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Wavelet Transform Based Defect Detection for PCB Inspection Machines

AL *
=

-

(Seung-Geun Youn -

B Y
Young-Gyu Kim - Tae-Hyung Park)

=t
o B B

Abstract - This paper proposes the defect detection method for automatic inspection machines in printed circuit boards (PCBs)
manufacturing system. The defects of PCB such as open, short, pin hole and scratch can be detected by comparing the
standard image and the target image. The standard image is obtained from CAD file such as ODB++ format, and the target
image is obtained by arranging, filtering and binarization of captured PCB image. Since the PCB size is too large and image
resolution is too high, the image processing requires a lot of memory and computational time. The wavelet transform is
applied to compress the standard and target images, which results in reducing the memory and computational time. To
increase the inspection accuracy, we utilize the he HH-domain as well as LL-domain of the transformed images. Experimental
results are finally presented to show the performance improvement of the proposed method.

Key Words :

LA E
A =7|TPCR= HHA, A, Wexl 5 45 WS
S 77]H RE datte dgAVe 9ge ohe RE0Ith PCB
= =, o, tEd 5 B2 38g AA AzxEHed, 4 33
mHck E}%‘:@ 7719 HAZIZY AL 53] FHEtE ALgE
gt HAog s8e dEcke dAVIE AlsdstdAi(aonzt

SiT

RA1719] &hitoll wt PCBAIAO] R&ACR Srlstal
Ch E=5F RZ7|s0] U™sHHA AF0] &otRal, Bath]s 7E
ol Y7t S7tetH, glojoteo] EFHRl: & 7IE AAVIEE
AESt AL olBYAI Tl ALk %8] AL PCBE & pm A7)
o] A8 HEMOF StEE =2 HNTE T Fie AFESHo]
OF SIT}. SFAIUE Pito] HitEe BH”EO AFol HiEstER,
=2 SN Gae AFSSHH FAF S WA AAIRE FAE
7b B7Fssithe BAI7E AT

OIA7HX9] PCB AFAE U 2= WA AFHE 0|85 &
H[1-3]0] A=At Aol ErlstAl &
ZRE JHE AAGYRY xJolg o]gsh vhiHolrt HlwA

o T

rlr
=<1
SN
02
0%
i)
N
=
o

*  Corresponding Author : School of Electronics Engineering,
Chungbuk National University, Korea.
E-mail: taehpark@cbnu.com
*  Unieye Co., Korea.
#% Young-Gyu Kim: Dept. of Control and Robot Engineering,
Chungbuk National University, Korea.
Received : January 5, 2017; Accepted : September 26, 2017

PCB inspection machine, Wavelet transform, Defect detection, Image compression.

A FE FEY + Ao, PO HYTO| Bk QA7)
345 ZRITH: BAE Q0L E Fe) ol AawER
Folo] A BEl0) ARENIL JUS A, A, %
e M, F2 MOl iR AIUER ERs0] AE Sush
ol

AT

olEal M3 Wavelet Transform) & AFut &g o]&st
d (5] SojE8 o2 WHElst & AAE F8lchs HHo
Lt IsidE Jas Aelstrlol Agst B0, Asat gojut
ArESto] niAlst g2 HESHA Zohke A7 Utk fojEsl
Hete qEJME =AQl0] YEchs U & ofE, MEE o

|

Are QIR0 HIs| 7ol AA E01EA Hr). ol2st EQ%
0]8310] JPEG2000 & BAGH0IA &5 BEOZ AIEE AL

3, ThHAE B0 7hsal 11g gadste], txg %Eﬂu}%
[7], RFEsAAMEHI[8-11] & st BotolA AMSE L T

;O

2 =72 doss Het = AFut 4 83 1Fu 4 e A
&ato] niMiet de7iK] dEE 5 e dHe Aottt Jb)
A dog ol JYor Hetslo] AFut g' dFat
dEow FITt AFu JEU o2= nAet dee dEst

Al ZotHE, AF 723 @A 1F d72e FUHEeR AL

golo] Zgo AEES =AU

2 =59 F4e risx &4ty WA 1A JAE AlA
WOl 88 ARt Iroly HolEe We g Mushl
VEOIA Aggels FE5He WS At VEAE AA
ODB++ TOHZEE Z=&H A5 MZg2 o|2510] AFe 1,
RMotshs Bl ge8de ASaIRrh

1508 Copyright © The Korean Institute of Electrical Engineers
This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Trans. KIEE. Vol. 66, No. 10, OCT, 2017

ODB++ PCB

¥

‘ Image obtain ‘

|

Convert to BMP Pre-process

l l

‘ Wavelet transform | ‘ Wavelet transform ‘

! !

Defect region detection

Jd 1 28 HE A&
Fig. 1 The defect detection system

2. A2g T4

£ =0l AEstIAt st getel oot &5, Ul
A, GE 882 wigolojor Gk Xl A7 EXishks dgt
T =A7F Qlojor sk fIRIol EXY

23 d&E AIA"9
ISR &) miRo,
S QA dgol mt J&ogi} iR RE JEE
Ao AFHE o|E5HCE BEFY HAIGA9 R}
o] RoI7F ARE] LEREZE, EZ0] WESHA|
Pl 2ol AREY= EHoltt O™ 22 &
Aol ol & HojEr) M gAle nEds
2 Zglo] EXfGIA] Zag 9nistal, M
iy ﬁﬂ‘:'—Oﬂ A7t Existe dgs, deM

Hol| Higo] Exish= dee gnjsith
CB AATHIQl ODB++ollA] F&ESIYICE ODB++
e 2 8L4 AAFEFACE S2E PCB AA 2 AFE T}
A=, 3D HolH 5 71&E9 A Aok Z2ETA & e
o] HRE sl QIt}l. ODB++o] E&E PCB AAE0HE
HE FElE AFE o] Qlo], olE HEWOZ WHelst= 1HEo
QI HAIGAS PCBE Mgtz &Ysio] ¥4 4 Utk
ZYE gae a3t dizo] ZEEol Jeug ols AAGHI

ﬂJE loli
ool o
02 H1

R
i

02
O>~
OSZ
foro 2= & rlo r{o o 2 O

H>1
02

Y

M

{10k
oz oY 0x &2 ox

Eé

02 o Y 4
>
02 Mo
0>~
\J 4‘\-’
N
™ 0 M
moll O
H E E

Z 1 dE0X ofs dF9 7
Table 1 The types of defect to be detected
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Fig. 2 Example of defect region detection.
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Table 2 Image size and defects of PCB image

PCB No. Width Height Imagge Size Nnmber of
[mm] [mm] [MPixels] Defects (V)
1 11.15 11.31 3154 50
2 11.00 11.00 3025 11
3 9.31 9.00 2095 14
4 9.00 9.00 2025 7
5 6.20 11.00 1705 7
6 6.20 11.00 1705 7
7 9.31 9.00 2095 33
8 9.00 9.00 2025 13
9 9.00 9.29 2091 37
10 9.00 9.00 2025 12
11 9.00 9.31 2095 24
12 15.27 15.27 5832 16
13 15.00 15.00 5625 13
14 6.60 6.00 990 11
15 6.90 6.30 1086 12
16 9.00 9.37 2108 19
17 9.00 9.00 2025 22
18 4.00 3.00 300 8
19 4.00 3.00 300 9
20 2.50 2.00 125 12
21 2.50 2.00 125 7
22 5.00 7.00 875 10
23 5.00 7.00 875 10

3 AE dHE AQARE
Table 83 Spent time of defect detection method
PCB Cingmal Wavelet(ZLL) Proposed
No. mnage
Times[s] | Times[s] | Ratio[%] | Times[s] | Ratio[%]
1 273.1 838 3.2 12.2 45
2 234 84 359 106 453
3 12.6 58 46.0 75 59.5
4 16.1 5.7 354 7.1 44.1
5 10.8 48 444 55 50.9
6 11.6 47 40.5 55 474
7 66.3 58 8.7 7.7 11.6
8 31.0 56 181 7.1 22.9
9 865.0 6.1 0.7 9.6 11
10 14.4 5.7 39.6 71 49.3
11 138 58 42.0 74 53.6
12 1294 63.1 488 884 68.3
13 115.6 636 55.0 75.8 65.6
14 99 2.7 21.3 35 354
15 13.7 30 219 3.8 217
16 18.0 59 32.8 7.4 411
17 172 5.7 33.1 71 41.3
18 2.2 0.8 364 1.0 455
19 8.5 0.8 94 1.0 11.8
20 1.3 0.3 231 05 385
21 6.5 0.3 46 05 7
22 8.2 24 29.3 31 31.8
23 9.2 24 26.1 31 33.7
Average 28.80 36.72
B 4 AE 9y JEn
Table 4 Accuracy of defect detection method
Wavelet(ZLL) Proposed
PCB Number of Number of
e Defects(M) I E Defects() R E
1 37 0.7 | 0.00 50 1.0 | 000
2 8 0.7 | 007 11 1.0 | 004
3 10 0.7 | 005 14 1.0 | 003
4 5 0.7 | 014 7 1.0 | 010
5 7 1.0 | 009 7 1.0 | 009
6 7 10 | 0.08 7 1.0 | 008
7 29 09 | 001 33 1.0 | 001
8 10 08 | 0.06 13 1.0 | 003
9 21 0.7 | 0.00 35 09 | 000
10 9 08 | 0.06 12 1.0 | 004
11 18 08 | 0.01 23 1.0 | 001
12 11 0.7 | 0.03 15 09 | 001
13 9 0.7 | 004 13 1 0.03
14 8 0.7 | 0.03 11 1.0 | 002
15 10 08 | 0.05 12 1.0 | 003
16 12 06 | 0.00 19 1.0 | 002
17 12 05 | 001 20 09 | 001
18 6 08 | 0.09 8 1.0 | 007
19 5 06 | 0.09 9 1.0 | 005
20 10 08 | 0.00 12 1.0 | 000
21 4 06 | 014 7 1.0 | 009
22 7 0.7 | 0.05 10 1.0 | 004
23 5 05 | 011 10 1.0 | 006
g 0.73 | 0.0563 0.99 | 0.037
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TANEAS
(a) Reference Image

(c) Differential Image

(d) Wavelet ZZ Domain

(e) Proposed
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Fig. 6 Defect detection result of each method
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