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Deep Learning Models for Predicting Confirmed Cases of
COVID-19: An Input Variable Conversion Technique Reflecting
Virus Spread Patterns
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It is difficult to predict with traditional approaches since the number of confirmed cases of COVID-19 fluctuates
significantly. Therefore, this study tried to predict it by adopting machine learning models, such as Support
Vector Regression (SVR), Random Forests (RF), eXtreme Gradient Boosting (XGBoost), Recurrent Neural
Network (RNN), Long Short-Term Memory (LSTM), and Gated Recurrent Unit (GRU). Two experiments were
performed with different prediction periods using two input data sets. The first input set consists of confirmed
cases, severe cases, deaths, immunization cases, social distancing, and diffusion of COVID-19 mutations. The
second input set is reconstructed to account for novel COVID-19 mutations without social distancing. As a
result, the best deep learning model was selected for each experiment. This study showed that the model's input
variables should be adjusted according to changes in the virus spread pattern. It also contributed to implementing
policies to contain the COVID-19 spread.

Keywords: COVID-19, Multivariate Forecasting Model, Machine Learning, Deep Learning, Input Variable
Conversion
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B =2 A e 3744 waled 22 (SVR, RF, XGBoost)Z
374 98 ZD(RNN, LSTM, GRU)S AH&3te] 4 &t
A 5 =3t BE 292 python 3.8 AHEStY 18
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B AP35 oS Bk MAPEE Al4tste] vlastgint

SVREdlo]H o] &7, e Q14 9 thofk 579 HlolH o
gk 3 A &4 S s AT AL EH e WA Y FagEed A
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Table 1. Hyperparameters of Machine Learning Models

Model Hyperparameter Value
kernel ‘rbf’
SVR gamma ‘scale’
C 1.0
epsilon 0.1
n_estimators 100
criterion ‘squared_error’
RF min_samples_split 2
min_samples_leaf 1
max_features n_features / 3
booster ‘gbtree’
cta(learning rate) 0.3
max_depth 6
XGBoost min_child weight 1
sampling_method ‘uniform’
tree_method ‘auto’
base_score 0.5
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Y(ReLU: Rectified Linear Unit)& 7] & A3} g+2 Al
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Table 2. Hidden Size and Hidden Layers of RNN, LSTM,
and GRU

The Number of Hidden

Type of Layer Hidden size

Layers
64 1
RNN/LSTM/GRU 32 2
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Table 3. The New Standards of Social Distancing Level

Opening Hours of Restaurant and Cafe| Available Number of People in Private Meeting | Reconstructed Value of Social Distancing Level
no limit no limit 1
until pm 9:00 49 or 99 2
until am 12:00 4 or 6 or 8§ or 10 or 12 3
until pm 9:00 or pm 10:00 4 or 6 or 8 4
until pm 9:00 or pm 10:00 350r4 5

SEETEL

&A1 A | o] B 4 (Exploratory Data Analysis)< &-3ll ZF Hl©]  (point-biserial correlation coefficient) & AH-&-3F ST
ES QAT AH 5 9 AR HlolEHE 0|73 A2UY19 Ho] AEE HolH 5 A5A7}

EEES EE
o9t G4 5, AA 4, ALBA 5, B

A 5
Argolglon, Wol A& 4, A3 4 A 77 ElolE & 4
ot Y7t A F520201d 2€ 23 o] FHE] 100S %
33, AZX7F AN 0B 22020328 239 S 2 AF A A
HOoZ BM 7|7 ARt ol Qv R Ho] AE EQ £
O|F FAA 7} FFIIFOEE EAHYE e IE W T2

correlation coefficient)E ©]| X & W] A5 Hold FAAF

———El

3 =
E O 2A%E 9 0HE 2d9 A #9507 e
_/F_
A

A1) 550 ole] 612 4901 48 A7 A1) o
']-(MAPE Mean Absolute Percentage Error)E 2| 23} 91
11)). 4 (1)A ne& ol F, y= AR, y= dS

-~ to o

A o] A &4471(2020.02.23.~2021.11.27.,644Q) 9k A A 82k7]  zho) ),
(2020.02.23.~2022.04.30., 798 Y) & FE35}o] 2} 7] 7bo] T & o

2 RS PHSET Y 1 Qv 28 W] WA o) 34

7]o) #g A S-S, AP 2= AA GA7) o #E o
AT

33 d|& 3

yz
Yi

MAPE(%) = 100

o5& sHet nois

)

() AF 1: 2r3E ¥o| LA ofd F4171(2020.02.23 ~
2021.11.27))

& S Al ¢ dolHe MFE A 2 “AE 1 e a2 Hol WA o] H Fir] o M= HalE Y
59 A £ ARAS Agho] 0.6 o)e] ¢ 2 SVR, RF, XGBoost® B2 =2 RNN, LSTM, GRUY

& E(p-value)©] 0.05 °o|3tZ 23t HFE
F2U19 #E77F Ao 14Yolge A

=

=

PR
=

Disease Control Headquarters & Central Disaster Management

Zd) AHg3tE, A3 Hsgrinagon, 49 19 RE Rde FEY o=
183t (Central  FAA AR, HF5F $A F A Ho) HAE 9 A

ﬂ_t

514 A7) g oSl Astglh A 1olM 1

Headquarters, 2021) 578 #A AFCZHE A 149 A7bA] EE WF G4 F 23] 4#AT 2 Y&, o5 7
o) A2 Y9 F17 ¢ £3 U4 E nstch FHaA & FOE AU M-S AP st <Table 4>9F 2t
AN AFY L ALY WY A9 ol & FBA F(pearson SVR¥ XGBoost®] 744 ol 2ol ¥t stz sk 7|75k

Table 4. Variable Selection in Experiment 1

Fl

Variable Correlation Coefficient p-value Selected Variable in Experiment 1

Deaths 0.610 0.000 Selected

Severe Cases 0.862 0.000 Selected

Reconstructed Value of Social Distancing Level 0.600 0.000 Selected
The Number of News Articles -0.358 0.000 Not Selected
Detected Alpha Variants 0.129 0.001 Not Selected
Detected Beta Variants -0.022 0.569 Not Selected
Detected Gamma Variants 0.092 0.000 Not Selected

Detected Delta Variants 0.851 0.000 Selected
Pfizer Vaccination - 1st 0.485 0.000 Not Selected
Pfizer Vaccination - 2nd 0.524 0.000 Not Selected
Pfizer Vaccination - 3rd 0.505 0.000 Not Selected
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Table 4. Variable Selection in Experiment 1(Continued)

Variable Correlation Coefficient p-value Selected Variable in Experiment 1
Moderna Vaccination - 1st 0.384 0.000 Not Selected
Moderna Vaccination - 2nd 0.412 0.000 Not Selected
Moderna Vaccination - 3rd 0.409 0.000 Not Selected
AstraZeneca Vaccination - 1st -0.019 0.640 Not Selected
AstraZeneca Vaccination - 2nd 0.262 0.000 Not Selected
AstraZeneca Vaccination - 3rd 0.593 0.000 Not Selected
Janssen Vaccination - Ist & 2nd 0.026 0.510 Not Selected
Janssen Vaccination - 3rd 0.459 0.000 Not Selected
Confirmed Cases 1 Day Ago 0.976 0.000 Selected
Confirmed Cases 2 Days Ago 0.952 0.000 Selected
Confirmed Cases 3 Days Ago 0.943 0.000 Selected
Confirmed Cases 4 Days Ago 0.937 0.000 Selected
Confirmed Cases 5 Days Ago 0.936 0.000 Selected
Confirmed Cases 6 Days Ago 0.949 0.000 Selected
Confirmed Cases 7 Days Ago 0.957 0.000 Selected
Confirmed Cases 8 Days Ago 0.935 0.000 Selected
Confirmed Cases 9 Days Ago 0.910 0.000 Selected
Confirmed Cases 10 Days Ago 0.898 0.000 Selected
Confirmed Cases 11 Days Ago 0.889 0.000 Selected
Confirmed Cases 12 Days Ago 0.890 0.000 Selected
Confirmed Cases 13 Days Ago 0.903 0.000 Selected
Confirmed Cases 14 Days Ago 0.909 0.000 Selected
If Today is Monday or Not -0.065 0.100 Not Selected
If Today is Tuesday or Not -0.063 0.110 Not Selected
If Today is Wednesday or Not 0.040 0.306 Not Selected
If Today is Thursday or Not 0.039 0.329 Not Selected
If Today is Friday or Not 0.030 0.442 Not Selected
If Today is Saturday or Not 0.035 0.371 Not Selected
If Today is Sunday or Not -0.016 0.681 Not Selected
o A FAA 5 AYHTE AT ol AA eraE Wolrt 20221 1€ 35 FA Wo] mpolg 29 of
A E4E 1A e RFY AF 14Y A7A 9 A 60%E S35t whet A2 47 R4 ZolEdih 39, 22
TE YYurE AHESGth Held B2 A time steps WH9 AE|Yo] A7) wt Y& a2t Aol de A
aEste] Hof 149 A A HeE ARy, A o) FHH AYA AYFI) A HA FFEHAL, AE A
745 2t 37 wlolH o A2 timestep® A7HA Y & oA B HFS EE%??: S =M 108 13900 184 o4
AR 5 AHEeHTh Thebd RFE A3 ZE B oS HUS 7|02 14 HFE0] 90.9%, 22 HF F 14Y0] A
of Wkgste AA A ol whet 149 AFs Adfein], 1 O WAHFTAEAY B S %7M%ﬂ =3t (Ministry of
A ARH Hd 149 A7A 9] HolEZ FY FXA 5 of  Health and Welfare, 2021) WA HE2} 7} 34 718k 5
=

p#
2
o

g 2: WA 4H71(2020.02.23.~2022.04.30.)

DEl ol gk m| A8 Wol= Z21H99] ZE o] St}
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FEA o D WolE 20211 79 25 0] 32 Wo] njol
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A7 Fof| Je =
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Table 5. Variable Selection in Experiment 2

Variable Correlation Coefficient p-value Selected Variable in Experiment 2
Deaths 0.893 0.000 Selected
Severe Cases 0.660 0.000 Selected
Reconstructed Value of Social Distancing Level 0.187 0.000 Selected
The Number of News Articles -0.199 0.000 Not Selected
Detected Alpha Variants -0.132 0.000 Not Selected
Detected Beta Variants -0.108 0.002 Not Selected
Detected Gamma Variants -0.078 0.027 Not Selected
Detected Delta Variants -0.138 0.000 Not Selected
Detected Omicron Variants 0.724 0.000 Selected
Pfizer Vaccination - Ist -0.101 0.004 Not Selected
Pfizer Vaccination - 2nd -0.097 0.006 Not Selected
Pfizer Vaccination - 3rd 0.037 0.291 Not Selected
Pfizer Vaccination - 4th 0.150 0.000 Not Selected
Moderna Vaccination - 1st -0.060 0.091 Not Selected
Moderna Vaccination - 2nd -0.064 0.071 Not Selected
Moderna Vaccination - 3rd 0.008 0.828 Not Selected
Moderna Vaccination - 4th 0.151 0.000 Not Selected
AstraZeneca Vaccination - 1st -0.059 0.097 Not Selected
AstraZeneca Vaccination - 2nd -0.052 0.142 Not Selected
AstraZeneca Vaccination - 3rd 0.079 0.025 Not Selected
Janssen Vaccination - Ist & 2nd -0.035 0.324 Not Selected
Janssen Vaccination - 3rd -0.039 0.271 Not Selected
Janssen Vaccination - 4th 0.038 0.281 Not Selected
Novavax Vaccination - 1st 0.551 0.000 Not Selected
Novavax Vaccination - 2nd 0.666 0.000 Selected
Novavax Vaccination - 3rd 0.664 0.000 Selected
Novavax Vaccination - 4th 0.096 0.006 Not Selected
Confirmed Cases 1 Day Ago 0.957 0.000 Selected
Confirmed Cases 2 Days Ago 0.931 0.000 Selected
Confirmed Cases 3 Days Ago 0.928 0.000 Selected
Confirmed Cases 4 Days Ago 0.917 0.000 Selected
Confirmed Cases 5 Days Ago 0.918 0.000 Selected
Confirmed Cases 6 Days Ago 0.931 0.000 Selected
Confirmed Cases 7 Days Ago 0.938 0.000 Selected
Confirmed Cases 8 Days Ago 0.899 0.000 Selected
Confirmed Cases 9 Days Ago 0.864 0.000 Selected
Confirmed Cases 10 Days Ago 0.858 0.000 Selected
Confirmed Cases 11 Days Ago 0.839 0.000 Selected
Confirmed Cases 12 Days Ago 0.830 0.000 Selected
Confirmed Cases 13 Days Ago 0.839 0.000 Selected
Confirmed Cases 14 Days Ago 0.827 0.000 Selected
If Today is Monday or Not -0.040 0.254 Not Selected
If Today is Tuesday or Not 0.004 0.914 Not Selected
If Today is Wednesday or Not 0.027 0.443 Not Selected
If Today is Thursday or Not 0.020 0.581 Not Selected
If Today is Friday or Not 0.003 0.930 Not Selected
If Today is Saturday or Not 0.003 0.934 Not Selected
If Today is Sunday or Not -0.009 0.808 Not Selected
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AR AT 2 A3 AE 194 AHESHAE A A ARl Fr] ¢ A5 MAPEE 2321%E A4HEH HAYY 2D F 7}
Haol def ol AE S AA )oY A 94 A 953 62 £sts BY L RFE UEYTH

O3 HAAT Yo BE oA A, &3 A Y 2d7 g8y 29 7h7e] 37 MAPEE 42.98%,
A st ol ool ARAT A orl AR W BB F 155002 ged mue o2 BTol WaH FuHTE A
oF wup A~ WA 22} 33} HEA FE Aﬂiu’ﬁo}ﬂl =

Z, “Ad 2 AA 19 HF dEiae AEU9 AT

o

A HEZF 84§, QU Wo] AE £, wupul s A Table 6. Experiment 1: Prediction Accuracy of Machine
22 AE 4, wupll A WAl 33 2 4 83 3 A AR Learning Models (MAPE, %)

rolth A 2o M 2 B2 et A 5 e A Time Period XGBoost SVR
<Table 5>} 2T} 2 30.96 78.80
HA dHolHE 2d g5l FY3t d &S Tt ¥4 3 30.72 78.63
A 1949 L3, 27 29 A AHE AY 1904 4 24.75 78.69
ALY A eSS A 20 AHgEEe WY A5 2 5 25.39 78.60
79} Bl a3k ATk, 6 25.80 78.55
7 25.57 78.63

8 26.27 78.73

4. AT A3} 9 25.77 78.78
10 26.26 78.94

4.1 A8 1: 90|32 Ho] kA o] A F417](2020.02.23.~ 1 26.32 79.00
2021.11.27.) 12 25.83 79.13

13 26.27 79.21

<Table 6>3} <Table 7> A9 19 A 01]7-0]] g8l 14} 3 14 26.70 79.29
£ 3}A 717Ktime period)ol WE XGBoost, SVR o= Min 24.75 78.55
MAPES}, time step % &9 % <8 RNN, LSTM, GRU ¢] =9 Max 30.96 79.29
MAPES UEhiITh AA D4 248 12817 e RF) 4 Avg 288 7885

Table 7. Experiment 1: Prediction Accuracy of Deep Learning Models (MAPE, %)

Time Step|l-layer RNN|2-layer RNN|3-layer RNN I-layer 2-layer 3-layer 1-layer GRU|2-layer GRU|3-layer GRU
LST™M LSTM LSTM
1 19.94 20.54 18.81 20.24 19.40 19.56 18.94 20.24 18.68
2 18.47 18.74 17.40 17.61 17.80 18.31 17.50 17.05 17.58
3 15.19 15.86 14.59 15.97 17.03 18.83 16.69 16.77 17.31
4 12.34 12.02 12.34 13.38 14.56 17.92 13.04 14.47 14.43
5 12.56 12.14 11.79 12.51 14.88 15.48 11.96 12.96 13.77
6 12.76 12.94 12.23 13.53 14.19 20.80 12.63 13.23 13.66
7 13.26 13.39 12.40 13.72 16.13 17.63 13.08 12.79 12.76
8 12.71 12.94 12.47 13.18 15.81 19.74 12.74 13.44 12.11
9 12.91 12.41 12.65 13.23 18.51 19.29 13.89 13.40 12.86
10 12.77 12.08 11.70 14.27 23.13 25.12 12.95 13.25 13.22
11 11.91 13.29 12.26 14.42 20.18 21.51 12.32 12.66 14.02
12 13.03 13.23 11.75 14.16 18.68 30.22 12.35 14.22 14.33
13 12.01 11.80 12.82 15.50 18.10 27.95 13.29 14.30 14.23
14 12.25 11.90 12.17 14.23 22.28 27.10 12.17 12.49 15.34
Min 11.91 11.80 11.70 12.51 14.19 15.48 11.96 12.49 12.11
Max 19.94 20.54 18.81 20.24 23.13 30.22 18.94 20.24 18.68
Avg 13.72 13.80 13.24 14.71 17.91 2139 13.83 14.38 14.59
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Figure 1. The Best Forecast in Experiment 1
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S, B 2 A% time step, =H 59 4, 24 Ho]
ElY A & HAgetAnt. 1 A3, Haldd 2dY Ha
MAPEE Z+ZF SVR 99.58%, XGBoost 62.49%, RF 65.62% 2,
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Held 229 A9 A8 194 AL dguTE s gl
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2 Jed 2d o MAPEE UEHH, 7 229 MAPET time
step? L& wheh FEHT

dely 299 4 MAPEE RNN 18.44%, LSTM 24.04%,
GRU 19.54% 2, A8 19| A A8489d AdHEE 102 F
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Table 8. Experiment 2: Prediction Accuracy of Deep Learning Models (MAPE, %)

Time 1-layer 2-layer 3-layer

Step 1-layer RNN|2-layer RNN|3-layer RNN LSTM LSTM LSTM 1-layer GRU|2-layer GRU|3-layer GRU
1 41.85 39.83 39.97 39.43 38.41 40.21 32.99 35.67 40.20
2 39.04 32.75 40.22 39.90 35.96 44.25 4431 39.60 41.37
3 49.24 44.06 36.60 41.41 45.84 49.42 47.45 33.20 50.65
4 33.17 28.42 27.13 32.63 45.43 52.71 36.09 37.29 42.88
5 24.60 25.93 24.67 30.73 31.00 62.86 26.48 33.98 50.94
6 24.68 25.78 39.89 37.34 46.23 44.72 21.42 31.49 36.15
7 23.10 22.80 34.27 27.49 37.65 43.78 36.89 38.28 35.75
8 30.03 30.24 3433 26.74 30.39 61.02 30.58 41.84 55.48
9 25.79 25.01 38.94 25.80 35.36 43.58 35.75 38.51 38.79
10 27.41 34.68 35.61 24.04 45.06 59.92 32.02 29.24 39.25
11 32.05 25.57 36.04 27.53 35.55 63.36 30.53 29.96 28.82
12 29.77 33.38 34.56 25.71 44.89 69.10 31.45 31.35 35.65
13 29.99 47.57 32.65 30.70 84.43 117.39 28.68 28.02 48.47
14 18.44 27.22 28.57 32.28 46.16 40.55 19.54 26.83 40.55

Min 18.44 22.80 24.67 24.04 30.39 40.21 19.54 26.83 28.82

Max 49.24 47.57 40.22 41.41 84.43 117.39 47.45 41.84 55.48

Avg 30.65 31.66 34.53 31.55 43.02 56.63 32.44 33.95 41.78
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