KSIAM IT series Vol.10, No.1, 31-45, 2006

B-spline =M ZAl=t 7[Hre| 3AR &0 HO[AE ZAL
(3-D Solder Paste Inspection Based on B-spline Surface Approximation)

SEA, oY, FAL
(Joon Jae Lee, Byoung Gook Lee, Jaechil Yoo)
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Abstract

Recently advanced device and sophisticated manufacture process by high-density,
high-integration — require  critical  inspection criteria in  SMT(surface  mounting
technologies). Especially for solder paste which come out over 60% of inferior
goods of all product, 3-dimensional inspection replaces 2-D inspection as a
effectiveness substitute of this trend. Therefore this paper proposes a fast 3-D
inspection system and measurement algorithm automatically inspecting 3-D  solder
paste of PCB in SMT assembly line. The proposed method generates 3-D surface of
data using B-spline algorithm and then extracts to inspect the pad.
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Ao olgHm YA HA o1§HT & FAolh 53, WAl Foke] BGA(Dal
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ZAFH(Multilevel B-spline Approximation)S 7|20 2 3t} o] e 7|E9 Y
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(1) B-2Z2tel =4

Ar7E qQ AR B-2EE V1A e B, (HE 23, IR S 2ol A7
A (recursion formula) .2 oo Ztk

1 if t,< t<t;4,
Bi,o(t)= 21D
0  otherwise

t—1t; t; —
B; (D= ts t_Bi,dﬂ(i)‘f' S

Bty a-1(D

Livav1—tit1

B-spline 4 Ape «AHA p+ 1708 Al A (o3, W #E(knot vector)
T={tg,t1,...,t,) L83 Bespline 714 & (B, (p}"_, ©l <31 piecewise
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polynomial 2 T} o] o] )

A= 350 B, A1) (4] 2)

() CHE B-aEetel 2AkE}

tolee] [ p={P)"_,, P,=(x;,y,2)ER’ a8l 2= {(z.y)o <i<n,.0
<i=n,0< 5 L EFRL QR A (x,,y )% Bl xy— planedIM AAEE G
ol HA gt o= =HQl @ ¢ Aol AR Ak Aol AR o= @ 919 tensor
product gridelth. HiolEl e [ pE ZAkstr] flstd, AA7lolA ddg B-2FE<l
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my+1 m,+1
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D bt B, 4 supportst AAE 7S Zke 22 AR [=(¢,,¢t,)F AE I}
IN(t,, th+d+1)+0
2) Ut 22 22 2AA Y pEAE AT pg=g foral ges, .,

BT PN B & R A Py= 3 5B, % ROl BaER A%

(bp'Zl_,7b EAsHA I pb osupB, 2 AAE TRl JoE=E
V—d=k=v—1°h
4) ¢,=b,= 2R

Bu7d71+j,d(xk’j)>oy =1,...,m,
i el om® WE 4, (0, )T 9T F
Ck:}\kf:;lwk,jf(x(k,j)

Al ¢, 5 T & AT FEEM, AL Hae o), wob j— 4ol 5, ,—10]%

ohd® 09 EelA j=u—g,...,v-1% AF A=H
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6, ,=N(B,a)= ;w R C

£ F= A YpHE » & 7 T Utk olHg F/F9 quasi-interpolant= [3]o4 A
THAS ZHY, ol HS (x, )7 T [t tpeae] Y SR P

[t t,.,]9014 EF5 F= Al AFe] Atk

Example 1. cubic 2E2iele] A4 g=3). AT ¢, & AAa] 930, $2& Vi 32
dimension) - A% £ ~FAAE Fohe 1A 1 [ 450 ]S ST
Sdﬂj: sﬁan{Bk*S,d’kald, e ’Bk+3’d}'

0217101]}\1’ H]O]Tﬂ @lé‘ {Pk,i}jﬁ:l’ Pk,i:(xk’isyk’i)eRZ '8‘ 71_}7—1 I:[tk,tk+4] LH
SN Ao 9@

| L Pk'l Ill.k‘2 ] Plhmk ]
T T

T T 1
LI Ly LTSRN TR T PR

(2! 7] cubic 2Z21Rl, [=[¢,, ¢t 1=[t, ¢ 4]

A !
B, 33(xkl) B, 33(xk2) Bk—3,3(xk,mk)
B, 23(xkl) B 23(xk2) Bk—2,3(xk,mk)
B/e+3 B(xkl) B/e+3 3(xk2) Bk+3,3(xk,mk)

(PACx, )= 2 Zie 3B 1 0B ;.4(3) (4 4)
Example 2. ElA
= 49709 Fxt

[t t1+4] [Sja8]+4 = }?_EH?}E]'

Sacr=span{B; 5B ; 5.4 ....8 ;1348134
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Byy merrresndrenssmechinianeiineinendistuts s anuesuninsaaunduneanies

by & iy tr g b s

[O2! 8] A tensor product cubic spline

A7, Hlol8 HE (P, )"

k=1’ Pl'ilk:(x ii,k’yij,k,zz‘j,k)ERS = 4 1= [tirtis 4]
X [s )85 UM AZFHOZ X3}

I=[ty, ¢t Ix[su,sVI=1t,t 0 q)x[s ;08 744]

B 53(x;1)B; 55 52)
B 55(x;1)B ;535 2)

B iis5(x1)B 4335 51)

B 35 5,m)Bi—55Yim,)
B i—3,3(x ij,m,,)BJ'—Z,?z(y if',mz/)

B i+ S,B(x li,m,,)Bj+3,3(y if',mz/)

a7 7} =g 24 AuEyY 4 A9 24 JEY ofF 2 AWYRE T

43, 50|, WX, A 75|

349 Aoy FEF UG 2 &9 ol WA, AL Avste 9w
A5e JFHonry o o7l FE 7, 0%, 7ol Fu G Q7]
el olo] tE wAo] Wasie 53 wlolx FWE ANekn olziE Hu A
£ 7o

ol B AHe 7 A= ool thal of A)FHel 24 Wae] Ae) o wHe
Aeol 20T %2 T57) 99 Welx Wtk o= AR 2 gol o Akt
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4.4, BEIX|(oridge) 7517

7y BEo] =8 GY9xiM(blob coloring)s St o] =7} 22 HMEE coloring
# 5ol F HEsF BElAT) ole Ao i

171

OII

45. E=(coplanarity)

72 5go) s=d AARE A9 gele FAFHS NFoR A Hwe] & FUe ¥4
3 oE =t o FW 9o EAV 4 A=t o] FH oM Dol AwAe F
g 2 Azlel SPshe %S ES(oplnaity)? ek oldel =@ AL A
Fol §3 B SXH go] BRREo] HojA B WAY FS7} BOHE o]y
24kl IS FR3Th o] g THE PHe $EY H=rh n W nC3 A9 =g
g3, o] Agel olFE WY ol $E PA FAlo| EASEAS 245w, 1 U)
of EATGR of A Hol olTE HY WAL Faw, of Fuel 2 H=e) HolEt
A3 EARA 22 W, o] FHORH /M W AL U A= g Al RE 7@
o ole dEY 47} Wolds® Agtel @o| AYmz, ¥ES FRel we, QFP,
BGA 5o he Zlsietae] BuE Teisiel Ae AT g A RS A48
.

4.6, 7|2to| El(wargage) #5t7|

7139l & LMS(least mean square) WO 2 HH WAL FEte] o] HH 99
7 W Aglel HH ofgfe] P WA Y A=A Feith ofdle HAF Fe SHS Ho
F.
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54 B

2 =%oMe SMD 73] =xd Fe] A4S dERlez 14 AAlshe A|2HY g
58 9JHozRE 3344 HolHE FE39 PCB #ALY T894 &4 Ho|~E9 =
o], Wol, A, 3 9 E5& SGsk= dugdES ANSAH 53], F5Y A¥set A
Falo| wE FYAE PCBel diAst7] f& mlg] Aoj| o) 949 3d3sh= dHolHE
FE PCBY #<& 123 RWdE B-2ZEels o]&ste] AAsta o]F 7|Hte=z
o] WA 2 AH F& At WHS AASAT A7 RS AI2EHE A A
AUT7E v =8 ¥ ol 1&H0F Fmrt oA AFA A HEH7] wEel,
SMD Z§ RldA #A7F 3 e G 2 3 49 Ax AAol| g84o= &84
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