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3D virtual visual plane design method based
on ordered point sequence under the
influence of COVID-19

Zhang Xi∗
Lanzhou Jiaotong University, Lanzhou, Gansu, China

Abstract. The transmission routes of novel coronavirus pneumonia include direct transmission, aerosol transmission and
contact transmission. Therefore, the novel coronavirus pneumonia has been spread very quickly. This has a certain impact on
the development of graphic design. Graphic design plays an important role in product design. However, the traditional aided
design method is too complex, and it is difficult for designers to design works that meet their own needs. In the design of
3D virtual vision graphics, the distance calculation of time series is not accurate. This kind of error will bring some errors to
the design of complex curved surface products. In order to measure the similarity of time series effectively, the calculation
principle of Euclidean distance and dynamic bending distance is analyzed. Combined with the advantages of these two
methods, a new distance calculation method based on morphological fitting is proposed. In this paper, through the research
of ordered point sequence, the 3D virtual design method is used to improve the design effect, which has reference value for
the design of works that meet the requirements of designers during the popularity of COVID-19.
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1. Introduction

The World Health Organization (WHO) said in
June 19th that the new corona virus is still spreading
rapidly around the world, and countries should pre-
vent new epidemic peaks. According to WHO data,
more than 150000 new cases were reported to WHO
in 18 countries, nearly half of them from the Amer-
icas, and a large number of cases were also reported
in South Asia and the Middle East.

The transmission routes of novel corona virus
pneumonia are direct transmission, aerosol trans-
mission and contact transmission. Therefore, novel
corona virus pneumonia has been spread very
quickly. This has a certain impact on the development
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of graphic design. Graphic design is an important
stage of product design, which has a great impact on
product performance, quality and market response,
especially product innovation. Graphic design is
an innovative activity. The traditional aided design
method requires users to choose the set image tem-
plate in many menus. It is not only complicated to
operate, but also the designer is unable to design
works that meet their own requirements, and the
intention expression is not accurate [1, 2]. For this rea-
son, this paper designs a new graphic design method
based on 3D virtual vision technology, which realizes
graphic design through 3D modeling of hand-painted
works, with strong independence.

In addition, the distance calculation of time series
is not accurate in the shape fitting of 3D virtual
visual graphic design [3]. This kind of inaccuracy will
bring some errors to the design of complex surface
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products. In order to effectively measure the sim-
ilarity of time series, based on the analysis of
the calculation principles of Euclidean distance
and dynamic bending distance, combined with the
advantages of these two measurement methods, a
method of distance calculation of time series based
on morphological fitting is proposed. The ordered
point sequence is used to reduce the dimension of
time series in sections, and the reduced dimension
sequence is fitted with shape to calculate the dis-
tance between the sequences after shape fitting. The
experimental results show that this method has the
advantages of high accuracy and high efficiency.

2. Graphic design method based on 3D
virtual vision technology

2.1. Development environment

To build a good 3D virtual model, we need to use
appropriate technology and tools according to the
characteristics of the target object [4–6]. This paper
mainly uses VRML technology and 3DS MAX tech-
nology to build three-dimensional virtual model. The
operating system is Windows 2000, VRML editor is
VrmlPad2.0, Java editor is 3DS MAX 3.1 Chinese
version, and VRML browser is ComsoPlayer 2.1 [7].
System environment configuration mainly includes
Java program development environment configura-
tion and server configuration. In the configuration of
Java programming environment, it is relatively diffi-
cult for the operating system to query and edit files,
and when the set command is used, the system must
be reconfigured every time it is turned on, which
wastes a lot of time. Therefore, the system property
dialog box is used to SET the variable value. In the
process of server configuration, the Tomact 4.1 server
version is adopted because there is no server version
in the operating system Windows 2000 [8].

2.2. Acquisition and preprocessing of hand
drawn strokes

This section mainly introduces the process of
stroke acquisition and stroke preprocessing, which
includes stroke denoising and stroke curve fitting.

2.2.1. Obtaining hand drawn strokes
First of all, the process of obtaining hand drawn

strokes is introduced: hand drawn with mouse, and a
stroke is formed by the sequence of acquired ordered

points. A stroke describes the ordered sequence of
several points R [9–13]:

R = {qi |0 ≤ i ≤ M − 1 } (1)

Where qi is the point in the display. Set the speed
of each point, that is, vi = ∣∣−−−→qiqi+1

∣∣. The faster the
drawing speed is, the more scattered the points are,
and the faster the acquisition points are.

2.2.2. Denoising of hand drawn strokes
When using mouse to draw, hand jitter will produce

noise. In addition, when the input stroke information
is transformed into the coordinate points on the dis-
play screen, there will also be noise due to certain
errors. The lower the resolution of the display, the
greater the error. In this section, smooth denoising
method is used for denoising.

The basic idea of smooth denoising is to correct the
current point value with the neighboring point value.
If Equation (1) is smoothed, there are:

R = {qi |0 ≤ i ≤ M − 1 } (2)

Among them:

qi −
i+N∑

j=i−N

wjqj (3)

Where: wj is used to describe the weight value of
qj; N is a positive integer, and the larger its value is,
the smoother the obtained hand drawn strokes are.

2.2.3. Curve fitting of hand drawn strokes
This section uses quadratic B-spline curve to fit

hand drawn strokes. B-spline curve controls the curve
shape through multiple control points. The formula
is described as follows:

G(w) =
m∑

n=0

gnfn,l(w) (4)

In the formula, the initial wmin ≤ w ≤ wmax; 2 ≤
l ≤ m + 1; gn is used to describe the input m + 1
control points; fn,l(w) is used to describe the B-spline
mixed basis function.

It can be seen from Equation (4) that the point
G(w) on the fitting curve is mainly determined by
the control point gn. The inverse subdivision method
is used to reduce the noise of B-spline to ensure that
it has the same control points.

The inverse subdivision method can divide the data
into rough part and detail part. The detail part is
mainly composed of the noise which can be removed,
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and the rough part can be regarded as the control point
gn which needs to fit the curve.

If a0, a1, a2, · · · , am are used to represent
the points before the inverse subdivision, and
b0, b1, b2, · · · , bm are used to represent the points
of the rough part after the inverse subdivision, there
are:

B = S × A (5)

Where A = [a0, a1, a2, · · ·, am]T

and

B = [b0, b1, b2, · · ·, bn]T ; S =
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According to Equation (5), n becomes almost half
of m after one subdivision. Then the final point set G
is the control point to fit the curve.

Because the strokes have been sampled and
smoothed, only one inverse subdivision of point set
G is needed to obtain the control points, so that the
fitting curve consistent with the original input can be
obtained.

By fitting the curve, the stroke points are evenly
distributed and the points can be adjusted adaptively,
which makes the 3D model grid of graphic design
easy to manage and operate.

2.3. 3D virtual modeling of hand drawn strokes

After obtaining and preprocessing the hand-
painted strokes, the 3D virtual modeling is carried
out to realize the graphic design. For multi stroke
input, the input stroke information is saved by quadru-
ple H(αi, βi, χi, δi) All elements are saved by class

library. Among them, α is used to describe the rec-
ognized stroke information, β is used to describe the
spatial position, χ is used to describe the topolog-
ical information of the input stroke, and δ is used
to describe the stroke features. The stroke informa-
tion obtained after the processing is described by
Ui, and the constraints that meet the design con-
ditions are described by Di. The spatial position
and topological information of strokes are mainly
obtained through the stroke recognition process.
Save the information of the strokes designed by the
designer, find out the plane angle of different strokes,
and get the space position between strokes. The
three-dimensional modeling process of designer’s
hand-painted works is as follows:

1) The input information H(αi, βi, χi, δi) is ini-
tialized;

2) Identify the strokes drawn by the
designer:H(αi, βi, χi, δi) → Ui(Di) if it
is a single stroke, output the result; otherwise,
continue to the next step;

3) Reasoning on the constraints of combination
conditions of design works:

Dm(Ui ∧ Ui−1 ∧ · · · ∧ U1) → Um(Uj(Uk),

· ··, Un(Dl), Dm)

4) Judge whether Um belongs to the known model,
if so, insert it into the model to realize 3D model
construction; otherwise, repeat step 1).

In the above process, the purpose of step 2) is to
identify the input hand drawn strokes, form the basic
image information U, and judge whether the mod-
eling process is single stroke or multi stroke through
interactive processing. If it is a single stroke, the result
will be displayed; otherwise, continue to the next step,
and achieve the matching through constraint solving,
so as to obtain the 3D model U.

2.4. Realistic rendering of graphic design works

After the establishment of three-dimensional
model of graphic design work, it is necessary to ren-
der its reality. In this section, color rendering is used to
improve the visual effect. Color rendering can make
the 3D modeling effect colorful. When color render-
ing, you need to set color array for all vertices, and
the vertex color is:

k [i]
[
j
] = boc + (toc − boc)/j × i (6)
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Where: boc is used to describe the bottom color;
toc is used to describe the top color; k [i]

[
j
]

is used
to count the jth color value of the ith layer.

3. Euclidean distance and dynamic bending
distance calculation

GEMINI framework is proposed to solve the mod-
eling method of time series, and becomes the main
framework of time series. Generally, time series
with length of N can be regarded as a point in N-
dimensional space, and these points can be indexed
by multidimensional indexing mechanisms such as
R-tree and K-D tree. However, the existing methods
are generally only effective for points in 8–10 dimen-
sional space, and the actual time series data are often
It will be far beyond this limit, resulting in a sharp
decline in performance, leading to the “dimension
disaster” problem. A large number of distance mea-
surement studies based on GEMINI framework use
the European distance and dynamic bending distance
(DTW).

Define 1 time series. Time series T = t1, t2, . . .
tn, is a series of orderly arranged observation values,
which can be values or vectors; the observation value
of T is defined as the sequence point of T, ti represents
the ith sequence point of T, i is the index number of ti;
the number of sequence points of T is defined as the
length of sequence T, which is recorded as Tlen = n;
it is usually a simple description, referred to as time
series.

3.1. Euclidean distance calculation

Euclidean distance is a widely used similarity mea-
sure of time series, which was widely used in the early
stage of time series similarity research. Its calculation
formula is

Deuc(X, Y ) = ‖X − Y‖ =
√√√√

n∑
i=1

(xi − yi)2 (7)

The experimental sequence is given:

Test- X = 17.223 5,21.7889,23.8187,
28.0992, 29.2357, 32.1344, 43.1505,
44.4259, 38.6312, 32.2653, 34.8402,
25.9655, 23.7696, 18.9009, 12.8192,
20.8196, 29.5038, 35.8682, 39.2315,
46.9979, 44.0014, 37.8552, 41.0403,
29.2411, 25.4182, 19.9570, 11.8583,

Fig. 1. Calculation effect of European distance.

22.3583, 21.6046, 31.2824, 34.6503,
44.6238, 38.3330, 47.4585, 40.0818,
29.0800, 27.5489, 17.7724, 16.1624,
22.6897;
Test-Y = 15.6932,22.6271,35.4492,
41.4701, 45.5868, 42.5029, 33.1578,
33.9853, 19.0391, 14.6295, 15.2926,
24.0683, 24.7247, 37.9322, 47.5312,
47.9608,38.2376,33.4948,31.8874
17.4009, 14.9492, 15.0030, 23.2439,
26.7731, 34.7717, 40.3571, 38.0118,
39.9174, 35.4881, 24.5046, 21.6087,
14.4941, 14.8137, 24.6532, 35.3538,
40.3240, 47.4154, 39.0893, 39.7996,
24.0185.

Figure 1 shows the effect diagram of Euclidean
distance calculation between Test X (time series 1)
and Test Y (time series 2).

The Euclidean distance requires that the length of
the sequence to be calculated is equal, which has the
advantages of intuitionistic and simple calculation.
For the sequence of length n, the time complexity is
O (n), but it calculates the sequence point-to-point
according to the time axis, and has the disadvantage
of low calculation accuracy for the non-constant sen-
sitivity of the sequence points, such as dislocation,
displacement and mutation.

3.2. Calculation of dynamic bending distance

Dynamic bending distance is first applied success-
fully in the field of speech digital processing, and then
it is introduced into time series data mining

For time series X = x1, x2, · · ·, xm and Y =
y1, y2, · · ·yn dynamic bending distance can be recur-
sively defined as
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Fig. 2. The effect diagram of DTW distance calculation.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Ddtw(〈〉, 〈〉) = 0;

Ddtw(X, 〈〉) = Ddtw(〈〉, Y ) = ∞;

Ddtw(X, Y ) = d(x1, y1)+

min

⎧⎪⎪⎨
⎪⎪⎩

Ddtw(X, Re st(Y )),

Ddtw(Re st(X), Y ),

Ddtw(Re st(X), Re st(Y ));

d(x, y) = ‖x − y‖ ,

Where: Re st(X) = x2, x3, · · ·, xm; Re st(Y ) =
y2, y3, · · ·, yn The calculation results of dynamic
bending distance between Test X and Test Y are
shown in Fig. 2.

The essence of the dynamic bending distance cal-
culation method is to find the best fitting shape of the
sequence through the displacement of the sequence
point on the time axis, and calculate the sequence
distance after the shape fitting. It has the advantages
of high accuracy in calculation, but its calculation
time complexity is very high. For the sequence with
length of m and n respectively, the time complexity of
O(mn) is needed to accurately calculate the dynamic
bending distance.

4. Distance calculation based on shape fitting

4.1. Calculation principle

The time complexity of the Euclidean distance cal-
culation method is O(n), which has a high calculation
efficiency, but the calculation accuracy is very low
and the leak rate is very high; the calculation accu-
racy of the dynamic bending distance is very high,
but its calculation time complexity is O(mn), which
cannot be applied to the system with high real-time
requirements; the defects of the two methods limit
their application in practice.

The reason why the accuracy of the Euclidean
distance calculation is not high is that the method
carries out strict point-to-point calculation for the
sequence according to the time axis without con-
sidering whether the overall shape of the sequence
corresponds to each other; the calculation of the
dynamic bending distance allows the sequence points
to move backward on the time axis, and the calcu-
lation result is the result of the best fitting of the
overall shape of the sequence, and the calculation
result of the dynamic bending distance meets the
overall calculation The disadvantage of the Euclidean
distance calculation method is that it does not con-
sider whether the overall shape of the time series fits,
The solution is to fit the shape of the sequence. The
disadvantage of dynamic bending distance calcula-
tion is the length of the sequence, and there is the
problem of dimension disaster. In order to solve the
problem of dimension disaster, we usually reduce the
dimension of the sequence, Keogh and others noticed
that most of the sequences can be processed in the
average section, and then use the mean value of the
data in the section to represent the whole section.
Based on this, we put forward the sliding method the
sequence representation method of PAA is simple,
easy to realize, easy to understand and can effectively
reduce dimensions.

In this study, the two calculation methods of
Euclidean distance and dynamic bending distance are
combined to eliminate the unfavorable factors that
affect the application of the two methods, and the
advantages of the two methods are brought into play.
A time series distance calculation method based on
shape fitting is proposed. The method to eliminate the
unfavorable factors is to carry out sequence reduction
and shape fitting.

4.2. Computing method

The distance calculation method of time series
based on morphological fitting is shown in algorithm
1.

Algorithm 1: The distance calculation of time
series based on shape fitting.

Enter X = x1, x2, . . . , xm // a time series of
length m; Y = y1, y2, . . . , yn // time series of
length n; w(1 ≤ w ≤ min(m, n))//PAA sliding win-
dow size.

Handle
Xs,l,δ = PAA(X, w)//segmentation sequence X;
Ys,lδ = PAA(Y, w)//segmentation sequence Y;
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PathXδ,Yδ = DTW(Xδ, Xδ
len, Y

δ, Yδ
len)//calculate

the fitting path of measure meta information
sequence; d = 0//initialize distance value;

For k = 1 to Path
Xδ,Yδ

len Loop,

〈i, j〉 = PathXδ,Yδ
[k]//read fit path relationship;

d = d + Euclidean(X, x
s,l
i , Y, y

s,l
j )//Calculate the

sequence fragment distance on the fitting path;
End Loop;
return

√
d//return distance calculation results.

It is worth noting that when PAA method segments
X and y, The length of the sequence segment at the end
of the 2-sequence may not be equal to the size of the
sliding window, which results in the unequal length
of the sequence participating in the Euclidean dis-
tance calculation. The Euclidean distance calculation
requires the equal length of the 2-sequence partic-
ipating in the calculation. Therefore, the Euclidean
distance calculation method must be improved so that
it can calculate the distance of the unequal sequence.
The improved method is to move the sequence points
at the end of the short sequence along the When
the time axis moves backward, calculate the dis-
tance between it and the sequence point whose length
exceeds the length. The improved Euclidean distance
calculation method is shown in algorithm 2.

Algorithm 2: The calculating Euclidean distance
of unequal length 2 series.

Input X = x1, x2, . . . , xm //time series of length
m; Y = y1, y2, . . . , yn //time series of length n.

Handle
x-s = 1;x-e=m//X sequence pointer initialization;
y-s = 1;y-e=n//Y lnitialization of sequence pointer;
D = 0//Initialize distance value;
While(not(x-s = =x-s and y-s = =y-e)).
Loop;
d = d + (xx−s − yy−s)2//calculate point distance;
if (x − s < x − e);
x − s = x − s + 1//move data pointer of X series;
if (y − s < y − e);
y − s = y − s + 1//move data pointer of Y series;

Fig. 3. The effect diagram of shape fitting distance calculation.

Fig. 4. Bamboo basket design results with the proposed method.

Fig. 5. Stem leaf design results with the proposed method.

End Loop;
return d//returns the result of distance calculation.

Because it is called by algorithm 1, the square root is
not processed.

The results of the shape fitting distance calculation
of Test X and Test Y are shown in Fig. 3.

5. Analysis of experimental results

5.1. Application test of this method

In this section, the method of this paper is used
to design the bamboo baskets and stems and leaves.
First, the designers draw them by hand, and then carry
out three-dimensional virtual modeling. The sketch of
bamboo basket is shown in Fig. 4(a) and the result of
3D virtual modeling is shown in Fig. 4(b). The stem
leaf sketch is shown in Fig. 5(a), and the 3D virtual
modeling results are shown in Fig. 5(b).

According to the analysis of Figs. 4 and 5, the
method in this paper can effectively realize 3D virtual
modeling based on hand-painted strokes, making the
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Table 1
Scoring form

Compliance Very dissatisfied Dissatisfied General satisfaction Satisfied Very satisfied
(1) (2) (3) (2) (5)

Accord with Complete (6)
√

Conform to basic (5)
√

A little (2)
√

Inconformity A little (2)
√

Inconformity with basic (1)
√

Full (0)

Table 2
Comparison of evaluation results with three methods

Evaluating indicator Methods of this paper Compressed sensing method Machine vision method

Very dissatisfied cases/case 0 3 4
Cases of dissatisfaction 2 6 5
Cases of general satisfaction 2 12 15
More satisfactory cases/case 12 19 20
Satisfied cases/case 34 10 6
Average score/point 4.56 3.54 3.38

obtained 3D renderings more realistic, and helping
designers to show the real design intent.

5.2. Fuzzy comprehensive evaluation results

Graphic design is an uncertain process, so this sec-
tion uses fuzzy evaluation method to evaluate the
graphic design method. The method of fuzzy eval-
uation applies fuzzy mathematics to psychology and
deals with the problem of fuzzy evaluation quantita-
tively. When evaluating the graphic design method,
it is not sure what kind of evaluation grade it belongs
to. The evaluators usually tend to a certain evalu-
ation grade, but other evaluation grades can also,
which makes it impossible to judge the evaluation
results accurately. This section divides the evaluation
grades based on all possible psychological reactions,
such as very satisfied, relatively satisfied, generally
satisfied, unsatisfied, very unsatisfied. All evaluators
are required to evaluate various grades, as shown in
Table 1. The detailed evaluation process is as follows:
the subjects are asked to select the most satisfying
grade category in the evaluation table, and set the
corresponding confidence level. Compare the confor-
mity degree of the evaluation grades on both sides of
the most satisfying grade, give the confidence grade,
and then evaluate the remaining grades. If the sub-
jects think that the actual feelings are consistent with
the leftmost level, they will be evaluated from left to
right; otherwise, they will be evaluated from right to
left.

Through fuzzy evaluation, the result is a set of vec-
tors, so it can provide more information and master

the psychological state and evaluation process of the
subjects. In order to prevent the negative value of the
evaluation value, the weight of category is generally
1–5, the weight of confidence is generally 0–2, 4–6,
and then the final evaluation result is obtained through
weighted average point estimation. The calculation
formula is:

Cw =
n∑

i=1

wiyi/
∑

yi (8)

Where: wi is used to describe category weight; yi

is used to describe confidence weight.
In order to verify the effectiveness of this method,

the compressed sensing method and machine vision
method are compared. Let 50 designers respectively
use the methods in this paper, compressed percep-
tion method and machine vision method for graphic
design, and evaluate the three design methods through
the above-mentioned fuzzy evaluation process, and
take the evaluation mean value of 50 designers as the
final result, as shown in Table 2.

According to Table 2, no user is dissatisfied with
this method, only 2 users are dissatisfied with this
method, and other users are satisfied with this method,
of which 34 users are satisfied with this method. But
9 users are not satisfied with the compressed sensing
method and machine vision method, only 10 users are
satisfied with the compressed sensing method, and 6
users are satisfied with the machine vision method,
which is far worse than the method in this paper. And
the average user evaluation score of this method is
4.56, which is significantly higher than 3.54 of the



8738 Z. Xi / 3D virtual visual plane design method

compressed sensing method and 3.38 of the machine
vision method. It shows that this method meets the
designer’s requirements more and verifies the effec-
tiveness of this method.

6. Conclusions

The novel coronavirus pneumonia has been spread
by local authorities. This has a certain impact on
the development of graphic design. A graphic design
method based on 3D virtual vision technology is pro-
posed. The development environment is given, and
the acquisition and preprocessing process of hand
drawn strokes are introduced. On this basis, 3D vir-
tual modeling and color rendering of hand drawn
strokes are carried out. The experimental results show
that the proposed method can meet the designer’s
requirements and help the designer to show the real
design intention during the popularity of COVID-19.
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