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Toward Automated Segmentation of COVID-19 Chest CT Images Based
on Structural Reparameterization and Multi-Scale Deep Supervision

LIU Jin-ping, WU Juan-juan,ZHANG Rong, XU Peng-fei
(College of Information Science and Engineering , Hunan Normal University, Changsha, Hunan 410081, China)

Abstract: Automatic segmentation of chest CT (Computed Tomography) images based on deep learning models is
helpful to assist doctors in diagnosis and treatment. However, with the deepening of the network width and depth, the net-
work training is difficult and the inference slows down. In order to improve the learning ability of the hidden layer, the deep
supervision mechanism is used in network training. However, previous deep supervision methods did not considerthe lay-
ered representation of multi-scale feature maps in the segmentation model and the influence of upsampling on the quality of
feature maps involved in loss calculation. In order to improve the directness of the hidden layer learning process and speed
up the reasoning. This article proposes a structural reparameterization and multi-scale deep supervision network (SR&MDS-
Net) for the purpose of achieving the efficient and accurate segmentation results of lesions in COVID-19 (COrona VIrus
Disease 2019) pneumonia chest CT images. Structure reparameterized featurev ariation (SRFV) module was constructed to
decoupage the network training and reasoning, which improved the model expression ability and accelerated the reasoning
speed. In order to strengthen the effect of network supervision and improve the performance of network, a novel multi-scale
deep supervision mechanism is proposed. The experiment was carried out on the public COVID-19 pneumonia chest CT im-
age dataset. The sensitivity, specificity, accuracy, and Dice of SR&MDS-Net reached 91.5%, 99.5%, 72.8%, and 80.1%, re-
spectively, which had better performance compared with other similar methods.
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vised learning
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3.1 HIE&EHE

HYGUE SR&MDS-Net (150 EWERE  ASCLIEE A =
AAFFCOVID-19 CTEGEHELE , ansk 1 . COVID-19
Dataset ( http : /medicalsegmentation.com/covid19 ) A = FiFx
25 BYEIS A SRR RO, A4 100 CT YT .
MosMedData 304 7435 1 1104 CT 5#24% , Hirh 50 H:4t:
785 5K Y AT T AHIEERE . fe A 1 844U ok A
Jun Bedla . FEASLgG v, X T TS S S12X512 40 3%
R G — I 2 512x512 K/, T MosMedData %%
PRAEFN Jun BAEAE AR AT X A BB M 3L
ASFNGREFRI , 2536 COVID-19 Dataset BIFR -G — h
COVID-1995%t . BmAE L) 6:2:2 197 R4 J I 2 dE 51
G/ a1 S € N S €

F1 HEEHR

Hein COMITRC st | B
ik

COVID-19 Dataset 100 50 512x512
MosMedData 785 ~60 512%x512
512%512
Jun B4 4R 1844 20 630x401
630x630
Our 2792 ~130 512%x512

3.2 EWRESTMIER
N T WA AT OB, SR T Adam LA 4% #E4T 1
Ak, 2 ) F2H R warm-up , BCE TE WA B
0.000 5, batch-size & 8, epoch A 300. B R AR pytorch
HEZER H] python SZEL ), GPU iy NVIDIA GTX 2080.
ASCIZASE T T 4 i A B AR BN RCR
PIPEAE TR AR 73 FIRCR VEA T PEAl , £ 45 REUZ (sensitiv-
ity) 45 5 PE (specificity ) 4§ 7 % (precision ) 1 Dice £
B e X A(9)~(12) s .
TP

sensitivity = TPLFN (9)
specificity = % (10)
precision = % (11)
Dice = % (12)

Horp, B FHM: (True Positives, TP)#5 1F AL A W 1E B 46 1
R E B, (R PR (False Positives, FP)$8 IEFEAS Higt
RIS G =50 R, BB (True Negatives, TN) 5 Tkt
R TR OIE BRI A9 4% 2R B, (B BT 1 (False Negatives,
IDE IR 2 NG L P Salll DR
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3.3 ERSEER &3 FRERNVHILLER A %
5 iE SR&MDS-Net Il 2k if 22 43 52 4544 5 4 B R RUPE | HERE | fERRE DICE

B[ G5 RR) RSR[5 1 2 5 I 4% SENet"” 92.2 995 714 99
HeFRHEAT I A 3 AT , AN 2 R . SRR, X 512%512 SGE™ 92.4 99.5 71.2 798
/N FELRAR 100, 5 B 341100 44 L V11250 4 i CBAMY oL4 | 95 | L7 | 799
7.6 fps, HLZ U/ 1.98 M. PSA™® 93.2 99.4 70.5 79.0
£1 MAEBGELE L SR&MDS-Net 91.5 99.5 72.8 80.1

&2ty ZHum S /fps SR gk 22 NRE A W B AIL TR A A RO | 8 ikt e

k2 1979 1069 (] 2 R A B 2R AT E il F’?ﬁﬁ 1 RAEERAE , LA T UR

AR 78] 1829 W BT e, U SRR 4 R AR SR O i LA D]

55 )2 T SRAE PO N BT AT R AR S5 R an & 5 B
7N, BFER COVID-19 CT BIMEHE 5t 4%, (HiX $635 5o A)y
AT A A A DX A 8 g 5 . Ak R
SR&MDS-Net fgA 22 H F A5 K3k, $0 il I8 56 X3, A
T S5 R 30 T e Xl T o ) 1)

(a) JRUGIEIR

(b) HEE ()
ES5 =2 T RS E

SR 6 E B R T R AR T AT R I S
QﬁFHi/E: F R AR IE BT 20 ) 0 HAT AR Y
i i SENet (Squeeze-and-Excitation Networks)m] . SGE
(Spatlal Group-wise Enhance) i 5 /11 IR 4 3 i 5
zs IETJ E’J CBAM (Convolutional Block Attention Mod-
ule) ') PSA (Polarized Self-Attention ) #1 2! 3 47 X
PSS, W3 3 Firzs . AR SCR IR 3 2 0 AR L i
T 3 T8 2 B N AL ) SENet M1 7T T 2 [H) 4 B A Y
SGE =5 [a] {1 2 WLl PEREdr . SR -G8l 5 25 A /Y
CBAM T & J7 WL |1 5 38 30 A = (] 4 B8 kA7 X035
I TE B B9 PSABLI R L, AR SCRY B I ) HoAy B
AT 2 B

WAL

x4 EXREFAWGHER A %%
RFET REE | FrwtE | MER DICE
3 IR i) 81.2 99.5 72.4 74.6
IWERCTEN(EN 92.6 99.4 71.8 79.9
HEAM 88.1 99.5 71.3 77.2
S Ak 91.5 99.4 68.3 76.5
SR&MDS-Net 91.5 99.5 72.8 80.1

LA E SR MR AL 2 R S A A
IR "P%%Qﬂﬁ:ﬂ/ﬂﬁ)&@L TIH AL, SRk S
e . Ho T N 4 T B 2 B 5 B Unet )
%% Unet+SRFV-CA A5 T W 45 FIUA 25 B 7 2 P
Y SRFV A H , Unet+SRFV A4 T M 4% Fll SRFV AR H .

x5 HEZEIE AT %
ke REJE | RS | MR DICE
UNet 90.8 99.2 64.5 74.0
Unet+SRFV-CA 89.2 99.4 67.7 75.8
Unet+SRFV 90.6 99.3 67.7 76.0
SR&MDS-Net 91.5 99.5 72.8 80.1
o 54 TSR P R 2R SO S BN JZ 543 3

ZF@FHBNF’E’J%%& T AERANER 6 TR TSR
O3 3P BN R AT ELHOR B R S BN R4 T RS R
WA N E, T7 260 1 B IES AR , BEZR

iR AR 2 P AN 58 7, Sk o I 245 AT S50 B 1 1Y
[m) .
%®6 BNEIEHETE A %
BN RAE | R | WIS | DICE
Inner BN +CE 89.7 99.4 72.1 77.8
InnerBN+CE+Dice 88.4 99.5 733 78.0
InnerBN+CE+0.5Dice 91.5 99.5 72.8 80.1
ExternalBN+CE 90.8 99.4 70.2 77.8
External BN+CE+Dice 89.7 99.4 68.5 76.5
ExternalBN+CE+0.5Dice |  88.1 99.4 722 76.9
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3.4 SHFFEN
3.4.1 53BFCOVID-19 CTHEFHEX L

N EE SRRMDS-Net PERERIILBAE , 5 H AT Se ity
COVID-19 CT 4345 7 g £7 92 56 46T HE , 40 MiniSeg ™ |
SAU-Net++ (Squeeze excitation residual Atrous spatial
pyramid pooling U-Net++)'?*'  D2A U-Net (Dilated Dual
Attention U-Net)'®'  TFCNs (Transformers for Fully Con-
volutional denseNets) ™. X} o 45 5 1 % 7 Ff R,
SR&MDS-Net £ R FE5 1 HERI R  Dice 73] 15 5]
191.5%,99.5%,72.8%,80.1%.

7 SR&MDS-Net 5FEHE COVID-19 D BIRERITFEE  Hf. %
Method RPE | FRR HERR DICE
Miniseg' 91.0 99.5 72.8 79.6
SAUNet++24 80.8 99.3 66.9 71.3
D2A U-Net™! 90.0 99.3 68.9 75.7
TFCNs™! 73.0 99.5 70.1 68.6
SR&MDS-Net 91.5 99.5 72.8 80.1

Miniseg J&=—F F} T COVID-19 CT &5 3% i) 3 2]
SR 2 S MR | 5 SR&MDS-Net 25 H e 4530 . %4
TR 2 it FH UL A% 0 S 3 o — ZR 9 i I R R A28 3
PR, Herp A R 2 R S () & A AR T A A AT
REE2:2] . SRS BRI A 12 5y S0 k5 HE R
fFRE B N, O RS . Ak, Minisegi’?f.i@ﬁﬁ??
UREE W B AFZ B DL A 5 BN TR A %L R A I
7SI AR S 58 AR REE R s i % R
RRURE 2 2 S SRR Ay 2R

SAUNet++R FH T — o 1 40 S0 il % 25 A B, i B
14 SENet 8 iH VE R WL SR = AL & A E L
B AT 4 T 465 O T L A S, O A I T R Y )
5 Z AN TR S o AR SO Dm0 2 0 WL >R 25 38 1A
FE B e ELAR B AR AE 2R A5 4031, DR RE AR A kb
DX SRR R, B4 T A 1 43 B 25

D2A U-Net 1 TFCNs #B 42 3 )3 (1Y) COVID-19 i kt:
A3 EIRAY . D2A U-Net f& —Ff 43 B 245 W 28 B 7Y 1
TFCNs & %& T %4 L Transformer 4 5 > 14 43 5 4%
A, D2A U-Net 4 i i % FH ResNext-50 A 43 iF $2 B A% .

K BER 3E H  do 3 E TAA R T i R DI i A
B I Mk A BRI g B 3 B B, i B 1 R B ik
BRIEFAE R T T4 FRIT KL . 5A SO BT R AR ]
D2A U-Net i 1] SENet K0T 3l 38 45 A TINAL . Glad 11
BRI TRELE I8 AN IR RS B Bl i — 2L HR I 2s ]
{7 ERFAE . D2A U-Net (7 B A 44 1T &
K. TFCNs F & % ResLinear-Transformer
B R TE A . H T A B BR % 4 b i T A AR 2
ERES =l I NP s U (- R =3 N <6
ResLinear-Transformer 4 Bl 1 5 A5 54 (%) J&& 7 1, {H 2
B — 2 ERAE ] A R AE B R R 2 i
COVID-19 EiHf FT LAY 1 AR 28 2K HUBAS v EL IR A,
Dy i AR UG

3.4.2 H5RAFRFEHENE

[l i, by i — 25 B0 UE SR&MDS-Net #5814 G , K
5 SegNetm: . PSPNet (Pyramid Scene Parsing Net-
work)'28J . Attention U-Net®®’ | R2U-Net (Recurrent Re-
sidual convolutional neural network based on U-Net mod-
els) P R B G B Y Unet3+7 | A R WA B
Unet3+"" Bl L G )y Ik e AT SC 0% L . BT 290 38 1
A TR] TS5 AR [ 505 ) o3 B 4R 6 A T, S 4 R AN 3¢ 8
JIi 7R, SR&MDS-Net ££ R B 5574 ER R Dice -
HJRHM S, H SR&MDS-Ne B 1185 (FLOPs) 5 2%
BT/ R R A

5 Segnet W 45 M Lb , 76 R AE BRSFME HERR R |
Dice F5r 542 Tt 4.8 411 70 5 .0.5 4 11 40 s V15245 1T
Or 1240 A0 g IO O Segnet AT FE 70 A
&2 M ZE BT SRR RRIE R, HOE el b AT bR AR, Z2 0%
TARRETXFER.

PSPNet #0832 55 DL 4 B AL B0, R T B
TCFER e TR AR R B Ry A SR
TR 2, A AT BE 7 AR AR RSO, 3 T 5 0 R AR
SHA A SO B R BUE Fe 7k EF 3 Dice
SrAARTE T 38 AN AR 02 EH AT AL 63N EH AT AL
6.9 M 43 A

Attention U-Net 3l i3 7£ Unet 25 ¥4 Fe il 384 0 v 2=
JITTHERTT , L AITE bR i i vl o o 4R AR A

%8 SR&MDS-Net 515 EEIXT L

Method RAGE 1% M % TEH2%/% DICE/% FLOPs/G SHCR/M
Segnet™™” 86.7 99.0 57.6 67.7 160.56 29.44
PSPNet?®! 87.7 99.3 66.5 73.2 159.48 27.50

Attention U-Net™! 88.5 99.3 65.1 74.2 333.53 40.11
R2U-Net™ 83.7 98.4 48.6 59.5 611.69 39.09
Unet3+5" 90.6 99.2 63.7 73.2 799.72 26.97
Unet3+_DeepSupvise®! 92.7 99.2 64.1 74.6 800.26 27.01
SR&MDS-Net 91.5 99.5 72.8 80.1 157.98 17.81
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SRR IR R T4 (0 & 4R RRAE S5 4R FR AR A A
W AT RE S FEUE R ER . S, A
/Z&xﬁfz RS METRR Dice EMBIRTE T 3ANE
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