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Pattern matching and parameter adaptive
based PCB solder joint inspection

WU Fu-pei, KUANG Yong-cong, ZHANG Xian-min, OUYANG Gao-fei

(School o f Mechanical and Automotive Engineering ,
South China University of Technology, Guangzhou 510640, China)

Abstract. In order to improve the inspection success rate and velocity of an in-line Automated Optical
Inspection (AOD system of Printed Circuit Boards (PCBs), the solder joints of a PCB are examined.
The solder joint images are acquired by a structure illuminator and a 3-CCD color camera. Based on
these images, the area features of the conventional types of PCB solder joints such as good, excessive,
poor and pseudo are extracted with respect to the key sub-region in the solder joint. Five kinds of fea-
ture matrix models of solder joints are presented. A pattern matching algorithm for inspecting the
solder joint is developed by maximizing the similarity of the same type of solder joins. To solve the
problem of the threshold determined by experiences, a parameter adaptive learning strategy is presen-
ted. Finally, 1 040 chip solder joints on a PCB are inspected. Experimental results show that the suc-
cess rate is as high as 96. 5% and the inspection time is 9 s by using the proposed algorithm. This indi-
cates that the proposed algorithm can achieve both a high success rate and inspection velocity.
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Fig.1 AOI system
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Fig. 2 Image acquisition system
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Fig. 3 Solder joints and their 2 dimension images
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Fig. 4 Images of solder joints
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Fig. 5 Geometric partitioning of solder joint
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Fig. 6 Flowchart of algorithm
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Fig. 7 Adaptive learning of parameters
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Tab.1 Performance comparison among four algorithms

RAMA Y SCk12] B3] Sek(14] ASCR

GUMERR 94.1%  97.2%  95.8%  96.5%
K 1 040 4

‘ 16 s 14 s 18 s 9s
T A B ]




2592 P o

TRl

51T &

AR 1 AT A A A % T, SCRRL 131
BLL 972 06 B 5 A R 7 A DN B ) T P B
14 s, SCHRL14 107 2 FI B e 2, #E 2R 95. 8%
(A B0 BT 35 18 s. SCHRL12 105 1 1 o 1 256 e
I, I 16 s, A SCEEE: LA 96. 5 %6 14 o ff 25 F i
9 s £ A ARG 0 A A 258 ARG I BN ) T R, AR SR
HRBIE FHEZR AOT RGEMZISK  HAT R 1) 55 H
.

8 % #

B TR A BB s AT X R A 28 D

S & k-

[1] DOUGLAS W R, DOMINIC F H. Why automated
optical inspection [ CJ. International Test Con fer-
ence, 1997.1033.

[2] LIN SH CH, SU CH H. A visual inspection sys-
tem for surface mounted devices on printed circuit
board [ Cl. Cybernetics and Intelligent Systems,
2006 IEEE Con ference, 2006:1-4.

[3] CHENYS, WANG CS, FANCT, etal.. Relia-
bility assessment of Sn-Pb and Pb-free solder joints
under the cyclic bend and shear tests [C]. Electron-
ic Packaging Technology, ICEPT 2007, 8th Inter-
national Con ference » 2007 :1-6.

(4] FEH AL, 14, 5. PCB B Zefa I fY 1 ik 2
Fk0]. R % % T42,2007,15(2):272-276.
LIZH M, LIN Y W, HUANG ], et al.. Prepro-
cess algorithm of PCB line detecting [J]. Opt. Pre-
cision Eng. . 2007,15(2):272-276. (in Chinese)

(5] AR, JCHRHELT 2R W B Kb ki) ]
wF LT E 3 K,2008,29(1) :53-56.

SHI J W. Solder defects and solutions in lead- free
soldering technology [J]. Electronics Process Tech-
nology, 2008,29(1):53-56. (in Chinese)

(6] % Bk ok R TRk I T M2 PCB IR Al
BT (J] £dE T XFF2MOARHAFR,
2008,36(5):135-139.

LU SH L, ZHANG X M, KUANG Y C. Neural
network-based inspecting method of PCB solder

joint [J1. Journal of South China University of

B BRI R B A R SR TR AR T X
B ARRAE . FEMCERAY BN TS R K
TR )R O R A TR X R A B 1) B L 2

T HEN S MAE T L S T — MR T
A58 2 VE e A 7 ARG I 753 o DRS00 1 9 f 1P AR
00032 A 5 TR O % B R A T B UE L SR A R R T

TE B0 {8 2 50 =) B0 1 1% 0 3% DS g 380 325 o A
PRSI B A SR T I 96. 5 %, K I R o B IR

P

HH

o

Technology ( Natural Science Edition), 2008, 36
(5):135-139. (in Chinese)

(7] %#W. EL4.E2¥%.%. EHEERMHFAIDK
W L], k% #H % T42,2008,16(5) :925-930.
WU L M, CUI SH L, WANG L P, et al.. Novel
automatic inspection method for repetitive patterned
wafer [J]. Opt. Precision Eng. , 2008,16(5):925-
930. (in Chinese)

[8] WUF P, ZHANG X M. KUANG Y C, etal.. An
AOLI algorithm for PCB based on feature extraction
[C]. Proceedingsof the Tth World Congress on In-
telligent Control and Automation, Chongqing,
2008.:240-247.

[9] ROHYJ, LEEDY., KIMMY, etal.. A visual
inspection system with flexible illumination and au-
to-focusing [CJ. Proc. of SPIE, 2002,4902:463-
475.

[10] LOH H H, LU M S. Printed circuit board inspec-

tion using image analysis [J]. IEEE Transaction
on Industry Applications 1999,35(2) :426-432.

[11] KIMTH, CHOT H, MOON Y S. etal.. Visu-
al inspection system for the classification of solder
joints [J]. Pattern Recognition, 1999,32(4) :565-
575.

[12] JAGANNATHAN S. Automatic inspection of
wave soldered joints using neural networks [ J].
Journal o f Manufacturing Systems, 1997,16(6) .
389-398.

[13] KO K W, CHO H S. Solder joints inspection u-
sing a neural network and fuzzy rule-based classifi-

cation method [J]. IEEE Transactions on Elec-



10 1 SR A AT R IC S K S 3 VR PCB R el 2593

tronics Packaging Manu facturing , 2000,23(2) . [15] Ak, iR B K. JoA IR SR I 09 6 U5 43 B 5 1 Ak

93-102. BeitJ]. b3 % £42,2008.16(8):1377-1383.
[14] ACCIANI G, BRUNETTI G, FORNARELLI G. LU SH L, ZHANG X M. Analysis of optimal de-
Application of neural networks in optical inspection sign of illuminator for leafless tin solder joint in-
and classification of solder joints in surface mount spection [J]. Opt. Precision Eng., 2008,16(8):
technology [ J]. TEEE Transactions on Industrial 1377-1383. (in Chinese)
Informatics, 2006,2(3):200-209.
EBE AN :
KREHEA80—) T L EENF A

BIREE:

B & Byl A I A AL AR LB T T I W 5T

A5 ML A SE A I B AR B IR R T
M) 58 . E-mail: yckuang @ scut. edu.

E-mail: wufupei@163. com

cn

BRPAS € (1978—), % i+, HEMNE
KER (1964 —) . B . #H . WL4AES ML PLSE | A5 b PRG54 8 Ak 3
[ o =% 1 R R VAN K R ! T HRWFS . E-mail: scut_gaofei@ ya-
S5 H AR I m A F5E . E-mail. e hoo. com. cn

*’
zhangxm(@scut. edu. cn \ )
/

@ THFE

B 4540 AR T R AT AR B R R0 iRt

4

~¢

EfXF.242%, 5 #.ERE.KFE
(REAS HENES LR FIRER LR ERARERAHE A LB E, K # 300072)

TH U5 295 Mg SR8 4 i 2 N S 0 M 00 A SR 45 A 19 A BRI A8 e 0 T 05 - 4 A SRR T B LA O

MR N T e R TR e o UG B R B 10 T 41 3R 058 - 28 4 58 152 I A% 0 4 R /) o g ) £ 1A
HE DL R A7 AR AR 22 AR BE 2 10 [ 0™ a0 folt 40 3 P PR IG ik 56 223 AR 58 5 B SR 90 i 25 % B2 R
HOPT AT SE SR DN R GE BT L LA OB R IR (R . 58 THE T BRI 4 1 57 5 BUAR (6 AR L —
SRR S bR R GEARAR B iH 282 B 56 &R #6 FIH CODE Vet B se il 1 T4 X
SHE T L AT AR A I R G B AR I T 1 SO B RO BT TR SR SRR T LR
P T FA 328 B 14 5 T 20 A% AR G BT, AR AL 50 pm SR HER CF KON 6 BRI ERE T AR SRR N 15
mm, 3k B 55 62 R G AR F A SEURBIS(E ) 4. 5 15, 1% 5 G0 A8 05 T AL TR 156 1 45 A 28 4 55 14 ) it
R SRRSO B A 2R





