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PCB Defect Detection using YOLOvV8 with Dynamic Prediction Head
XU Zhichen'? ,NIE Wen® ,LUO Yao"?,QIAN Liangliang'
(1. School of Advanced Manufacturing , Fuzhou University , Quanzhou 362251, China;

2. Quanzhou Equipment Manufacturing Institute , Chinese Academy of Sciences, Quanzhou 362216, China)
Abstract: To address PCB defects such as missing solder, breakage, open circuits, short circuits, burrs, and false copper that
may occur at any stage of the manufacturing process, an improved YOLOvS algorithm is proposed to enhance the efficiency and
accuracy of PCB defect detection. By introducing DCNv3 convolutions and a DyHead dynamic detection head, the model’s feature
extraction and spatial perception capabilities are optimized, enabling it to adapt to variations in object shapes and sizes across
different scenarios, particularly for recognizing small and densely arranged targets. The loss function is improved using QFL to
enhance the model’s sensitivity to localization quality. Experimental results show that compared with the original algorithm, the
improved version achieves effective gains in precision, with a 2.8% increase in mAP. The enhanced model demonstrates high
accuracy and good efficiency in PCB defect detection, outperforming other object detection algorithms in both detection precision
and processing speed, exhibiting significant performance improvements.
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Jri I CloU $2% Sfe Hf b Tl I HE 55 L S HE 2 [] 7
DETCE , AT 52 B T30 AE 1) B ARt ik, R,
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ABIFTE PR Y SEIECE FE ok B R 27 hE
Plas NS0 % 2B L 11514 PCB k[
RO, R w16 AR UL PCB Bk FE 2R AL 4G
fL ( missing hole) | B ( mouse bite ) . FF % (open
circuit) J % (short) (BRI ( spur) FHER AT ( spurious
copper) , W& 5 iz, 5K G AT BEAL & 21

- 151 -



- BEREA - WHEE,F

BRA3h AT £ YOLOvS 45 PCB #: /g 4am)|

BREESEH

(a) AL

(b) BB

(d) Sl (e) B

5 HiE&ERMEETR

(f) s

FEVRBE “F > A0k, B AL () PR BB AR KRR K
TR AR AR B, B AR R
FVE R bR R S XA AR = A AN g, 3 80y
TEFEICA ) s Rz B0, Rl 5 A
BT BIRIZE ) KA LA B G o 0L W s
TERAF B T RAR T AR 3 fh fig 1 FIUERf 3
AAFFEHE R SE PR PCB Y5 T (A0 £ s 34 53
SREME LRGN (e ST I 7 ABEAN Ak 3 i BIL T A LA
SHATEIE T 2240 S B . X SRR SR T T B AR
P AR X 25 P RN AR Ak A 3 R DT 3 5
HeEmrEmmz ey, X5 8l h AR
PRSI 2R AN (0 T RGP A, e 8
MNGEEE B 3 383 sk HARMF B3k 2 fis,
W ARG EER 7 AU 25 I E A it | He
Bk 7 02 0 1, XFERRI S B A R R A
I Zrid 72 RE NS 72 4 > FRAE , 78 50 UF 5 Al
REE LT ST REPTAL

&2 HEERER BN 5K

e/ el 7L E
AL 587
R 582
TFi% 572
J i 561

F ] ( Spur) 578
2% 503

2.3 EERTEIERR

TEAWFTEH , ATRI T 2 LR bR E
i B4t A B A R | AL A5 S BIAR JEE (mAP) | it
A& Y 5 A4 25 16 K/ (model size ) R A

- 152 -

BB UCH(FLOPs)

S BE (mAP ) 2 i i H A A 0 AL 1 G
(R AR bR, B 2% T R ) S B T R
FE(P) FIE I3 (R, Wi 1 A58 Y B fR iy 46
KEEE

> ([raar )

iR . /R AR AL E NS A B A TR, F T
AR S 07 FH v A DS o e, A
R SRt PERE AR AT

Y 5 A ZS [A] R/ (model size ) ; RN
RUPERG AL BT b 2SR 3 MB, 3X—
FE bR R WL T R i AR

TF B S (FLOPs ) « 8 /R 51 R 47— Ik
T [ P BT T 1) 77 38 SRR B, T A A T
AR, FLOPs # ik, AR A2 BRUCR MR

T ISP bR, FRATT AT LA 4 1 L T A A
RITERG B SRR b T AP RE DT A 5 7
A A 0 R FH AR AR
24 HREXIIEE

SR IEIEAR SC 3 R A B D A AR
YOLOv8 MFELEAAL I L) mAP@ 0.5 %  model
size \FLOPs 1E 2 7 #i 48 45, X A5 e It 5 % Jin,
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£, 8K FLOPs £ /b i B, {H 2 2 (40KS &2 $2 7
BER, TENE BE RS AS vh 380 T AR A 1) -
T B e K A B2 £% i) st 4 A v R BERICR
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Ry b O B A A A KR G e TP
e, A SCHI A DI A 4 Flv B R4S I 55 FasterR -
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B 97.9 133.6 5.8 9.5
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