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Abstract

COVID-19 has swept all countries since it was first discovered in December,
2019. The high infectivity of COVID-19 makes it more difficult to prevent it, and
air quality has been considered to be highly correlated with respiratory diseases.
Previous study shown that air quality has been used for influenza viruses outbreak
time prediction, but air is not the only one that increases the risk of infection.
Population movement is also one of the key influences. We have observed that
population movement is also correlated with air pollutions. In addition, the study
also observed a certain correlation between population movement and air pollutants,
such as the increase in NO; and PM, s caused by driving.

In addition, the government's epidemic prevention strategies are also one of
the factors that affect the risk of infection, such as whether it is mandatory to wear
masks or household orders, etc. Wearing masks can reduce the risk of droplet
infection and the impact of air pollution, while household orders can reduce the
mobility of the population and the contact between people and the outside air.

In this study, the number of COVID-19 cases and active cases will be
predicted according to population flow, outdoor air pollutions and vaccination in
California, Florida, New Jersey and New York, and the average recovery time will
be predicted by queuing theory, and the predicted results will be brought into risk
analysis. Finally, the slope is used to analyze the risk, predict the possible high-risk
time periods, and combine these time periods with the epidemic prevention
measures to provide a reference data for relevant institutions to evaluate the
epidemic prevention measures, hoping to achieve better control of the epidemic

situation.
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>530~0" » LST™M ﬁ;*])‘; xteRd’iﬁiﬁ%éfteRh’@?J»
R & iteRh’ﬁ%J:Hﬁ!%:% 0, ERM » AL 5 h, e R H Ak g
S CERV>WERME speRM LMY chipt 2 R E YL E A

e
TR

B P
PLRMT R FHE R A LA v EEG

ﬁ&@ﬂ@%%i&i—%ﬁﬁ*?ﬁ0%0”£w AT
i@ﬁ %‘: r]”)ﬁ;fj (xt) V‘ ,9 > b l,ilJ rﬂpﬁ %? Z’,&tj IR &ﬁﬁ :&
¥ 2k e (Sigmoid) 0 B E AT R R A 7 F

ﬁzﬂﬁi’ﬂg%éT*%°ﬂ?$%3
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fe = U(Wf [he—1, xe] + be) (6)

2. ﬁ%lf\ﬁ!é:

ﬁ.;;] R oenE P Eo-T 5 E :I—‘—'h%’ﬁ'ﬁ;f] SRR ST - U B

=

BV 0 @ FERAET EMEENE HALE REE AT
B MEBALR - RIEE o KALF AT TR ()
§ el R tanh o Sl 2 E - B B (G )

THLATHLRE R (C)FRG 57 - B85

ip =o(W; - [he—1,x] + b;) (7)
C, = tanh(W, - [hy_1, x,] + bc) (8)
Ct=ft*Ct—1+it*5t 9)
ﬂi%l AR

ﬁ;?] ﬂgl%’ﬁdj\i—i}if‘;'“?; gﬁ;ﬁtﬁ%ﬂﬁ(ot)’ Ctﬁﬁ
tanh o> S B kb 23 R B 29 ZREFHE» T - hE
B (h) AP R - B AR

0p = oWy - [he—1,xc] + b,) (10)

h; = o; * tanh(Cy) (11)
242 3P T

tifp) COVID-19 % & » § A L #F # % & fj H hatitw 54 it
-k GERRG L ZFIFRDFLY % BE AT 5
( Logistic Regression ) % 4+4f COVID-19 e84 & {73 B] o TRR| 7% * i
PURF R 5 2020/03/02 & 2020/11/12 er i R @ & COVID-19 = p fg 2 4
Bl B B4R A B X% T 303 4% % (Mean Absolute Error, MAE ) 12 %
327 %4 (Mean Square Error, MSE ) X 78 #-3| chfErrdt « 7 S5 Ko7
Red 2w FAEE T L84 COVID-19 s 2 7 £ § B rld chif 2] [48] -
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YA RaGETT Y S ;bé'ﬂ']“i‘}"ﬁﬁ? (Multiple Linear Regression ) ¥ &4
% §F (Linear Regression ) i& 714§ » % A7 § AW F iRl + R
ML w fF R [49] > FlEE R O AE FIRRIT g F R { F kg

2 o

yohd gAY HUIERREA o 4w fﬁﬁ?ﬁ%’[w] ~ RS A
¥ §F (Random Forests Regression , RFR) [50] + & # = & w & ( Support
Vector Regression, SVR) [51] ~ w2 2 & “&# 7= % (Long Short-Term Memory
LSTM) [52] - #= 3 [53]% & R Wl s bl s die ~ 7 = 3l ~ ATFE S o b
Boo AT Ml BAREFRE B L REr B L WL P R

Bl 2B H T ing HE ot 224 (Mean absolute percentage error , MAPE)

~

o 53§32 4 (Root Mean Square Error , RMSE ) % it {7 # gr 4 b i o Gi
TR E Ny Ey L # Y L e £ 8 (Support Vector Machine , SVM)
[54] ~ % i 42w §7 ( Gaussian Process Regression , GPR ) [55] ~ £ ~ & ¢
& T 32p st g ((Autoregressive Integrated Moving Average model
ARIMA ) [56] r2 2 i * i (755 ¢0% % 32 ( SEIR/SIR ) [57][58] % i 7

«}F[ /?IJ o

I8 R'RETER

BB BIREE L TR ARA S AN R & (Basic
Reproduction Number , Ry) * Ro "UlFl EREAINER TN s #%&m/‘ PRIV S
AN AR ERT > T35 BR A BARFIFEDL F AP AR
BRLEBBEA o By RoTlkF g~ > 270 BRDAHAR T > Bop iy
FIAH Hd+ BE4 5 FREERE R P¥W-FATHBLS F5
P BB A Ry B HR RS AIFRK o LT g H 50
i [59] » A PR AT C X T BB EE S H Ry A -

TG IR o @A E kB 2784 COVID-19 B Ro B Ry <3
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- 2R EHRE RolEs 2 aApk 0 3 AT EFE 0 Delta # 2
Ro = 5.1[60] > Alpha % £ tx = 4 ~5[61] @ 78 > Omicron®¥ £ tk Ry & 7/
BET[62] o et RERTFE FHEES 2 240k 0 37 )J'J"}U b
BEYREER AL ENS R EE T RAP R o B Y At
hodk BE P BEFRFEITE DR AT P LR AT BT A g ¢ R
TEIA UL BIE kb [63] e e Ry R OF NI E R (7oA T R
ii%ﬁ%tﬂ%;ﬂ CHALATG 4R ko Ry et 2 H ki
A E & ey 3 s 4 #c ( Effective Reproductive Number , Rt ) & & &
- TPERRN BLEE g ’?7 Hig% > Fd BfEa 4 o 2 Rt &
WL P ETENT FEGAES o L 6 COVID-19 FHj A7 % * Rt &
FHEET LG o v 2 PR [64][65]° R 2R EE B E
Rt &> A g h % "3 E AR R G s n LTy
PAMREE R HEAME  FPAPT LoE RUESE T RS
KT AT L Ry B2 E Rt Bamt B fGgse » frpea M H
B3N o pildein 7R g ¥ * g% % #i03) (Compartmental models)[66] »
% PEFRI2 3 (Queueing Theory)[67] o % % B35 BIFR iRIZE 4o Jrdo @ B 3%
ERRES D ERFIFEFITS > LR LENFRE S8 blAcF 2
oo BROEIT T A ok L F A e o BRI F RS R
blde > A4FTA Y FF 4 URR T w5 F ot A o PR
mw%&gﬂéiﬁﬁi&iﬁﬁﬁﬁa%ﬁwﬁzéﬁﬁﬁ’ﬁ%%ﬁ
o 52 00 17 AL e eh (e g o i s A (8] R T
IS FHCAILY o ¥R RIS éﬂ““’il‘pﬁ%‘%f?é SELPARE B AR
ken® B F3F 5 7 [69][70] 1@ * R rpIE A R T—Ippﬁf‘mm}ﬁsb}u%? v B
EFRTRAF o LHNTFRILE R ERE > AF § 7 98 g [T1] %
ORIRIE S KA R R TR o

ik em ¥ COVID-19 pF > 2V w g % REIRIB S RAE 5 %U,%f At
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AF R o e [69] 5 B 0 A7 5 COVID-19 ehx i 4 71 J7 i
ICU fez#rihip g ~chfi iR FLRERF 5 RAFFLHFp Azt
BB EIF - R ERT s R R SRt A TR ERERE S
FEREF A BRI B - 2 TEAL § ER] I DFR TR
o PRDEREAIL Y FH TR FHCOVID-19FZ &5 7 P Fimdaf
IR R EA 12 AL R PREGREFLSIT > B AP H
ICU & i=chib &Ry BEeng K7 i € R E5 1T 5 % R < ) ?Fﬁrmmzi °
ok ¥ BT & COVID-19 8 fF vt e 48 TR A fieie (747 3 [73]
] COVID-19 éhg, ¥ 2 H g 2 st fl i@ * R > L @ % P FRpHE(
AT BER - B A S K o T N P AT R W R R
R T AR A R R S T OGER RO R Sl 4 o g
o FRreniz i 4 2 5 ¥ J‘M@Uﬂﬁﬁs Rp s FRELBE L Fy ™
B4 A B o7 AR AR T i R > - L2 KA T IOL 4
B4l e @R RETMASBETET [T4]° 2R AT A L REDS
T bl > 7= o b B AR s Bl EhicE k3ER 2 B R RS PRl COVID-19 ik

o

Rt o PHERQBATT IR EHILGT R Y 0T Sh g

2.5.1 #IFEH

PHREmE - B E R EFY o P ONIERIF A FRE DR R
WA ZERET A B H PRI B 2977 o

A. Service
Node
Waiting
Area
B 2. #RE%T X R
VLR 29 3] b Al o~ o R AR S REE O B IRE



(Waiting area) » AAEZ & » £ i3 R 2 SR FRG o B F ALY L2
LD et o es AT UK TG BFEEIEG G LB R o PRI
(Service node) » ¥ MAR A PRARBE L e 3 o H S A R (FenH oo
BOEBEX T 7 - BIRIFE S @ AWEBFEG DoV S JIEFE 2
A (Little’s law) [75]# = 3¢ %

L =AW (12)
Li o8 igapis Ao A 5 EWaiEE § ot s o W LAEE T40%
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N ) iy

Py iR~ COVID-19 R b 'k - 77 € B8 % AR
FERBEFEL[TOIFXRZEN 2 F FFTRPIE EPEVREREZL NO, ~
SO, ~ Ozone ~ PMs ~ PMyg 2 CO #cdz - 14 %2 Apple Maps [77]#74% =45
BAEH AR L 0 B AR éséNWE~a&ua¥%*m@ﬁ1£&%°
By AFRAL T A B TR VR AR GRS
T oB3AFIER T FEEAETRICE PRS2 T
EIL 0 @ ek S FF YR B R e TR o R N AR
IR B M EEIRRIE c AR E R AR o BATRIE S F A

*a
‘N-

R T AT A Aem Y PG R R TR AT o B

T 6 RPRE 3Ry HHEE

Start
h 4 l
Data Regression
Collection Prediction
‘L ¥
Data Cases
Preprocessing(1) Active Cases
' 7
Data Correlation Queueing
Analysis Theory
v v
Data Risk
Preprocessing(2)— Analysis
B 3. 7§ %45 W
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$- 8 TR KR ARMIEAFE BRI
311 % L & R

AFPTETEIRNTHRFS > F]lo 8 4 v e &> p2020# 1 7
EREFE - R R LR E RSP E AT RF T DL o
i Worldometer[78] 2 USAFacts [79] £ 2~ £ & & ' j£_2020/01/13 4== p x
DARE FE RG] D F SR OTOREREL R FRBREEFELRT
P rb[76]& P~ p 2020/01/13 A== p & HMenFl > AW L EF P A& 1]
NO, kR ~&# p &~ 1/ ]PSOkR ~5pig 8/ ] FOzone ki ~=p
L3aPMys kB ~ & p T3EPMp kR M2 5 pEF 8 | WCOKLR -m 4
vond FALR Ak p Apple Maps [77]#74% i p 2020/01/13 A= c45 # A %1 47
200 1A 2020001/13 shR i B L AR EE p B S AR R A R
@ﬁ%] Lenggit £ > Apple Maps shw il £ 5 535 * & =+ Apple Maps #%

Mg Rende® o A7 7 iE # Apple Maps @ 2t Google Mobility =& %] 3
1995 Statista fcdp B 74 & 2 B £ 48 & 5e2037[80] 0 10S i sz B * 4
v OiRARIE R Bt B FIR Y S ERER Y S A * chApple Maps
LHBEGpRGFT o A BE T ERAOA KGRk g Our World in
Data [B1]*r# =2 B & W Fat o d W E R MK F ATy P FH Y v B
MIELAREY PR BAB 3G TV ~ B RZ2 N~ aFa iy

2w K FOoRYC B epE 4 2020/01/13 ~ 2021/12/31 £ 719 % o

MTEDNAFTNERZZFAAFEIL RREF AL 0 NO,
KA E T RBEDTE R 2 VEILE T B Pt B f 0 SO 1 R iEAEY §
AA LR GER X LY g% o0z0ne F AR B EFLL
FAEALR T I PO B LNE R B0 A AL o AT F
7oA F H (VOC) frk f 1 Rfein 82 5 g or@E ek f (3 3 1
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f+ NOX) » 43 ZIHE L R STES > fr f ¥ enF R £ % LF o PMas KR
Pt R p 20 EWEZ T g i A o CO kp 3T d arp
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X
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TR BT G SR R R 0 ST PMu U Y JIE

¥ B R RJLOT R L COVID-19 ¢ s s b 7 4L (Active
Cases) » 7] 5 4kt i ehid B 5 i T8 4 Hcdfen 5N 5

Active Cases = Total Cases — Total Deaths — Rcovered

ALRATH AP RRHLE pREEFR - AFL EHE

ETTRS

BREAEED RIL > % O30
AC,' = AC, — AC,_4 (13)
ACE #FHOITH S » 7 AC Pl Lt t BN AC TH « M0 ¥
B R AC TR 2t — I FZL TR ’Wﬁﬂl&%ﬁtﬁﬁ4ﬂw
2 /rﬁ’)ﬁi"' (AC,) -

B g HHATRBT LT AL d N ERR TS AP P
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KR O~B13¢ APd ugdlated RIFFEPF KRS L 24w
B ol e A ek E R 18 NO, 2 SO, 7F R4k kT
FOERP BT o f PMys 3t R B2 R SRR I A 3 R
iR T =l O B el RS 1 7 B N I - R R B g IR b P 2
B> I L enE R 4 PMys o @ e Ozone 35 R ¥ 12 Bk ~ Ozone
ER BB DGR TG FPRGTE cCORER & RTiEAS
BB PRTENL S o TR A B A T R g PR A F AR E
£ FLAF T g COVID-19 5 ¥ - Tehfp M {4 > x & A & COVID-
19 ¢ i @b & > Bo YL § AT R E- H st o

3.1.4 FHLAp B 1A 47

TR TER R RF R A E 2 COVID-19 3 B > BT Y 4
gl TREE AR AT o AR L A A A AP B T B[83]
FHARBE o A E AR AARH B TRIES BRE L T OREY %
2R o L F HA LA B % B (Pearson Correlation) 12l & & B % & 2 e

TR
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MM AR c VAL PIERBBREZ T sk Gy FIL U
Bt L0 o vRET I MERLRMERR ML LB @
MBS w o P Nap ERZE -1 o 1 2/ > &2 5473 f 4P
PBE e ap o AR BE > 10T G H o 5L
ratpb o ns TRES ) o5 (3 F PR AT nw K
BAF) AtREFOTR Yy NERZ A At FFOER X, yalE
F o enE T sk
_ 2i=1 (X =) — ¥)
\/Z (xt—X)ZJZ (Ve — ¥)?

(14)

AETEARE I PP AREETRR A > AR R A
BB FL TSRS A S RAREORBFEFD B FE T
%#uaﬁ%%ﬁﬁﬁwopfwéﬁﬁ%?ﬁﬁwﬁiwﬁﬁié’

FRELRBOLRE LA g o A BIERF B RE 2080 Y FRR

N

;?‘#i\r'ﬁiﬁﬁfﬁgﬁil ﬁg;ﬁm}‘ﬁf;}dﬁ%w o T by As 4 % 2020
Ry Bh g By o AT ERBTHRLL T

HehiBRFZ AP REIREHENLF FLP 2 A 0

:& I%F;’T?'ﬁ\;’ s Bl l’l}_éll >
2
F

Fo bR PETE Y CTE RS AR A2 A

—fRAp R o TR e AR PR N F T AR A v R TR

kB A 2977 1 PR I B TORLAR (74P B P LR o

Period Sefligh T BBZEN R F Y gy
BARFHRHS  2020/01/13~ 2020/01/13~  2020/01/13~  2020/01/13~
Period 1 2020/03/18 2020/03/31 2020/03/20 2020/03/20
B 3L 2020/03/19~ 2020/04/01~  2020/03/21~  2020/03/21~
Period 2 2020/05/07 2020/04/30 2020/06/09 2020/05/14
farg B s 2020/05/07~ 2020/05/01~  2020/06/10~  2020/05/15~
Period 3 2021/11/04 2021/11/04 2021/11/04 2021/11/04

% 2.7 PR Acigm R A
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State Period NO; Ozone PM:s SO, CO Driving Walking Transit Vaccinated
California Period 1 -0.564™ 0.130 -0.533™ -0.321™ -0.578"™ -0.463™ -0.483™ -0.802" 0
Period 2 -0.148 0.280" 0.302" -0.032 -0.151 0.211 0.283" -0.355" 0
Period 3 0.356™ -0.369™ -0.020 0.224™ 0.479™ -0.522" -0.430™ -0.468" 0.387
Florida Period 1 -0.055 0.034 0.424™ 0.462™ -0.022 -0.603™ -0.589™ -0.693™ 0
Period 2 0.260 0.028 -0.086 -0.064 0.038 -0.363" -0.357 -0.305 0
Period 3 0.281" -0.071 0.014 0.049 0.141™ -0.151" -0.084 -0.011 0.388"
New Jersey Period 1 -0.066 0.152 -0.073 -0.074 -0.020 -0.492™ -0.363™ -0.609™ 0
Period 2 0.186 0.167 -0.070 -0.193 -0.103 -0.161 -0.183 -0.270" 0
Period 3 0.107" -0.098" -0.016 0.139™ -0.081 -0.127" -0.128™ -0.203™ 0.173
New York Period 1 -0.186 0.232 -0.230 0.005 -0.182 -0.365™ -0.362™ -0.592™ 0
Period 2 -0.124 -0.060 0.023 -0.043 -0.147 -0.084 -0.167 -0.188 0
Period 3 0.235™ -0.108" 0.036 0.269™ 0.073 -0.479™ -0.397" -0.350™ -0.257"
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BALERTFF - F-BLIFY
B3 e

CE TR L T §oat

p
T RAPM > RFAFATEE R MR E TS Y
B e %28 PMos R R BEAED - TERGRAT NG HP

Bhet FLIORFIER NS RLE N LE PMpseh 87 it 3 4.2 fren

SENLTE = [ AP S F SRR TR E T AR
315 F B E
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