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Cross Stage Fusion Fuel Rod Appearance Defect Detection Method
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Abstract: Pressurized water reactor nuclear fuel rods are a type of fuel element commonly used in
nuclear power plants. The production quality of fuel rods is related to the safe operation of nuclear
power plants. It is very important to inspect the appearance quality of fuel rods. In view of the complex
background and difficult feature extraction of fuel rod appearance defects in the produce scene, this
paper proposed a novel cross stage fusion model based on dual dimensional self attention (DSCFM) .
The model used Extended-ELAN as the backbone network to extract features and designed a novel
multi-scale feature fusion structure (MFFS) as the neck structure of the model to efficiently process and
fuse feature information at different levels. The purpose of the MFFS design is to optimize the
information flow between features at different levels. A large amount of detailed information was
retained through a detailed fusion mechanism, while strengthening the model’s ability to understand the
complexity of the scene. In addition, to further mine and utilize the underlying structural information
and effectively integrate deep information, a self attention feature fusion module with dual dimensional

characteristics (DSAF) was proposed. DSAF expanded the deep and underlying features into dual
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dimensional feature maps, and used its own transposed matrix to generate channel and spatial attention

maps, thereby accurately enhancing the expression of key information, while suppressing irrelevant

noise and optimizing the feature fusion process. Through this dual dimensional self attention

mechanism, DSAF dynamically adjusts feature responses, effectively captures long-term dependencies,

and enhances the model’s adaptability and interpretation capabilities for complex scenes. Finally,

combined with a multi-scale deconvolution structure, the DSCFM achieves effective upsampling and

optimization of features, significantly improving the model’s ability to capture information at different

scales and its robustness in various visual tasks. The results are verified on a fuel rod appearance defect

dataset, and the experiments show that compared with other detection models, the DSCFM can quickly
and accurately identify defects, with an mAP of 82.0% and a recall rate of 77.9%.

Key words: fuel rod; defect detection; multi-scale; dual dimensional; self attention

PRBHRE DT R AZ R ) (203 55, Rk
BEAE A 77 FR 1T Al A ] g 5 A 1A i A= il 4
R AR b o R A ) R e B
FET PR A, TR 2 2 40K e e A By S T 1 B
R 8035 BB S . i Z AR A T ARk A
AL TR e AR AR S SR e B A%
P, ok s B2 B ik R AR TR, — EBR
b 2 B A BB, PAORME 5T A AT RE
2, 3t B R A i, BT DA 1Y) B X R
BHALE LA S HENIZTT A & RO R, Ok
BRAMULER A 2R R 2, RIE A A%, 52 kil AR K
B 2, I DURARORH R S WL 5T S 1) 45 4 e
HBEKFE R I B AE SR G B A A, leff s
Jovk i, HAazR N i 2552, Jo ik DR UE 4 22
Gy 2R AR RIS MY, ARG I 245 S o B e
R R 1 O NSARNE= iR S| INEZEY. i s ol N D W& N
W07 PR SRR 3R, AR AE N R AR 1R A XU

Bifi 75 b B R Y & R, TE e B Tl i 3 40 3
FI AL L 5 AR AT BB A I ) &2 2 IR O
AT o BN B A 0 3 AR A ARG DU 25 SRty
W, AT SRk A AT R G, R DR UE % S A T ) 52 U
FRR U P R R A, AT LA 80k SO A R R N
TR A 5K, R N R R R, A T R Y
AP . HRT, BT IR By Tk sk H
T ARG 5 A DA H: e G B e 28038 R A5 R 5T
YRR o — T TET, SR Y R B A T ) 4% 3 R 43
SRy i 3 DX Sl i BRI i 2 DX B A3 2 Il 5 7, |
Girshick 558 $2 th X 34 FR M 2% (regional CNN, R-
CNN) I B iy 3 H s Al @i del A, 7 22 itk
S PR SR Y, R A Y i R RN T

. Ren 20 42 1 Faster R-CNN, HAZ.O 8 Hi £ T
BIAT XA BN 45 (RPN, S0 T i 20 9 ik
DI A= 8, DA S 35 4 ey 1 X G A ) i) 3 2 R 2
fiE. Zhang SFUO0 4 M1 — i L T[] 2 43 R 25
R S et Faster R-CNN 2y, 38 3o o ik RPN
B ER i 4 75 Faster R-CNN A I 25 A1 38 3 8, 52
I AR SRR I . PARA R AR T LB R Xk
AR SR X Sl it £, U6k / Faster R-CNN #5
R B AL A BRI E LR 2 . Sy — 7 T, —
I B o 0 1) 246 U120 o A 1t 3 E R, 4N YOLO %
FIEL ST g S 5 0, B A TR A I R
R, Adli AU —FP R T YOLOVS 18
RS, 8 3 Swin Transformer v2 U 3L F & O A0 A
B 1L 4E B E] Backbone H, 2 55 4 Ja) Al =y i
HEFIR . YOLOV6! ) 3l i 75 1+ W 45 5
A RepVGG %54, SEHL T ZE VI LR B4 m i 7 3%
IKBE ) A SRR, TR HEFR B Bl ot 254 H 2
B0k fn A R A R, DA 2 B TR AR DU
AEo Li %003 ik 5] A28 ] 4 5 35 b A R e 5 By
Bt oy e e BRI 42 )R 1 I ALl ki YOLOv7,
DABE B R R R BORS B2 . UM 4507 X YOLOv8n!™)
HEFTRCHE, W RRAE R U4, BRARABE ALY 28
W SR, RRORMER AP BR G RIE B A B R
I 7% A SO 5 T R B 2 T 1 TRBR N A AR 2 1
TSR, E BT A e i R b, R T
i b 2 AR5 L B s e R AR 2 AR L iRl
P T B X 3 FhBR B AT IR B o X L
7SR )N NIV N s o R VA= e N S A KT o
I A ORI 2 TR B ) e PR B 2 ROR 3, T
AE & BSR4 AT LR, i 00 5 3R IO k) e



5 x i

/NS T XL R A Y B R A UL I A M Oy v

0 R MR, AR AT RE N T | M IRE s
HLVUFE , S5 0 dfe I 308 <6 B0 A RO A 35 T IR 5
A RBURL | 27 e SO SR B o . RO, Rk
TR A BOGHFIE b AN 3 ST PR T G0 )
MEVE . BN, FOGe SRR B, 45N
P R A N BRI , 3 L8 5 AT IR PR A 45 ik
e F18 R B i ORI TR A8 A A L PR A
AR Y — OO [ 0 Y B Bl
B (DSCFEM), B 2 ] RRAE fil & 20 25 4
(MFFES) FUWUZEJE A T SRR Rl 5 B (DSAF),
i 2 ] S s B ZEAG AR AR R, A 2K
TR THAR AL AR AR B 2 RUE AR B B e T, B s

R AR A 7 R ke 563 1) T 32 AR I

1 #=EIZEH

DSCEM # K4 4n 1% 1 fif R, % 1 Extended-
ELAN 1E 2k £ 1 M 2% LU BUREAE, IF5IA T —A4
HAL) MFFS 1E BB () s R 45 40, F T A BEAS
[FZ WA RREAS B o DLk, R T 3k — 25 354 A A
HRIZ MR E B, IR E G BT A 50 A,
5| A—~ DSAF, wZ&, diH6 2 RERERLH,
DSCFM L3 1 XRAAE 09 A 20 R FERRAL, W2
P RS [ R S A 2R BE T B HAE 4%
TR EAT: 55 Hh B R

Cii3 Caas Csxz Css
32 T 64 T 64 128
Y ]
| i i W
| s |
| |
\ \
‘ Crat Civ Cia Crq |
256 256 512 512
- l | | |
\ \
ELAN'
g 99 8 8
\ ‘» MFFS \
ELAN' MP-2 ELAN' MP-2 ELAN!
128 512 256 1024 512
RepCiyz RepCiyg RepCya . Detect — »
256 512 1024

1 DSCFM %k 44y
Fig. 1 Structure of DSCFM

AR T M 2% i 82 . ELAN 2. FoRth
f6)Z (MP) F1 SPPC BEHAL B, 4] 1 H Cy.y 32 TR
BRI K 3x3, BIRANECR 32, W AKB S
it 4 B2 A YEA ELAN 2, 15 2 0957 R AF 1%
% A MP-1 JZ2f1 ELAN JZ, MP-1 2/l ELAN 2 H

RZEF N 2 iR . MP-1 2 B94E R #E1T R R
B, PRI DR A . ELAN &2 — /MR
O 4% 235 A, 3 Ao 4 ) i R e R B B A, il
W 2% Rl A% 2% > B 0 Z2 (W ARAE, JF LA 315 Y &
BEPE. 2B 1 SR gt 1A 1x1 S B Mo 1



\ \
\ /! |
} ; ; Cix Csx3 Cix3 (O Cius 1
| Cr Cys ([Ts 128 128 128 128 ‘
} 1287 128 . ‘} » |
| — § } g C]xl_» }
} MP,,  Cpy ‘} Chea - o ‘
‘ 256 128 }\ 128 }
\ \ |
} MP-1 256 L | i} ELAN 512 L }
 E2 wemELANgEEm
Fig.2 Structure of MP-1 and ELAN
B ARk, 55 2 S S e 4 A4 1x1 B {C; = SPPCSP(ELAN(C5)) 2
M0 TEE A8 A, SRR FHE A 4 A 3x3 1y B R C5 =ELAN(Cs)
TR AE SR H, B J5 1 4 AR A 1 — AR 5 0 SPPCSP HiJe I #R Y, S M i 3 Fik . —
Ja AP IE SR LA R o EAT T SPP A5k Ab B, FIF 4 AR R EE Y
11 BRESEMSEH fe KA AT AR BE . oy — 43 20 47 0 i Al b 3,

DSCFM #i 3 4 F AR SCisE 31 1) MFFS Kl & T LB P ER 43 4T Concat, SEFLA [ FRAE X & (5
W FET 25 b 43 209 Z AR, W1 B R . g o F s R A R T)

MFFS BB 5 R A A [A) /2 SR ] 9 65 8 R RIG ¥ Cy Cyn Cs 3 AK/INR X1, B it 4y
o, WAL AEE R A DL R TREASEE F 5 256, 256 A1 512 M RUZ , B I 4 10 2 ik
SR T BB 5 R 2 P N B R D - Re R YE . 7655 DSAF MRS 5, 350 %t

P ET RGBS 1A MP-1RBORHE g B bR i 5 e b . RS, T (5 ELAN,
LA X, I MP-1JZREAE I IE SN G, Con s, MP-2 4544, &l 4 F. 5 MP-1. ELAN ARl
HPT G eRWEIE, CLeRWHITE, CeROPIPL 22 MP-2 Fil TR 0 e R A AR A G 1)

SN b BT 0 2 T £ R DA 0 3 LA R
Cs = MP; (X) BLAN 4 1542 Bk 1 45 S o 432, 038 7

C, = MP, (ELAN(C3)) D KIEB ki &,
Cs = MPy(ELAN(C)) RSO AR 1) MFFS HUfe 22 UCHRAE R 4 L T
A5 C5 IRVC% A ELAN A SPPCSP BEHe, 430 R R I3 L s B 0t e L K e 5 VR 4
1%?” C; c R20><20><1024 . C;’ ERZOXZOXI 024: ?J‘_E E"JTJJ‘E%I@ 4 j(fl%)ﬁ . ﬁf‘ﬁ, MFES i@ﬁ%Mjﬁ

——= MPs, 5 i

— Cixj — C33 —— C3,5 ——= MPy,g

L MPy3.3

Concat
0
ie
|

Concat

Cixi >

€13 SPPCSP %i#4
Fig.3 Structure of SPPCSP



5 x i

/NS T XL R A Y B R A UL I A M Oy v 5

C3><3 C3X3 C3><3 C3><3

128 128 128 128 7]

Concat

ELAN' 256

4 MP-2 Fil ELAN'I 454
Fig. 4 Structure of MP-2 and ELAN'

T/ h A B Y Z AURRE ST RE A, SRR T
TRZFRAE A0 15 B AR ZRRAE I8 (R 8. X
R IEAUOR B T 48 28 [R5, iR 58 1 X
22 S BARBE 0, NI 3 T T A A X 2 R
H AR A I 68 . Uk, MFFS 5| A T ELAN #I
SPPCSP X IR 2 FFAFE Cs AT WU AL FE, A= A%
Ci . CY . SPPCSP i gl i 22 R il A4 0 il 18 %K
SEFR, ST AR R BRI Rl G, 2R T
FRIE B FRIRBE ST o XD UM AR B A SR T T
R 22 ROBE H bR 04 38 R Pk AR TR B . 5 A,
MFFS il i Xt Cy. Cy. Cs #4730 TE FO 2L, 35 m T
W 2% AR vk R IR e 1, JT 45 5 U4k A TR I HL
Tl AT R AERL A, 204 TR TR B9 45 B
£ O S ) B 7 R A I W 1280 A R S B SR AN S
FRERRAE, [T ST, e TR B

4 —>°

CxX(HxW)
CxXHxW 00
()
| «——(@ @
()
L)
cxC
Cx(HxW)

T: Transpose

° : Multiply
° 1 Add

PEo B, 76 UG MFFS 8 33 MP-2 @il 72 Al
TRIZ AL, TR b B2 8] 5 AR AR, 3o 1
BRI HAR B9 E G2 Fr 2 BEJ7 . ELAN il i 45 ]
SERMPHE, HE— P hgRR T KIEBKBOC R, #1271
TR S A b 5 B R fiE
1.2 NEEBEENFHEMEGER

DSAF 3 i3 7 %82 R JZ 5 23 51 e T —
YERFAE &, FHT F B B 5 B P A 1 a2 [
FR T 38 7 R S A Y M 8 O B £ B B 3R 3K, T
(RN PPN I S SR 5= PO i P bes
PR A B 1 & L, DSAF B2 5l 25 b 8 48 ¢
AR R, AT A RA SO R, Mok T A &
2 S DL YE AR RBERE JT . DSAF 1 BARZE 1Y
WES iR . A4 TR)ZFEAE X, e ROV HIEL 2 ARME
Xo e ROV HEATRIE, Horh X AL AT UM

CxHXW

|
-0

E
3
B
5

5 DSAF 454
Fig. 5 Structure of DSAF



6

FETRERAHAR  Hxxl

B X0 AL PRGN Y 25 R 45 B .

T, I A R P S AR A X X i
M R, 15 3] X, X, e RO DX R ]
PL R R

X;, X, = Reshape (X, X) (3
A, Reshape A 58 O BT AR B84 o

LU, W Y X RN XS A3 2 ANy S BEAT A
B, B S B A (6] 1) o) 2 2 A) 5 A B0 B T
B oA, WA T IR, R R A T
G . BRI, g YRR MR TR
5 3 X/IT, XéT € RUEWIXCx1 | ﬁ‘)ﬁxi _%XiT ik X,
5 XU RS, 43 345 X A0 8 4E R A
Tk Xy e [ 4R b 0y mURFE, B R

{Al =X X"
. (4)
A = X,X,
Arp: 4, A YR LAY SRR, A e RO
Ay 7S R AEBE 175 RURFAE, Ay € RUPWXUEANL

SR, B 7 ASURRAE 5 5 A S PR A e, PR
Wl EGRAIE IR AE SRS 1 4k BE HEAT DR 42, 1R 3B 0 &
T LN UE B RE U IR, A, A
J2 A B R AR R R/ INAE Ry SR Y 2 3%, 4 s 40 8
I A B RL 2% ) A0 & B RRAE 40T,
Je PO o EIORE iy AR AE Bl S 38 S 20 MR R AR 25
(], % fifb o 2 9 2 [

1.3 HKEH

FIO Sk 1%) 45 2% R B4 101 H A 2R Ly, EAR
FEBR Loone MR Lo B I, AR K bR
R

z
L= Z (Lbox + Lconf + Lcls) =

Z B; SixS; B
Z ( LCI()U/ + Z chnf] + Z Lclsj> (5 )
J Jj j

A Z AN EAEG 10 BT Lo R 1L

BAURREG B bR A S B0 ) SR HE 1 H AR A B

§%8 i R FU RS R  Loo, B Loy, X5
A HARTEE, Logur X BEA PS5

Leone 278 FU FARKE N AEAE B bR OHES, &

XAnF
> (oin &+ (1 =0)In(1-c))
N
¢; = Sigmoid(c;) 7

6

Lconf =

A o, T BUI H AR AE A5 S AR AE 19 22 I L
ToUs ¢ N TINAE; N R IEREA R GREAS 1 58 Sig-
moid A T PRAL .

Lo 278 B HFR AR, & LT

_ Ziepos Zjeclass (Oij In CA‘ij + (1 - Oij)ln(l - Cij))
Npos

Ly =

(3

C‘,»,»:Sigmoid(C,-j) 9

Lo € s Hbs i B0 R 5 G RS O €

0, ) &5 i 50 BARE o2 BAEAESS j 22 H

o, FEAER 1, NN 05 Nyoo N IE AR A 1Y 400
pos N IEFEA; class 21,

CloU #i 2k 5 AT

pe
LCIOU =1-IoU+ - +av
C

IGN B
IoU =
Y IGUB| (10)
4 (arctan Ye _ arctan 22 >2
v=— 5 -
n2 hy Iy,

K p TR PTAHE 09 Ho0 SR B ¢ AP E
G0 B B B 5 o AR R v O T R AE
A T8 L —ZE R S HG B G 4390y TH0IIAE 1 E
SHE 5 wy by 53 ) Ry ECSEAE B E R R 5wy by 53 )
Sy T AEE £ 9 i

CloU i & T8 L FE A 6 s o

hy,

G
/ )(’/
p - . wy,

hg .
ERe

X
e Wy

6 CloU i 2k 353 i
Fig. 6 Process of calculating CloU loss

2 XWER5HH
2.1 SLIGHHE

AR SC T B4 AR Ak A A7 R Sk 57 5 B 4 TR 4% S
892 ik, AL Bk B AL 15 40 1 . 1% 1 S S5 3 Feb ik
F . >R Mosaic, Mixup 5 7 sUHE AT 848 38 5 )5
AR EY TE 4 025 5k, Hr, Y4 BIE%E.
MR S HE2y Sk 8+ 1 ¢ 1, BIIZ4E 3 219 3k, BiF
£ 403 5K, a4 403 5K .



Sixil] /NS T XL R A Y B R A UL I A M Oy v 7

22 EKHEHAT 5EMIER

AR 3C S 8 8 A AR S PR35 4 Python 3.8, f
JH PyTorch 1.8, CUDA 11.2 ¥R B 2% >J HE 42 S # 7
W 2%, 3 7E GPU 45 NVIDIA GeForce RTX
3090( {2 /7 24G) . CPU #1524 Intel(R) Core(TM)
9-9900K CPU@3.6 GHz ¥ IR 55 ¢ L AT 4%, Hit
U B A i 152 R 16, YN ZRICER & 300,
FEN SR B B, i A S 09 K/ Tl 640 14
FEx640 135, BRI SHUF B R 1 s,

R1 XBRSHYER

Table 1 Experimental parameter information

IR ¢ 300
SRINEE A 16
2 H 0.01
ik 0.937
T 0.000 5

R T AT VEAT AR TR (Y F 3, AR SCSL Bl A pre-
cisionCK§IE#) | recall(F M1 ) . APCPHIKE ) |
mAP(mean average precision, - ¥4 B4 {H, BI 4%
25 AP Y3218 ) . FPS(frames per second, %>
it 32, R A A B ) T 50 33X SR A R D AR A 1
PERE AN . o R G R AR
FF- 5K B2 S T A = T

N

> AP

mAP = =
N

x 100% a4

o TP Sy A5 A IF B 5000 Sk G B8] 19 R AR B i
FP g R0 0 85 352 F50 0 Sy 1 461 () B A 55 i 5 FN Ol A
ARUEE D TINS5 A AL s N AR A 1 2 5
B p RGHER r A I
2.3 ZR3TL

%2 Frg R B AL Y AP, mAP, FPS %548
FrEXFE, 7T LA Y, #E AL YOLO 2251 A6 0 A% 7
)45 B i YOLOVSs i mAP 5, 5% T 80.9%,
SRR it 5 T 5 AR SC 2 () DSCFM A L, DSCFM
) mAP ik E] T 82.0%, tb YOLOVSs i) mAP & i
1.1%, X Ui B DSCFM A5 IR B2 7K 758 5, ik
BT

5 HAth YOLO R ALY FPS X L,
YOLOv7 ) FPS N 121 s7', 3 i F fik; YOLOvS5s
[ FPS 2k 270 s7', 3 B B e 5 1A SCRE A 1Y FPS A
FT 1957, BARBEAE T YOLOVSs, H7E (R IEA
G RG JEE A TR] R, A7 8K e B A S A
e MET YOLOVT, A SCHIALY FPS #2711 61.2%,
B FE DT HARAE; 5 YOLOvSs A H, AR SO Y
M DAUR I — %, (AR B 25 T R kS
FERNE Ly T T B XA T S
JE BT, A AR SORE R A S B iy e EL AT T

TP py = prageed s o B A
precision = =~ x 100% (1D 149 5 4 3 R0 S M, DG HE3E 7 5% 552 B 0
N PR R A RO S WL 5T 2 0 5 A 37 5
Il = ——— x100% (12) I SC I8
recall = ———= 0 24 TG
I : AN [R5 70 A I 245 SR 4N 1] 7 T, AE S R A
AP= [ p(r)drx100% (13 ‘ RN ‘
o PO ‘ Kot o, T AT R AT RS L AL e 05
F2 SHMEHBGMERNERITLL
Table 2 Comparison with other advanced detection model
- N AP/% )

TR precision/% recall/% Wi P "y mAP/% FPS/s
YOLOVS5s 80.9 82.8 73.1 79.2 90.3 80.9 270
YOLOv5n 82.3 70.4 66.8 78.5 81.0 75.4 227
YOLOvSm 88.1 73.4 65.3 85.7 87.4 79.5 230
YOLOVS5I1 82.7 68.3 63.2 81.9 84.3 76.5 228
YOLOv5x 87.0 69.2 66.1 83.6 86.4 78.7 212
YOLOvV7 75.7 68.8 69.1 71.2 83.9 74.7 121
YOLOv8&n 86.9 75.2 76.1 73.1 90.4 79.9 188
DSCFM 81.7 77.9 71.4 84.0 90.6 82.0 195




8

JRTFRERFEHAR  Fixxt

A3 e B A AR ST 4R Y DSCFM J B 3%
Pedte, X FRE M BIE, YOLOVSs HE AL 40 1385 R
BRAG BE 10, HEE T B A IR AR A L, 1T DSCFM
T e % o 8 DX 50 20 (OB IR 5 R A, A T A )
R 3%k R 0 B, LAt AR AR S R A W — Al
i, FEAE IR K IR 4, 1 DSCEM fE % v iff 46 00 1 &1

YOLOv8n

YOLOV7

YOLOVS5s

DSCFM

S
7 TR I 45 R AT A

Fig. 7 Visualization of detection result for different models

3 it

ARSCHRE T —FR 3T A [ TR R B
Al A A7 DSCFM, A4 # T — BT (1) 2 RUBE FRAIE Al
B G5 A MFFS A1 Ay A5 78 20 350 Xof 4 iF 1 47 il A Ak
B, R T RZ ARG R, IR B XRZE R
PEATH A, B T — AN XA B A VR R Al A
Bide, SCEGFH], DSCEM TERABHE S Bk i %5 0
4 BIUAS T e dE R RE, B BRI EE J), fig
B A5 O ) A2 24 5 500 T, o 400 4 B S
fE, H mAP 53] T 82.0%, & FREE T 77.9%.
ARG T5 1] R A S SR A S SO Ay T P14 1 v
B H B Hrir i SR AL R

5% k-
(1] WAL, FAEA, BREGR. S Z ARRHE I X ST

8o B A Sl s R, 9 IR 1 B e ) RS DR B2 A
B, XL SR I], DSCFM 76 5 2% Bl 16
A 55 v B AT B 5 A 3 R AR P, JE AR X
240 Tk R I A kG e ARG 5 DR B O T 1R B
T A RROR R S0 UL e B G 00 v 1) S P A (EL AN B
PLH o

fii

IAGAGIN 25 K He Ry (7). JE5kG: N, 2020, 42(10): 14-
17.

TANG Qi, WANG Huacai, LIANG Zhengqiang. Appli-
cation of X-ray digital imaging technology to the exami-
nation of irradiated fuel rods from nuclear reactor[J].
Nondestructive Testing Technologying, 2020, 42(10): 14-
17(in Chinese).

[2] w=28, H, ZRAR0, 55 R PR iRR B Sl e e

B R Y R ARBFSE (1] v L, 2024, 5005 1) 1):
296-300.
GAO Sanjie, XIAO Xiang, QIN Menglin, et al. Research
on key technology of automatic ultrasonic inspection sys-
tem for fuel assembly failure[J]. China Measurement &
Test, 2024, 50(Suppl. 1): 296-300(in Chinese).

[31 BR/NRI GIARE, Wik, 45 B FIREE: ST X Zpirt
s 28 BB SIAS I O BT S 0], BT RERR AR R,
2024, 58(8): 1767-1776.


https://doi.org/10.11973/wsjc202010004
https://doi.org/10.11973/wsjc202010004

5 x i

SR /NAIN 45« T RUAE T T 00 B B S AR AR S UL SR B A 0 7 1 9

[4]

(5]

L6]

[7]

(8]

[9]

L10]

[11]

[12]

ZHANG Xiaogang, YU Dongbao, TANG Hui, et al. De-
tection method of X-ray fuel rod end plug defect based on
deep learning[J]. Atomic Energy Science and Technolo-
gy, 2024, 58(8): 1767-1776(in Chinese).

2=, XUIMGZE, TANBL 5. K HERA LR IR 5 ke
[i) B 5 4 B g A0 58 0 7 YR AR ST (0], sl O TR,
2022, 43(4): 53-59.

LI Wei, LIU Pengliang, WANG Congzheng, et al. Re-
search on machine vision measurement method of rod
spacing data for PWR fuel after irradiation[J]. Nuclear
Power Engineering, 2022, 43(4): 53-59(in Chinese).
AR, BR/NRL, BTAR 5, 5. SRLLMRHE B SN UL
Kl R GEB ()] BeAr L, 2024(1): 38-41, 68.

ZHU Yongli, ZHANG Xiaogang, YU Dongbao, et al. De-
sign of an automatic appearance defect detection system
for wire wound fuel rods[J]. Plant Engineering Consul-
tants, 2024(1): 38-41, 68(in Chinese).

R B TR ) AL 2R AR BB AN [D]. JE
5 AR HL IR, 2020

RXAETHT, FRR, 12, A BT oo B I 24 1
KT EREEF RGN A [I]. WG, 2023, 44(4): 768-776
ZHAO Nianfu, WANG Lin, WANG Xiangjun, et al. Re-
detection method for long-term tracking based on im-
proved two-stage detection networks[J]. Journal of Ap-
plied Optics, 2023, 44(4): 768-776(in Chinese).
GIRSHICK R, DONAHUE J, DARRELL T, et al. Rich
feature hierarchies for accurate object detection and se-
mantic segmentation[C]//2014 IEEE Conference on Com-
puter Vision and Pattern Recognition. USA: IEEE, 2014.
REN S, HE K, GIRSHICK R, et al. Faster R-CNN: To-
wards real-time object detection with region proposal net-
works[J]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2017, 39(6): 1137-1149.

ZHANG H, SHAO F, CHU W, et al. Faster R-CNN
based on frame difference and spatiotemporal context for
vehicle detection[J]. Signal, Image and Video Processing,
2024, 18(10): 7013-7027.

Whidsik, ok, W Eq L, 55, 2 RUEZRHERLS Gk Faster
RCNN [ 5R R T BRFE IR T]. 26 UK S A 3hikm
THAR, 2024(5): 166-170

CHEN Fafa, LIU Yong, PAN Ruixue, et al. Multi-scale
feature fusion to improve faster RCNN for aluminum sur-
face defect recognition[J]. Modular Machine Tool & Au-
tomatic Manufacturing Technique, 2024(5): 166-170(in
Chinese).

W, Ty, AR AeRe S T SZREMEH
TR R BRI R (7], b B EDE A4, 2022, 27(12):
3596-3607.

HUANG lJianchen, WANG Han, LU Hao. One-stage de-

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

tectors combining lightweight backbone and multi-scale
fusion[J]. Journal of Image and Graphics, 2022, 27(12):
3596-3607(in Chinese).

REDMON J, DIVVALA S, GIRSHICK R, et al. You on-
ly look once: Unified, real-time object detection[C]//2016
IEEE Conference on Computer Vision and Pattern
Recognition (CVPR). USA: IEEE, 2016.

ADLI T, BUJAKOVIC D, BONDZULIC B, et al. A
modified YOLOVS architecture for aircraft detection in
remote sensing images[J]. Journal of the Indian Society
of Remote Sensing, 2024: 1-16.

LING H, ZHAO T, ZHANG Y, et al. Engineering vehi-
cle detection based on improved YOLOV6[J]. Applied
Sciences, 2024, 14(17): 8054-8068.

LI X, XUE S, LI Z, et al. A candy defect detection
method based on StyleGAN2 and improved YOLOv7 for
imbalanced data[J]. Foods, 2024, 13(20): 3343-3360.
WMk, RO R, A4 BE T EHE YOLOvSn HEE /K
R R A (0], WL RS2 (A SRR,
2024, 42(3): 382-388.

DAI Linhua, LI Yuansong, SHI Rui. Detection of rice
leaf diseases based on improved YOLOvS8n algorithm[J].
Journal of Hubei Minzu University (Natural Science Edi-
tion), 2024, 42(3): 382-388(in Chinese).

GAO Z, YU X, RONG X, et al. Improved YOLOvS8n for
lightweight ship detection[J]. Journal of Marine Science
and Engineering, 2024, 12(10): 1774-1794.

ZHANG Y, XU M, ZHU Q, et al. Improved YOLOVSs
combining enhanced backbone network and optimized
self-attention for PCB defect detection[J]. The Journal of
Supercomputing, 2024, 80(13): 19062-19090.

FR, B, AR, S BE T A G 2 R RHIERL G 25
V14 G i 47 % i T AR o ALY 5 VAR S 0] FRL ) e 5 A
e, 2023, 37(10): 153-163.

WANG Chen, YANG Shuai, ZHOU Lin, et al. Research
on metal gear end-face defect detection method based on
adaptive multi-scale feature fusion network[J]. Journal of
Electronic Measurement and Instrumentation, 2023,
37(10): 153-163(in Chinese).

U SCa . T A5 UM 25 D00 £6% 1) 8 B PG i 5 B30 AT
FE[D). VU4 VYL TR, 2023

FEFEY, St s, HeT 2 RS E B AR ICRIRIE Rl 3 7Y 1
JRBE AR 2 I 0], WAL BRI 244k (A 2R B
), 2024, 42(2): 226-232.

TANG Jianan, MENG Xiangrui. Dermoscopic image seg-
mentation algorithm based on multi-scale information ex-
traction and feature fusion[J]. Journal of Hubei Minzu
University (Natural Science Edition), 2024, 42(2): 226-
232(in Chinese).


https://doi.org/10.5768/JAO202344.0402001
https://doi.org/10.5768/JAO202344.0402001
https://doi.org/10.5768/JAO202344.0402001
https://doi.org/10.5768/JAO202344.0402001
https://doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.1007/s11760-024-03370-3
https://doi.org/10.11834/jig.211028
https://doi.org/10.11834/jig.211028
https://doi.org/10.3390/app14178054
https://doi.org/10.3390/app14178054
https://doi.org/10.3390/foods13203343
https://doi.org/10.3390/jmse12101774
https://doi.org/10.3390/jmse12101774
https://doi.org/10.1007/s11227-024-06223-5
https://doi.org/10.1007/s11227-024-06223-5

	1 模型架构
	1.1 多尺度特征融合结构
	1.2 双维度自注意力特征融合模块
	1.3 损失函数

	2 实验结果与分析
	2.1 实验数据
	2.2 实施细节与评价指标
	2.3 结果对比
	2.4 主观实验

	3 结论
	参考文献

