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Abstract

It is urgent to identify the development of the Corona
Virus Disease 2019 (COVID-19) in countries around the
world. Therefore, visualization is particularly important for
monitoring the COVID-19. In this paper, we visually
analyze the real-time data of COVID-19, to monitor the
trend of COVID-19 in the form of charts. At present, the
COVID-19 is still spreading. However, in the existing
works, the visualization of COVID-19 data has not
established a certain connection between the forecast of
the epidemic data and the forecast of the epidemic. To
better predict the development trend of the COVID-19, we
establish a logistic growth model to predict the develop-
ment of the epidemic by using the same data source in the
visualization. However, the logistic growth model only has
a single feature. To predict the epidemic situation in an all-
round way, we also predict the development trend of the
COVID-19 based on the Susceptible Exposed Infected
Removed epidemic model with multiple features. We fit
the data predicted by the model to the real COVID-19
epidemic data. The simulation results show that the
predicted epidemic development trend is consistent with
the actual epidemic development trend, and our model
performs well in predicting the trend of COVID-19.
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1 | INTRODUCTION

In December 2019, patients with unexplained pneumonia appeared successively in China and
other countries around the world. On January 7 of the following year, the expert team initially
named the pathogen of this unexplained viral pneumonia as the Corona Virus Disease 2019
(COVID-19)." The transmission route and infectivity of the virus are stronger than SARS.
Further it is equally infectious even during the asymptomatic incubation period.”> As of April
17, 2021, the cumulative number of confirmed cases of new coronary pneumonia in China has
exceeded 110,000, and the cumulative number of confirmed cases overseas has reached 170
million. The number of deaths due to COVID-19 in the world has exceeded 3 million. The
raging epidemic not only affects the global economic system, but also threatens people's lives.
At this time, real-time monitoring of epidemic data is crucial. However, real-time broadcast of
epidemic data in text form will inevitably provoke a certain amount of reading pressure on
readers, and visualization of data meets the public's demand for intuitive information. For
example, China's Baidu, Sina, and other websites displayed a large amount of real-time
epidemic data on the website in the form of a table at the first time. This development has
changed the situation of large amounts of data and a strong sense of “stacking” in the past.>*

The epidemic continues to be spreading. Compared with the explosive growth of
confirmed cases at the beginning of the epidemic, the current situation of the epidemic has
gradually eased. But in China and the world, the epidemic is still a long-term focus. In
terms of epidemic prevention and control, visual analysis is not sufficient. Mathematical
models are utilized to predict the trend of the epidemic and establish a global epidemic
warning mechanism.

2 | RELATED WORK
2.1 | Feature selection

Although a large amount of epidemic data related to the COVID-19 epidemic can be crawled on
the Internet, there are still a large number of features that are irrelevant or redundant to the
establishment of the model, which leads to excessive training time or overfitting. To avoid
similar situations and further improve the accuracy of the model, we use feature selection to
reduce the number of features and select the truly relevant features to simplify the model.
According to the form of feature selection, feature selection methods can be divided into three
categories: filter, wrapper, and embedded.”®

In recent years, many researchers in academia have also proposed improved feature
selection methods, such as Warda M. Shabana, Asmaa H. Rabieb, Ahmed I. Salehb, et al.
proposed in July 2020. A hybrid method that combines the feature selection of wrappers and
filters: hybrid feature selection methodology. It extracts the most informative features from
chest CT images of COVID-19 patients and nonpatients, facilitating disease detection at an
early stage and immediate isolation.” In 2016, Sannasi Ganapathy, Pandi Vijayakumar,
Palanichamy Yogesh, et al. developed an intelligent new feature selection algorithm based on
Conditional Random Field to optimize the number of features.® In 2019, U. Kanimozhi, S.
Ganapathy, D. Manjula, et al. proposed a new model based on fuzzy time rules. The model
takes into account the opinions of patients, relatives, and experts through questionnaire surveys
and interactions for feature selection and classification, to identify the most important
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features.” In August 2021, A. Narin applied particle swarm optimization algorithm and ant
colony algorithm to the feature selection method, which is beneficial to radiologists as a
decision support system.'°

2.2 | Prediction model

Wang and Zhang proposed a new PatchShuffle stochastic pooling neural network related to
COVID-19 virus to help doctors diagnose COVID-19 cases more accurately, which is very
important for us to understand the characteristics of the COVID-19 virus."' Habibzadeh and
Stoneman drew a bird's-eye view of the global epidemic at the beginning of the epidemic to gain
a deeper understanding of the COVID-19."” However, as the epidemic continues to spread, the
latest data is needed to map the global epidemic. Leung et al. conducted a visual analysis of the
spread of the epidemic in China,"’ but did not analyze the situation of the epidemic abroad. In
May 2021, Rokaya Rehouma, Michael Buchert, et al. used machine learning for image
segmentation and classification to identify patients with COVID-19 and many ML modules
have achieved remarkable predictive results using data sets with limited sample sizes.'**°

Scholars have also tried to use various methods to explore and analyze the development of
the COVID-19. In January 2020, Almeshal et al.'” used zoning and logistic models to predict the
spread of COVID-19 in Kuwait. Chen et al.'® also established a logistic growth model to predict
the epidemic trend in the United States. Read et al.'® used the Susceptible Exposed Infected
Removed (SEIR) model to predict the epidemic trend. They anticipated that as of February 4,
the number of infected people in Wuhan will reach 190,000. Due to the lack of data at the
beginning of the epidemic, the forecast results clearly overestimate the progress of
the epidemic. Pandey et al.*® analyzed the outbreak situation in India as of March 30, 2020,
and established an SEIR model to predict the number of cases in India in the next 2 weeks. In
April 2020, Muhammad Dur-e-Ahmad, Mudassar Imran, and others used the SEIR model to fit
the epidemic data of multiple countries to estimate the basic reproduction number RO, and
conducted a sensitivity analysis on all parameters that affect the RO value.*’ At the same time,
Lépez and Rodo* established an improved SEIR model to simulate the epidemic situation in
Spain and Italy. Annas et al.** also analyzed the stability of the SEIR model in Indonesia. In
November 2020, Radulescu et al.** studied the spread of the COVID-19 in the community and
established an SEIR infectious disease model to predict the development of the epidemic. At the
same time, in other fields, there are also cases of using models to predict. Gourav Kumar and
Uday Pratap Singh established a hybrid time series econometric model to predict stock prices.*
As the epidemic continues, the COVID-19 has mutated, and the mutant strain is more
contagious. However, many of the epidemic data used for visual analysis and modeling prediction
are available at the beginning of the epidemic, and the results obtained are no longer applicable
to the current epidemic situation. The research area is too small and the prediction results will be
biased. So, the latest data are needed to visually analyze and model the epidemic data again.

Many of the current works have separated the visual analysis of the modeling and
forecasting, and they have all been implemented very well. However, few scholars combine
visualization with modeling prediction. Chen et al.*® combined visual analysis with modeling
and prediction. They studied how the virus spreads around Wuhan, and concentrated on the
analysis of the spread of the epidemic. The goal is not the right real-time development of the
epidemic situation. Therefore, the model prediction should be consistent with the data used in
the graphical analysis, so as to better reflect the development trend of the epidemic.
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2.3 | Motivations and contributions

In summary, only visual analysis can play a real-time monitoring role in the development of the
epidemic, but it cannot predict the development of the next stage of the epidemic. On the other
hand, although only modeling and forecasting can make a rough simulation of the future trend
of the epidemic, it ignores the readers' need to grasp the current situation of the epidemic.
Therefore, as the epidemic continues to spread today, the combination of visual analysis and
modeling prediction is essential for real-time control of the epidemic situation and forecast of
the epidemic tendency. To solve this problem, this article combines visual analysis and
modeling prediction to forecast the development trend of the Novel Coronavirus Pneumonia
Epidemic. The contributions of this article are as follows.

1. We use Python crawler technology to crawl the real-time epidemic data of Tencent News. In
view of the diversified characteristics of epidemic data, distinct functions in the Python
library are used to visualize the data from multiple angles, realizing real-time monitoring
and analysis of the epidemic situation in China and the world.

2. We use the Plotly function in Python to build a virus spread model and draw a simulated virus
spread map to help readers understand the process of COVID-19 virus spread in the population.
Then, define the curve function in the logistic growth model according to the single characteristics
of the patient (e.g., single patient type: diagnosed), and import the crawled epidemic data into the
function. The nonlinear least-squares method was used to fit and predict the development trend of
China's epidemic in the early stage and the intermediate stage of the epidemic. The fitting results
show that the current epidemic situation in China has come to an end, and there will be no major
fluctuations and turning points, which is consistent with the actual situation of the current
epidemic situation in China.

3. To predict the development trend of the epidemic more comprehensively, the characteristics of
patient types are refined and further divided into four types: susceptible, latent, confirmed, and
recovered. Use MATLAB to establish an SEIR epidemic model and modify the parameters of the
differential equation to simulate the trend of various population changes in this epidemic. In
addition, by establishing a model of the relationship between infection rate and contact distance,
we draw an image of the COVID-19 infection rate that changes with distance, and use the
infection rate obtained by modeling as a parameter of the SEIR model to enhance the prediction
model Accuracy. The purpose is to enhance people's awareness of the prevention of further
coronary pneumonia, so as to better prevent and control the spread of the epidemic. The results of
the modeling show that with the improvement of medical standards, the development trend of the
epidemic will have a tendency to ease.

3 | SYSTEM STRUCTURE
3.1 | Data set and experimental setup

Data set: This article uses Python's crawler technology to crawl the epidemic module of Tencent
News, obtain real-time epidemic data from countries around the world and provinces in China, and
store the data locally. In total, we collected epidemic information from 185 countries around the
world, and we also obtained epidemic information from 34 provinces in China. The deployment
timestamps of the collected epidemic information range from January 28, 2020 to May 1, 2021. Then
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call the Seaborn function and Plotly function in the Python library to visually analyze the epidemic
data, presenting the trend of the epidemic in two ways: dynamic and static.

Experimental setup: All experiments were conducted using a machine5 with 64 GB of
memory and an Intel(R) Core(TM) i5-7200U CPU with 12 cores clocked at 2.7 GHz.

3.2 | System structure model

We first obtained real-time epidemic information from Tencent News, and then realized the
visual analysis of the epidemic data from both static and dynamic aspects. Then, a single-
feature model (logistic growth model) and a multifeature model (SEIR epidemic model) are
established to fit and predict the future development trend of the epidemic.””*® The system
architecture of the main functions of this article is shown in Figure 1.

4 | VISUAL ANALYSIS

The epidemic data comes from the website of Tencent News. The specific process is as follows.
(1) Use a browser to open Tencent News Network, and use the browser's “censorship element”
to view the source code and “network” feedback messages.*’ (2) Use Python to compile the
code, send a request to the website and obtain the real-time JSON data of Tencent's epidemic

situation,***" and the output results are sorted by the names of provinces and countries in

Global | “““

J Static analysis

Visualization

Dynamic analysis

Logistic model [}w..| |

Modeling

SEIR model

FIGURE 1 System architecture diagram. SEIR, Susceptible Exposed Infected Removed. [Color figure can be
viewed at wileyonlinelibrary.com]
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China according to the number of confirmed cases.>” (3) Analyze and clean the captured
epidemic data and store it in a CSV file, named after the current date.®®

We use the Seaborn function in the Python library to visually analyze the crawled data.
Figure 2 shows the distribution of the suspected number, confirmed number, death number,
and recovery number in various provinces in China. From Figure 2, we can clearly and
intuitively observe the latest situation of the Novel Coronavirus Pneumonia Epidemic in
various provinces, and it is found that the number of confirmed cases and deaths in Hubei
Province is much higher than those of other provinces in China. It is the province that has
suffered the most damage from the Novel Coronavirus Pneumonia Epidemic in China. In
addition, the epidemic situation in Hong Kong, Taiwan, and other places is not optimistic.

To understand the development of the foreign epidemic situation, Figure 3 shows a
visualization legend of the number of confirmed cases, the number of suspected infections, the
number of deaths, and the number of cured people in each country. Because there are too many
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FIGURE 2 Visual analysis of China's epidemic situation [Color figure can be viewed at wileyonlinelibrary.com]
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Epidemic trend in the United States
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FIGURE 4 US epidemic trend chart [Color figure can be viewed at wileyonlinelibrary.com]
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and (C) 2021-05-01. [Color figure can be viewed at wileyonlinelibrary.com]

countries in the world, only the Seaborn function is called to draw the 20 countries with the
largest number of confirmed cases in the world.**>’

It can be seen from Figure 3 that many overseas countries have been affected by the Novel
Coronavirus Pneumonia Epidemic to varying degrees. Among them, the number of people diagnosed
and killed by the new crown pneumonia in the United States is much higher than those in other
countries. Countries such as Brazil and India have also been hit by the epidemic. To understand the
data of the Novel Coronavirus Pneumonia Epidemic in the United States, Figure 4 shows the trend of
the epidemic in the United States. It plots the growth curve of the latest confirmed number, the total
number of confirmed cases, the number of cured, and the number of deaths over time.

It is easy to see that the United States has become the most severely hit by the COVID-19
virus in the world, and the number of confirmed cases in the United States is still rising. The
global epidemic is still spreading, and there is no sign of wishing to stop.

Nowadays, most visualizations of epidemics are displayed in static form. To facilitate readers to
observe the dynamic trends of epidemics gradually changing over time, Figure SA-C shows the


https://wileyonlinelibrary.com
https://wileyonlinelibrary.com

9346 WANG ET AL.
—I—Wl LEY

dynamic changes of epidemics in multiple countries. Three dates were intercepted to show the
changes in the epidemic situation in multiple countries.

By observing the dynamic trends of the number of confirmed and cured people in many
countries, it is not difficult to find that although the number of cured people is also increasing, it is far
less rapid than the increase in the number of confirmed people. The COVID-19 virus is still spreading
at an uncontrollable rate, endangering the lives of people in all countries around the world.

5 | PROPOSED MODEL

The spread of the epidemic is wide, it lasts for a long time, and has a great impact on countries
around the world. The development trend of the epidemic is still an issue that requires long-term
focus. Although visual analysis can show the real-time situation of the development of the epidemic,
it cannot predict the development trend of the Novel Coronavirus Pneumonia Epidemic. Therefore,
we use the plot function in Python to draw a simulated virus diffusion map to help readers
understand the process of COVID-19 virus spreading among people. And then we use the crawled
real-time epidemic data to establish the logistic growth model and the SEIR infectious disease model.
On the basis of the single- and multifeatures of the epidemic, a reasonable fitting and prediction of
the future progress of the epidemic can be made to provide a reference for formulating epidemic
prevention measures. The logistic growth model can fit and predict the confirmed data, while the
SEIR model can roughly simulate the changes in various groups of people in the model by modifying
the parameters in the model.*®* By observing the two modeling results, the changes in the data can
be well reflected, and readers can further grasp the future trend of the progress of the epidemic, so as
to better prevent and control the epidemic.

5.1 | Diffusion of simulated COVID-19 virus in population

First, we use different colors to mark distinct people. Green represents healthy people and red
represents infected people. A movement function is put in place to simulate the free movement
of people. Choosing an object-oriented approach and treating each person as an independent
object.*>*! Traverse all objects and calculate the relative distance of the current object to
everyone else. Factors such as distance, infection rate, and so forth change the current status of
the object's neighbors.*>** When the distance between the target and the patient is less than the
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FIGURE 6 Simulate the spread of the virus: (A) prestage and (B) late stage [Color figure can be viewed at
wileyonlinelibrary.com]
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FIGURE 7 Virus spread after simulated isolation: (A) prestage and (B) late stage [Color figure can be
viewed at wileyonlinelibrary.com]

transmission radius, there is a definite chance of infection. Figure 6A,B shows the simulated
virus spread. The left part of the pictures shows the spread of the virus in the plane, and the
x- and y-axes represent the size of the area. The right part represents the growth process of the
number of infected people, the x-axis is the number of iterations, and the y-axis is the total
number of infected people.

It can be seen from the figure that in the natural state, COVID-19 virus spreads rapidly
among the population through people's free movement, and the number of infections increased
exponentially in the middle of the epidemic.

After adding isolation measures, the infection radius of the virus is reduced, the infection
probability is decreased, and the transmission speed is greatly slowed down. The simulation
results show that isolation is an effective way to hamper the further spread of the virus. The
simulated virus spread after isolation is shown in Figure 7A,B.

5.2 | Forecast of logistic growth model based on single feature

The logistic growth model is also known as the retarded growth model.** The model is typically
used in fields such as describing populations, the growth of infectious diseases, and the forecast of
commodity sales. The specific algorithmic idea of the model is as follows: the first enter the crawled
epidemic data, automatically calculate the number of days corresponding to the input data, use the
abscissa to indicate the number of days, the ordinate to indicate the number of cases, and use the
input data as scattered points The diagram prints out. Then define the S-curve function formula
and use the nonlinear least-squares method to fit. Finally, enter the total amount of days that need
to be predicted, get the fitted data, and print out the chart.

On the basis of the data of confirmed cases in the real epidemic, we established a logistic
growth model to predict the development trend in the next few decades. The specific process is
as follows: crawl Tencent News, get the daily number of confirmed diagnoses of the epidemic in
China, then define the curve function according to the formula of the logistic growth model,
and use the nonlinear least-squares method to fit and predict the number of confirmed
diagnoses after 61 days.*> Figure 8A,B, respectively, shows the development trend forecast of
the early and midterm epidemics.

From Figure 8A, we can clearly see that because China did not know much about the way
the virus spreads and the types of the virus at the beginning of the epidemic, it was unable to
control the spread of the epidemic well. At the same time, during the Spring Festival travel
period, the large passenger volume of railways and the scattered direction of people's traffic
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FIGURE 8 US epidemic trend chart: (A) prestage and (B) late stage [Color figure can be viewed at
wileyonlinelibrary.com]

activities also led to a rapid increase in the number of confirmed diagnoses about a month after
the outbreak.

It can be seen from Figure 8B that Chinese researchers have continuously deepened the
research on the transmission mode of the new coronavirus, and the medical level has been
continuously improved. At present, the Chinese people's awareness of prevention has
increased, and the number of diagnosed daily is increasing slowly, and the peak value has
also decreased a lot compared with the value predicted at the beginning of the epidemic.
Judging from the fitting results, the current epidemic situation in China has come to an end,
and there will be no major fluctuations and turning points.

5.3 | Forecast of SEIR model based on multiple features

5.3.1 | Establish SEIR model

Although the logistic model based on a single feature can predict the development trend of
the epidemic well, its reference indicators are limited to confirmed cases. However, in the
development of the epidemic, there are many factors that affect the development of the
epidemic. In addition to the number of confirmed cases, the number of other patients (such as
susceptible, latent, and recovery) also play a key role in the development of the epidemic.
Therefore, it is necessary to consider the prediction model of the development trend of the
Novel Coronavirus Pneumonia Epidemic under multiple characteristics.

The classic SEIR model***’ is a classic infectious disease model invented at the beginning of the
last century. The model can roughly reflect the development process of infectious diseases, and its
core is the differential equation. First of all, the model divides the population within the epidemic
range of infectious diseases into four categories: category S, susceptible; category E, latent; category I,
diagnosed; category R, migrant.”>*® The schematic diagram of the SEIR model is shown in Figure 9.

1. The total number of people in the survey area, N, remains unchanged, that is, life, death, or
migration is not considered.

2. Susceptible persons (Type S) and confirmed persons (Type I) will become latent persons
(Type E) after effective contact, and latent persons (Type E) will become diagnosed persons
(Type I) after the average incubation period; confirmed persons (Type I) can be cured and
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FIGURE 9 Schematic diagram of the SEIR model. SEIR, Susceptible Exposed Infected Removed.

become a convalescent (Type R) after being cured. The convalescent (Type R) is no longer
susceptible to life-long immunity.>

3. Record the proportions of S, E, I, and R groups on day ¢ as s(t), e(t), i(t), r(t), and the numbers
are, respectively, S(¢), E(t), I(t), R(t). When the initial date t =0, the initial values of the
proportions of various groups of people are Sy, Ey, Iy, Ro.

4. B is the probability of a susceptible person being infected by an infected person.

5. B, is the probability that a susceptible person is infected by a latent person.

6. a is the probability of a latent person being transformed into an infected person, the
reciprocal of the average incubation period Y.

7. A is the average number of susceptible persons effectively contacted by each sick person every day.

8. v is the probability of an infected person recovering.

On the basis of the above conditions, the mechanism of the change in the number of people can
be obtained, which can be expressed in Equation (1).

ds _ ABI+BE)S

>

dt N

dE AL+ B,E)S

@ N %

dl €Y)
= —aE - I,

a Y

dR

— =7l

a7

The iterative is in Equation (2).

_ ﬂ'(ﬁln—l + ;BlEn—l)Sn—l

Sp=8n-1 N s
ABL—1 + BE,—1)Su—
En — En—l + (;8 n—1 f]l n 1) n—1 _ OCEn_l, (2)

Li=5L 1+ ak,_1 — yl_y,
Ry =Rp-1 + ylh-1.

5.3.2 | Establish infection rate model

To solve the differential equation in the previous section, we need to know Sy, I (initial value),
infection rate 8, 3, and recovery rate y. To find the infection rate {3, it is necessary to establish
the relationship between it and the distance. Use the point P(x;, y;) on the plane coordinate
system to describe the individual. Assuming that the distance between any two bodies P(x;, ;)
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and Q(x;, )9) is Dy, if Q is a virus carrier, the infection rate of Q causing P to infect the virus is B,
The relationship between the two is shown in Equation (3).

P (D) = 1 + WPy if D;j < Dy,
y(Dy) = (1 + W) Py ®Pi=Po) i Dy > Dy. G)

Among them, Dy; is the critical distance of individual P(x;, ;). Wj reflects the intimacy of
individual P and Q, and its value is 0.1. Py; is the infection rate of P within the critical distance
when Wj; =0, It is assumed that the infection rate of an individual within the critical range is
determined and defined as the basic infection rate. o; is a factor greater than 1. The distance
referred to here is a generalized distance. It does not refer to the actual distance between two
individuals in reality. It can be considered as a comprehensive distance between two
individuals in many aspects, including the space-time relationship between individuals,
intimacy relationship, resistance ability, and so forth.

When Dy; = 5, a; = 2, W; =0, and Wy; = 0.5, according to the above relationship, Python can
be used to plot the COVID-19 virus infection rate in Figure 10.

It can be seen from Figure 10 that the basic infection rate of COVID-19 virus is 0.038 in the
natural state (Wj; = 0.5). After the isolation measures were taken, Wj; was reduced to 0, and the
basic infection rate was also reduced to 0.028. The basic infection rate in the natural state is
taken as the infection rate of the SEIR model, that is, § = 0.038.

6 | RESULTS AND DISCUSSION

In this article, the initial value of the infected population is set to 1, and the initial value of the
susceptible population is set to N — 1, where N is the total population, and the initial value of
the restored population is set to 0. Since the incubation period of the disease is 14 days at most,
y = ﬁ is taken. §=0.038, 8, =0.02. As a result, simulation modeling is performed on
MATLAB, and the generated result is shown in Figure 11.
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FIGURE 10 Trends in COVID-19 infection rates with distance. COVID-19, Corona Virus Disease 2019.
[Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 11 SEIR model predicts COVID-19 development (in natural state). COVID-19, Corona Virus Disease
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FIGURE 12 SEIR model predicts COVID-19 development (improved medical standards). COVID-19,
Corona Virus Disease 2019; SEIR, Susceptible Exposed Infected Removed. [Color figure can be viewed at
wileyonlinelibrary.com]

It can be found from Figure 11 that in the natural state, the overall propagation is
basically a normal distribution. Over time, the recovered population will gradually be
higher than the susceptible population, and the total number will always be the same. But
without intervention, it can be observed that the peak of transmission accounts for a large
proportion of the total population. With the national medical team and the special
medicine developed, the cure rate will be significantly improved. Assuming that y rises to
0.1, the result is shown in Figure 12.

By observing Figure 12, we can find that not only the proportion of infected people has been
greatly reduced, but also the time when the proportion of recovered patients surpassed those
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FIGURE 13 SEIR model predicts COVID-19 development (increased isolation measures). COVID-19,
Corona Virus Disease 2019; SEIR, Susceptible Exposed Infected Removed. [Color figure can be viewed at
wileyonlinelibrary.com]

infected has also been greatly advanced, and the development trend of the epidemic has
gradually eased.

From Figure 13, we can clearly see that after the addition of isolation measures, the peaks of the
susceptible population and the confirmed population have decreased, indicating that isolation is an
effective way to suppress the spread of the virus. According to the results of the modeling, it is not
difficult to see that taking quarantine measures in advance, increasing the intensity of quarantine,
and timely follow-up of medical resources are the key factors to reduce the number of confirmed
cases and the number of latent persons. Therefore, the reference significance and value of the model
can be reflected here, and it can also reflect the foresight and correctness of our early decision-
makers.

But the SEIR model is a one-way model, the number of susceptible people is constantly
being imported into the number of infected people, and the number of infected people is also
being imported into the number of recovered people, so the number of susceptible people and
the number of infected people will drop to 0 in the end. At the same time, everyone is going to
be the recovery, and that is the limitation of the SEIR model.

In the SEIR model, there are initial conditions such as the initial values s,, e, ip, %o,
and so forth of the proportion of various groups of people. Next, we will show the influence of these
initial conditions on the trend of the SEIR model in the form of a graph. Considering the actual
situation, there are no people who have recovered at the initial stage of the epidemic, and the
proportion of latent people is often higher than that of confirmed cases. We assume ey/iy =2 and
1 = 0. Investigate the spread of the epidemic in different i,.

It can be seen from Figure 14 through the simulation of different initial conditions of the
proportion of patients and latent persons under this parameter, the initial conditions of the
proportion of patients and latent persons have a direct impact on the time of occurrence, peak,
and end of the epidemic, but it has little effect on the shape and characteristics of the epidemic
curve. The epidemic curve under different initial value conditions almost shifts along the time
index. This shows that if human intervention such as treatment, prevention, and control is not
carried out, the spread of the epidemic has little relationship with the proportion of initially
sick and latent people.
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7 | CONCLUSION AND FUTURE WORKS

In the face of a sudden epidemic, big data can play a key role and can quickly provide a basis for
decision-making.*"***>! The visual presentation mode, based on the picture form, displays the
data in a deeper level. This article visualizes the epidemic data in China and the world, so that
readers can understand the current epidemic situation more clearly and intuitively. For China
and the world, the epidemic is still a topic that needs to be focused on. Therefore, on the basis
of visual analysis, a large amount of actual data is used to establish a logistic growth model
based on existing mathematical knowledge to realize the fitting of factual data and predictive
models. At the same time, mathematical models of infectious diseases are used to predict future
epidemics, so as to better prevent and respond to epidemics. By establishing the SEIR infectious
disease model, the changes in the data can be well reflected, and the current situation can also
be analyzed based on the existing diagnosis data. Through these analyses, we summarize
experience and lessons, and adopt a series of effective measures to control the development of
infectious diseases in the future, thereby reducing the amount of infections.

We use a combination of visual analysis and modeling and prediction to help readers
understand the current situation of the epidemic from multiple perspectives and predict the
progress of the epidemic. This study still has certain limitations, it can only make a rough
forecast of the future development of the epidemic, and cannot predict the development of the
epidemic with 100% accuracy. Due to time reasons, we will combine epidemic data with
machine learning in the follow-up, improve the accuracy of the prediction model by training
the model, and further analyze the epidemic data.
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