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Small defects detection of PCB based on multi-channel feature fusion learning
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Abstract: The paper proposes a YOLOPCB network for small defects detection on printed circuit board ( PCB) using multi-channel
feature fusion learning. Firstly, the last group of MPConv layer and E-ELAN layer in the YOLOv7 backbone network are removed, and
the ECU module in the fusion layer and the 20x20 prediction head are eliminated. A cross-channel information connection module
(CIC) is utilized to link the streamlined backbone and fusion networks. Secondly, a shallow feature fusion module ( SFF) and a new
anchor matching strategy are designed, which add two low-level, high-resolution detection heads. Lastly, the three E-ELAN layers in the
YOLOv7 backbone network are used as inputs, while the bottommost E-ELAN and two concatenation modules in the fusion layer are used
as outputs, with adaptive weighted skip-connection (AWS) to increase the information within the same dimension. The average precision
on the PCB Defect datasets reaches 94. 9% , with a detection speed of 45. 6 fps. Furthermore, on the Self-PCB datasets obtained from
on-site enterprises, YOLOPCB achieves the highest accuracy of 76. 7% , which is a 6. 8% improvement over the detection accuracy of
YOLOv7. YOLOPCB effectively enhances the detection capability of small defects on printed circuit boards.
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Visualization of the feature layer heat map
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Fig.2 The structure diagram of the cross-channel

information connection module
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Fig.3 The structure diagram of the shallow

feature fusion module
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Fig. 4 The structure diagram of adaptive weighted
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Table 1 Statistics of the number of images and

defects in the public datasets

ThpE R PCB Defect Deep PCB
missing_hole 115(497) -(1348)
mouse_bite 115(492) -(1759)
open_circuit 116(482) -(1747)
short 116(491) -(1368)

spur 115(488) -(1474)
spurious_copper 116(503) -(1320)

PCB Defect Z04i 42 455 N SN R 43 0l 3R/ HE 28 i
B 1 BRI N R, 1T Deep PCB A 4R A ™45 5
TR 1 X I A AR AN, I DA R A R R, R
AR IR 4 1Y L9 B LI 43 k4 5 B0 R 48, 4351
TEPA B LTI mhse s, i TS S i b B i
K FIERE 24 > 1 75 AT I, A S0 P 1% T 4 B vk
¥I7E COC02017 Hpnfa A4 E#E1T 1 300 MR
TN L5, B Fe 245 21 1 01 AN R 3 A% 25 B0 o] H % Al
BRI 55

LL YOLOv7 484 A il 5255 Baseline , YOLOPCB 7
P BEAE LRSS RAE mAP@ 0. 5 545 203 H YOLOv?
BTFT 2.4% 1 1. 3% 7E AP, 155 L5351 YOLOVT $27F
T 17.2%F1 1. 4% , 58] YOLOPCB 7£/)N H w6 rh oA 458 i
A4, HAR ARG B L 34 F R RIBIAY YOLOV7, CIC #5
Hik S8 th YOLOVT 1Y 37. 6x10° Jsi/N&1] T 15. 1%
10°, 48 S AN 48, 76 PCB Defect BUH4E I B I3 JBF Lt
JFESRPLT 6.7 fps, 7F Deep PCB HUHE4E b (A4 i pe T
4.8 fps, SFF #EHI1H PCB Defect £l ih/INUEE RGN
JEE RN 15. 9% 425 8 T 33. 1% , KAEHETF T R 45 5% i
/NEARBIREINEE 71, 51 AWS ZERELEAE J5 , A /0 25 11
BARPEIRG A T HE KT, CIC+SFF 4l & 7Em ik
RN F3E ) ] s 48 v 17 /N IRUBE ARG DR B2 5 CIC+AWS B 4
BRI L RS DR 32 4 T, (0 3 A A DK 3 e
%, JE LR AR ARG 8] J5 S B0 /- FE L& A 7243, LA
ARG S 11 ) 2 AR X e o5t 25 S BB H A5 4G D ; SFF + AWS
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R 2 HMSLIEL R (PCB Defect/Deep PCB)
Table 2 Ablation study results (PCB Defect/Deep PCB)

i Baseline CIC  SFF  AWS  ®W#E/fps mAP@O0.5/% AP /% AP, /% AP/%  ZHdR/ (x10°)
1 Vv 41.2/46.9 92.5/97.3 15.9/70.5  43.2/71.9  45.1/- 37.6
2 2 v 47.9/51.7 92.1/97. 1 15.4/69.4  41.4/70.0  41.7/- 15.1
3 Vv v 34.1/41.3 94.7/98. 1 33.2/72.5 42.0/73.2  43.3/- 39.0
4 2 Y 40.0/45. 4 92.8/97.8 11.6/71.6  49.4/72.7  49.5/- 38.2
5 VvV v v 44.8/48.2 94.5/97.7 32.4/72.8  42.2/72.9  42.1/- 19.8
6 VvV v VvV 42.3/41.5 91.3/96.9 15.4/69.2  42.3/70.5  45.8/- 15.9
7 \ vV 2 31.6/39.9 94.6/98.5 31.9/72.5  45.9/73.6  50.2/- 39.7
8 2 v v VvV 45.6/48.7 94.9/98.6 33.1/71.9  49.5/73.4  49.3/- 23.4

% 3 PCB Defect #{iR&EXTLL LITER

Table 3 Comparison experimental results of the

i CIC + SFF + AWS #4 &% # ) YOLOPCB 7 PCB
Defect 0¥ 4 I Ik YOLOvV7 94 3 B mAP @ 0.5,

AP AP, AP, f8H5 73 8¢ &5 T 10.7% (2. 4% (17.2% | PCB Defect datasets
6.3% 4.2% ,7F Deep PCB %4l 4 I 9k . mAP@ Wil mAP@0.5/ AP/ AP,/ AP/
0.5, AP, AP, #8453 548 @ 1 3.8% , 1.3% , 1.4% | ik B/ fps % % %
L5% , B PR 4R A 39 AT B3 4R e LS e T T Faster RCNN'1 13,3 85.3 13.2 41.5 417
YOLOPCB #3519 238 3 RRIE Al 15 27 2T W 2% <D 6.3 5.3 03 0 365
RERS AT AR TEX /N B FR BB RSO o
3.2 PCB Defect ;‘ﬂ?E%J:E(]X‘f b on8 YOLOv3-tiny 92.1 73.5 8.9 30.8 32.3
ﬁf,ﬂﬁ 31 %%fﬂﬂ@l}”éﬁ%ﬁ/{:ﬁ PCB Defect @ZTE%J: CenterNet 34.0 90.3 13.8 42.1 43.5
Jﬂ:ﬁ—‘ 5 F /ﬁﬁ{ﬂ‘ﬂ %: on E'/‘J %iF He ';Bﬁ , ,H\: ,:F‘ YOLOV3-tiny 1§ RetinaNet 13.5 86.5 12. 6 40. 39.
F MobileNetV3 5 F T W 4%, 8 B35 5] T 921 fps; FCos' ! 34.8 85.4 3.4 40. 4.
YOLOVS 51 A T 45 AEHE 15 8 F 5 A C2f 4544 Ancher-  Deformable-DETR ~ 27.5 81.2 7.9 33. 37.
free A8 Sk 5538 A4t 25 A2, mAP @ 0.5 & & 92. 4% ; YOLOvS'®!  38.5 81.8 13. 6 39. 42.
YOLOPCB M 45355 T 5 1 mAP@ 0.5 4 94. 9% , [A] i vorox! 734 89.7 o5 a3 s
FEFERR AP, IR S AR 106 B 6T B o] ri 36 A /08 H A ,
; g o . YOLOv7['? 41.2 9.5 15.9 43. 45.
SR PRSI A A 8, I ELAP YRS AR = s 19, ARG
BEAIK S T 45. 6 fps , A0S 52 BLEN o B AR 9 s 16030 ik YOI ane A e A
YOLOPCB 45.6 94.9 33.1 49. 49.

JE S50 B S, X FL S g g SR an gk 3 R,
3.3 YOLOPCB EE7E LBR#&N A AR A

FE VL VPG Al A FH R A8 B AH HL ( ME2P-2621-
15U3C ) F7t B A0 4385 Sk ( MVL-KF1224M-25MP ) $5 ¢ T
—EZHIRHEMEERERS, 2B R E 6(a) ir
TN R ESIYINE 6(b) Fis

BEARIENR L Ab B YT Self-PCB %40 45 , W K4
SEFREIR 41 109 LU B BERLRI 23 R VI 24 | 56 UE A A 3k
£ (50 Tt B R PP A7k A5 A8 114 927 1 B8 g R0 T T A S 45 i
ARSI BE BCHE 42 60 & T 1 152 3K Bl 5 B o He i e 1)
15,6 FhIBE 1 RSB L KB R 3. 4 BT .

YOLOPCB 7 Self-PCB ¥t#5 4 |55 H §ij 3 i A5 I 55
R SR A5 RN 5 IR,

x4 Self-PCB #iR&E B G SRS

Table 4 Statistics of the number of images and

defectsin the Self-PCB datasets

R Self-PCB
missing_hole 192(510)
mouse_bite 192(522)
open_circuit 192(507)
short 192(501)

spur 192(525)
spurious_copper 192(537)
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S KAl mAP@0.5/ AP/ AP,/
JE£/ fps % % %
Faster RCNN 12.5 66. 5 14.7 45.9
SSD 64.9 52.6 1.6 34.1
YOLOv3-tiny 79.5 54.1 10. 4 35.2
CenterNet 29.7 66. 8 12.9 46.3
RetinaNet 10.7 67.3 14.8 49.7
FCOS 31.2 65. 1 8.6 39.9
Deformable-DETR ~ 20.0 60. 8 10.7 35.7
YOLOVS 34.6 59.4 19.2 42.3
YOLOX 69.3 61.5 14.1 44.9
YOLOv7 36.9 69.9 23.2 52.0
YOLOv8 34.8 69.2 21.4 53.1
YOLOPCB 41.5 76.7 25.7 55.3
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Fig.7 Visual comparison of the detection results of
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