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Abstract

Corona Virus Disease 2019 (COVID-19) is a severe respiratory disease transmitted by close con-
tact and respiratory droplets. The infectious disease pandemic has a great impact on people’s
health and life safety, public health and epidemic prevention system, social stability and economic
development. Artificial Intelligence (Al) is a hot technology in epidemic related research and plays
an important role during the COVID-19 epidemic. This article focuses on the application of the in-
tersection of medical imaging and Al technology in the clinical diagnosis, course of disease, treat-
ment decision-making, efficacy evaluation, and prevention and control of COVID-19, in order to
improve clinical efficiency and reduce the burden on medical staff.
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1. 5|8

3B AU SRR 5 i 4 (Corona Virus Disease 2019, COVID-19) 4% 4% B A5 il Ye vk Ak e[ 1] [2] [3]- 48
AR TAHH 2023 4£ 1 A 30 HRRE, COVID-19 1EHETERE BT i, A8 HAT IH 24 Bl broe i 1)
RRAFETAESEM, FERBT COVID-19 EEEAFRRIERN BIGATR G AR, MR, PR
FE[2] [4] [S]PT 4k e R 2 ERFI 218 25 5 1iE(Acute Respiratory Distress Syndrome, ARDS) [6]55 5 &4 fiifi
%, FEZRILTI7] [8]. FHILWX COVID-19 B3 BAFINEEL, 1897 7 Z8 MR IR T R0 PEAk 2 TR0
PS8

G A, W X LR TSI Z 45 (Computed Tomography, CT) & filisafi 5 12 W it 85 25 1T A,
WAE COVID-19 K2 Wb B MR 34 [9] [10] [11] [12]. W LARE MR ALV EAN A5 B, PhBhIE it
YRR B FIBT[13] [14] [15]. AL RE(Artificial Intelligence, A& — [T & L T EHLEOAR 57 4%
Bl TN T EAUE16]. ¥ AL HERBMH TG ZEE, A BT B 502 W R 52
PSR A TS R Iay7 3R, S miZ WG FASHETE, PR IX 2 8] BT AR ZKP 22 R 17]
Hordr, PR FF 2% ] (Deep Learning, DL) AL 2%2% 3] (Machine Learning, ML) 5.4 COVID-19 [JHER 5 40 #r it
HERTTER[18]. Al HEAR CRBCHAER BHNaE M 28 2 4% T~ PR AT RSB 1 (B2 TR . RIARRF S A Al
N COVID-19 B3 IS4 2 AR #AT 04, T = U A2 Wr . 6897 PP TS [17] [19].

2. AT E8#F COVID-19 297 K AR

BT, Al 8 H T B35 S A J7TH [20]. fFH AL AR ARG 22 G w] DR 46 Fa d 3 e (] A
Je AR E], B TAERCR, WA KEETFRIE[17] [21]; AME ] DL RIS 45 K i 5 20800 7 4
SEH PRI COVID-19 IR EY), AN E ST RIRINE, XHMAAEYS COVID-19 F) Main
HEABF(Mpro B)H =iE M), FIESE BARE G, MMl Mpro BRiENE, 2RI HISCRE T 245%)
WERANGIH TAE[22]; AL BEARTERE NS 10 TR W 2 05 T R 4% 7 X EZEA
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2.1. SHy

i P BB 31 3 2% ¥ 5% (Ground-Glass Opacity, GGO)#& COVID-19 7 CT b {5 WL E B AR 22 RFIE[12]
[23] [24] [25] [26]. COVID-19 &3 HINES CT MIARA T 43 A PYAN B BE[24] [27] [28] [29] [30]. AT 7E 5
SO R -, GGOs 3k Je B & R R it 22 22 5/ I8 PE GGO: B M3 i s A 2 J i W., JF
PG /NI RRES R GGO: 1E 14 RIGZ AWMEM, Wikt B, dF&E TiEm, a8 B e
BB GGO [31] [32] [33]. FEIMIXT COVID-19 HE M REFZFE G, NFEEIT A T2 Wrke 2 o & 1 A
Ak 71, Bk TAE A RE SR m M I, o EUR A IR 2 . AT B B 78 JURD Bl A 52 7
WKL ORRE ST, BT DAL COR bk e 25 A2 218 2% UG rR AT A A R AN s b 1) TAE & . Al FERTER %
AU R AR R R TN G AT B F 2 2 RAR 2 07 TR 9

WA GBI W KR COVID-19 BFHFAZEAR AT IR /00T, FHRE 306 AT 7 2515 204 42
Al #579[34] [35] [36]. Bil4n, Song Y %[37]3@id %} 88 5] COVID-19 H3& . 100 151 20 i 14 fifi 4 5.2 F1 86 4]
g e IR MR CT FREARIEAT X %), 7ETIZR ResNetS0 HIZEAL BigEE —FiET DL W&EE
——DRE Net, ZBEHERHA 0.93, UEH DL R4 BhE A2 12 COVID-19 E#H LA A 1T1%; Wang B %%
[381PEtH—FhH &1 “orHl - 4r28” BBV TE, 28 18R et 0 BB R (445 & M 4% U-Net. V-Ney.
3D U-Net)PAJ2 73 Z5#5 7 (41 DPN-92. Inception-v3. ResNet-50 1 ResNet-50), i i AR 74 () 2856 )1 25 A1
VAR ISR AR S W Ry = 4 U-Net++, FEXSHEZ LG E AR AUC N 0.991, 7] LAZEH BIoR7HE
AR X SRR A IR, AT 35 B 2 i PR e 17 R VA B i M, COVID-19 FIi2 Wifii i EK 5Tks Sara H.
K S [39] IR JE 2 S B B 22 M 4% (Deep learning convolutional Neural Networks, CNN)iti£EH{ Mobile Net.
Dense Net, X-ception. Res Net. InceptionV3. Incept ResNetV2. VGG Net. NAS Net Z5A: R k47 Eh %5,
ARG/ DenseNet121 FHESEEES A Bagging 732838, TMUERZEH] 0.99, MR HE LB
1%, ELREIRAEVIE T COVID-19 . It4h, H. Mukherijee Z5[40142 H— o] DAE IR 5 M 38 X 281
CT BRI Z M 2% (deep neural network, DNN)RIHJI COVID-19 BHYER G FIHERIFRA 96.28%.
Ghoshal 1 Tucker [41 @& U CNN 503, BT FF 8 P2 68 5l COVID-19 Mk X 28K,
PR 25 S SR 00 Il 98 AN e 1, 3 — 2D BB BRI AT AT (12 T RLRE -

FIF AT FAR 22| B 5B R [X (Region of Interest, RON)WA% )32 N+ COVID-19 i W, Chen %
[4211F FHEE T U-Net++1) 3 37> IHEAR > R AL, 0 R COVID-19 B HERIE N 95.2%, R
B 100%, FEFTEN 93.6%, (EAXMEAGHEN T, BN RHE A T3 R [a) b H S22 Wb T 65%,
MR R R A 2 Wi R s C. Zheng 5 [43 132 H 1724 F U Net 3D 1) CNN B84, 1ZAR7 ROC #h £k (1) R
BN 0907 FrFEA 0911, A HZEEA ) DeCoV Net Sixt fli il db4T 20 20, FE45 2 0 A il X 3 A
3D CNN A] LLTE G COVID-19 [FIHER RN 90.1%. BHYETME A 84.0%. B HE:TIME A 98.2%,
Shi 25 \[441%F 2685 lfifi 7 & MM EE CT EIHEEATALEE, FALHEAEH] VB-Net, HGLHRAL 7 H1 A R
(3853 S BEATL AR MRS 2R i T % Fh T ) I (R AR AR, B M R 0 RBURE R e ME AT HE B 2 0 Sl
90.7%- 83.3%FH1 87.9%. £i LRk, T X L85l CT 4 M AT BB COVID-19 MGl i 54 50+ &
(RO RS TAIE, BEXT COVID-19 BEATHI 52 Wi A1 B2 7 ¥ U5 A B A3 I«

2.2. ¥5SH

COVID-19 HH [ MR A5 22 R BAG B T RIS Wy, (B AR il o, 00 2 PR 4 e 52
%% £5 COVID-19 A MBIE[12] [45], HHILL GGO AFERIMHIWLLIX[30] [46] [47], HAReS
Y S RVERIES X, WA TEEZHIERE R, BH50E, SANSWIEIR RSB 21297
FHRHERMNE L.
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G 4R8I RSB B, B EUR RVBOSBIX, BET-3)R B 3R o #5252 Uk
BERHE, SGiit o W kAR 5 SRR S 2 4E 0 T MR B, IS kL A= 4k[17] [49] [50],
SAG A SR T B SR . SO KA BRRE A5 [5 1], SR 4LA R AR AT LUK SAAG 241 5 i Sl PR S
TEAHSE G AR B SR A5 S AT VR B A 38 TR 43 B M T i B 2= A At etk (9012 7 [52] (53],
BLC 2 R T R 7 T2 W, (BT, S 45 54 45 4 ] L e R e £ 1) CT MR, 2 5Ts
IR S 2 G R S PSS, (i ROC MR P B ALIS W ARE, &AL 52 BB K, BoRil
BRI REE . N AR 4 20 ) COVID-19 F 2 F A fifi s s e 3 7 B R IPE R .

LA E M AL ) COVID-19 3 E X 2681 CT % mi2Wr. #11, Wang Shuai 56 A\[55]#&HH
T CNN R, g9 79 5] COVID-19 HEF1 180 {51 BRI 25 i 28 e s CT, F4:H| &% ROI
BT AL ERANNN SR, S INZith, FisWas B 50 R =kl 45 B B — 3, Bz B 1 Bl 5 2R
SR AR R PEREREAT T PRI o B v (A T AN BB, B AT RE N IR B RAT R N A ) TR
Apostolopoulos 1 Mpesiana [56 U £E 224 ] COVID-19 £ Hi#8 X £k 700 541 X 3R1G14: i 46 K 504 %1 1E
W X kG, R HERPIZE R 25 (Convolutional Neural Networks, CNN)FIIEHE % ] (transfer learning)
TEMES X ZBIE15 IS COVID-19 M HIBEARHIE, %M EdEm e RBUZ IR TN 96.78%.
98.66% I 96.46%, 3BT 528 COVID-19 MK AA . PRl H 5hi2 Ki; Wang 1 Wong [57]3:F CNN JF
R T IRIE 2 2V FER COVID-Net, 51 NELE 13,870 1] 38 #9551 (1) 211 13,975 7k I X 264 1% COVID
x B4, X COVID-Net #ATIIZREAL, T COVID-19 & IS HEREIAF 83.5%, BEAAT DAZEGHErid
T A ) PR R T, A5 B A A TS A R PR A s L Z5[S8LRH 1 — A3 T il 03 A2 4 S A5 R R4 by
SINTELRY ) AL 2T R G, Rl AR SR 2 B AE 7 B 28 A2 BTN A T 260 181 5535 1) 40,880
ANEME, GE 83 Bl COVID-19 B 91 B Ia 4 g A 86 il fif Her AL, Z RGN
COVID-19 B 5HADMIX 0TIk, WERHR N 0.9249, REEETHN 0.9493, HrFMEHN 09113, HEHHE
PR a3 P 1, T DA B (8 2 B AR AT R 2

AL BB A% 5 B K 43 6 COVID-19 IS RI2 I A E 2R . Xu S A[59)5 il it DL &
L HE Bk COVID-19 1 CT 4%, F£%F 110 41 COVID-19 &% 1 219 FIIEE CT BIMR . 156 51 A 27
Jiti 9¢ BB E A 175 FIfd B =4 B CT B A 3D-CNN BB 4740 8, RAZ MK
ResNet-18 [%£% 4 ¥4 1347 B RFAE S U7 B 7 HLI (Attention Mechanism, AM)PREREAT bLE:, 792X
53 COVID-19 MR D UHEMZAN 86.7%, HHEBCAERAFMIIHBNIZE J7%; Jin Z[60]5&H T —H
#F DL B2l COVID-19. #[X 3845 14l % (Community-Acquired Pneumonia, CAP). ¥it/BAIEM %5 1)
Al 2%, UL CT EMG/ERREEE, PATEE S E]. COVID-19 EAMLERE W, Xt 496 1 COVID-19 H#
F1 1385 4 COVID-19 &l CT BUG#EAT /%], 1A COVID-19 HilffR:E =144 95.5%, Btk
94.1%, AUC 5 0.979, H Al RGHFI R BN 2.73 2, 1£ COVID-19 J5 T (112 Wit Ger & T 5245
R, BRSSP S U R A 0 TR

Al HARRHT COVID-19 HEE AR ERIZWIRRIR & 153, AR T P it g I g,
R EE AR TR TE R B .

2.3. AT

Bl A P AR A AR A, Ik AR AE G A [13] [61] [62] [63] [64] [65]. AL HAR
A DAAER & LM AR AR [66] [67] [68], FFit5E COVID-19 J5 A8 £ Ml A FIT 5 28 FH EL R e 58 58 S5 175 40 2%
PERIR T BIAARA[19], 0 SRITAS 3 BT RS TS TG 14] [69]

Al H48B) COVID-19 #% % 7 A5 . #11, Huang [70]454% H i DL Hxt 126 #il%2. . &
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M SaE A COVID-19 F35 FIIE CT 34 B a4 i) € & B S B2 | 7 e, QCT-PLO), 1Al 1 #)
TR IR AE FIBE I AN [R] 2878 COVID-19 QCT-PLO ™ H 2 B (A [ 224k, WPl COVID-19 [filiEs 52 2,
FH T A 7 ARURIT I 2 3 i3 e BT 7 280 X AR A [ 7 1 A R AL S HEAR R A BR A =11 AL il 28 4 B
LW RS COVID-19 HFM# CT FE R ROL, FFIER A FIRTIRI S, 1% ARG AT T4
A, PN K& COVID-19 & CT HHm AT UL, 383 DL 43 FRE A 2 i il kb, T 5500 98 995 kb 10 2 5
PR o Bl R il AR ) B o LU AR R (PR R, P BB S R A T R R R ERE R, A
FEAR 4> R TT BT RO S, B RdE ] COVID-19 MIEER; Liu Z[S81EH AT BAR A Bl & & & ]
CAVPAR P97 20, BB CT MG R/ INFIAR AR B A3 1 1 7 SRR, U0 o A 38 0 LB 2 Wi T 7 i
FRYT e R M ER, il CT HfiE &N RN, BIR Al RGERE &L 25997 807
HAWT1, Al RGEEE ImREEIC AT LHER DAL U, 35 Bim PR 2 A2 B ST VE A2 9T 77 SERE 24 1
FCZey7 226 Qian 5[ 7200 B3 BT KHUBL A (i1 . PAFIFD AL S BIET 5T, £/ DL AL %% 35
% (Multi-task Learning, MTL)%3 | CT FEUE R BURFAE H 1 H 5681, 51\ 3D U-Net X KIS E4T 7035,
S AL RZGehRic it F 1 GGO FISLAR AL H VSRR R 52 Fa i (0 25 A0 B o o f s AR AR B
e, WP VPR R g, PR I e A, 8 TR AR R GV e NI g IR

WAL, RS [65 1R SR A 22 7 1R @ SE AT CT FHIE S A FBY B COVID-19 58295 kL4251
LRIRBEAL, LTI B M AL e 5, RS AR R R 7SS RS I T A5 4 1)
Ll > S0%F, Filima kb 2 13 2 cleste, A B B 50 s (1 UK PE ARy 574 . Mushtaq 5[ 73 143 FHIR B %
21 Al 24tE40 697 6] COVID-19 B EVIGEME X LRtz R E LR, VAN I35 0 Bk T 5 A
RE, #HMERES RALE 1P #1717 LWE(RALE 74 & — M S SR UE H T 174l ARDS 35 1 P B AR T
TR EE SR AR S0P 5r), PR AAR PP I fE R Lh A AL, HORZ R0 TIRIR AR 2, AR TR
21 Al RS EAG I WIGA I X 28 T FE AAE TR B 1 RE T s Yue Z5[ 7411 FH 2R T ML HI5SAR 4 244
RUSREUEF CT BB U IE, BT BROsAE k. GGO MaAs i (REAE, FH{d F 2 A o A B EAT I
SRR ST A S BEAT IR, RAERIT ML ) CT SR 4L 45 A AR 7 B A (5 FHWI 4G i &k CT  F
COVID-19 £ 35 (1 Bt o 8] (1) il 47 M A Ik 1 2508, $RoR B AR QTR T 45 RN KR Be ik 8 2, 8k G
EYER A

Al F T COVID-19 Bkt 288, PRt AT S, PR T 58 = BT it 544
LG M, AR TR SR AR T DUB I XS CT BURRIPEAL, K S s ™
B, RS2SR, FRTRIEGHES.
3. INGE

H COVID-19 A A4, BHIFA SIAIEE 55 N ARBTIT A R EEE 7715 AT HOAGR 2 1A SR 3K kT
BR, JuHSE ML M DL $50R, T2 B TP i8N B JUH S TR e s i K Ty
W, 9 COVID-19 HAH] Bk (R4 Bh T B o AR B 2T B BEAE AT 50R 5 COVID-19 Je PRI BE I R
CIFARATIL, DR ERITI TARRCR, ARRRATIA A AL TR S % . Z8 b, KRS Al
BORE G, FTUX COVID-19 HALHHTS . S50, Joth ™ EAR R P AT TS T, 34 mT DA 2k o 52t
AT BREAZ RN 31, DU RS A K .

4. RFREE

B2 i HER TR R H T BT MO, COVID-19 BRUe AKOEAE A WIRMARAI K, BEZ 05
BHHE R L R, R AT A B 4. AT HORSBIT-BO A B COVID-19 53 IS 1
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T A 4R S AR HE ) 4 B AT AT SRR SRR B ROK BT R R A ROTAT A, 035451
BURR5 5 0 2 U R N SE R 50 5 K RS, BT SRR B BRI RN $RTH S A5
I BRI RS Rt

E&WE

B K B AR 5 X B2 5 4 101 H (No. 82260555).
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