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FPC trace paste attenuation detection based on adaptive directional template

Li Dejian Li Shaoli Yuan Weiqi  Qu Jinzhu

(College of Information Science and Engineering, Shenyang University of Technology ,Shenyang 110870, China)

Abstract: The paste attenuation mentioned in this paper is a conductive coating flaw on flexible printed circuit board. For avoiding
harmful effect caused by paste attenuation on FPC trace, which would cause economical losses, it is a reasonable way to locate the
position of paste attenuation for the later repair or get rid of the unqualified board directly. However, the size of paste attenuation flaw is
uncertain. And the non-uniform illumination results in the non-uniform of image grayscale. Also trace region crisscrosses with the
background. The above reasons increase the difficulty of trace paste attenuation detection. Aiming at this problem, a detection scheme is
proposed which made up of adaptive directional template and gray difference, based on the detailed analysis of paste attenuation texture
and trace morphological feature. First of all, the trace region after preprocessing is traversed with ADT template according to skeleton
tracking process, then the large paste attenuation regions, diminutive paste attenuation regions and the whole candidate pixels relative to
the ADT template size, thus, the preprocessed image is segmented into several diminutive regions. Secondly, the noise regions which are
not flaws are eliminated utilizing the numerical relationship of diminutive regions energy tendency value and default threshold. At last,
the non-deficit regions gained after the above two steps processing are screened again via method of gray difference, then the middle
region of large paste attenuation texture is extracted, thus, the whole paste attenuation texture detection is completed. Results show that
the paste attenuation flaw detection EER of suggested method is 3. 93 percent on the testing of self-built image storage SUT-F2, which
decreases at least 5. 28 percent compared to the other typical methods of textural features extraction and paste attenuation flaw detection.
The above facts prove the high efficiency and actual value of suggested method.
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Fig. 13 Horizontal and vertical gray projection of FPC trace

HIPEL 13 AT UL, R B8 M4k S Bk 22000 s T A Dl
R MACHFEZ I Z LT 2 KCF HLL X R WDE IR A
¥5) FEAR A BUR AT L s R m] LA 3, PR I 40T
R X A E— E R AW D) e (2581, e=9) , N
ARG TEHE— [ E A I AL A, 8 BB 2k E AR



57 3

FeF B IE R T MBS R B FPC E LA - 185

IREEME AL B Ag, 24 AL 1 FFER LB KA 1 B4 1
TP R, Ag BB PR ERANAS (B Ag<e) , 4K M5 i 4
KGR Ag FFARIEINAY AL {E R Ry KA 6 BE 4 A 35
IR EAE, RIS K AL ASTE BN OE IR 5 A
JREEARAC R O, PIOKE ADT BERUK B 1L 15 B iz (6 2 0
o ARG TN 5% 1615 2R B BE A5 7 RUOMLaBE ' FEOR 28152 i)

WS, AL RN 21, R iR E L=21, B4KK
L,=1,L,=L =10,

Tl ADT AR B A% 38 J77 5E 2k A9 4 3B A% A T
K, LG8 BE S8 W, T E S FPC E 4R K AI RE 58
W s G, W, BFERRIBE R 16, HIHE W, = 16,

2) A T, MHE

BIE T, M 0~256 B A SCR XTI 2R 800 4 /R
JEEBRBE RN ACR , RUAS IR {6 ADT Ak i 48 22 1 ik
(FDR FRR 534500 08 14 (a) s (1638 FDR W),
NG KIS GG FE N ) o 2 il AE 7] — Ak
FRA T EE 14(b) Y ROC #h£k, g ROC th&k 5
B2 x=y B2 53] EER FI{E M 0.035, 1A & 14(a)
AT, EER =0. 035 B, X R T, =54, LRI FDR
Hl FRR MR A58 s, DR I e W e BIME T, M 54,

10Fe e mm———
-
I'
0.8 /
l’ FDR
¥ o060 ¢
| / =———- FRR
1
lm 04+ !
I /
021 ]
i
- L L L -
0 30 60 90 120 150 180

WORET,
(2) BT, SFDR. FRR7 A5 5 B 24
(a) Correlation curve of threshold 7« FDR and FRR

101
08F
506
2y
04+
0.2
‘h‘ | J
Q 0.5 1.0
I'RR
(b) ROCH £
(b) Curve of ROC

14 BfE T, By
Fig. 14 Determination of threshold T,

3.4 BEEFEBET, HHBE

TE3. 3 WL ENSEMBE T, 2.2 WEE
ARG BERE FArE L 2 613 kb ik e fE X, Hp
183 Abydide [X 4, 2 420 Abih WS X def, W al 753 T,

M~ W, /720 W, =16) B 3.3 553X I 75 1 2% (X 1)
EBREETT AN 15 Frs, AL, 24 T, =3 i ENR 315
KAH 97. 16% , BV 25 bR e i 6 71 feoik, R I B & 58

T, BHUE N 3,
1.00 -
005F 4 TS —— L
090+ »
% 0.85
0.80 -
075+

Ty s 6 7 s
BIET,

B 15 BE T, S5 HERR R ENR R 4k

Fig. 15 Correlation curve of threshold 7', and

noise elimination factor ENR

3.5 IREEHBE TIHMHRE

1 LIRS E RS EOR A R A 2. 1~2.3 77
BV GEIESE I bRic 515 ARG X i, Hoh
46 Ab AR RUBE S Hp [R) X3, 469 Ab Ay 1y 1) A 28 IX 3k,
i 2. 4 TR 515 A XSk A7 4 B DU) A5 1) (5 {8
T, 5 ETR (XA 16 thkfia, L, 24 7,=30 i},
AT ER KB ETR ., 9 0. 947 7, IR E T, S MHBUE
30,

0 4'0 8‘0 léO
16 T, 5 ETR XZRAiih4k
Fig. 16  Correlation curve of T, and ETR

3.6 EWHREXTLLSHT

FEMABARE LT T3 PE 0, IF 5 HoAth A 25
BRI P2 BB 8 A I Jy ik AT TR E o AT, A5 R
T, SRR, AR SCHAN B R AL A,
HYHUE N 1 40053.3 95 2) HE S XK ESE L, AN
10; Ramer B BI(H d,,, BUAN 11, 5540, % H 5 19 5
R 2 42K F 5 A SCRE TR 4 2 B0 38 Ao A () (59 (L
SR A ETEERAE FI EER , IGER EER fiefERT 2
BAELVE R AH N BB

% 1 AT LA 3, A8 3007 ik EER AKGE 3. 92% , A XS
THAM T EER {5/ MR T 5. 28% , R 3T 2 i 4L
R T A SO I B A R LA B X T FPC S



- 186 - LSRR R e o

5536 4%

SREE BRI EL AT S PR BN (. AR T AR SO i, oAt
THEAEGIR T IR R L RS 278 E 2R X I 1
SEORAEREXEINN L (1425 T8 AN 4 i, 5 BULAR I RCR A
A AR SO R B LA T3 Tk 1 B3R BEXE AR []
26T BT s SR ADT AN J7 32 A DO 2 D9 1R X 901
FES T IR BE I 2505 B2 S DX 03 B S8 D7 96 S
K, NI ARAT T RLAFAIRCR

x1 EXFESHEHMAEIL

Table 1 Comparison of this paper and other methods

Jrik EER/ %
ELHE B 3 H 30. 02
R P+ B P 26. 33
Gabor! ! 15.96
R AL 9.2
AT 3.92

XA S I ) S I EA T A o > T % M 7 X 3l 530
WS ARAS R, W I ADT A4 k4G I 6 2 4 ok
[ DX, QAT 17 H PR S P ) T R €8 DX ST /R
(CHHr R S R S bR 4 2R, Hopbs ic MU ] 5T 10)
AR IR X R BE R ) £, KT BE 1 B, T IG5 38
il 3.3 WRATRGERR . AP AEANIET 18 (a) Fras WY S/
2R DX (LA AT P s o [ 458 ), 4 JH T X oz 1 P LA
SR AE TR AR LI R, I 18 (b) o Pikk
HURRCR 2R BT HAB AR B BURAR A XS 2], 5 A
S5V W SEA G AR (Jr 0 K 5 B R 28 5 ) AR
MITCIEA AT, T340, T N AR EUEFIA
TR, AR I B 5 Bl SIS A A — E i 22, WU 4%
R 4.2 1 SUIPEI PR AR | X 2 3 AR SCHE vk 1R A A
TR R N 22—

Bl 17 RK R b

Fig. 17  Analysis of mistakenly identified cases

(a) WAL X IR A (b) WKL X I T BEROR
(a) Original image of missing (b) Effects of missing
identified region identified region

K18 Wk b

Fig. 18  Analysis of missing identified cases

4 % i

-

FPC B8 22 J5 2 G TN o JHG Jo 4G DU K 2% P A B2 N

25 S HTE X FPC B 2 DXl i e s 60 00 1) A 5847 Ak

TR, BRI RN, AR SO e h R SR DL R R

A EL XA T PR B R AE 3BT, OF B 45 P A A

FA) IR EURIXE A, TR R Al B 32 ) 1 3T ADT BRI &R

FIE U v S D AR 22 AR AR 25 G R 5 58 AR SO

R TR AR, A T R B PPN R DA

PRI ZHORE W 7 JEAE A R RS EEE T SUT-F2

HEAT T 25 R ER W AR SCIT kL EER 35 3.92% 3R T

A SCEE A R 5 HAZ MO A TG EER 20 FEAIG

5. 28% , won A SCR L I L3 BA SCPR M

523

[ 1] =X, 28T XISCER. W8T PCB g

(BB THRAFTE[T]. 0 & 54U # i, 2021,
35(8): 175-183.
YUAN Y SH, LAN M L, LIU W Q. Research on inter-
loop magnetic field interference in power electronic circuit
PCB [J].
Instrumentation, 2021, 35 (8) . 175-183.

[ 2] SRAUA, IRIDEE EFPRAR 55, LU XS PCB Bl RE
SR S U HATTE [T ] AT R A S e A
2020,34(5) :103-111.

ZHANG CH M, XU XY, SHU X R, et al. Experimental

and simulation study on the coupling with the PCB trace

Journal of Electronic Measurement and

by electrostatic discharge [ J]. Journal of Electronic
Measurement and Instrumentation, 2020, 34 ( 5):
103-111.

[3] HYUNGT K, SEUNG T K, YOUNG J C. Quick and
efficient light control for conventional automatic optical
inspection ( AOI) systems[ J]. International Journal of
Precision Engineering and Manufacturing, 2015, 16(2) .
247-254.

[ 4] SAJAL R F, KAMRUZZAMAN M, JEWEL F A. A
machine vision based automatic system for real time
recognition and sorting of Bangladeshi bank notes[ C].
International Conference on Computer and Information
Technology, 2008 :533-535.

[5] CHUNGTT, HUANG Y C, MA C H, et al. Notice of
retraction optimum design of a high precision AOI
machine structure [ C ]. International Conference on
Mechanical and Electronics Engineering. IEEE, 2010
V1-164-V1-168.

[ 6] WANG L, ZHAO Y, ZHOU Y, et al. Calculation of
flexible printed circuit boards ( FPC) global and local



57 3

BT FE R RS R ) FPC EZONEAR I - 187 -

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

defect detection based on computer vision [ J]. Circuit
World, 2016, 42(2) :49-54.

SANGUINO T J M, SMOLCIC-RODRIGUEZ M.
Computer-aided system for defect inspection in the PCB
IEEE,
Conference on Intelligent Engineering Systems. IEEE,
2012.151-156.

WANG W B, LIU D Y, YAO Y Q. Defects detection of
printed circuit board based on the machine vision method[J ].

& Materials, 2014, 494-495.

manufacturing process [ C ]. International

Applied Mechanics
785-788.
ZULKOFFILI Z, BAKAR E A. Template based defect
detection of flexible printed circuit[ J]. Jurnal Teknology
(Sciences & Engineering) , 2015, 78( 1) :153-158.
JIANG B C, WANG C C, CHEN P L. Logistic
regression tree applied to classify PCB golden finger
defects [ ] ].
Manufacturing Technology, 2004, 24(7) :496-502.
BONBE, AR, R SE. BE M BRI H B AR KR A AR
BREEARNI[ 1], A K% TAE, 2010, 18(11) ;2443-
2453.

HUANG J X, LI D, YE F, et al. Detection of surface
defection of solder on flexible printed circuit [ J]. Optics
and Precision Engineering, 2010, 18(11) :2443-2453.
CHIH-HSIEN S. Development of an appearance defect

The International Journal of Advanced

inspection system for flexible printed circuit board[ C].
16th International Conference on Mechanics Technology,
2012 130-134.

FRRAE, 2, SRERAN, SF. Bk e PR AR 4 T BB 1Y
JCMEE ARSI (], e sk TR, 2010, 18 (4):
981-987.

WANG Q X,LI D,ZHANG W ], et al. Unsupervised defect
detection for gold surface of flexible printed board [ J].
Optics and Precision Engineering, 2010, 18 (4):.
981-987.

YE F, LI D, HUANG ], et al. Flaw detection on FPC
solder surface [ J]. Circuit World, 2012, 38 (3):
142-152.

TERR IR LD, 45, T OTSU BE 4R IUE X
TG VK BEREFE (1], BT AR 5 TR 222 40
2021,29(6) :1429-1439.

WANG EN L, XU L, HAN H W, et al.

extracting river drift ice density in cold region based on

Study on

Otsu algorithm [ J ]. Journal of Basic Science and
Enginering,2021,29(6) :1429-1439.

DE W J, QANGEMANS J. Perceptual saliency of points along
the contour of everyday objects; A large-scale study [J].

Attention, Perception, & Psychophysics, 2008, 70( 1) :

[17]

(18]

[19]

[20]

(21]

(22]

[23]

[24]

[25]

50-64.
HUANG T, YANG G, TANG G. A fast two-dimensional
median filtering algorithm [ J ].
Acoustics Speech & Signal Processing, 1979, 27(1) :13-18.
AIZAWA K, TANAKA S, MOTOMURA K,

Algorithms for connected component labeling based on

IEEE Transactions on

et al.

quadtrees [ J]. International Journal of Tmaging Systems
and Technology, 2009, 19(2) :158-166.

K TR AR, A SR Gerber SCAY 4 BV A A, 3
MR AR [ )], 65 K% T2, 2013,21(10)
2679-2687.

ZHANG J, YEY T, XIE Y, et al. Appearance detection
for printed circuit board by Gerber file[ J]. Optics and
Precision Engineering, 2013, 21(10) :2679-2687.
R AR e, HeT I G LT R AE Y e M REAS Al T
FCE[ ] AR 4. 2013 ,34(7) : 1462-1469.
WU X J, ZOU G H. High performance template
matching algorithm based on edge geometric features[ J].
Chinese Journal of Scientific Instrument, 2013,34(7) .
1462-1469.

XIPL, wid, B XRE 2z B SRR R T 1 A F
FEL0]. HREHLTAR, 2001, 27(10) :152-154.

LIU K, HUANG F, LUO J. The study on automatic
tracking method of typhoon spiral cloud bands [J].
Computer Engineering, 2001, 27(10) :152-154.

TIR, ST PR G — R IR I AR e s
g i S B Ok [ 0], S0 103K 2 4, 2004,
25(S2) :483-485.

WANG Y, LU Y P, ZHANG Z H, et al. A reptile
method with memory and alterable window for image
boundary tracing [ J]. Chinese Journal of Scientific
Instrument, 2004, 25(S2) .483-485.

SONKA M, HLAVAC V, CENG R. Image Processing,
Analysis, and Machine Vision [ M ]. USA International
Thomson Publishing, 2002.

RAMER U. An iterative procedure for the polygonal

approximation of plane curves[J]. Computer Graphics &
Image Processing, 1972, 1(3) :244-256.

BADRINATH G S, GUPTA P. Stockwell transform based
palm-print recognition [ J]. Applied Soft Computing,
2011, 11(7) :4267-4281.

EEE T

ZE{EE, 2013 4F T IR BH Tl K223k 15
2L, 2015 AF T P8 B Tlk K25 3R A5 B
2540, 2018 4FE T BH Tolk K2R+
2L, B E B ol K 2= g0, 2R 5T
I#] A WL A B R 2 7 AR AL 3L

E-mail ;lidejian@ sut. edu. cn



- 188 - LSRR R e o

536 %

Li Dejian received his B. Sc. degree from Shenyang
University of Technology in 2013, M. Sc. degree from Shenyang
University of Technology in 2015 and Ph. D. degree from
Shenyang University of Technology in 2018, respectively. Now he
is a lecturer in Shenyang University of Technology. His main
research interests include machine vision inspection and digital
image processing.

AW (H{E1EH) ,2013 4 T T
b KA AR AT 2 A2, 2015 AR TR B Tl
KA ARAFI L1, 2018 4F T I0 H Tl K
ARG A, BRI R Tl R U
FEIFE T 8 B A D K Ak
PR AR

E-mail ; lishaoli@ sut. edu. cn

Li Shaoli ( Corresponding author ) received her B. Sc.
degree from Shenyang University of Technology in 2013, M. Sc.
degree from Shenyang University of Technology in 2015 and
Ph. D. degree from Shenyang University of Technology in 2018,
respectively. Now she is a lecturer in Shenyang University of
Technology. Her main research interests include machine vision

inspection, digital image processing and pattern recognition.

SEERE, 1982 4F T WM K op gk o &
247, 1988 4FE T AR LR 22 IR AT A 1 2 47,
1997 4F TR AL R 2 A5 1 27, LA U
PR RS 2R, FZEAT5E )7 [ A LA AL
iRl RSEEE STV
E-mail : yuan60@ 126. com
Yuan Weiqi received his B. Sc.

»
-

degree from Hunan
University in 1982, M. Sc. degree from Northeastern University
in 1988 and Ph. D. degree from Northeastern University in 1997,
respectively. Now he is a professor in Shenyang University of
Technology. His main research interests include machine vision
inspection and image recognition.

# B, 2020 4F TP BH B R A 3R A
b2, B TR FH M R A A A 5 A
FEWFETT [ AL A
E-mail ; qwxeeee@ sina. com

Qu Jinzhu received his B. Sc. degree

from Shenyang Ligong University in 2020. Now
he is a M. Sc. candidate in Shenyang University of Technology.
His main research interests include machine vision inspection and

digital image processing.



