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Lightweight PCB defect detection network Multi-CR YOLO
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Abstract: Aiming at the problem of small target and low detection accuracy of printed circuit board surface defects, Multi-CR YOLO, a
printed circuit board surface defect detection network, is designed to meet the premise of real-time detection speed and effectively
improve the detection accuracy. Firstly, the backbone feature extraction network Multi-CR backbone, which consists of three Multi-CR
residual blocks, performs feature extraction for small target defects on printed circuit boards. Secondly, the SDDT-FPN feature fusion
module enables the feature fusion from the high level feature layer to the low level feature layer, and at the same time strengthens the
feature fusion for the feature fusion layer where the small target prediction head YOLO Head-P3 is located, to further enhance the
expressive ability of the low level feature layer. The PCR module strengthens the feature fusion mechanism of the different scales of the
backbone feature extraction network and the feature layer of the SDDT-FPN feature fusion module, and prevents the fusion mechanism
between the modules. The CSECA module is responsible for adaptively adjusting the feature weights and adaptively paying attention to
the requirement of small target defect information, which further improves the adaptive feature extraction capability of the feature fusion
module. Finally, the three YOLO-Head are responsible for predicting small target defects for different scales. The experiments show that
the detection mAP of the Multi-CR YOLO network model reaches 98.55%, the model size is 8.90 MB, which meets the lightweight
requirement, and the detection speed reaches 95. 85 fps, which meets the application requirements of real-time detection of small-target
defects.
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I 2 iy i AL AR s . TEERBT B YOLO H ARSI 52
I RF L L 1o 2RI 15 B 2 il B 95w R S 2/ S
FIW, LLYOLO BRIV LA iy LA, B3t T 258
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Fig. 1 Multi-CR YOLO network structure
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(b) Multi-CR blockbody structure

2 Multi-CR blockbody %%#4
Fig.2  Mulii-CR blockbody structure
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Fig.3 PCR structure
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SEHACRE b FT w HEFEARAS R 1, RAOREE channel 4
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2.2 iEERE x1 NERNHEXSH
ARCK BB A M e br £ B A B Table 1 Training related parameters
A5 [ (average precision, AP ) | ¥ {H F ¥ ¥ ¥ ( mean 72? i
average precision\, mAP) A4 RK (recall, R) FMELFESS j?ﬁﬁi j?zii(l)z
9 R R4 A £8 IS ( frames per second , FPS) it 5] R 0.01
Hi 13 ( precision, P) 5 1Y A2 455 2L S50 iy A 4 44 o s NN 4
AU TE A A, PR o AR R i 3 A R R A A WS EESIE SGD s

RO BRI PERE BN AR , an=C (1) BT, R 45102
T B H A AR T I A A bR e AR A T
R 4 SR A RS R B ARSI RO Y FE R bR, A 4
R AR I SR R M BB AL B, = (2) BT, AP
AR (3) FEAE P2 R b4t Ze7E X Ja] (0,
1) _ERTRBUS AN, mAP J&Fr A 2851 AP fER 1y
(L, S 1 AST AR (1 e (A SR A ORG-S 7R P

1) B AR AR R
= TP
Precision = (1)
TP + FP
Recall = T (2)
TP + FN
AP:fP(R)d(R) (3)

. TP F8IZFEAS 2 IEFEAS | S5 2 T Sy T AEAS (A4~
B PP AR AR A IS AR AS | e 48 T00 A TE AR A
B, FNACFIZFEAR IEAEAS | S APl A 158 Y T30 Sy 171 A
AAEL, FPS 5 L ik, AR A KM SR
TR 49 B R B, PSR A AV ol A I i 1 R 0, FPS {8 K
ARG T TR G , % T SRR K U FPS B T4
TR .
2.3 XBFERSH

S T R B CE RS BN IR R S I AE SR
Pytorchl. 12. 14CUDA116, Python MRAS 3.8, #{E R F N
Windows 11, EIEALFEEE & NVIDIA GeForce RTX 3050Ti
GPU, A7 4 G, MM CSENER 1 PR,
2.4 HERICIE

VAR AN [T B A e 4] A B e MR R p9 A Ak AR

BE BT T IERSEE, TR I A R SR 2 iR, Multi-
CR 3Head 75 Multi-CR backbone 3= [ 451 3 /> Tl
SLAH R FERIAE AL . Px-DCP 2758 76 3 AN T Sk i 78 1)
FTHHE)ZSE 5] PCR £, SDDT-FPN /R 7E £ T4¢
TIEFE I 28 Fn w0 sk 2 f8] 5] A SDDT-FPN £, 1-
CsECA /R P5 Fl P4 Z a5 A C,ECA #i, 2-C,ECA
FOR P4 R P3 ZIAISE 1 IR (Z230) 51 A CECA Bidk, 3-
C,ECA /R P4 FI P3 Z )% 2 I (£734) 51 A C,ECA
Fide

528 1 W& S, L) Multi-CR backbone 3= R 4% H
FERUAE TR 5 28 45K mAP =96. 59 3iF B 1 2 38 Xk
7& Multi-CR blockbody B A %858 19 /1y H Bk fife J 4 i 412 B
Hedl,

sz 1.2 AT &, 51 A SDDT-FPN A8 j5 A o
TS5 1, mAP Fl R 435428 T 0.28% 1. 56% , UiE W]
SDDT-FPN Jillsit 1 )2 2 [8] (A R AE fl A AL 18] B R /)N
HART L YOLO Head-P3 Fr7e MR G218 = T 4%
TERLGRETT , S — DT T /N H ARk e A B

M SEE 3 .4 5 ATF 78 P3 FN Sk A 7E 19 32 FHRE
FEHUZ 51 PCR B AN [ RUBERR AR 2 Rl A 1 R0CR
W, 5080 3 9 mAP A1 R A T 55586 2 4 ) 42 T
0.79% 0. 65% .,

LS 6.7.8.9 FTLLE Y, #F SDDT-FPN Z544 1, it
Wik P4 F0 P3 Z BB AP (A2 AP ) CECA J&, M
5% T SDDT-FPN 45 () J2 25 44 2 [ R AF il BL ], $2 7
/NEFRBEFERIET BB G SE5 8 79 mAP Fl R AH#KL
FEL8 3 34T T 0.89% (1. 1%,

T2 HMXHLER
Table 2 Results of ablation experiment
7% Multi-CR 3Head SDDT-FPN  P;-PCR P,-PCR Ps-PCR  1-C;ECA  2-C;ECA 3-C;ECA mAP/% R/ % FPS
1 VvV 96. 59 93.57 109. 50
2 Vv Vv 96. 87 95.13 105. 43
3 vV Vv Vv 97. 66 95.78 102. 36
4 vV vV VvV 96. 82 93. 86 101. 94
5 VvV vV Vv 97.33 95.55 102.25
6 Vv Vv vV vV VvV 98.17 95. 86 97.36
7 vV vV Vv vV Vv 97.31 95.93 96. 34
8 VvV vV Vv 2 Vv 98. 55 96. 88 95. 85
9 VvV VvV 4 VvV v vV 98.26 96. 81 93. 83
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2.5 XfbbEE
SHIAEAE A Multi-CR YOLO R A7 FAT R0k, 76 A
)52 5 2R 5% R, Al YOLOv3 | YOLOv4 , YOLOv4-tiny |
YOLOv5-s, YOLOvS-m , YOLOv7-tiny ") | 6 Fift 24 i 3= 3 A9
1A 0 A5 6T B3 Rl FE, 8% i ok 66 5040 4R 47 U1 5 5 K
FIEERNE 3 FiR,
F3 MHEIWER

Table 3 Comparison of experimental results

R 2 mAP/% R/%  BAUERFL/MB  FPS
YOLOV3 88. 44 66.33 61.55 39.35
YOLOv4 97.14 91.87 63. 96 31.36

YOLOv4-tiny 89. 63 79.95 5.89 170. 43
YOLOV5-s 94.34 72.19 7.08 72. 69
YOLOv5-m 95.89 79. 86 21.07 38.98

Multi-CR YOLO  98.55 96. 88 8.90 95. 85
YOLOvV7-tiny 95.32 80.33 6.03 98. 61

M3 il LIE BRI AR mAP J5 1T, Multi-CR
YOLO #5782 98. 55%, tt. YOLOv3 . YOLOv4 , YOLOv4-
tiny, YOLOvS5-s, YOLOv5-m, YOLOv7-tiny ="
10.11% 1. 44% .8.92% 4. 21% . 2. 66% .3.23% . Multi-
CR YOLO %% R =96. 88% , . YOLOv5-s & i 24. 69%
L YOLOv4 =5t 5. 01% , AR 4 T At 4SS 70 34 A AR K 1 4
. BEEK B R 8.90 MB, AH X T KL Al YOLOV4
YOLOvS-m R A BIFEAR T 55.06,12. 17 MB, 35 £ % &
AEBER , K INEEFE fps=95. 85 Hiff Jit BVl i & R Bk i iz i
Rl i 752K
2.6 WL

Multi-CR YOLO #AIE 2 LA YOLO 25145 71 25 4
SR EEEERE. R T B AIE Multi-CR YOLO A5 51 52 B it 46 )
AL BEATLAH I 6 21 B A Fi, % S50 Pl AR A ARSI [] B R
IR AL P B i YOLOvA-ting #5575 AG 0 45 50 647 %) LG
YOLOv4-tiny RUAG I 45 R 4N & 7 Bz, Multi-CR YOLO
LRI Z5 SR an 5] 8 PR,

3 1 AR ARG 0 235 R 4 Eb, %o T AL L B |
BB | R AR R HT Multi-CR YOLO #BK 17 7 it Bk [
R e T, B A H B AR I B, R A DUORS B D T
Multi-CR YOLO #E %I F1 YOLOv4-tiny #58IF55F- 0 % T IF
% R B 24 4 FhpE 2R YOLOv4-tiny A5 70 3
LT IR AS T O, Multi-CR YOLO #5793 A H 3R 46 14
i 0, 1T ELE A H ) ffe o E - 4085 B 7 1T, Multi-CR
YOLO #RI#S = F YOLOv4-tiny A7

3 & it

AT Multi-CR YOLO A28 ffake 1 BRI B
R B A A /N T 04 AR T A B X 174 ) 3t [ sf

(b) BRI
(b) Mouse_bite

=]

(a) BRAL
(a) Missing_hole

(c) JFi&

(c) Open_circuit

0o oo

no;om 7 " 0o o6
9 Qe 'S [ Q9 QO 'Sk
9 e ‘ I= 9 © | ==

16, 00 1o, on

v ®

(f) 24
(f) Spurious_copper

(e) BHY
(e) Spur

7 YOLOv4-tiny Al 452
Fig. 7  YOLOv4-tiny test results

(d) FEB%
(d) Short

(b) BB
(b) Mouse_bite

(@) L
(a) Missing_hole

(c) FFB%

(¢) Open_circuit

b

ao A (EEELTS

0o, on T 0o 66
o 6o 'Sl ¢ @0
(o) Ot | 3 (9) (8}

10, o6 | 10, o0

He

(e) BHI
(e) Spur

8 Multi-CR YOLO il 455
Fig. 8 Multi-CR YOLO test results

(d) Fii
(d) Short

(f) 4
(f) Spurious_copper

PR T I PR MR R T R ARG B RS T TR o R
gl T 20 HLAR i Ak TR AR 2 T SR ARG 3 R R
SEESZE 2B L Multi-CR backbone 24 = TR AE 4 H
W26 3 A YOLO-Head £ A Y e 3 AR 114 100 286 25 46, A0
ZEILAY mAP 35 ] 96. 59% , A MR R ik%] T 93.75% , %
AR A0 238 LAk % Multi-CR blockbody %1%t /)y B A7 it
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FAAT B PR SR BUAE /7, SDDT-FPN #E B A7 33 TH
TE Rl A A H R AIE J2 2 (8] (R R AIE il B 7, 28 =[] 1)
FRAE 4 785 TR /N HAR U Sk YOLO Head-P3 B 75 14
TERA E it — 3 THHIERL A AE T, PCR B 201E
$EIFRIA Multi-CR backbone F=THRAFHEHUM 4% Al SDDT-
FPN 2544 22 [8] (AN 6] )R SH (1 R ] A2 08 AN ] RS AR AE
R R IE RS AL , 10 EL7E SO IE P B e 22 [8] 9 7
A2 B e O, C ECA A6 B B8 A BRI R % 4R
/NEARERE AR B, #E— 2 s SDDT-FPN 4544 )2 2 [A] Y
FROERLA AL R 7, M FLPE @ 1 X 45 A5 A0 1) | 335 7 4
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