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5k OAMQ  HERAG

(T T Y AFFEETHEFER AN 310023)

i B EWH DM K(COVID-19) AR E I T X # A i R IAATE D o, B i
BREP ARG TR E R R LSS0 B2 B3 b F i AL & 33 (CT) B&3#To
MEBRRKREE, MR ERTICEATRANFE ALEWEY A F THRIER
EAVDWEER, R XEE —FMHFET L REFATREETIHF 25 R E W % (MSP-ReC-
NN), 4t # &Mk CT HE#T R EAE BANRKEGFE, 2 REFTERTHES AT
R AR B 3% P v o SO AT 41, R OF R R B AT 7 R, 2 B BUR SR B P Y
B R NARAE, A — SN EEA BN —RIEER TR TR
WAL, RN FEXERME, 7 —REHWREXREHME, ERAELETHITEF AN
FER B PRI KRG E, T RE XL, U RIE 2 F R0 E 7 R BAME
R, B 5 RMHME(NLM) £8 5 WEERWE WL (SCNN) REEA Lg%
Ak 2% W % (DnCNN) S EER Xt LR M A M a2k, MU EH AR EA Y
MERMKEG PN RS FETUEFMRYERSEEGRFOSCEEN AT, LB UK
Be A 4R f ¥ W] S 0N BY T,

KRBk F A K (COVID-19) B F it EALET B A4 (CT) B, Efk X%, £ RERE,

RARAIAT, FoER

0 5 %

HEAT R (COVID-19) B 2N 2 BR R IRATIN ,
XF A BRGNS R 7 A 1 A AR F 4 52
A 2020 48 A1 H, &ERZHH2HHIC L
600 J1 1, B AT EEN A AN ] i R A iR AT 22k H
FIHEAZE B A (computed tomography, CT)
SRR A BTG L, DU X 83 1 1 & SR RINR T
RORVEATREEVEAL Bl 802 N BCR W7 R
G N T ARG 56 CT G A TR E R,
[ORERCRAPRISH SR

B TR 2 20 2 R IR & JR it 2, K B KB
HEFTN 2 2] O )2 AR B S5 AR o BT s,
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TS T RAF BT R A R B 2 T % R
ARt 58 CT EIR BEAT 73 A, DT 22 ik B2 7 % 5%
g AR B8 A= 7 fr A A5 — R 80 1) A 0 O
B, BRI AR B T B SCERAR T AR AR I G
P g AR, IR e A 5 T B &% LA S BR AR 1 12
Wit" o it A SCHR R LT 2 RO IR AT IR AT
P70 2 B 22 I 2% ( multi-scale parallel deep split
convolution neural network, MSP-ReCNN) , X} % 7 fili
% CT BURHEAT LA 3 FRTHI R CT UG,
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EARRIE T AT 2] o e A s A
P TR TR B RRAE IR S W28 ) B 2 2E0¢
FERIEFIIR BEOCTHRHE

FERTEN R CT BR KM, ASC E 8T
EIF .

(1)l 22 R R AIE 2 BURS B | DA [i) R 4
EGREE R .

(2) $2 3 R R GE B T AT 5 =X 43 ] 4 BB 48
CT MG i) s 4 RMIR A

(3) $&H — B 36 FURAE , 32F — 25 PR AR I 2%
SR A R B | H T I 2% 1) S MRS B

1 KT

I 2 P 5 2 M DR HC ELA 85 vy 1 52 A (L, 7R 2ot
FARK — B R4 3z 58 . BT B %
W B NPT, — KR TR AR KR
EME B R T N TR R Mk, 78
gt B 20 5 v, SCHR[ 10 ] $2 1 —Fh 56 T BEHL
T I 2B S 43 (empirical mode decomposition,
EMD) F5& 2 M A3 1k %07 12 0] BB AL 003 8 I 3R
WA A SR IR A R | e A R A A B e g
Pl SCHR[ 11D AISCHRL 12 ] 43 504 B BN g AR
T BB L ZOr B R s T i
PR BT B 2 R b A7 78 1 5 357 1 R P S BRAICR A
4, SCHR[14] $2 Y — B0 3E )5 & 24 {H ( non-local
mean , NLM ) FIf& W80k 3205 1 o xof [ b 4
AMER RBCEAR A DA RE O R E D
AR R AE AT AT 24 40 B 45 48 J5t 4y 5 1 ]
B BIRFAE, A ARR 2R (H 5 12 0T Jo] R < 35
WHEIE R, SCHR[15 PRHE R EREEZ S NLM A2
& M CT R M7k T LA 0 £ CT
SEEURN L e

gt B R LRk BAR A DIfE— e R |
PEFF B2 MR BT i E A1 A T 1 A 003 i s 2 5]
B Oh 52 I BAESCRAN S R B s 00 b i
ARSI S SAR R TR 45 B o A A )
12 IO B 2 PR 26 MR AU, i B AN AL G T 2 1
RE T, T HL B O T = o R SO0 40 4 A £ B I O
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SCHR 17 ] A8 P 58 o 4 680 A oA 3 o Y
W4 5: B0 28 ) 2% ( shrinkage convolutional neural
network , SCNN) #R, JEAT (R Z5 8. SCRR[ 18 ] 42
HH AT 0T e 20 1 R P 1 2 M B 28 I 2% (dle-
nosing convolutional neural network, DnCNN ) £ %Y
5% 2= N 2 Atk & 1E 4L ( batch normalization, BN)
HORMGE G, AT LA R0 2 B R h T Iz AR =
MR SCHR[ 19 148 T DnCNN BEAY rh g% 22 () 2%
RS IEAR AL R, HE— 2D BRI T M 28 24
i TERR R CT BRI IR T AR
Ao SCHR[20,21 14 H— ik 22 G B 25 - L s A5 AR
%EliééIW%( residual encoder-decoder convolutional neu-
ral network, RED-CNN) #5784 K7 25 U 45 7 FH 241K
I CT BR LM ) || 5% 58 2 e b A 0
Fo TR LR P 5 AR A BT 82 T, ER R
il & PR SO B8+ 5, G Bt ]
X IGORG B2 5 TR L AT AT AR R K I AR 3C
F XX —[R L, $2 T MSP-ReCNN #6874 il i 2 R
JEE AN A A 9 7 AT LU 5P I 4 v 2404
AL PR TR L ERERE TRl IR B AROT 5,
PO R 28R i PRASE Y I s JBE | 4 e 25 g
mFrE]

2 AR CT AR &% &%

AR R S A B A S CT R Y 25 e 7
A VRN 4B MSP-ReCNN Hh #3221 i i B |
e Ja o | AR AR SRS
2.1 [O)REHIR

RISl R CT BUSh X, T CT BRI
RY, CT EMG g rs EHE S v, nT LIS 3 (1)
mr,

X=Y+V (1)

F(X) =Y (2)

HAG G T B SR CT EE X
VER ML Al I ZRB A B2 2 A X B Y
SRR (2) o FR SRR T e T I 45 e 55 1)
75 2, BRI e >k 143 e, O H L MRE A
150, R AR SO PR B 25 2 > 50 W6 R AR A0 %) 285 2% > e



s BAE T 2 R IFAT

WREERTYR 73 H9 CNN BOEli R CT &5 25077 12

JE ORI 0 5 AR B — R 5k 25 BT
Th P4 S BR A 3 B G an 2 (3) s, BV 2% 2
2] R R g A A R Y
R(X) =X-Y (3)
WAt sk 2Eep 2] o, ol UK E R 2 S B R T
Vi EUR LS S A0 h 2 2] 5 Wk fii 58 11 45 v 1 I 7 43
i BEAR T W 48 2 ML BE O HLP& T T 180 R0 2 I i
B,
2.2 ZREFFERIER
FEABTAMNZE I 25 v | sz BF 2 45 AR M 242 I 245 vh
Bp— 24 H R X R AR B R X e, Bz
HPRK, S A AT R A X st Ak, AR SCHE
PG A B B, 40 B 3 0 R ) R 19 46 B
(1x1,3x3,5x5)FFATFRAEFEICT AR, KIEH
AZX I )2 M s B A, T L R R W 1
i, /7N FEURZ D0 T LB /N 91 Bl ) 24015 R AIE
AT IR A 07 3K T R E
PR FE—t VB BSEE A . WE 1 R,
Hoh ReLU J2 &30 pRAUZ , B A2 I ofe 4 oy A
ARLeE , Nk (4) P,

ReLU(x) = Max(0, x) (4)
MAE
O @D G
| ReJI:U | RejLU | [ ReLU |

I |
(3x3 ) (575]

[ ReLU |

1 ZREFERNE

[ ReLU |

%ﬁ%F

'ﬁﬁﬁ%

TESE PRSI R S 22K R 2 195 x5
B TR RIS B 1Y [W] B, PR PR S 80 A
2,

2.3 FERBEEHITHIE

AR SO PR IR 8 T T AT 0 7 ORI et i 48
EHG AR 4E B AR R . Hoh i 2l iE 6 )2
P2 A 1, 3228 T 32 IR ZE J2 09 RRAE 1R .
GIZEE N 16 202 A 1, FH T 3 5 4 i
O S I = S N A2 P S W= 3 UL SR 117, (2 s W
R IEE BT G IR B
2.4 IRHDERIRIE

Syt P AT B T B A AR AR AR
mE 2 s, IEMG B Y R — 2 0 RRAE AR AR
SAETEARRI IR LRI TUAR G 0 . A AR
SCHE IR AR ST W R U R B R R R AR 4 PR 4
AT B . BB Iy 3 x3 AL
R 2 153 A RO 43 REAE L 1R 47 43 20 45 B
B EFOCHEARE, R, X 0 R AE Bl H
BAZRAN A 1 x 1 B s 45 PR AR 15 B IR O Ty
fit, BB AR (S) ZERER U, Lkt 2R E
M ACBRAE , A A3 T8 A W AR 1 4 )
2] S, A S, , Hodr B AT W 43R R AR Y A

%,
$.(0) = F(U) = 223 Y UG, )
ce (1,21 (5)
T A M R A BT 0

S, M1 S, S —il, A e ELE, HA Softmax
PRI, BT AR A T MR B 5 T R IR 4% 3 3 P A
H oo B, wx(6)Fin,

IE%E%&

éﬁ$ﬁ

Softmax
éﬁ% I

:{)
{k%e@&%ﬁ Softmax
éFH:i’J

B2 HFOEREBE
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S
e 1

a = m B =1-«a (6)
e e

Lol PR r G RUL RS B R 45

Y=a-U +8-U, (7)

2.5 MSP-ReCNN # BBk £ 4

WK 3 fizs R MSP-ReCNN [ 3 (RHEZE i 4
TR, E N 28400 R B B T 22 R E B8 AR
P AF AR RS 1 45 B 2 RO H 4 BU 42 CT
BUG H 0 4 5 R AE, BB A F 2 58 43 J& Sconv
Block #iH, o Sconv J& W #7404 B, BN 24t
HOEA, R E A Skl 6 R, BHK

MR EREEZ G, BB —1 BN #l RelU,
TRl A — 3 16 JZ AR, R AR 9 252 )
MENE B Se R 22 M 4% RS 1 2 AT RS R AL B
ZJE BRRIE H AR G55 5.9 13 )2, B AIT
e N AR Al A A e TR 98 3 L 1 1 8 3
1691, REHEMH— 25 B SR IE R 3 ik
h— R ER R T R AR AR A I 2% 11 2 2T
JE W A W 240 il — AN R % 22 BT A S %
Fa AN FE DB E | 30K gt (15 190 2% 227 ) il 4%
UG S oA T AN S B B2 2 AR 3 T 25
LY

i Sconv
! Block

o=}
=
L
~
o
Z
aa]
ER
>
=
[}
Q
n

BN+ReLU

0z

| Sconv Block |

BN+ReLU
Sconv Block

| Sconv Block |

Sconv+BN+ReLLU

Sconv: AT #4345
Conv: H@EH
BN: #it=IE{b

Sconv

Sconv+BN+ReLLU

YI
RX)

S

/| <

AIE il

i

N+ReLU

=

Sconv Block

3 MSP-ReCNN 1&£ 5!

S SCAHE P ¥ 07 % 2 A D R A 458 2% eR R, A
() Pz, o R(X,) fUR M2 ~7 2] 15 B (5% 22
BIGH, X, - v, ARFRSLBREE 22 RS R Wt JEhn 45

1 N 2
Loss MSE = N Zi:l [ R(X,) = (X, =Y) | )

(8)

RS MSP-ReCNN F— J2 45 B K/ B i

WHANE 1 R, K 1 R RZRHEREZ, —

i 48 1 x 1 BB 64 13 x3 IETRZLL

K32 45 xS(ETAE N 2) BB AL, TRIE

HIE e AT A AR B o O
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*1 1% MSP-ReCNN W& L& #1545

BHZE ey iy HEE
12 1x1,3x%x3,5x%5 48, 64, 32
R SBT3 <3 38
¥2~5)2 B x1 26
TR TE SBT3 %3 38
H2~13 )2 BRI <1 26
RS2 None 64 x2
%15 2 3%3 1

FHIER HAECH 2 .38 S R/INVR 3 % 3 BB FRERAE,
B SCTERFEAH 26 1~ 1 x 1 /MBI T4F



s RAE T 2 REIFAT

TRIE A P50 CNN Hrefili 2 CT UG 27 ik

fERh 2, 335 K TR TOE I 19 4% 64 D ARAEJZ I
FrEmte—ie, 2l s —)2 1 i p B Rz
FHEBR 22 ERBR

3 EREERN

gk — IR MSP-ReCNN 1EBTE i 48 CT
PG Y 2SR OR AR S0 5 18 48 MR ARE NLML D)
FEF PR 45 1Y) Z WA A SCNN | DnCNN 14 25 I 2%
AT TR AT o R, 24 SO fiff PR ASS 750 33 il 52
B HRGE TR M a R

ARSI () i B R BT O BRI E N Intel (R)
Core(TM) i7-7700HQ, CPU 45 & 2. 80 GHz, GPU
Bt & 4 Nvidia GeForce GTX 1050 ; 5 {4: 3015 64 fif
Windows #4E R 58, i 4] Pytorch TR B2 S HESR 72
Pycharm ¥ 5 F 4TI A0
3.1 WREERINETE

ARSI COVID-CT $dls 421700, Hoh 4. 349
ik COVID-19 kil &2 P CT ER , 0F 397 5Kk
DEBAPER CT BUE . WiE 4 fis, K E 4(a) 2
FRPER) CT EHER, B 4 (b) ;2B TR CT BIf&R. %%k
P R CT BMRIHR 53 #5130 R BA 82 LA
FESRRAEM, ST AR B R E
SO B 4R rh IR 23 B/ T 300 x 300 dpi
A CT R, S 3115 21350 5 FI% AR SC K BH 4 A

~

(b) BEM2 BIE CT F1%
E4 COVID-CT #iE&EE %

BAE CT % 4 B 15 3K CT S AE it 48
P 320 SRAE ALY GBI . TR R = I 2R
it S AR ZRB (], A SO0 A St #4700 7 ab 28
SKEERMGER R /NN 100 x 100 dpi, RAE 8] B 425 dpi,
R3] 212 224 S EURHR AR T 0 5 G EHR
3.2 SRIRZERXTLE

AR SR FH 30 AR % UL AR TR 7 vk % 45 B
MR CT EG AT He o #r . o 0
Ty IR 3 A 25 M R A B AR ROR
AR S PR SO (8 PRAFAT DR PPN A 1 25
WEVERE 2 PP A0 — SE R LR AR P 2
PNCINOE-SUMZI e R AN R u Rt BN I i ESh e EE P
P22 B 1 25 51, R W b 73 BT 4% 2 MR AR 1) e
AR SR T PG 2 W8 AT W (A7 1R 1L (peake sig-
nal to noise ratio, PSNR) . ¥ 7 #R 1= 2= ( root mean
square error, RMSE ) F1Z5#4 AH{LIPE ( structual similar-
ity, SSIM) , PSNR FI RMSE J2 i & 8. 3% 22 W fig
(BT , PSNR R B = | X 1 B8 3% 1) 25 8 e ) o il ek
Uf, RMSE OR8], D356 B 0T 10 B30k 2 R 280 R B
U, SSIM J2: Ay i AW iy s 1 5 PR AR ARLEE , I
L0, 1], HAEM I, X B L AR & CT
PG SR 205 7 T AR B AT

e s FE 6 B, AR i BT Ml 48 FH
PE CT EMR AN FAME CT R4 — 3K, I8 i 45
RN B AR SR R B 45 A 1) MR A5 SR AT ROR
K5 (c) FE6 (¢ )ENLM%&EB’J%@E oE e <)

DD

(a) Hﬂi K FAHECTH (b) (c) NLM

DRQP)

(d) SCNN
Bl 5 BhxPEME CT BGERER

(e) DnCNN (f) MSP-ReCNN
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(a) fili % BPECTE (b) (c) NLM
(d) SCNN (e) DnCNN (f) MSP-ReCNN

E6 AiXRBAME CT BGEBRER

B R BR T RIS B RS (R IF A Y] 8 A M
FEERER . EI5(d) 6(d) MK 5(e) . 6(e) 52
% SCNN FIBEHS DnCNN (1) 25 B2 5 3l it 5 )5 A
XF R AR IR, W 3 AT AR G b S B il ¢ CT IS
RS (EAE SN S DR AT 5 TS AN R sl e

(a) EMECTHE

It TR] (%) 6 3 55 20 L HR 43 B A A [6] 2 B 0 BB
Bl 5(f) \6(f) /A SCHE A MSP-ReCNN 1Y 25
MagE I 5 M RVE A e, B RS MSP-ReCNN G it
JEAE RIS Ty T 3 2 O B i 0 ) S0 35 5 T
HRA TAF AR I

g T E—IE AR MSP-ReCNN 14 B fili % CT
EUR SR 1 I RE T, A SO DA E s BT — ik
fili 9 BAPE CT %, FF Ho 2 Mg 45 S a4 7 T s & X
HWORCRALE , 7 (d) & T i IR IR il 48 CT JRii
DR IR . BT () RERZ /2 NLM 7k i) 25
SEOL T LU H L g 3 X3k R R e AR TH A B
AR . B 7 () FE 7 (g) /3 Bl E B R SC-
NN FiIAHY DnCNN FY 2 M 45 2R | A Ja) 38 DX 3l il K 14
BT LR H AR T S SRR AR AT NLM
SR AFUIE: Al 18] 6 3% 289 445 19 5 43 1) SO B 25 4 9 1%
FRMFHLOREE . 7 (h) X A 2 A5 MSP-ReCNN
W RMRZE LK T DUF AR L BRI S 0 R E £ BE
AR ) K ) SRS AR AT

3¢5

© BEEESE

(b) Riafti & CTH
d) FEZH (e) NLM (f) SCNN (g) DnCNN (h) MDP-ReCNN

7 FhXFEME CT BERERERBIDREMX

& 2 JEX R KRR AN L B A T
FrREyF-B(E, MRl LLFE Y, 5 MSP-ReCNN
(I EWPES R FRAI RS T NLM 53k BRI SCNN A
£ DnCNN, AR B 427, H PSNR {E L NLM 553 |
P SCNN FIAE A DnCNN 43 5142 & T 4. 0301 dB,

— 1150 —

0.4092 dB Fl 0. 2679 dB, SSIM fi M 43> 5 #2 & T
0.1201,0.0484 #10.0252, X \ZULPF-H Jy T UE B
TR MSP-ReCNN 7 2 BR M 75 LA K O BE S0 B4R 79
Jr R RETT



s AR BT 2 RO IFATIRBE I PR 9 CNN BRI 2 CT BIR 50 05 7k

x2 MEEWIEMIEREFHE

PSNR/dB RMSE SSIM

FWE CT 15.1030 51.3311 0.4673
NLM 29.1894 7.9106 0.7472
SCNN 32.8103 5.1035 0.8189
DnCNN 32.9516 5.1480 0.8421
MSP-ReCNN 33.2195 4.9503 0.8673

3.3 MSP-ReCNN #E8UH ghsoid

R T ARG AR S 1 22 RO SRR B B
B VRVEGHEE TR, LT S B R E X
MSP-ReCNN 77 e (Y 5E 1A , A5 73 144 BRI Y I £ 45
Ftan ~ ksl

(1) K AT 45 43 465 B 4 30 2 48t [m] 5 5 170 45 PR 48
Y, #93“ Without Sconv” F1 |

(2) %% 6 )2 E AR TR 1558« With-
out shallow channel” %1

(3) BERRAE B2 OB B A BRIA X 2% vh B Bk, 75 )
“Without multiscale moudle” 5 #1 |

3 3 JRABUBRIA AR AL f5 X6 I 1) 45 R 7R
MRALE F & TN PR 1 I E, INErh T LUE
R SCHR (1 3 ol 25 I 255 g o A0 280 2 M 4 SRR A
—E R B 3R T L R AR o B A T DL
PSNR $2F 0. 5648 dB, &k 1 3147 5 W AT A4 T
0.4611 dB, 2 REERHESE BB AT LIJE T 0. 2461 dB,
SSIM {H 0] 43 5142 T+ T 0. 0688 ,0. 0319 F1 0. 0103,
XU 3 ol 2 MR 5 Ay o el RS 118 2 MR o ff 5 A
JEERA B E A

®3 FRINZEHEIRT L

PSNR/dB  RMSE SSIM
Without Sconv 32.6547 5.6845 0.7985
Without shallow channel 32.7584  5.4982  0.8354
Without multiscale

32.9734  5.1584  0.8570
moudle
LN TR 33.2195 4.9503  0.8673

&l 8 T/ 2 A A1 it 22 B )1 220 K A2k
AT ZE A, - ith Goxt Bz iy 2 A A MSP-ReCNN 1)
YA, = b i F B E bR ic i 2 55550 %F
07 P R 2 YR 3 T R 2 B o 5 RS R A I R

FRIE ZEEARIC A 1 £ 2 st R AR B OB B )5 1 1|
Rz ibihd, WEH A LUE 1, T = Mtsic
FITE bRic i 2 2 DI Zhad B2 b As e AN AT ik 3hi
AR, IF BBk sR Bt A i . 22T A i il 2
FENGNITF IR SRR, Z JE A 218k TR, B
A MSP-ReCNN X h 9 ~F- 9 i1 4 e i 32 A P, Wk
SAA TR AR, FR TSI AR SO L Y 3 R I 2% 25
AT LI Do 4 1 S5 e S0t 2 ] o A 78 ) 5 A
PR AT

0.030 T
v—+ Without shallow channel
0.025 *—e Without Sconv
+—¢ Without multiscale moudle
—— default
0.020
&
- 0.015
&
=
0.010
0.005
e readBbesde
" > ity

0 10000 20000 30000 40000 50000 60000
LS

E 8 &ANERNGIRETEZ
4 4 p

kT REAE R RO M 46 CT BRIMZ M AS iY [A] B
JRUAT e LA B8 PG g e B S A AT AR SR T
— P T 22 ROBE IF A7 U8 B2 W] 4% 43 45 BB 248 ) 4%
MSP-ReCNN, Jd#h %) e 52 45 Rl LU Y FHE T
HoAb T H 34 vk | R MSP-ReCNN JGig & 7E 1 WA
WIS B WA Fa AR 7 AR A AP R (W]
B, 38 3 O 4% 9 S 56 T DAIE B AR SR R I 2 R
REAE PRI LA S VR 6 38 3 I 7 SR W, Wl AR 47 1l
PREUI R CT B b i) SRS R A0, 25 W o1
FRE BE WA 42Tt . Pror BRI — DRI
T MR SR, IF HGE T 556 B & ™
LRI TUAR RS 0, I 1 1 46 18 31 25 LA B i 8
PREE ARSI UL, 1A MSP-ReCNN 1] L BT B
TP e U 28 CT IR K AT 55, 7647 e il 4% &8
FELERZ PR, AT LMRTHIT & CT MG, Sl B HLA%
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DAL AP N5 58 CE NS R I W . CEARR IS AL
R rp S AREEAT T = HESL AR 8 CT 115 21 LA
LSS Wil 58 CT 5 25 Mg ) L
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COVID-19 CT images denoising method based on
multi-scale parallel deep split CNN

Zhang Shuo, Yu Shiming
(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023 )
Abstract

The coronavirus disease 2019 (COVID-19) has spread worldwide. To early diagnose COVID-19 and reduce
the pressure of medical staff, using deep learning methods to analyze chest computed tomography ( CT) images of
patients becomes more and more important. The images of pneumonia have rich texture details and fuzzy edge struc-
ture, which are easy to interfere with the diagnosis of machine and doctor. COVID-19 CT images denoising method
based on multi-scale parallel deep split convolution neural network ( MSP-ReCNN) is proposed in this paper to en-
hance the quality of pneumonia images. Multi scale feature extraction module can extract the details of texture fea-
tures in pneumonia images from different scales. The parallel method of deep and shallow channels are utilized to
extract the high-dimensional and low-dimensional features of pneumonia images. To further optimize the network
model, the split convolution method is proposed. The feature graph can be divided into two categories, one is the
primary concern feature, the other is the secondary concern feature. High complexity computing method is used to
extract the core information from the primary concern features, and the low complexity calculation method is used to
extract the compensation information for others. Compared with non-local mean ( NLM ) denoising algorithm,
shrinkage convdutional neural network ( SCNN) model, denosing convolutional neural network ( DnCNN) model,
and through network ablation experiments, it can be drawn that the proposed model can effectively remove the noise
in COVID-19 CT images, and can retain the texture structure details of the original image, as well as provide more
reliable auxiliary diagnosis for machines and doctors.

Key words: coronavirus disease 2019 ( COVID-19) computed tomography ( CT) image, image denoising,

multi-scale feature, deep and shallow parallel channel, split convolution
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