®13% EUH 2 B8 it E M5 M A
Vol.13 No.11

2023 &£ 11 A

Intelligent Computer and Applications Nov. 2023

X EHS . 2095-2163(2023)11-0148-07 FESZES . TP391.9 XEkFRER: A

ETRERNNENFEMREEHESH

FR=, BHEA
(ELBIREARKE IS5, LiF 201620)

 E. N TR COVID-19 BB AL HLEL B LG R, $2 1 T 5 T R Gush 1 2= A5 R 053 e i 5% 1% #& AL F 9%
S5E . B, 0 BT 2022 452 A 24 HE 6 A 24 H IR MR L BIEE A 52 5 #E, $2 H T SEIGQ A A ik
RUMA T ARG IENEE, % 18 TR Gk . Hok , FIFH R 80 o0 J1 223005 B COVID-19 BB Ak 1 4 4% B IF k475
BB AT SR AR B4 TR R R X SR AR, ST R, BT R G5 124 SEIGQ FAY AT LIAR G M AR 40 B
ST 11 Y TR TR | TR) A SP- 340 383 ZR 0 AT 75 Ak 2R B0 B 728 S R 928 TR 52 T SRSk 0 e i 46 3 1 Bk 5 461 N 30 2
B ERA

K$2i7: COVID-19; SEIR #i#; SEIGQ Al ; REsl iy, fij AL

Simulation analysis of the novel coronavirus outbreak based on system dynamics
WANG Qiyun, ZHENG Zhongtuan

(School of Mathematics, Physics and Statistics, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: In order to explore the transmission mechanism of COVID-19 and simulate the transmission process of COVID-19, the
research and simulation analysis of the transmission mechanism of COVID-19 are proposed based on the system dynamics model.
First of all, on February 24, 2022, Shanghai solstice on June 24 during epidemic outbreak to reset the complete process, SEIGQ
model is put forward, the vulnerable groups are introduced to the modle, and the lurker infectious is considered. Secondly, system
dynamics are used to simulate the transmission process of COVID-19 epidemic evolution and parameter sensitivity analysis. Finally,
according to the simulation results, the corresponding countermeasures and suggestions are put forward. It is found that the SEIGQ
model based on system dynamics can well simulate the real transmission speed and scale of the epidemic, and the average traffic
coefficient, nucleic acid normalization coefficient, virus variation and vaccination rate have a significant impact on the number of
new positive COVID-19 cases.

Key words: COVID-19; SEIR model; SEIGQ model; dynamics of system; simulation

BTN Sl 2 R GBI AL G I AT R

0 3 B THRENARA M R, XL TG R A

WFFE AT, 2738 T GRS A% Yo S 17 114 e Ak
1 LA BRIV TO F -\ 22 i R bR T, LA Y
s 2l 1 2 AR R BRI 1) & R AT A9 A 3 Al
E UYL COVID-19 BERE R & LK, 2Bk £ 2F
FABREX R B RENE AT T AT MM, Yang 5527
D e Y SEIR #5704 31 37 e il & 19 AT
2 N T BE 7 VA R W ST 81 . Y A0 [ 452
HO BT I M TR, X 3 RGO S 4 5
PEAT T HOM bR S AR R R T

E£WH . 2ESRA0F 55 H (2020LY080) .

H B 1 LK e ) 8 KBRS EUE, Je T R G2 3h )
SRR OB RN A SR E AR B TR e G S
HORT RGN I F R T — R YR A SEIR
B R 1A 1 AR AT, ISR
JE TR AL RE DL, REAS AR 4 b i B AL Y 1Y
Pt e BRI 25 18 BT e i 4% 1) 22 ol
NREIRZS | & Z W ARG IR IR AT A e
RS — B2 COVID- 19 S LR T T
D7 FCE A (EJE DL T T A D 07 X R A F 5 20

EFEN: LI (1998-) , % WEW5EA: , ERHTFI7 1A Aldss > BER I 4t

BIRAEE : FBPIAI(1979-) 38 Wit B, FEATFT 7 ) Hlde > SEERIZHE BN AR 5 22 M4 RS 5406 TN RSB AL 5
FEMER | XS ATRELE L ST . Email ; zhongtuanzheng@ 163.com

s EHEA: 2022-11-09 P ENREELN o7 5.7 £ 5 & A




EERNE |

TRz, % BT RGBS B i 2 BE A 117 H o3 149

AL,

BEox i 46 [R5 R b i h o R R G
BT T BRI SEBR i O, A SCHR HE T SEIGQ #%
RIIEHRET RGN 1 AT BT B, 5 fE iy
SEIR 3l J) AR B A T AN B O, H IR
QeB 3 70 AR AR I G T TCAE IR e &, 7 Bl B
NHER 3 i RIS T ARE , IF 5 BRI R
AP s FLUR, B T R GL ) 127 Xt SEIGQ B Y
PRI B R 2022 4F b AR A I T3 e il 5
PENT I LREALE LA L T BOETE I B AHSCIN R i

LAV ON

Ji AR EL AT A R 20 T RE NG B 15— B
1 HEskiESHE

RE N B A R T T R AR B T A ) 1 BT
T OYNA B RN PN O (B Ry it
(RIS N B L BT 338 A 83 I LR 1) T R R e
NEL, EEUN 2022 422 H 24 HE 6 H 24 HIY -
VT %) H SRR 1 BH v 19185, B SE B S B BH v
BINEL, I H SERRIE R R IRE S () S AR B 1]
HALFRE AN 1 s

350
300
250
200
150

100

WK%

50

B 1 &IE SR ENR LR

Fig. 1 Characteristics of overall time evolution of the epidemic

WAFEL 1 LA S AT W B (R %
990, ST B (250 2 B0 I, St
KR AR I s SRR, F 7
PERSOIBCIEN IR K JFT 4 A 13 %
SR, fERR TR, H BB A B
P SR B 1B B 52 .
i, HSCRRBE KRR T4 JF T 5 117 HSm et
16 LT, 2P MR, F ST 1
FEIECRE FHE, F FLEE S A 20 HFIEERIGEL, H
SRR E PR BRCRS U 120 T AR, F SEhR
SIS S EN R T R

2 SEIGQ #®EIpjFzE

ST WG E R AR 4 L, R T
COVID-19 ZEIGERR R R, 752 7% [E BB il 58
BEMAGAR A o5, T4 L) SEIR AU ARt — ek
(AT SEE T 26 % Gl 81 ) A5
21 RBERIE

(D) B BT A BN T — AN, RUR % &
PEHINAF A G DA A SRIET B2

(2) il i ia AR O B AP, HERR &
SR AT BEE

(3) MBS AU T 3 1%y BH 2 8 8 0 T LA 22 42 P



150 /ORI B NS5 NMOA

ERRES

B ARG

(4) BB A AR B T R K i — 3
2.2 £ SEIR #&E

FEZL) SEIR AR XS FP G YL 545
FEFFEANTEIAT AT 4 Fhk47

(1) S N5 IEH (susceptible) , F7R A A B
JRYY B IR T BRI N

(2) E HUEIRFE (exposed) , Fon 4 GL T
B, (AR R B AR I A

(3) 1 MY (infected) , Fern B ARG TR
B, JF R ERGUER N B2 54

(4) R WA (removed) , Fern A2 FRgi IR L
IOPNE ORI EN TP I AN IRy Bk =SV Fs)|
T2 E TR RIE AR .

S sy (1)
%: BSI - wE (2)
$= wE -yl (3)

%: VI (4)

Hrb, BFRIR G S HACHTMRE E I o
FORGIRE E SN BGE TIIRER; y FoRIERGH
IFACHRE I R M2, SEIR BRI AFRIRAS %
BRRWE 2 iR,

B2 SEIR BREABKRTHEBXR
Fig. 2 SEIR model of population transfer relationship
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Fig. 3 Population transfer relationship in SEIGQ model
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Tab. 1 Main parameters and their values

28 |
b 0.25
h 0.91
r 0.996
d 0.004
N 24 870 895
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Fig. 4 Flow diagram of COVID-19 epidemic evolution system dynamics
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Tab. 2 Traffic definition formula table
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Fig. 5 Simulation results of system dynamics calibration

experiment
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Fig. 6 Influence of average traffic coefficient on the number of

infected persons
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Fig. 7 Impact of nucleic acid normalization coefficient on the

number of infected persons
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Fig. 8 Impact of vaccination rates on the number of infected

persons

(4)IRBEE SIS RO, BE9E A B T EOR R

TR A R B e B, 48 R 43 R B T R
BA.2 U1 BA.2.2 7| W% 5 7 AR S bk AL 4K 1R
WER RGBT 2R Y 1.5 4%, KR S
/MBS 1 R, I K 2 3%
7 b B T AR S R O — % AR SRR R
WE R 0. 1, BT E 3 B Ry 100 K, D 2548 5 %5
B NB R A E 9 FiR, AEL 9 nfIE H
WIRHT IS 75 (1) A% G 2R TR — o5, SR e A\ Bl 25 W]
UL A S | B LT R SR R
PR TG A8 SR DU ER YL R Sl J e A B 25
SN0, T UL, 6 R AR S AL TR A
AN

50 000]
45000

40 000

< 35000
£ 30000
;JI 25 000
220000
15000
10 000
5000)

0 20 40 60 80 100
I a)/d

B9 mELTRIEBREEAHNZM

Fig. 9 Impact of virus mutation on the number of infected persons
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