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[ Abstract] Objectives

networks in deep learning, providing reliable auxiliary diagnostic techniques for lung diseases. Methods Four kinds of chest X

Building a chest X-ray (CXR) image classification model based on convolutional neural

-ray pictures of COVID - 19, mild pulmonary infection, viral pneumonia and normal were collected through KAGGLE
database, and the data were randomly divided into training set, test set and verification set according to 3 : 1 : 1 ratio. Building
a CXR image classification model based on convolutional neural network architecture, adjusting hyperparameters to strengthen
and optimize the model. Subsequently, the model was validated and evaluated using metrics such as confusion matrix, accuracy,
sensitivity, and K-fold cross validation results. Results The classification accuracy of this research model for lung imaging
images is 0.81, the sensitivity is 0.80, and the loss values of the test and validation sets can be stable at a relatively low level.
Compared with models with the same migration algorithm, the accuracy, sensitivity, and F1 score on the test dataset were

improved by 1.7%, 1.7%, 1.3%, and 2.9%, respectively.Conclusion This model has stronger recognition and classification

performance for CXR images, and can be more effectively applied to auxiliary analysis and judgment of lung diseases.

[ Key words)]

it NARIEIR 2R 52 00 B8, SEBUMLIAR S5 41 5t
PRI 2 (8] ) RS, BT LA 5 2 B G 55 | e 22 7
TR JAESR | B A5 A0 Y R % e
(LRSI R  NREE it S0 A 4 9 3 3 43 - 9F 5
N, FR2 WA Al AT O (8 ARl 90%
MAEBRIZAA Al REFEOR AL il D B2 %/ o
Fr B I a) o b Az 7 Ei A 0T B 2 A R T BUM AR |
AR ESET=2 Rl AR RIZY T g R XL
AT RS WHEA HA R A EAE X,

FURT, THAHLIBTZ 48 5 M350 X b 2212 W fiti &1
PRI bRUE S o SR, X R AR R I N T4
BT B2 AR A 22 6 5 RE N 32 WL HFE BT, ELAF 7E A AUk
ey B AL IR XE R SR I (8] N ) ) SR, B 5

* HATH . F R ARFEISH 1IH (82273742)

1AL P BE R AR 0 3 T AR 22 B T A Se 4 #00F = (030000)

2.7 Y5 KU DA L PG A i R S e

3.1V BE R R Al e 2 B B O =
NBEVEE  RIEE, E-mail ; wsq13. wu@ 163.com; &£ 48, E-mail : yu
@ sxmu.edu.cn

Lung disease; Model building; Deep learning; Image recognition

M J P 2 TR g 19 HE R A2 W . % H 4 M Y
TGN R RS Wi T SR, AT T IR B 2 ) SE M
R 22 P28 A TR BRI R S T X 2k
B rpRpEe e S, 0 7 B A A A gl Ak i 77 X
XA B EA T R 0 288, LA (9 A 535 1 B B IR
5 TAEE P HOI R R (BOH 58 U A PG 12 W, 2E 1Y
BRI MBS TR IR A e TARRCR AR EET?
AR R TT

BRERHE

LGB IR

ABEFERY CXR SR KRR H 23 LB (www.
kaggle.com/datasets /covid19-radiography —database ) ,
HALFEREAR CXR B R 21164 5K A SEm (5 B, 67
WO PR 3615 5k T EI R K115 1345 K fi e
JtTER PR 10192 5K LA A2 Rl A g 6115 6012 5k, T
A BRI A4 ) 2% [KJE ( portable network graphics,
PNG) SCF& N, 203 299%299 238, nfE 1,



- 366 -

\
' .
A

Chinese Journal of Health Statistics,Jun.2024 ,Vol.41,No.3

EY 1Y

w . A HHEENT R CXR KR, B 2 sk CXR B f,C M CXR A, D MRaEtEii% CXR E A,
B 1 kA CXR 2KE R

2. BB R 3 A8 bR FHIE E XL

ASCUIHEREA S 6 BE | BB T i S AR 52
B R RHE . Horp IR B R 1 X 6 K A%
LPRAG A, ABIS2 X IO /N A AR ZSAE bR, H
Vo it 58 2% B 488 v O AR A FE B . B BT V4 e 315 it
SR % B AR I A R R RS B s
i, S PSR ANV T RS . il S AR ) SR i 4 2 %
FERG N | DI A R EL J R ZH 200k A | it X
S AR D , 2 BSE FAR RAS

AN [F IR E SR 2 b2 I [ A RRIE MR
I, B ek il 58 FE 3R WU 4 BB A TR IR 52 3 1 1
5 R EERG N U SE A e M AR R 7 3
BN S 2 | 2N RORE) Iz RIS B
Bl e (EAH A TR e i AR AT o 2 8 Mt 30 g 2R 30 Sy XU
SUPRLHE L ECBOR | B S TR |t 52 o 28 B 4 v e AR
B/ IN b B T — 000 it 38, il R i 450 A S8 v A
TR XS R SO I TC S B AR

3 A

A5 HET Python FA4# Tensorflow HEAR 38 if
Ty — 1 A T 5 B R 28 X 2% 5 70 P F [R5 03 2%
b PR AL [w] 1 00 28 2850 A 28 o B At B R/
25 ) BRAEFEARIAN RI Z5 I 2 e 24308 7 AR VI R A s
BT BeZi G MR RE S L IS AY

BERERLES — 2o B RUZ 45 32 4 3x3 R/
B AT BRECH ReLU, B85 ATEAR (299, 299,
1), %— 25 B3 —1k)Z (batch normalization ) ,
FEFRENBRZ T H 64 1~ 3x3 KANBERZ KL
ReLU JiG AL, Ja s inAib 19 — 4k )2, F 34 L 2
(average pooling ) Fll Dropout )2 , #if B #& BUE G FRE I
WG, DL B R 2R, BRI A G
FZ fLH—1L 2 2 fk 2 Al Dropout J2, LA N
BAVE e BE FIER URFIEAS o R —A P2 T
W Z AT FUZ i 0 R IE U 4 — M . Z 5K
WISt IH— b2 2 EEE (BA 128 Mg
ReLU #4715 PR %) | Activation JZ Il Dropout JZ, fix/&
— R R RIS i )2

BRI GTROTAL 25 R o - A 1 ] 1R e
B YIRS R0 BRI 3 AR AL SIGEE J3E R 13
v, BARSE A 2,

. o

0.25| Dropout I--

2x] AveragePooling
Batch
Normalization

Batch
Normalization
E AveragePooling |2x2

Dropout 0.25 ¢

teane®

...................................

]

Batch

Normalization

128

| Activation |

) Dot e
Batch
Normalization

output | 1X4

299299 1| In put

B2 BRI 4 AR A ]

4 B 4y

ABFSE T B 21164 5K 038 X 54k ER 5ok
2. COVID (# i@ Jiti ¢ ) . Viral Pneumonia ( J55 25 1 fifi
&) .Lung _ Opacity ( %% & ifi 8 Jg% 4% ) #1 Normal ( 1F
W) o LA E BEHLFR T 0 BE B AL 23 B R K B8 4R
K153 4 60% (I 2R 82 71 40% B9 IR 4, Sk o — 2
RS IEMNRAR | SR FH 43 J2 5 R T 4R 4y
FPIAFHE :20% KAEAE T 20% 4R | 20% (1) 5E 4R
FHF B AR R 3 4006 A s A AL P4, o B, R4y )5



o E ARG 2024 4F 6 5 41 558 3 0]

SRR E T 5 Se AR WO 25 K IF %, MG B 7Y
RaraE R g 1 Por,

®1 o BdRE I GTHER

FIES ks MlE RIEE Bt
COVID 2169 723 723 3615
Viral Pneumonia 807 269 269 1345
Lung_Opacity 3608 1202 1202 6012
Normal 6116 2038 2038 10192
Total 12700 4232 4232 21164

5. %) Ak B

WFFELE A7 | Rt 1 o T LA S8R T IR 2 2
REAEIPERE ' DR, 7R S TAL R B B, X PR R
PERLH TR RAE RFAEXT 57 K A bR AT
ko Bl R rp R T A R BRI R
BEMLZ AL

: JE A 0

504 O
100
150

B3

6. B I 2k S AL Ak
TERRIYIZRE BE, 5T AU 22 j 45 ZLH X CXR
PR A T A, B IS S 6 % o Bl D B R AR TE R
BN MR HIE S E S 4 JF IR T BN, SRIG
IR UESE PR B A S ROl E e U f )i
AL B E AR M A R Fre U P RE A T VAL |

IREE R IE S — 7 ] 2

1.0

WSS —BURE

- 367 -

—, DIPRRE RIS — SOt Rl 5 . X T A7 7 B
ZEMEME, LL-100 $]+100 2 [] (A5 [7] £ BE Kt 1145 b
BLBHAS | 1R R A BORFR BT, R J5 R A% 5 330
(spatial transformer networks, STN) 5¢ .8 i %f 5511
R T BT SRR DL S MG s A B A B R AL KN R
(3,3) Y e 307 3 8 4 DA 25 B MR %) v A o3 o, O —
AR OB BT LR T A UG AEAS 7 B SN
Y o BE R R 8RB IS I BT o SC— A Tk
X3k, 547 2 AU D e 48 R X3l 5 4% 51 v A
Q253 F R R = A ) \ALBUT R R T = A BUEL Y
NG ESTBER 23 LR R L Z IS &=V Eib|
o BRI & 0( Covid) | 1( Lung_Opacity ) |
2( Viral Pneumoria) .3 ( Normal ) PUZ B 1858 J5 i) 18] F
B ARV TN R PPAL . aniEl 3 B,

BEHLTEE BEALE Y

100

1501

D
0 50

100 150

BEHLA EE

0 100

NGBSl

FEBRU AR B, R FH N T B0 s 28 05 1)
D EARLE S B TR, DU e B S B A &,
e KRR s DA R A E DI S AN IR By BE %, 45 51
FEH .24 2] HFEEAE 0.0001 A Ty 16 SRS H
100, L) A& AR AT (adam ) VR T2 AL AL AR I 158
R T RIS UERS B . VIZREE SRR 4 Fios

R > 2

o] 0.0020
0.8 -
5 0.00154
1 0.6 13!2 ¥
' 0.0010-
= 04/ = 41 T
024 2 0.0005
0.04 T T T T T T 0- T T T T T T 00000_ T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
A UK AU A

4 BRI R



- 368 -

7B A PEY

T ANV, A SR BRI 2R ] 1 2%
(B MERRRE R EUE K06 FL SME TR VB H FF (con-
fusion matrix ) "7V L K A 56 PR 2 AR R (%) M RE R AT
WAl (% 2) . BB REIEN FE PRIt AR T .

N_.+N
7&6@%2 TN TP
NTN+NFN+NTP+NFP
Nyp
N.
K=
Nppt+Nyp
R = 2Xﬁﬁ%xiﬁm
0%+ R A

®2 REHEARMIENX

Rl

Chinese Journal of Health Statistics,Jun.2024,Vol.41,No.3

W2 BAIE 25 R s - DA T 255 750 11 o Al 2%
317 0.7~0.8 Z [0 H/NF LDC-Model (% 3) ;@
LDC-Model HA 5 {7 BAAY S5, 78 20% 56 IEAL
5t G T U o i 8 PR 10 S 1k BB B A, 45 TR A 3
T HAB T SR

ARWFFEIAT T K P38 RAUEFE ¥, AN AT LUK 3
2 JUT7R WA BRY DAk 25 R BRI S RE | T L AT DA R I AR A
fIJ7 22 B AR ) R g v Az AL RE 1, Al A AR
5 A TR SRR R SR A TG B AR o) H A, AR SR T
W B B K =4 8% Hod i — A>T 445 i
R, AR THEME NI GEEE A28 Xt
BRI LA, e L UEA T B0IE , DUHT 58 SURHIE )
R UNZR 4 JT7R 5 0 5 6 RS T HE AR5 014 v 405
KB B 2080 A3 1150 F1 20055 S P E B ARDEA T
By, A AR ) i 2R R R

e COVID Lung_Opacity Normal Viral Pneumonia R4 NI NBIERER
COVID Nip Nep Npp Nep i Kb
Lung_Opacity Ngp Nzp Npp Npp &1 HIREY pliEzR MITEzS plEzR
Normal Ner N Nie New Pid2 IS Wik IE IS
Viral Preumonia Ny Ner Ner Niv 4 3 1% 1% Wik 1%
;H\:EP ,Nrpﬂel] NTN%%[J%‘%Zﬁﬂzﬁﬁié\%ﬁﬂﬂiggﬁﬁ$njls ﬁ%;‘ 1J||g/§ TJ”@% u”éﬁ? (D“Jﬁt

T B (FRE ) PR BRI, | N o BTN o 5090 278 R
VIR 0 il B (AR ) PR B B, it
S ARBRFER VAT T K P12 LRI, PSR IR S5
TRPRIFAL

& R

1 B R BIE 2,

AWK VGG16 , VGG19 | AlexNet 2545 A { Ay
T ZRAsE A3 3 3 B 2 2] 7 1K I G o JS A R
(lung disease classification model , LDC—Model ) 5 fiii)l|
B PEREHEAT LA, IR ARGt T 3T 20% 4%
TEEICHE 45 1Y & B A PG 25 1 3R 3. ARSI
HER 2615 70 2 Lh B MEse ) e FE SR v H R b, 1 SE Ml
60% I Z B Him A U 25 i i S 28 455 B R0 Z2 A 91| st
R SRIEAE F 20% 1Y 36 1E 250 0 42 % B4 A5 B A 7 56
E, feJ5 PE 3R IR A0 B S AU 5 3 20% A il 3k 2 3
LTRSS . DL ZR-g b - /) =X 3
it S ABE Y 5 A A R A LE A MR 25 FR B

£ 3 OARFBR EG AR g R

Ay R ERR REE F1 73H
VGG16 0.7273 0.7017 0.7668 0.7067
VGG19 0.7322 0.7109 0.7671 0.7155
AlexNet 0.7391 0.7544 0.7869 0.7449
InceptionV5 0.7484 0.7632 0.7533 0.7281

ResNet50 0.7548 0.7701 0.7731 0.7579
MobileNetV2 0.7580 0.7843 0.7896 0.7698
LDC-Model 0.7694 0.8187 0.8015 0.7963

TEYINZRBY BE , 454l 28 0 265 T )11 A 280 1) 2 880
T 221 =0.0001 , L R =16, Y 24840 = 100, ff
FH Adam P Ak HEms 5 455780 (19 A% 2 78 B3 UK 38 UE T 1R 2
Ty o i DAk G R ok BE LG i IR R, AR e T
RYBGUEZE R (K 3) , PR B I 1Y ResNet50 Fll Mo-
bileNetV2 5 LDC-Model #1738 X5 iiE, 4558 7w,
LDC-Model 7E 5.0 EHE 4 L3R T 80% 1) i i
EBIHER R, R I ERE (R 5) .

RS BRI WRIELE R G R (%)

A b= WA KR REE Fl1 A

ResNet50 g1 78 74 79 76
&2 80 75 78 74

P& 3 77 75 79 75

&4 78 76 77 74

Mean 78 75 78 75

MobileNetV2  #1& 1 80 75 78 77
&2 77 76 80 78

P& 3 79 77 75 77

&4 80 75 78 77

Mean 79 76 78 77

LDC-Model — #7#& 1 80 78 81 79
&2 79 76 78 77

&3 80 77 80 80

& 4 80 76 79 78

Mean 80 77 80 79




o E ARG 2024 4F 6 5 41 558 3 0]

2 ARG B it

5 HAB TN ZALRIAN Eb , A 55 ARG T 20% 56
A ETE LR EEERiORA e S S 3= () '
B UE AR P RIS T AL TR, E— S HEBR T
RS AS B B HLIR 2552 IE B T2 AR AL CXR &
Bornykatart . Rk, ABFoE e FH 20% 12,
BRI A T B A B E , I DL 4x4 JRVE R Y
WA AR A R B, Rl S i, Hop AT
RS FRR — A UGS J R 9 32060 # 2k LA S BT
& FE AR ITAG A M PH P R B 1 R B . e i
Sy AR 4232 5K BUGIRZE R b U D BRI Bt
RIS HR ZHOR A A 52 B Il e FLE % X
EUEIN Z 18]

25 LR ASHIE 9T 4 0 3 R B 2 ) B Il s
PGV B Sy AR I, X CXR BRI 53 28550%
v, W Rl R | A TR I A% B 1 AR D %
A S HU il E 595 (A A2 W AN S0 5 LA AR TT 2 i
AK /N A E AT RN LA Ay ST Il g TR S R 4
B BERT, 795505 4 B2 W7 R 950 )y T EL A AR 4 i g

[V

i 5% o

TRIEHERE - TR

COVID

Lung_Opacity -

Lung_Opaoity  Normal  Viral Pneumonia

T

Bl 5 REAPEAL IR VA AR I 1A

COVID

Wit

AR LA R 22 10 245 DAy Ll ) A i g 7 RS A
FEOT AN FBARAL | 5 8 G e S B | 394 i i AR AR
TR, LA B AR R B 5 0B e 2 R i ] Ji¢
TS SRR 3 48 b, A RTARAE U A B 7
ORI AR P R R e o0 51 R DU AN [) P 18 b 1
X TER , T 58 BOREAS TR 19 3 28 IR 51, AT
GO BATUE—E AT SRR A 0T A AR L PO T
Bl R e HLAS TR A B, FL 0 245 2R ] DAy I 2 o
SR LI ek R A A T~ B, P Bl B2 T A 3 sl 4 [N
PR 14 g R T 7 A 1) 5 R P B, AR R BE fi v 112
WIS A i 0 28 T 7 TR B BRI T

TERT BRI K (0 2% PF T 38 3 TR BE = ) Bk A
SR it 73 S AR X TS I PR K B+ B
R TR SL, B P M A SO g G S 18 ) o 17 i e ) 5%
AR, B LR~ > AT AR, N T RESOAR IE 7R

- 369 -

HE— 2T R ISR 1 A sk % . BRiH 2
1 F BG4y 2 W IR 2% ) J7 1, 40 ResNet— 101,
VGG-16 ,VGG-19  AlexNet 251160 | 1 2 45 %1 5 5 41
2D A% B 3D HHE R LA RE ) 7 2 s AR
RBUHSC U FRIE IF HEA T 4328, IERA I RS i\ R
B R A RS R AR N e PP bR . SR
N TR A A [ i ) v 2 A K, Hi A s
PR R KA — , B3 b I 42 2 vy TS 50 4 4y
ENEINGEEX SRR e W N ST EA S S

AMIFFEAG AR ELA R X 7 B 0% 448, T LA 3 v
AN A R 2 Bl A A B Y 2 (A R R | SR
T F5c 22 BORE E TR, A /0 50 PRl it g e I A 7 4
BRATIE, X AT BE S T MR 40 0 R B AR RN B die B i
PR, S BB G ot 0 &z 2 2, TR e AR b2
WS FP gl A TR 7 125, AR A TR ASE 20 X 40 B o
B R RRRE N S Wi TR SE BOR (AL
B FEL RISk ) B2 0 43 S G W o ek DA X A A
E— BBk AR [ R T B AR R S ik 4
BV BN TIF RN T ERRG MR ES TS
AT LATE G PRIAEE H R A I AT AR - Jf ARORH I &5
I CXR PG R F0I0 A5 AF SR , DATERA 38 )
B BCE I RIS

A AT RIS ot B P A7 e — S8 R R, dnd)l
S5 PGB T i A o e B T R e s LA
[A] AT e i/ F A B ) R A5 S A T AL B
M4 BR AT P 77 AP AR IS LSS . AR
BRI PR SR e, HLm i K 728 S UE 4o i 3 1k
117 3858, RN A AR AIF {8 TR AN s A5 76 3 L5
KA R, B B TR b R T R A
FTERA P | ] A PR A AR A AT P B IR, R 2 IR Y
B TR AR 1 PR Bh 2 Wi 2 3L

2 % x W

[1] Liu S, Liu G, Zhou H. A robust parallel object tracking method for
illumination variations. Mob Netw Appl,2019,24(1) :5-17.

[2] 92 LR, RIS, 55 JE Theat g 22 M 4 B e il & CT B
HIPURIFE A, v [ B2 2 42 76, 2022,39(10) £ 1263-1269.

[3] WLRB. BT CT BURRHEM RAMIF. BT R 2022

[ 4] Lee S, Negishi M, Urakubo H, et al. Mu-Net; multi-scale U-net for
two-photon microscopyimage denoising andrestoration. Neural Netw,
2020,125(26) :92-103.

[5] T BETWESA ML R CT BRI I ik mi . R 1E
KA, 2022.

[ 6] Li Q,Guan X,Wu P,et al. Early Transmission Dynamics in Wuhan,
China, of NoveCoronavirus-Infected Pneumonia. N Engl J Med,
2020,382(13) :1199-1207.

[ 7] Anisotropic Diffusion Filtering Operation and Limitations - Magnetic

Resonance Imaging Evaluation. IFAC Proc,2014,47(3) .3887-3892.
(THEH 375 1)





