNN model, just as breaking down the improvement
of the computerized music market incorporated with
blockchain innovation. +e outcomes positively affect ad-
vancing the turn of events and the utilization of deep
learning strategies and blockchain innovation in comput-
erized music.

It is generally acknowledged that computational advances
shape the relationship of performers, instrument manufac-
turers, and writers with music, influencing different socio-
social authenticities in music. In [9], it is reported that the
possible ways of music production arise as a social build even
because of the common collaboration with human performers
and AI-controlled self-ruling instruments. It is contended that
structure, making, and performing with a computerized in-
strument have gone through a slow sociomechanical change
that has influenced workmanship, science, innovation, culture,
and networks in general.

In [10], a novel technique for creating theoretical art-
works is presented. +e public artwork dataset WikiArt is
utilized, and a K-means calculation is planned that conse-
quently tracks down the ideal K worth to perform shading
division on these pictures and partitions the images into
various shading blocks. Tests showed that the subsequent
unique artistic creation has an extraordinary visual effect,
and some of them have been introduced as enhancements
openly and private spaces, just as craftsmanship founda-
tions. Likewise, a few specialists and architects have utilized
the outcomes in their work.

An algorithm is introduced in [11] to produce digital
painting lighting impacts from a solitary picture. +e pro-
posed calculation is content-mindful, with created lighting
impacts normally adjusting to picture structures, and can be
utilized as an intuitive instrument to improve on current
labor-intensive work processes for producing lighting im-
pacts for advanced and matte canvases. Likewise, this
procedure can deliver usable lighting impacts for photos or
three-dimensional delivered pictures. Results show that this
methodology can altogether decrease the required collab-
oration time.

Computer-based intelligence innovation is generally
utilized in different fields, including painting. Nonetheless,
the mechanical idea of AI painting’s own expressive pro-
cedures restricts its differentiated determination of painting
materials and the setting of brush boundaries, and its
showstoppers cannot accomplish the distinctive and ac-
culturated expressive style of the conventional canvas. As a
result of science and innovation, with the persistent ad-
vancement of science and innovation and the progression of
time, the creative substance of works will increment. Ad-
vanced innovation ought to be viewed as an apparatus and
means for imaginative creation. Just the ideal mix of
computerized innovation and conventional composition
structures can be helpful for the inventive advancement of
workmanship and the feasible improvement of science and
innovation and humanities. In light of this, the examination
directed in [12] has concentrated on how to rationalistically
take a gander at the incorporation of AI innovation and
conventional artwork artistic expressions.

2 Mathematical Problems in Engineering



According to the discussions that took place, great atten-
tion is paid to the research on the generation of digital art
composition. Among them, due to the in-depth research on
digital painting, international research on the generation of
digital art composition has been carried out very early. Gen-
erally, some scholars have proposed a digital art composition
generation method based on the agent model. In addition,
some others have proposed a digital art composition generation
method based on interactive technology. However, the current
methods have problems in sampling and capturing geometric
information. +erefore, in this paper, a new digital art com-
position generation method based on a multilabel learning
algorithm is proposed.

3. Design of the Digital Art Composition
Generation Method Based on Multilabel
Learning Algorithm

3.1. Preset Grid Construction. In the generation of digital art
composition, a series of preset grids must be prepared first to
generate sampling primitives and fractal primitives on the
painting base [13]. To construct the preset grid through the
preset grid library interactive program, the specific opera-
tions are as follows:

(1) Initialize the rectangular grid: the user inputs the
grid resolution and the rectangular range, and the
preset grid library interactive program can generate a
uniformly distributed quadrilateral grid in the preset
rectangular range and display it to the user [14].

(2) Read a grid in the preset grid library: the user selects
a grid from the stored grid library, and the preset grid
library interactive program displays the grid to the
user [15].

(3) Select the 2D space transformation and apply it to
the selected grid: select a transformation in the
transformation function library, and enter the de-
fault parameters or the parameters that require
transformation based on the interface prompts.
When inputting the parameters, the user can preview
the transformed grid. After the user confirms, the
interactive program implements the transformation
to the grid [16].

(4) Input the complex variable function to implement
the complex transformation of the grid: input the
function expression in the form of a string, and the
interactive program implements the function to the
grid [17]. When applying a complex variable func-
tion, the ordinate and abscissa of the grid are cal-
culated as the imaginary and real parts of the
complex number.

(5) Save the current grid in the preset grid library.

+e specific process of creating the preset grid is shown
in Figure 1 [18].

3.2. Get Stroke Information. +e tilt, pressure, and position
of the digital pen can be sensed by a digital panel. After the
user draws the strokes, the digital panel is used to sample the
actual motion trajectory of the digital pen, and the stroke
information is obtained from the motion trajectory through
the multilabel learning algorithm [19].

Five sampling sequences with the same length can be
obtained during sampling, as shown in Table 1 [20].

Among the five acquired sampling sequences of the same
length, the first four are data acquired by direct sensing
digital pens, which need to be preprocessed as follows.

Sequence T is processed into a normalized time within a
stroke; that is, the following calculation is performed for the
absolute time value [21].

Step 1: conversion to relative time, which is achieved by

tn � tn − t1,

tn−1 � tn−1 − t1,

. . .

t2 � t2 − t1,

t1 � 0.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

Step 2: normalization, which is achieved by

ti �
ti

max t1, t2, ..., tn( 
. (2)

After the above transformation, t1 � 0, tn � 1, and other
parameters are between t1 and tn [14].

All the coordinate values of the sequence C are directly
transformed from the coordinate values of the drawing
board to the coordinate values of the bottom of the drawing
[15].

Sequence F is normalized by

fi �
fi

max f1, f2, ..., fn( 
. (3)

+e value in the sequenceΘ is directly converted into the
corresponding radian value of the included angle of the x-
axis [16].

Sequence V is output through these four sequences, and
the specific steps are as follows.

Step 1: calculate the absolute speed, which is achieved
by

vxi �
xi − xi−1

ti − ti−1
,

vyi �
yi − yi−1

ti − ti−1
,

i> 1, vx1 � vx2, vy1 � vy2.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)
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Step 2: normalize the speed, which is achieved by

vxi⟵
vxi

vmax
,

vyi⟵
vyi

vmax
,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(5)

where vmax represents the maximum running speed of the
digital pen, which is obtained by

vmax � max
�������
v
2
xi + v

2
yi


 ,

i � 1, 2, . . . , n.

⎧⎪⎨

⎪⎩
(6)

+e above sequences are all discrete stroke information,
which needs to be transformed into a continuous parameter
equation [22]. For five sequences, the sequence T is regarded
as the parameters of other sequences, and the other se-
quences are transformed into continuous parameter equa-
tions through linear interpolation as expressed by

C(t) � τCi +(1 − τ)Ci+1,

F(t) � τFi +(1 − τ)Fi+1,

Θ(t) � τΘi +(1 − τ)Θi+1,

V(t) � τVi +(1 − τ)Vi+1,

t ∈ ti, ti+1 ,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(7)

where τ represents the continuous parameter threshold, and
it can be calculated by

τ �
t − ti

ti+1 − ti

,

i � 1, 2, . . . , n.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(8)

According to the above parameter equations, a multi-
label learning algorithm is used to classify and derive the
corresponding geometric information of the stroke trajec-
tory [18].

Derived C(t) is expressed in the component form, as
given by

C(t) �
x(t),

y(t),
 (9)

where x(t) and y(t) represent the component coordinates of
C(t) [19].

According to the above formula, the corresponding
equation of the corresponding tangential parameter C′(t) of
the stroke trajectory is given by

C′(t) �
x′(t),

y′(t),

⎧⎨

⎩ (10)

where x′(t) and y′(t) represent the component coordinates
of the tangential parameter C′(t) [20].

+e equation corresponding to the unit tangential pa-
rameter is as follows:

C″(t) �

Cx(t)

Cy(t)
�

x′(t),

C′(t),

y′(t),

C′(t),

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(11)

where C″(t) represents the unit tangential parameter and
Cx(t) and Cy(t) represent the component coordinates of the
unit tangential parameter.

+e normal parameter equation corresponding to the
stroke trajectory is as follows:

N(t) �

Nx(t) � x′(t)cos −
π
2

  − y′(t)sin −
π
2

 ,

Ny(t) � x′(t)sin −
π
2

  − y′(t)cos −
π
2

 ,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(12)

where N(t) represents the normal parameter corresponding
to the stroke trajectory and Nx(t) and Ny(t) represent the
component coordinates of the normal parameter [21].

In this way, one stroke can be used to derive the mul-
tiparameter equations of geometric information through the
following:

S(t) �〈C(t), C′(t), C′(t), N(t), N(t), F(t),Θ(t), V(t)〉,

t ∈ [0, 1],

⎧⎨

⎩

(13)

where S(t) represents the multiparameter equation group of
the derived geometric information, i.e., the stroke information.

3.3. Art Composition Generation. Based on the obtained
stroke information, the art composition is generated in four
steps. +e first step is to generate the skeleton of the art
composition, the second step is to generate the geometric
network structure of the skeleton, and the third step is to
generate sampling primitives and connect fractals. For
primitives, the fourth step is to initialize other properties of
the grid [23].

+e specific steps are as follows:

Step 1: the skeleton of the art composition is the central
axis, which is a series of coordinate values obtained by
determining the coordinate values of each vertex.
Step 2: extend each node of the skeleton to both sides to
generate branch lines with nodes, and connect all
branch lines to form a grid. +e extension mechanism
is controlled by adjusting the preset parameters to
control the overall structure of the grid.
Step 3: generate a quadrilateral grid with the same
resolution as the fractal primitive; that is, sample the
primitive, and connect it with the fractal primitive.
Step 4: the first three steps have determined the specific
position of the art composition, and then initialize
other parameters based on the preset parameters, in-
cluding attenuation parameters, image processing
functions, activity periods, color channels, and input
terminals.
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4. Experiment of Art Composition Generation

4.1. ExperimentalDesign. In order to verify the performance
of the digital art composition generation method based on
the multilabel learning algorithm, an experiment was carried
out. +e tool used in the experiment was a digital painting
tool, and its framework is shown in Figure 2.

+e digital painting tool can implement a total of five
painting modes, including collage, prepainting, selection,
brush, and color mode. +e specific implementation
methods are shown in Table 2.

+is digital painting tool was used to test the perfor-
mance of the digital art composition generation method
based on multilabel learning algorithm. +e sampling rate
and geometric information capture rate of this method were
obtained and used as experimental data. In order to avoid
the lack of convincing results of this experiment, the two
existing digital art composition generation methods were
used for comparison in the experiment. +ese two existing
digital art composition generation methods included agent-
based and interactive technology-based digital art compo-
sition generation methods. +e performance test of these

(a) Create a rectangular mesh

(b) Apply “shear”

(c) Imposed transformation “f (z) = Z2”

Figure 1: +e specific process of creating a preset grid.
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two methods was also performed, and the sampling rate and
geometric information capture rate of these two methods
were obtained and used as comparative experimental data.
+e sampling rate and geometric information capture rate of
the three digital art composition generation methods are
analyzed and compared.

4.2. Experimental Results

4.2.1. Sampling Rate. In the test of digital art composition
generation, the sampling rate data of the digital art com-
position generation method based on the multilabel learning
algorithm and based on the agent model and interactive
technology are shown in Table 3. In addition, the results are
also displayed in Figure 3 for a better comparison.

According to Table 3 as well as Figure 3, in the test of
digital art composition generation, the sampling rate of the
digital art composition generation method based on the

multilabel learning algorithm was higher than that of the
method based on the agent model and interactive
technology.

4.2.2. Geometric Information Capture Rate. Table 4 presents
the geometric information capture rate of the digital art
composition generation method based on the multilabel
learning algorithm, agent model, and interactive technology.
In addition, the results are also displayed in Figure 4 for a
better comparison.

According to Table 4 as well as Figure 4, in the test of
digital art composition generation, the geometric infor-
mation capture rate of the digital art composition generation
method based on the multilabel learning algorithm was
higher than that of themethod based on the agent model and
interactive technology.

Based on the above experimental results, the sampling
rate and geometric information capture rate of the digital art

Table 1: Five sampling sequences of the same length obtained during sampling.

Sequence marker Sequence element tags Meaning
T t1, t2, . . . , tm Represents the normalized relative time of each sampling point
C C1 � (x1, y1), C2 � (x2, y2), . . . , Cn � (xn, yn) Trajectory coordinates of the digital pen on the bottom
F f1, f2, . . . , fn Pressure applied to the drawing board by the digital pen
Θ θ1, θ2, . . . , θn Tilt direction of the digital pen
V (vx1, vy1), (vx2, vy2), . . . , (vxn, vyn) Indicates the speed of the digital pen during operation

Basic I/O equipment
physical space

Digital space

Painting
bottom

Draw
area

Graphical
interface

image
processing

Drawing
module

Figure 2: Framework of the digital painting tool.

Table 2: Realization of painting modes.
Number Painting mode Implementation mode
1 Color matching mode Add some color processing methods in image processing, and let users interact through graphics.
2 Brush +e interface specifies the processing parameters and controls the color of the output image.
3 Constituency An image processing mechanism, which can filter out a special target in the video image.

4 Preprocessing the
background +e user can draw with the object in the way of “stroke” in front of the camera.

5 Collage Let the user specify a specific area on the bottom of the painting. When painting, the pigment can
only affect the selected area.
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Table 3: Experimental data of sampling rate.

Grid size Sampling rate (frame/s)
Method based on multilabel learning algorithm Method based on the agent model Method based on interactive technology

1× 1 32.5 25.3 22.3
2× 2 30.8 23.6 20.4
3× 3 28.6 22.9 17.3
4× 4 26.7 21.3 16.8
5× 5 25.1 21.0 15.2
6× 6 23.8 18.0 13.7
7× 7 21.7 15.9 11.7
8× 8 18.2 15.2 10.2
9× 9 17.9 13.2 9.3
10×10 17.2 11.8 9.0

35
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g 
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te 25

20

15

10

5

0
1×1 2×2 3×3 4×4 5×5

Grid size
6×6 7×7 8×8 9×9 10×10

Multi label learning algorithm
Agent mode
Interactive technology

Figure 3: Results of the sampling rate.

Table 4: Experimental data of geometric information capture rate.

Grid size Geometric information capture rate (%)
Method based on multilabel learning algorithm Method based on the agent model Method based on interactive technology

1× 1 98.34 94.23 89.62
2× 2 98.32 94.22 89.60
3× 3 98.30 94.19 89.59
4× 4 98.27 94.17 89.61
5× 5 98.25 94.15 89.58
6× 6 98.21 94.13 89.50
7× 7 98.20 94.11 89.54
8× 8 98.18 94.18 89.53
9× 9 98.17 94.08 89.50
10×10 98.13 94.10 89.55
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Figure 4: Results of the geometric information capture rate.
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composition generation method based on the multilabel
learning algorithm were higher than those of the two
comparative digital art composition generation methods,
indicating its better performance.

5. Conclusion

By designing a digital art composition generation method
based on multilabel learning algorithm, the sampling rate
and geometric information capture rate are improved.
However, the stroke information data obtained in the design
of the method contain redundant data, and the processing of
the redundant data will be investigated in the future.

Data Availability

All the data used to support the findings of this study are
available from the corresponding author upon reasonable
request.
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