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Abstract

In recent years, with the continuous development of deep learning, the YOL-based algorithm has
become the mainstream method in target detection. However, for the detection of small targets
such as pulmonary nodules, the detection accuracy and detection rate need to be further im-
proved. Therefore, the YOLOv5 network model was improved, the attention mechanism was add-
ed into the backbone network to improve the feature extraction ability of pulmonary nodules in
the shallow network, and the weighted bidirectional feature pyramid network was used in the
neck network for feature fusion to integrate features at different levels, thus achieving the im-
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provement of the overall algorithm. Finally, experiments show that the improved method can ob-
tain a better recall rate in the detection of pulmonary nodules.
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1. 5|15

it e A2 4 tH S BITAG JeRE Y L P RO AR T Fe s 1) — e, SRR I R R R A T R
AR IT AL, B s W b s O 22 581 7. AR E BR P B (Union for International
Cancer Control, UICC)5 3 EJ#fiE B & 2 (American Joint Committee on Cancer, AICC)BEA KA )43 Az
#E, e AR o A U B, ARSI T1. T2 T3 R T4 [1]. € T1 A T2 BWHRITINEH 5
FEAAFRN 60%~90%, 1L T4 ZWHETT I EE 5 FAEFRBT 5% [2]. PtERBERFEITR
A, R FIARII LSS, R AT i B R AR

BEE I EN AR KR, MR EEAHN B, HAMACR S ZAF5. 14 FREE T,
REAT X2 1 202 S)RFAE, A6 56 o B ) DL 3% H AR AR m[3], JCHZ AT 3T YOLO By T, Ak
N EPAS AR E k. FitkikH YOLOVS Bkl Bk mt 7t, i 7ol S Emas el - 3R18 5 m
PRSI RS E

2. [RIGMIE5e4

1 YOLOVS 6.0 WA 2 5 i AT 78, 5 2046 T M 4% (Backbone) . 3913 4 2% (Neck) LA S o
ML (Detect) [4]. FEET ML EZ M 5 DMEBBRT CBS. 4 4> C3 LA 1 4> SPPF B A,
t CBS BLEIEGIZ. BN 2. BUGKREZE, C3 Bt & BB IR Z by i, M 1 & 1M
5% IR, TN BB IEATRHME SR I . S XN BUR AT 2 B AR C3 BEHR ) T RAFFRHIE 32
W0, fJEI-4E3] SPPF Zh5trh, BT 2 UBAIRAE, $RIURZ RS GURHE, S TR RHESE . Neck
o EERATRMERL G Y, ERA FPN M PAN 2584, DLE T AT E & ) B 7 S0R% Z M 28 147
BIERE5IREMEPIE G BTEMR . Detect #7065 T HAR T F =FA R DBk, 435
XN T SRR 3 ANAFERNRHERE,  SEB BARKI . YOLOVS 6.0 AR i & Skt 1
Jfi7n, YOLOVS YE 95 Br B ARt X 26, AMYAEEEE AR, T EAS IS B 3845 TR KEETt .

3. % YOLOvS M4g4RAY 3Tk

T YOLOVS (9 H ARl kA B BA S, (E0 TRl a5 Ay HARR U, A RS A &
G RFGFEAEPIRTE, PO H ) Sk 1 B DR I AR AR H Y, X BRI SR . DA
RS IREE 8 SRy, W 7 PR o B, B SR N AZIN R RS SRR T, > RN
AR B K. KU &7, TR R & 5 BRI SR E BRI, i DA 22
T DR R 5 PR RP E P A A0 Sk AT F 25 AGr DN o RIS P T 7P 10 a2 P LSS o 28 %o i 28 4 (e s )
A R HER AR, BRSO .
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Figure 1. YOLOVS network structure diagram
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3.1. # C3 BREMANEEIHEF

T AE S R, AR R G EL s BIAR S RE, HARHIE(S B 2 Bl X 25 I i A W &2
D] b 5 B 0 DR it 46 15 0 T 2 I 9% AR SRR AE SR o T DX % 1 SR HEATRRAE SR I, L C3 BEHUR RHIE SR
P RZ O3B0, C3 MR H 3 Mr#EEIE. £ Bottleneck BEHAIPHEBIRA L. T CBAM
(Convolutional Block Attention Module)yF & /WL & —Fhi & 4 AR v] DL N BUE IR AL[5], HARM 1
TN 8] ERES, AR A B 25 3R B B AR XSO A B A9 E B o Rz S| C3 BEERTE T
[ C3CBAM #5id, BEML AL 455 /Iy H AR HRAAESE 2 AR BR L, Do fs B8 22 B 45 15 A5Aa il L R 1R K Y
#Bho Wl 2 firony C3CBAM &6t
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Figure 2. C3CBAM structure
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Figure 3. CBAM structure
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3.2. % BiFPN ¥Rt &

JR UG WX 2815 FH 4R AE A 5 2K FPN + PAN, & —FiE L1 F 456 HIR A LR, X FRHE
fil G 7 BRI Z M 015 UE B 5 Z AL EAS BT TS, (BRI ZIFEIBIREE S, 2R
SFVFART IR o DR b SR B ] FR 4R A 4 - 25 X 4% (Bidiirectional Feature Pyramid Network, BiFPN) [7]4%
MATRHER S, %A B TR A AR W Ay N BN TS REERER:, BUDREE RN A
%, FEMT A FRHE EASE OALE, AN E R R DTk g, SRR i) 2 RUZERERL &, AT
I &8 fili 45 5 e 0 PR I HE R PE o A 4 B o = FlREAE b & o 2Rt EE 1 -
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Figure 4. Comparison of fusion modes of different features

4. TEIHFHERL &5 T E

5 PANet A Et BiFPN BHIER 1 £0E i PSS i, I AN 1T ROR R R & IO Dk S BERR /N, HBR 5 AN 2
PEAEREME IR T TS, BT SO T ST RUE RS, AR A 0 A T R AR R
AUERRME T LR FE. TR 3 EAFRRENRIE, EAEINBA RO BE 2 IR, el
THEZRXGEROEM, BE%IRTT H bR E G HERTE .
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4. SEUG R 4HR
4.1. BIEE

158 FH B K609 55 9 A T8 89 ISBI LUng Nodule Analysis 2016 (LUNA16) [8], L6877 888 AN fil
iR 2 CT 5218, HAik CT BRI i DU 250 3 & (B A2 W i 45 SR T AR, B bmiE il 4575
FL 1186 A, LRAE T HE b H AR XN IR 26 . SR8 1 564s CT BURHT ISR B /%, 729315 I EHR
AT B A

4.2. SLWECE

AR FE [ SIS /& Python3.7 [1) TensorFlow 2% >JHEZE, Windows10 64 i #:1F 245, NVIDIA GeForce
RTX 2080Ti GPU, Intel(R) Core(TM) i5-4210U CPU@1.70GH CPU AbFE 2% . Seib S H ARG E 2, it
AP R/NBCE N 8, WIIRSESIFBE Y 0.0001, IR ARHCN 0.0005, EAKECN 200, EEEBI{EN 0.5,
HHEN R E N 3.

4.3. EWERE S

fEH IV FRAR N IR (Recall)s XI5 HIE mAP (mean Average Precision, mAP). 73 [AI% R 4%
A LSS R BL, mAP SR T A% B 3 (Precision) 5 1 [ (Recall), SERE ML BEIRTERE . HoE/ 2 1 ARDY
NN L, TP (True Positives) &5 g IEAf1R, TN (True Negatives)IER&E %A YRR St T, FP
(False Positives)JEffigh 15t 15 5 B4 45, FN (False Negatives) iz 5 A U ERAIR A T 05 & 5 Fron:

procision — TP
recision = TP n FP
Recall = —-
eca TP +FN
AP = f P(R)dR
0 K
K AP
AP — i=1 1
m K

Figure 5. Evaluation index calculation formula
5. MR EAR
N T RAETTER A R, A B R E D7 AT IR, 50U B Faster R-CNN A1 B
YOLOx PALJE R YOLOVS #EAT X b, A RINEE 1 pos:

Table 1. Comparison of experimental data of different methods

® 1. NEIFELERBIRES R

Jiid Recall (%) mAP (%)
Faster R-CNN 89.77 82.42
YOLOx 86.54 78.04
YOLOV5 87.02 77.93
G YOLOVS 91.36 86.51
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R IR T AR EAT I A5 TR BT A3 i 25 . JoHp Faster R-CNN & XU B o) 4 4R 2,
A DAE H R 2 4 26 (Recal ) RSP0 RE i 52 XY B e B T B 3%, 0 5I3RA3 T 89.77%F11 82.42
(ISR, 5 50 AR sk R T A U AE Bl 5 1Rl R A T 68, AT YOLOvS &g A =
JINUH AL AN ) R AE B 7 B Rl J AR Tkl b2 4 300k 21 91.36%, ~F 445 B2 55t Faster
R-CNN4.09 ME 73 il SIS E RIS T 4.34%, FERGHHERTT 8.58%. LA E35UEa ok
JE I YOLOVS A 3Gt IR IGO0, $&FF 1 BRI P25k 6 B

WK 6 Frasik O RS . YOLOX. Faster R-CNN FlJE 45 YOLOvVS. Bt 1) YOLOVS HEAT iR 56
JE AR SE R, RS A BRI b EL L, 5 —17 Faster R-CNN 550k J5 i) YOLOVS 78 ifigh 15 1) B A5
FE LA BB IME, HOSOEE R YOLOVS BfitiZh 5 B 15 FE KT Faster R-CNN, 15 B 545 15 A 50k 5 1)
YOLOvS EITE . 5 _ATRZEWRME, J5=ForiEFEMEa R EEE. B AT R
INGET BRI ME BE T K, YOLOX 17 VR R i A 4545, AR =Rl 7, BEE
Faster R-CNN A1 f5 1 YOLOVS ARl EARMEA &, (HSR 7RI SEH REXS B AE AT S Wi s T — e g 1o
SBIER BRI BT SR EE RIS, SO S YOLOVS Jili 2 5 ar il 77 - 4 A v RE TE AR

nodule Q82
)

Figure 6. Comparison of detection results of different methods

6. NEIFEMMEERITEE

5. &g

S 4 B G ST A AE I 55 LN . A S A HE RS , 5 B0 R A RURS A S 10 1 B,
FO T LA PRI A 1 B B R (R T, B M RTAT I YOLOVS (B, S0 T4 sk TS J3 A
2R, AT — RIS . B ST, SO R M7 R & TR TS R W AR, ASES A B
BEAEAT I G55 0 2 TAE, I Ra TR .
E&InE
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