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Printed Circuit Board(PCB) surface defects, and the difficulty of existing detection algorithms in balancing
accuracy and speed, this paper proposes a PCB defect detection algorithm based on OverLoCK-HAFB-
APKConv with Improved Matching(OL-HAIM). First, an Overview-first-L.ook-Closely-next ( OverLoCK)
backbone network is adopted, which leverages a Deep-level Decomposition Strategy(DDS) and Context-
Mixing Dynamic Convolution(ContMix) to reduce computational complexity while enhancing feature
representation for small targets. Second, a Hierarchical Attention Fusion Block (HAFB) is designed to
replace the CNN-based Cross-scale Feature Fusion(CCFF) structure, exploiting a local-global attention
mechanism to improve the detection capability for minute defects. Finally, an Adaptive Pointwise Kernel
Convolution (APKConv) is introduced, which achieves adaptive deformation of the receptive field via
learnable offsets to accurately capture defects of diverse morphologies. Experimental results demonstrate
that OL-HAIM attains a mean Average Precision at IoU threshold of 0. 5(mAP@O0. 5) of 97. 6% on the
PCB-DEFECT dataset, representing a 4.8 percentage-point improvement over the baseline, with only
13.8M parameters and Floating Point Operations Per Second(FLOPS) reduced to 23.6G, while
achieving an inference speed of 55.7 frames/s(FPS) on the RK3588 embedded platform. Cross-domain
experiments on the Northeastern University Surface Defect Detection Dataset(NEU-DET) and Microsoft
Common Objects in Context(MS COCO) datasets further verify the generalization capability of the
proposed algorithm. On field-collected samples from an actual PCB production line, the model achieves an
mAP@O. 5 of 95.1% and an inference speed of 55.4 FPS on the RK3588 embedded platform, concurrently
meeting the requirements of high-accuracy detection and real-time performance in practical scenarios. The
proposed method provides an effective solution that reconciles high accuracy with lightweight deployability
for real-time PCB defect inspection in industrial settings.

Key words: PCB defect detection; DEIM; lightweight object detection; edge deployment
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Fig. 7 RK3588 platform deployment process
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Tab.1 Comparison of mAP@O. 5 for various defects on the PCB dataset
) BRI I/ %
B kAL R P i B ] KA S
DEIM 89.7 91.6 92.9 93.5 94.2 95.1 92.8
OL-HAIM 95.8 96.9 97.4 98.1 98.3 98.7 97.6

) A 2 B B 2 AR T 4.1 R 3.6 S L ik
EJG YL 9896 o (A3 TE B Y, FLLR B A b G
S e R ) 2 ) A R L 45 DS RG E
BN S AN AR N 2.9 H AT
W] 3B E VR Ab TR 4G DEIM 76/ ST R
AN FILI) TR 25 BB A - AN A ST fin 34 A A
2GR RE

U RSk iz Ak g ), A SCHE NEU-DET

AR 2 T SR B ARG 4 T HEAT TR ) A 6 B S
WM 2 iR ,OL-HAIM 7 NEU-DET %4 4 I [F]
FEIUAT B 25 PE AR 4R T, K mAP@O. 5 ) 85. 2%
BAES. 7Y% I 4.5 E L EEEERN
PRI RO =y N UREEA S I K WNE =R Y 7
M, e R e WIS B 2. LA 5. 24 1 40 5 4
FELUE BT Pk R B e O [ B R S TR 1A 8K
P 5 3k 37 b B

%2 NEU-DETH#E&E L &RIERNEE mAP@O. 53TEL
Tab.2 Comparison of mAP@O. 5 for various defects on the NEU-DET dataset

B A RS 2/ 6

A ; . : N :
Ry BE R AWy L] LA F A B B
DEIM 82.5 84.2 84.8 86. 1 86.4 87.3 85.2
OL-HAIM 84.9 88.8 89.0 91.1 92.0 92.4 89.7

HEE OverLoCK . HAFB #1 APKConv =4~
AR X A 0P B 1 ELAR BT R, A SCHE POB $idis 4
BT SRR B B 4] A T A ST . I 3
FEs B G N£5 15E B 35 S 3N [R] R B 1 1 g 4
TF: OverLoCK B i mAP@0. 5427+ 1. 41N 43
A R FLOPs M 61, 1G K i F% 2= 31. 8G; HAFB
B mAP@O. 58T 1. 74 43 5, A [l 4R
T 1.8 H 43 A ; APKConv # 8 fff mAP@O. 5
BT 1. 34N E 43 A5, 0 AS LU 25 i B 4 A6 1 i

JI W R R . 2 3B B 4 R AR BUET , mAP@
0.5k 5] 97. 6% , #5 B K /MU 13. 8M, FLOPs
[ % 23. 6G, PC ¥ FPS 35 %] 102. 3, RK3588 fix A
KV 5 FPSIA ) 55. 7, S0 T RS B 5 800 1) WU
it

R ik — 2 B IE 45 S H 432 fL BE J1 , #E NEU-
DET ##4a 45 Lt A7 TAHFE A ml 92 56 . ansk 4
7R, 34 B B AE 5 b 2% 1 R B A DU AT 55 I [R] A
JE B R A 1) R AR T R 8 B R 7E NEU-

®3 PCBEEE LMHEMIIITLE

Tab.3 Comparison of ablation experiments on the PCB dataset

%/ R/ mAP@ mAP@O.5: mAP@  HOE IR/ o e
## OverLoCK HAFB APKCony - - : - o/ g/
% % 0.5/% 0.95/% 0.75/% R=F/M G

FPS  FPS

1 X X X 86.9 95.7 92.8 77.6 63.8 25.2  61.1 64.3  30.8
2 J X X 88.2 96.4 94.2 78.5 64.7 18.7  31.8 81.6  42.9
3 X NG X 88.7 96.8 94.5 78.9 65.1 23.1 47.9 72.5  35.8
4 X X NG 88.0 96.2 94.1 78. 4 64.5 24.5 51.4 69.1 33.7
5 NG NG X 89.5 97.6 95.7 79.6 65.8 17.4  27.9 89.4  48.5
6 NG X N 89.1 97.3 95.3 79.3 65. 4 18.0  29.5 85.3 46.1
7 X Nj N 89.8 97.9 96.0 79.8 66.1 21.7 42,5 77.8  40.4
8 N N N 90.8 99.1 97.6 80.7 67.2 13.8  23.6 102.3 55.7
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Tab.4 Comparison of ablation experiments on the NEU-DET dataset

PCii; RK3588

Y BER/ KE/ mAP@ mAP@O.5: mAP@  #iA &R/

A4 OverLoCK HAFB APKConv SR/ W/
% % 0.5/% 0.95/% 0.75/% N~F/M G

FPS  FPS
1 X X X 79.8 90.3 85.2 72.6 61.4 25.2 61.1 67.4  32.7
2 N X X 81.1 91.0 86.5 73.7 62.4 18.7 31.8 84.1 44.6
3 X N/ X 81.4 91.3 86.8 74.0 62.7 23.1 47.9 75.2  37.9
4 X X N 80.9 90.8 86.3 73.5 62.2 24.5 51.4 71.6  35.5
5 N N X 82.4 92.1 87.9 74.9 63.8 17.4 27.9 91.5  50.8
6 N X J 82.0 91.7 87.5 74.5 63.4 18.0 29.5 87.9  48.1
7 X N/ NG 82.6 92.3 88.1 75.1 64.0 21.7 42.5 80.3 42.2
8 N N N/ 83.8 93.1 89.7 76.1 65. 2 13.8 23.6 106.7 58.3

DET 523 89.7% ) mAP@O. 5, ¥ 3iF T fF %
T AR 5 5037 = R A Rk . SR g R R,
OverLoCK #5% B 3 18 % )23 G4 43 firk SR W A7 3 BRI T
TR e, WO RE T 3 m R RS B s HAFB
B 3E o 43 2 R AL R TN R
Bl A Y 73 101 # s APK Conv #6538 5 [ 3@ IO SR A
R WS 348 516 AN BRI A B A A RE T o 34
B HfE PCB Ml NEU-DET W /> 25 5 1% 25 i B8
4 LIS — B MERE SR T B E T AT AR
B PR A fe g
3.5 EEXbxim

J I UE OverLoCK A A 3 F W 45 # £t i
AR SCAE PCB Bdl 4 B i1 17 AR 3 W 45 /9 X
Fe S8 . W 5 R, OverLoCK 52 L T 94. 2%
B mAP@O. 5F164. 7% B mAP@O. 75, # H 3£k
BEAL A BT 1. AF0 0. 9N E 40 4o [ I FLOPs
M61.1G KiEFEZ 31. 8G, Rk 48.0% . I
HoAth 2 1 M 2%, OverLoCK 7E AR FF AR &

Z J5E 11 ] RS2 B0 T S v A R DR B L B8 IE T IR )2
Gy R MG A LT SCIR B s BB 8t .

R K APKConv #5 FUSS #1910 o A SC
76 PCB 3048 45 b4 CCFF 25 4 v 10 g 1 4 FURE
ol Z2 P £ A BV R SEAT X L S50 . dn gk 6 U
7, DSConv fl GhostConv B4 R AL T 18 &,
(B3 38 ()7 2 A2 A B mAP@O. 5435 T
R 1. TR 44N E 435 . PConv A 84318 3 it i
25 ) L, mAP@O. 75 M 2 62. 7%, & B BE P
THOA A 5 2 438 3 25 8] JB% 0 04 SR B AT 55 v
FEAEJRIBR . DCNv3 i i 1] 288 B B mAP@O. 5
$ETF 2 93. 5% AH A SR 2 2] 2% i FLOPs
ik 54. 2G, BORIETHA R . APKConv DL 51. 4G [
FLOPs S8 T 94. 1% B mAP@0. 51 64. 5% 1)
mAP@O. 75, 78 FIr 43 %F b 5 ik o BOAS o 410 G -
RORST M B UE T 21 90 S B0 K R AL [ 3
FAEALTIAE PCB e B R 0 rf (8 4 2801 .

g 42 1 PEAE OL-HAIM %4 % 78 PCB Bk [ £

£S5 FRETMEMRESTLL x6 AEIEMEMERITLL
Tab.5 Comparison of performance across different backbone Tab.6 Performance comparison of various convolution
networks architectures
SR mAP@ mAP@ il8& &/ PC — mAP@ mAP@ &/ PC %5
0.5/% 0.75/% G #EZ/FPS 0.5/% 0.75/% G HE/FPS

Baseline 92.8 63.8 61.1 64.3 Conv 92.8 63.8 61.1 64.3
LSNet 91.5  62.5 38.2 85.1 DSConv 91.7 62.9 39.1 82.4
FasterNet 91.1 62.1 28.9 91.7 GhostConv ~ 91.4 62.5 35.6 86.7
MobileNetV4 90.8  62.3 37.9 84.6 PConv 92.0 62.7 36.8 85.2
EfficientFormerV2 92.1 63.1 44.5 78.3 DCNv3 93.5 64.1 54.2 66.8
OverLLoCK 94.2 64.7 31.8 81.6 APKConv 94.1 64.5 51.4 69.1
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Tab.7 Performance comparison of different algorithms on the PCB dataset

ok amwsv g "TC AP M s ORI/ RKSS R/
0.5/% 0.75/% FPS EFPS
YOLOv5m 81.9 90. 8 88.2 56.1 21.7 64. 4 70.5 28.1
YOLOvVS8s 83.7 92.6 90.1 57.6 21.8 28.4 89.2 31.8
YOLOvVY9s 84.6 93.3 90. 8 58.3 24.1 27.4 87.1 29.2
YOLOv10s 85.8 94.1 91.4 58.9 21.4 24.8 92.0 30.9
YOLOv1ls 86.5 94.8 91.7 57.2 20.8 22.3 94.5 32.3
YOLOv13s 87.3 95.4 92.1 57.8 19.6 21.5 97.2 34.8
RT-DETR-R18 85.1 93.8 91.1 59.6 20.0 60. 0 71.1 27.5
D-FINE-L" 91.2 98.9 97.8 68.5 27.1 91.0 51.4 19.8
SRk 9] 85.2 94.6 93.4 60. 7 26.3 62.1 65.8 25.4
SCHRL15] 88.3 96.7 94.5 63.9 23.8 55.7 73.4 29.6
k[ 16] 84.7 93.5 92.6 60. 1 15.2 38.5 82.3 38.4
SCHR[18] 88.1 97.2 95.0 63.4 20.9 55.0 65.4 26.3
k[ 19] 87.9 96.5 94. 3 61.0 7.6 8.3 81.3 33.6
SCiik [ 20] 87.8 96. 1 93.8 60. 8 26.43 105.3 53.0 21.2
k[ 22] 86.3 94.9 92.7 60.5 4.2 5.3 109.7 57.1
k[ 23] 87.1 95.1 92.6 60. 8 10. 2 15.2 69.7 30.2
OL-HAIM 90. 8 99.1 97.6 67.2 13.8 23.6 102. 3 55.7

E5 E N AN R I — 5, 0.5iK%1 93. 8%, Sk 1M 2 i 1 34 26. 43M 1A

Bk (18] B DL il AR 2 0 mAP@O. 5 4 F+ &
95. 0% ABHE - F L 55. 0G, 1 RK3588 -4 11
I B FE AN G 26. 3 FPS, et i+ i 5 i 4%
Uity S B 22 8] 1 28 HE O O o SOk [ 19 7R AR A R~
B 5o B (HmAP@O. 510 94. 3%,
¢ B B i 0 A 1 T AL o) 8 SR R AR il ¢ D
G2 A8/ HAR I 0045 B o SCHR[20] ) mAP@

4 105. 3G, TRK3588¥@LE@?&}$LE41jJ
21. 2 FPS, i1 % it &6 B AN . SCiEk[22]
E%ﬁ“)i‘#%ﬂfrﬁgfﬂ?ﬁxﬁLt%?ﬂj?ﬁ 1El
mAP@O. 512 Jg 92. 7% , i B 4 B JTs 4 5 80 45

23 HIl 55 %58 52 % Bk B R AE 1Y) R AE B ﬁaimMN
T T — B E N R R, A mAP@O. 51K
92. 6% H PC iy (1 9 B3 X 69. 7 FPS, 7E 4% &
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Tab.8 Detection performance comparison of different models on the MS COCO dataset

el mAP@0.5/% mAP@0. 75/ % AR ) /M /G
RT-DETR-R18 63.8 50. 4 20.1 60. 1
RT-DETR-R34 66.8 52.9 31.1 92.1

DEIM-RT-DETR-S 66.1 53.3 20.0 60.0
DEIM-D-FINE-S 65.9 53.1 10. 2 24.9
DEIM-D-FINE-M 70.0 57.3 19.1 57.1
DEIM-D-FINE-L 72.4 59.4 31.2 90.8

YOLOv1IS 62.6 49.8 9.4 21.5
YOLOV13S 65.2 52.0 9.0 20.8
OL-HAIM 66.5 53.8 16.8 24.3
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Fig.8 Test results on the PCB dataset. (a) Original dataset images; (b) Detection results of the baseline model; (c¢) Detection

performance of the improved model.
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Fig. 9 Test results on the NEU-DET dataset. (a) Original dataset images; (b) Detection results of the baseline model;

(¢) Detection performance of the improved model.
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Tab.9 Verification experiments in a real production line environment

T3 58 gt mAP@O0. 5/ % mAP@O. 75/ % Wi/ % &/ % RK3588 # J# /FPS
DEIM H T % 89.2 60.5 91.3 81.4 30.1
OL-HAIM H##ZiT 95.1 65.2 97.1 87.3 55. 4
WIS 97.8 67.7 99.7 91.1 53.1
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Fig. 10 Test results of real production line dataset. (a) Original dataset images; (b) Detection results of the baseline

model; (¢) Detection performance of the improved model.

S SUBA Tk I 0 A o A DA BORG: TN 3E JE -A JEE
ME DLV 25 22 Bk BT R B AR TR R, AR SR

EP3 R F, 3 A S5t o Az 0 v i H b RSE BROS HF TET M DEIM B9 OL-HAIM &8 . (1) %



714 W5 Bos

%415

H OverLoCK 1E 2k =1’ 2% | i i 8 2 20 43 it R
WS R SR A A B AR K IE BRI C R,
TEY KRR SZ B 1 [m) B O 415 J) 30 45 R RS 41 3% 3k .
(2)1& I HAFB, i i XUt 2 22 RO T 2 ) L
LGA ML H S8 sy B 405 5 4 Jmy 1T SC A A4 gl
4. (3)51 A APKConv, i 11 A] 2 2] ffi # 5 35 25 4
B RNl B A N I AN RO e 3
Bto 3T FIVE ], e AR mAP@O. 53k ]
97. 6%, B FL LA R T 4. 84N 43 4 B AN
g 13.8M; FLOPs 2 23. 6G; 7 RK3588 it A 2,
S bRy B KR 55,7 FPS. S5 E A E
T AR L, OL-HAIM 7845 BE 5 %00 J7 1 ¥ B
5 F MG -7, /E NEU-DET F1 MS COCO ¥4 4
)3T RS g v e o R T N = R e L

A OL-HAIM HUS T %5 4 i A il 1 g, 1
B FEAE SRy BR P o 7 B0 10 5 0 P T T, A 78 A A
Ot BECRI ™ G5k B S s T AR MR A R R T,
R SCIR A AL R AR R T AR O XTI R B
IE M) 7 T 0 o A FICHE A 1 T A AR e
14 fe JOT s T 5O, 7 b Y R S0 1 T 7 o e
b 5 1k S b B EE B BE T R FE 4 56
UE o 7E £ 38 TP T, AR SO AE RK3588 H—
A b 58 BGHR B B IE AN [R] B RS Y i 2%
& L PR R B S RS A AR 1 R R AL .

2 % X #:

(1] #EHF, &FEH, %k, F . ST YOLOLL (Y Bk A B AR 22wk Pk M AL [T]. R dh 5 2

1545-1556.

NERS 575 SRR i NI F0 9 3 i BN o €111
85 S BR AR IR R AE W 35 28 S, D a0
AL RO R R A S RTS8 50 AU R B — R R
MABR T %M, ARF B R E T ZSHTF
132 Ak e I3 A1 75 ik — 25 B8 IE .

BT bR R BRAE A AT , AR B K LR
MBTIF. 55— IR ICHE 2] K Hsf o) SNV
2) SR 25 G B KRS A AS 1 B 7 2 S R
T, AR BV 0 SR R ABE o 1 5 H0 1 AR R, i T A
RYAE B ™= S 46 b i P Al N RE T . R BER
SEFAL BT R IR ZE A8 TR A B A SRR R
A H AR JF R AT XS R G A R A
SR TAE. 28 = %% OL-HAIM 4 #% 0 B
B A nl 2 AT RE AL 1, b R = A 1 |
2 20 R T MR A B 22 2 A Tl i B R D AT
55 4 ShAF 5 SR AR D ) R R L AR IR
b5 H il 3 Al 1 A VR S R AR ST G
Bl e R S RN TR S 2 ) R A NS B =
B 5 A= 4R 2 0] i P BE 22 1, HE s B3k 1) oK
o 8 2 % b

25 bk AR SCHE A OL-HAIM 53 4%
Ak E AR R 28 R TR TR R, O Tk
PCB it i3 S5 I 46 0 48 446 1 e Jost v G B 55 %% i Ak
B AT %

7 ,2025,40(10) :

YANG Y P, GAO J W, LIU Z L, et al. Surface defect detection on printed circuit boards based on improved
YOLO11 [J]. Chinese Journal of Liquid Crystals and Displays, 2025, 40(10) : 1545-1556. (in Chinese)
(2] Zx, 30 %%, % . T 0# RT-DETR M PCBA & R S BBk 1 [J]. &85 2+ ,2025,40(10) : 1532-

1544 .

LIJ, LUO W, CHEN H, et al. PCBA pin solder defect detection method based on improved RT-DETR [J].
Chinese Journal of Liquid Crystals and Displays, 2025, 40(10) : 1532-1544. (in Chinese)

[3] WENINGER D, SERNA S, RANNO L, ez al. Advances in waveguide to waveguide couplers for 3D integrated
photonic packaging [J]. Light: Science & Applications, 2026, 15(1): 17.

[4] HECS, ZHAO L, ZHANG S, ez al. Intrinsic topological hinge states induced by boundary gauge fields in photonic

metamaterials [J]. eLight, 2025, 5(1): 19.

[5] ANNABY M H, FOUDA Y M, RUSHDI M A. Improved normalized cross-correlation for defect detection in
p
printed-circuit boards [J]. IEEE Transactions on Semiconductor Manufacturing , 2019, 32(2): 199-211.

[6] TSAID M, HUANG C K. Defect detection in electronic surfaces using template-based Fourier image reconstruction [ J].
IEEE Transactions on Components, Packaging and Manufacturing Technology, 2019, 9(1): 163-172.
[7] HUB, WANG J H. Detection of PCB surface defects with improved faster-RCNN and feature pyramid network [J].



5 BT AF TR DETM B B R A, % Al B e 4G ) 445 vk 715

[8]

[9]

[10]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[23]

IEEE Access, 2020, 8: 108335-108345.
REDMON J, DIVVALA S, GIRSHICK R, ez al. You only look once: unified, real-time object detection [C]//
Proceedings of the 2016 IEEE Conference on Computer Vision and Pattern Recognition. Las Vegas: IEEE, 2016:
779-788.
YUANM H, ZHOU Y B, REN X Y, et al. YOLO-HMC: An improved method for PCB surface defect detection [J].
IEEE Transactions on Instrumentation and Measurement, 2024, 73: 2001611.
RFE, &2 F, 84t T YOLOvSs B VR AR e e 45 0 30 15 [T]. 3 K 5 F R (T FR) , 2025,
59(8):1608-1616.
ZHOU Z G, LU Y J, LV L Y. Improved YOLOv5s-based algorithm for printed circuit board defect detection [J].
Journal of Zhejiang University ( Engineering Science), 2025, 59(8): 1608-1616. (in Chinese)
ZHOU Z G, LU Y J, LV L Y. Real-time surface defect detection algorithm for printed circuit boards based on
improved YOLOv11n [J]. The Journal of Supercomputing, 2025, 81(10): 1148.
BB ,EE,BER,F . ETRER SRS BN B AR R A B AR [T], AR EMRKFF
& ,2025,51(7) :2349-2359.
MENG W J, AN W, MA S G, et al. An object detection algorithm based on feature enhancement and adaptive
threshold non-maximum suppression [J]. Journal of Beijing University of Aeronautics and Astronautics, 2025,
51(7): 2349-2359. (in Chinese)
CARION N, MASSA F, SYNNAEVE G, et al. End-to-end object detection with transformers [ C|//Proceedings
of the 16th European Conference on Computer Vision. Glasgow: Springer, 2020: 213-229.
ZHAOY A, LVW Y, XUSL, etal. DETRs beat YOLOs on real-time object detection [ C]//Proceedings of the
2024 IEEE/CVF Conference on Computer Vision and Pattern Recognition. Seattle: IEEE, 2024: 16965-16974.
WANG Y S, WU B B, ZHANG L H, ez a/. Enhanced PCB defect detection via HSA-RTDETR on RT-DETR [J].
Scientific Reports, 2025, 15: 31783.
Fmy,RBE,TH,F . ETREMRT-DETRE PCB SR FXLLT]. o w242 5 %3t ,2025,46(9) : 2714-
2721.
LIP, YUJZ, YUT, et al. PCB defect detection algorithm based on lightweight RT-DETR [J]. Computer
Engineering and Design, 2025, 46(9): 2714-2721. (in Chinese)
HUANG S H, LU Z C, CUN X D, et al. DEIM: DETR with improved matching for fast convergence [C]//
Proceedings of the 2025 IEEE/CVF Conference on Computer Vision and Pattern Recognition. Nashville: IEEE,
2025: 15162-15171.
ZHAO X L, ZHANG H F, SONG C H, ez al. Lightweight intelligent detection algorithm for surface defects in
printed circuit board [J]. Computers & Industrial Engineering, 2025, 203: 111030.
GAOZ W, LIY Y, YUAN S H. DECNet: an efficient improved model for printed circuit board surface defect
detection [J]. Signal, Image and Video Processing, 2026, 20(4): 188.
ZHULY, WANG S, CHEN M F, ez al. Subtle defect detection network: more accurately detect subtle defects on
the printed circuit board surface [J]. Engineering Applications of Artificial Intelligence, 2025, 152: 110765.
R, & RER,F . IR T MR AR R ARG I [T]. k5 #h % T42,2024,32(14) : 2256-
2271.
ZHU LY, WANG S, SHEN A P, ez a/. Visual inspection of soldering defects on board surfaces against complex
backgrounds [J]. Optics and Precision Engineering, 2024, 32(14): 2256-2271. (in Chinese)
BCF A, E G5 R BT NS SRR AR B ORI BB B R A AR B B G I T 3k [J/OL )L 3t SR AL A, 20265 129
https://link. cnki. net/urlid/51. 1307. TP. 20251107. 1547. 014.
OU Y F, WANG J H. Small target printed circuit board defect detection method based on dual-branch feature
extraction [J/OL]. Journal of Computer Applications, 2026: 1-9. https://link. cnki. net/urlid/51. 1307. TP.
20251107. 1547. 014. (in Chinese)
MAEH, SRR B R BT YOLO-Horll (5% 4 2% PCB B B £ I 50 vk [J]. 3 SR A =42 55 3% 3t , 2025,
46(11):3283-3291.



716

[24]

[25]

[26]

WEI J M, XU X Y, HAN H, et al. Lightweight PCB defect detection algorithm based on YOLO-HorL [J].
Computer Engineering and Design, 2025, 46(11): 3283-3291. (in Chinese)

LOU M, YU Y Z. OverLoCK: An overview-first-look-closely-next ConvNet with context-mixing dynamic
kernels [C1//Proceedings of the 2025 IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Nashville: IEEE, 2025: 128-138.

ZHANG X, SONG Y Z, SONG T T, et al. AKConv: Convolutional kernel with arbitrary sampled shapes and
arbitrary number of parameters [ J/OL]. arXiv, 2024: 2311. 11587.

WANG A, CHEN H, LIN ZJ, et al. Rep ViT: Revisiting mobile CNN from ViT perspective [ C1//Proceedings
of the 2024 IEEE/CVFE Conference on Computer Vision and Pattern Recognition. Seattle: IEEE, 2024: 15909-
15920.

YE T, WANG Z, QIN'Y, et al. A hypergraph computing and knowledge-enhanced framework for forklift pallet
pose estimation [J]. Annals of the New York Academy of Sciences, 2026, 1556(1): €70219.

HOWARD A G, ZHU M, CHEN B, ez al. MobileNets: Efficient convolutional neural networks for mobile vision
applications [J/OL]. arXiv, 2017: 1704. 04861.

WA, AR, A F . WRELIERT S N E A TS (J]. o B (F 3E50),2024,17(4) :823-833.
CHENMY, XIEY C, LV X T, et al. Detection of surface and internal defects in cold rolled steel [J]. Chinese
Optics, 2024, 17(4): 823-833. (in Chinese)

PENG Y S, LI H B, WU P X, e al. D-FINE: Redefine regression task in DETRs as fine-grained distribution
refinement [CJ//Proceedings of the 13th International Conference on Learning Representations. Singapore:
OpenReview. net, 2025: 1-23.

FAET, RO B, Eak ke, F . AU UZ BRI A I 9 BLGE 18O A BT [T, F Bk S (F ), 2024,17(2)
354-365.

JIANG S F, ZHANG Z G, WANG F A, ez al. Design of optical field of vision imaging for defect detection of
paper and transparent film [J]. Chinese Optics, 2024, 17(2): 354-365. (in Chinese)

T, WA B, 2010 4F F R L BE TR ARG 20, FENFR A HEESR ARG T
M2 58F9¢ T/, E-mail: 13585317253@163. com



