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Abstract

In order to solve the problems of welding spot surface quality in PCB welding process, an auto-
matic welding spot surface defect detection method based on naive Bayesian classifier was pro-
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posed. Firstly, the surface characteristics of ROI region of solder spot were obtained by image
segmentation, and the characteristic parameter data sets of solder dot were established. Then, the
prior probability and conditional probability were calculated according to the characteristic
attributes of the obtained characteristic parameters, and a naive Bayesian classifier was con-
structed to classify and recognize the data sets. Finally, training set and testing set were used to
verify the classification results of the classifier. Experimental results showed that the detection
rate of harmful welding spot could reach 93.4%, which could meet the practical requirements.

Keywords

Defect Detection, Image Segmentation, Bayesian Classifier

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

PCB (Printed Circuit Board)Bi X FRENHIZ8BEMR, & T T EER/F 2 —[1]. fi&H PCB HERRE T
e ey, 0 R T B AR I B Y 1 B i B R (1] T AR s B AR MR IR FE Al M N2, BN L
R ) 790 AR TCIR G 2 S A . S s PR RO T R PR R DU R K, 17T 182 P L 284 3 R S B
R E 1 B ST RN B TSR TBE SR T2 — (2] [3].

b H 3h 624450 (Automatic Optical Inspection, AOI) R AWIHERR BB, BHTHE SRE . &t
WA &, EFXE PCB ARME s S s U R 3 7 VA0 2 AN TS o N SEBIUR s R B R HEAT I, X 3R (4]
PR T — PR T ZRHMER SR M BN IR 2 0 KA, DR T TARINER . BRI 5 155 FH BUR 4 IR
FERETEE 775K PCB AR B A DX AR B AT 23 SR P A, 3k T R A5 e 2 BRI 45 5L s Sk 6] AR BE A
I € T AR AR R RRAE AT AR AU B A M G v AR AR, SR ARV IC I 7 v, B H — PR ME 1 3 R 1) 2 88
W7, &I ERABE R B AR A T . SCER[ 7152 tH 1 — b2 -0 52 5] & VT BC 4 1€ A7 J7 VA I AR
RALE, SEBIRMA NS ERIATERIERN, Wit 7 —EESERERI RS, HAAME R R . thah,
SCHR[8] [91 AT R A5 r s Ul 17 R, /2 4 AH . )i 1 07 52 I EUAS 5 A P ks U 45 2

ARSCEF TS PCB AREAE B FE PR S AE I 28 . DB S, FE H — B T DU 30 73 SR8 4R 15
SRR B BRI TV . B Se A R TAL BESREL PCB AR fd DX B B AR AR (S B IR PSR RURRIE R
fESE, SRJE R R AR SR Aa i DLt H7 23 288, @ I 40 2R I I 25N 43 2 i 2445 B1)1% 7 8 28 1 S 00 200
TNIOMZTTEAT R IR IR
2 BRRH

PCB kI E SR R G307 £ 2 TAARNL. Bisk. JelRSEM . MRS PCB FEA R ) AR X
KA, R 500 Ji8E K CMOS TAkAINL, BEA 25 mm MIARfEEE k. BT R AR 2L, XHL)E
(1 S SRR, BRI FH SRR R A R BRI, RERS (AR LR U 88 1) e

J5 SR 55095 B FR R IR SR B 2 KB R W 20, BRI 1 poR . MG TAL 3 3 2
AIEP AN GG, LA LRSS, 5 SR BRI AL T R B R . K T B S ) AR
17078, 193 SREUSERS B2 B, RIS C4ERES e, 8% S50 e o K28 1
PARCIZ, it o 283 45 RANW A7l PCB IR RFEA R T &

DOI: 10.12677/csa.2022.127186 1863 T LR 58


https://doi.org/10.12677/csa.2022.127186
http://creativecommons.org/licenses/by/4.0/

FKIGHS 25

( wxmEg )

B g sk iR

i kR

E& o3&

FHER

Figure 1. Flow chart of defect detection algorithm
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Figure 2. Gray scale image diagram of solder joint area
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(b)
Figure 3. Gray scale and segmentation. (a) Granular solder; (b) Standard solder; (c) Excess solder

B3 XEES2EE. () 2%H; (b) #5E; (o) %5

ZBRENEG, B TRGEFAERR. IOLRERIR R, MHESAEMIZSE, 7T UARERR MG,
AL, BRI 4 s, HAA R 35145 RE N2 8

(b)

Figure 4. Binarization segmentation diagram and corrosion diagram. (a) Granular solder; (b) Standard solder; (c) Excess solder
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Figure 5. Threshold segmentation diagram. (a) Granular solder; (b) Standard solder; (c) Excess solder
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Figure 6. Contour extraction diagram. (a) Granular solder; (b) Standard solder; (c) Excess solder
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Table 1. Given the characteristics of the solder joint type under the statistical table

1. BAR RSB THHHES TR
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Table 2. Classifier classification results
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Table 3. Comparison of detection results of different algorithms
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1Z4T I 8] /ms 452 605 268 302

HIZE 3 IO LA AT R, AN SCERIRAE AN A Ty T v 30 0 S A I 5%, R T M sk A A 5 v
ANZETRE BRI N7 3%, (HRMRART SVM II7r KI5k, ARG KA, 1277 08 A T2 THe B A A
WITid, MmEmTHRPIF T Gan il 207ER W L IR RIS 2> I, B B Al 2
PARATINRER, FFA AU ER.

6. 4518

ASCENS PCB FENE S FE AT AE I AR L A ISR T o 8 R, 4Rt — A AR 3R DL 70 2R 2% 14
MR R I EREE A SR T . A6 BN E G BIRVEMF LS, M 1R RO AR 2R DL S 20 2
% IR HIGREAR T AREA D HEAT 7B, ZSCIRIIE, 12O VERMER N BB IE T /028, A
e SRR AR T SR FE A TN 1 AT AT

e HE

oK B AR 3L & 0T Bh I H (61572185): WIFGE B E /T H sl BB H (19A170); W1 RH R = 1R}
W Ja sh 24 % B0 H (E57110).

SE
(1] BEAZ, BRI Dk, KA, Y. 3T ZREN SVM £43% PCB RABKKI AT, #OtAs, 2019,
40(6): 21-26.

[2] THIEfR, HiER, ks, BT EAEZERILER PCB £ EEF KNI A&VUIKS Baikn TR,
2021(9): 125-129.

[3] =R, AT, K77, 5. Otsu BIME S EIERE U R T[], F B LR 2R 244k, 2019, 38(1): 85-90+97.
[4] BRI FTHLEALIER) PCB R kA I FE[D]: (At 22 A i3], bk AR 7 RHOR S, 2019,
[5] ZRSRE, LBk, 2T EUR AL B AR M) PCB RSB AR R S t[J]. HL T4, 2020(21): 25-26+62.
[6] ZRAEEE, JRUKEE, 3KIER, 5. ETHRALELESH RGN PCB B[], Jesk% TH#, 2009, 17(10):

2586-2593.
(71 RS, FITHr, R, — AT R PR IR )], BURTHENLCE ILRR), 2018(26): 52-56.
[8] MR, Mg, A KK, &, B THLARALGL I R AR AR IR AU [T]. IACHIIE T8, 2020(6): 52-56.
[9] Stearns, C.C. and Kannappan, K. (1995) Method for 2-D Affine Transformation of Images. U.S. Patent 5,475,803.

[10] #¥g, B, xIBef, . ETa8805 Ootsu MBS BB ET R[] HEN TR, 2016, 42(11):
255-260+266

[11] Otsu, N. (1979) A Threshold Selection Method from Gray-Level Histogram. /EEE Transactions on Systems, Man, and

DOI: 10.12677/csa.2022.127186 1869 THEAURF 5 R


https://doi.org/10.12677/csa.2022.127186

SRIGHS 5

Cybernetics, 9, 62-66. https://doi.org/10.1109/TSMC.1979.4310076

[12] fRER. ZET R/ ZREAGE Otsu Pk BIR 2 FIT7IE[T]. # MR 2224 (A 2B ARR), 2021, 33(1): 70-76.
[13]  E AR U720 R EEI s SR FE[D]: [ 200850, MRV WG /RVEEE oK%, 2021.
[

FRIEHT. ANER U770 28 8 S L SO VAR AL [D]: (W22 A0 5] 5 B I ZRFBHE R, 2020.

]
]
14]  KSHE, NibE, M HT DI KA 00 4R B RS 2 2R)). 5 EEOR, 2016(1): 17-19.
]
1 RN, 2T G AEEE K PCB R IR SRR A 7T L SEBLD]: (B 2A A0 3. 4Rk PUr AR, 2021.

DOI: 10.12677/csa.2022.127186 1870 THEAURF 5 R


https://doi.org/10.12677/csa.2022.127186
https://doi.org/10.1109/TSMC.1979.4310076

	一种基于贝叶斯分类器的PCB焊点缺陷检测方法
	摘  要
	关键词
	A PCB Solder Spot Defect Detection Method Based on Bayesian Classifier
	Abstract
	Keywords
	1. 引言
	2. 方案设计
	3. 图像预处理
	4. 图像分割
	5. 朴素贝叶斯分类器
	5.1. 特征提取
	5.2. 构建分类器

	6. 结语
	基金项目
	参考文献

