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Solder Joint Inspection Using a Neural Network and Fuzzy Rule-Based
Classification Method
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{Kuk Won Ko, Hyung Suck Cho, Jong Hyeong Kim, and Sung-Kwon Kim)

Abstracl : In this paper, we described an approach to automation of visual inspeciion of solder joinl defecls of
SMC (Surface Mounled Components) on PCBs (Printed Circuit Board) by using neural nelwork and {uzzy rule—
based classilication method. Inherently, the surface ol the solder joinls is curved, tiny and specular reflective;
il induces a difficully of taking good image of the sclder jnints, And the shape of the solder joinls lends Lo
greally vary wilh the soldering condition and the shapes are not identical to each olher, even though the sclder
joints belong to a set of the same soldering quality. This problem makes il difficult 1o classily lhe solder joints
according to thelr gualities. Neural neiwork and fuzzy rule—Dbased clagsilicalion method 15 proposed ta effi—
cienlly make human-—like classificalion crileria ol the solder joint shapes. The performance of the proposed
approach Is lested on numerous samples of commercial computer PCB hoards and compared wilh the resuils of
the human inspector performance and the convenlional Kohonen network.

Keywords : solder jomt inspeclion. 3—color circular illumination. Learning vector quantization, [fugzy rule—
based classificalion

LME o] &g e 3akd “é_'i:iler-l WEdE A

Ao 2ol Az 71719 &8 HZE, wsF3 96 EriEs 7&/‘} HHEE 718ea 54X (leature) 22 &
Axp FES TE% Q4 3= 7] (Printed Circuit Astye s Fdste] git ds 73161% ARilnllel, 4
Board, PCB) el w7] 1§ Zw A4 7[<d] 7ge] o 7 AlagE ol&ale] HAF wEE FEcSE UH
ez dd Folvh B Y Vel 20w (31041 [12], ﬂ?ﬂoﬂi‘%}% ol gste] |l¥ Pt wE
floll wrEon) #2718 24 el FH(chip) Hde ¥ o] BAE SEEte FAAb fEez Apgske W9l
7 % EHd [Ced 2¥ ARE FEE o AEA [13]1[15] [16] 2.2 h¥le] v}
(sclder paste)® 85H & 2 3o @%‘ A71E 0] A4 AgatEe] del Argsn e A4 dadE
oh o EA e A% Vs AEE 2FEk o AR 2 gEe] A7l 23k F"ele FE2e A Hfw o
e 9 3717 g4 fepA R RAEP. HAl F2 AL A, @A, =4 (cenwoid) 52 SHAEL] #E3 54
25l SMDRE £ ICHS 2% 0.2mm 2712 ¢F 100 ARE WHLE Fk aﬂ Wl A FE {rule) & ] 8
~ 14009 2= (ead) & 712 3lch, A1 ~ 4112]. eleld e 7 Falol A Be
71 9 A FE AEE A4 A4dg §u Aeegl APE B 2o A F sle FEY 54
BEEe Az HE AFY Fdo] 9HL P 29 qeg wRo T sNw. oye Be zﬂmoﬂ oy gt
@ ¥Aolnz ARAT AIye] Ak FA Al W AAHC] Aol k. olef@ AlEEe] vlalA Bl
Stk Fz A G908 AN ARE goly] o DA} WA dlede] gy As A4 e 24
sof A7 A% ZAbe] BE B AT o]Fel Ax 7k ek fEel 3o,
sl 43 oled BAEE dlds] Akl A" A4 ¥

B A7 ow 2A WL =w ubalz #Hap o olel A gl gyl ARGED e AlFEIETE AL A
TE|EZe fElM Ubre] AT 22 PAloz= HwE o Bl7h F7hetal ok Az sl ffEke] slE
ES ylay o)k yhwlEo] Ak phabelz] 9 &ho] drrosRE AA THAlE friskeg, Y W b
o] g A FPe FFo= WA wEn[1], 43 s FakatE RS W dad d¥E FY 5 UL
Fele) 292 [5) (911121 ~[15) 1171, =el5 Al (a8 ABI=E AAZE A2 gle Ay 54 Yo £5
Agat W] 3lo) olgdr 2w WMASE 2T o] AA 715 Tl WA A ZH cora Jeie]
9 g =Pe] AlEel 9AF ol gate] Wene A 2E eIy qlste] £49 G A
37hd Ang Ysn 9ok oo 29 gag olg O AF AP IRSEvEE Aol 9
A5YR 11099, 6. 4, FALE : 2000 4 14 mflﬁ %]fw Tlrf} FHaL Gle AAAZTE W
woid, 294 gngar) e 7)A et glel 2l 2| =85 (supervised learning) W A&
ay AN A AR A s &% (unsupervised learning) $51 22 ™. v 414



711

L5 7] (Kohonen neural network classifier) [18] & LVQ
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g 2 (multilayer perceplron) [
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Table 3. Inspection rule [or acceptable soldering,
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Premise Consequence
R C L
R10 A A A A
R11 A EA A A
R12 A A EA A
R13 EA A A A
R14 EA A EA A
R15 A A A A

R . righl module, C :

T

S

cenler module, L :

4.3 B AN T,
Table 4. Inspection rule for excess bui acceplahle

left module,

soldermng.
Premise Conseguence
R C L
R16 EA EA FA EA
R17 EA E EA EA
R18 EA EA E EA
R19 E EA EA EA
R20 EA A EA EA

R ! right module, C : cenler module, L :

3t

o, M

e

left module

Table 5. Inspection rule [or excess soldering.

= 1.y @b 7 Premise Conseguence
Table 1. Inspection rule [or insufficient soldering. R C L
Premise Consequence RE E E E E
R7 E E EA E
R cC L
o ; . ; R& EA E E E
! R9 E EA E E
R2 ! A ! ! R @ right module, C : center module. L 1 lelt module
R3 ! i A i
R4 iA i ! / I 62 dF dAEe] £5 A%s Yrhlm itk A4
R5 IA I 1A i #AR LvQ HAE R 2w dig #A 2]
2EA) w = EE ke nd FAe] AR 2 7 3
R : right module, C : center module, L ¢ lell module 18140 = xghed ghe e FH A9 2 0. r_. 0.8,
0.6 ol wg A9 ASel F7 0.3, 0.2, 0.4 o 9]
5 o ol A 24 7 o FHe AEEE oY FEE 07 vd FA4e 03
- - = B A A= 7] 5= ) 1o] Ze) A3l
Table 2. Inspection Rule [or insulficient but accepl— O]ﬁ% =l ‘%'le A ?7"] T A Aol
ble solderine Fo2 gde A4us g g
Premise Consequence 5 g. 73 el A
R C L Table §, Classification result of insulficient soldering.
RE iA iA 1A iA Premise Fuzzy fitness Conse-
R7 | 1A ! 1A A R c L quence
J:0.7|1:081:06) [:(0.7+0.8+0.6)/3 I
R& i JA A IA 0.7
RS iA A / A 1A : 0.3)1A - 0.2[1A ; 0.4] IA : (0.3+0.240.4)/3
R : right module, C @ center madule, L ! lefli module =03




716 H o - RSt - Al

Ak HAl dae|EFa A4
A wE 2y FAE A&
HA Lvg AAfzdE o]45e] dY d94& 2Eus
St EelEl gake :1_]]“% 0]%"5}7] % fuzzy deci—
EE st HA E 73
< TASL o2 ol&sy FFH JyR o/ER W
4& ot vpREte s B gyEE

1

11

LVQ HE7 B4 B Ag-HS fﬂ.f;olﬂ Ashed AA A

Aefl Al AlAFEE pabe] gl FZE 400709
el gad lele] Fol 300719 °é*c} delelg AEst
et A 100709 B4k delgs TAE 2 AT
A A9k 74/‘} G F 4FE HAE gee A
Satth AR d R 9 deldE, 4 Aol
TR AR 98] wgD, old A aa), 34
(A, #g HAEA), I B9 5742 SeA2 TE3
et

Z} o4k diolBl= 55 x 4534 (pixel) 2 2712 win—
dow o= guRe] FEs] A7 FY 3t
{graylevel) & F&99ck 2 AdAE g Elead) 9
o] a4 WET Ao mekeln®g olE v|FEo%
wHiErE vk I¥ 9% Sgd AMgd s 2o
3 3lvh

¥ ¥ U

I¥ 6. E‘ﬁ? OJ’JB].

e

.
13

=]

Fig. 6. Training image.
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Table Clas&flcatmn resull for training samples.
Q NS | 1A A EA E NC
I B4 | 54 0]
1A 26 26 0
A 134 134 0

EA 32 3z 0
E 54 54 0

Total success rate : 1-0/300 = 1.00(100%)

Q) quality, NS ! no. of samples, NC : no. of confusion
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Table 8. Classilication result for tesl samples,

Q NS [ A A EA E NC
| 20 20 0
1A 20 12 18 2
A 20 20 0

EA | 20 18 2 2
E 20 20 0

Total success rate : 1-4/100 = 0 96(96%)

Q ©quality, NS ! no. of samples, NC : no. of confusion
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Table 9. Classilication result by Kchonen classifier.
Q NS |1 A A EA E NC
I 54 |51 3 3
1A 26 B 20 B
A 134 131 3
EA | 32 4 20 8 12
E 54 28 28 26
Total success rate : 1-50/300 = 0.8333(83.33%)

@ ¢ qualily, NS : no. of samples, NC : no. of conlusion
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