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Research on marker points locating in flexible print board

based on directional entropy

YANG Dong-tao, HUANG Jie-xian, GONG Chang-lai, LUO Cong
(School of Electronic Information Engineering, Jiaying University ,Meizhou 514015, China)

Abstract ; Location of marker points is an essential previous work in FPC( Flexible print board) automatic inspection

process. The center of the FPC solder is selected as marker point. Aiming to the solder’ s deformation when locating

the marker points,the concept of directional entropy is proposed to describe the distribution of inspecting objective

contour’ s direction, which is applied in extracting solder’ s contour and directional feature. Then the contour similarity

function is established. The valuable contour is reversed and adopted to match solder,and marker’ s location is also re-

alized finally. Experiments show that the marker’ s locating accuracy is improved, inspecting objective’ s positioning

error is reduced through image registration based on affine transformation,which is within 60 wm. It is significant for

practical applications especially the consequent inspecting work such as defect analysis and defect detection.

Key words: flexible printed ;mark point;directional entropy ; positioning error

1 51 &

BN HL % (Flexible print board ) {5 FR # At ,
S PR LR B R T T B
SEICAHL I R BE ML LCD SF 57, B T
i 5 /J\ IG5 75 0] & , etk i I AOKe HLAT B
KBTIz LR S, T L s FPC 2 T ik fa
I A, e 7 B i T O A R TR HEASE Al
UGS SE PRl B 15 i B ARtk AT 8 — 22 5
Y, oM 2550 J5 W 25 SR S BB A AN o R I, P A

i P8 5 0 PR =22 ] e B 2 /> — A R ofe i, I o
st A B B9 0 19 PR A 0 U T o 5 B
B RGN FiE 09, SR BRERITI A o R OL T, JEHK
R AR BN B D5 7 BE A 180 B Ol RO
HERL (AN T(a) ((b) Fr7R) o I SE il iy 45 455

BEE€WB:) KRE B AR ¥4 5 H (No. S2012010010368 ) ;
2011 AR T M BB 5 I R B8 40w H BE ) .

EER T A (1981 — ), 2o, S I, AL, 32 28 A iR
5T, E-mail; ydisnail@ 163. com

WrFs HEA:2013 -02 -26



1176 WOt 5 4 sk

B4 %

PSR bR MER AR AP FE A SME 5 (B 1 (e) |
(d) Sy S Pl AR, AR B PR 7 TR ) 3R i AR
R BIINE ) |, A5 0] e e Y 2 2 K A RS, B
I IR R P R B HE R AT AEROR IR 22

(a) 241

(b) 1242 () 743 (d) 1244
U T fE S AR
REGVFZHEN DA ESE MR 22 1E (1
FIAR R REIEES R I A
5 K IRRAEAR S & 1 50T ) DA e 3 A
HARYI R VC RS B . (HZ IR W, DL B iR 2
168 TR 12 AT A3 PSSR ) TR I T ) 150 22 R T
—ETL I, BWRZE B E R R, [, FIIR
T PR 1 22 3 R J R 22 1B AR S i A T I [
K, B VERCORS T Ry ), o 1 4 & K189
IRBCHERG FE , A SO AR S AR5 2., 3 T IR Y
FRFRROE S B KR H bR BV T, I I 2 52 X ik
YRR B 5 7, B A 284 45 (D - ST 5 1) 4 R
B, BT 07 1) A 5 IBORT B ) 0 Gk 8 e HL D Tl A
B s ORI B 73 A N8 7 S48 R AE 5 R
HEFT IR , 4T HARDEIC ; @ LAE IG5 07 4 sl
[ Co 1 DAy s s R AT AR AR 2R 78 46, I 38 5 S 56 36 I
AR SO o T 4R e IR G RS R Y A v S
B
2 ETFTAEMBHRERES 7 EE SRR
JE LT KRR SRR A — E W IME 22
St AEATY DR BB T840 A A (EL IR 6 S AR R 15 5L, PRIt B
e AT HEVC L AR B R A SO B TR AT S
Ty )0 o A AR BB 28 H AR R AL B A 5
e FERIR R F , BAR R 5 R SO
Bep ik A an (1) Frow , % g i S BE 5 1) £ JiE
HRAXEH(2),
G, =[f(x=1,y+1) +2f(x,y +1) +f(x +1,
y+ D) ] =[fla-1,y-1) +2f(x,y -1)
+f(x+1,y-1)]
Gy =[flx + 1,y-1) +2f(x+1,y) +f(x +1,
y+ D) 1 -[fx-1,y-1) +2f(x - 1,y)

+f(x-1,y+1) ] (1)
-1 GY o o
0 =tan Ex e (0°,90°) (2)

A1) (2) #7430 f BUE G B o (0°,
90°) ,ASCHs 0 R AR MESR i,i=1,2,... N,

FEARSR 2 0 e (0°,10°) if,i=1;2 g€ (10°,
20°)Hfi=2,---,24 0 e (80°,90°) i, N, =9 M E
il e

o3 B R AR I R < S 1 EIR, 5 &
iR, G gt sk (3) B, i KRR i
ARy @ B R G TR IR IR P R R %
A TG R P, (0)

LG
m l—1,2,...,N9 (3)

SRR H 795 HE ok 0 A7 HE AM A ML, 95 X
5 TR A% 2 2 TR B o 1 5
SR, st (4) B

E=~ 3 P,(i)logP, (i) (4)

K220 (4) T7 1 ) B 3Rk Q0 F B2 ()
LABRIBURI I H AR (9 5 AR S HXT I8 7 1o 5 S o

Pe(i) =

0 20

(b) J5 I =4 R

[ONERASEA

(0) HE BRI BIZE A5 7 16) £ HEAR SRR
B2 FET 7 R R A B AR AL 5 BRI

AR vl P T o A A AN TR A P R
DU A BEAE R 1 E G S vh A I, D7 [ 4
N B 2(h) A8 BRI % X380 7 I AR TR & X
BT 100, BAT B B ] DA, RSO RT AR
FE R R L B TR AP A AL, T BRI A FE R SR U
)RR B 1812 (c) il id B B E X B ARY) 4
RT3, AR IS HE T a5 (477 1) £ E A S, 8
M bR AR BT RSB BI N (2,00, (%0,92) 5,
(xy,y) b tag 0,0 o

GRS/ S LR B R TSR VAR IN ERSY
Py ) s (s ) ooy (R v ) b SRR Y T3
IR 10,0, 0,0, ARREIEATHE R ICAC, 1%



% 5 40 4b No.10 2013

WA PEAE BT 7 100 B B 1 B ) FhL e o R 5 1177

RVl R AN (5) PR
Pix(Ax,Ay) :i;fp(xi,yi)
/o (xisy:) =1,
if V%xﬂ—xj+Ax)2+(yﬁ—y}+Ay)2$e
0, =0o;
S, (x;,5,) =0,else.

K (5) i =1 M3j = 1Ny Aw, Ay 43 BIESE
FAGI DX A8 R A PR AR AR 5 AR BR I 1B IE S
o e AAVFIIRZEE . FHAE R IFAh K%L Pix (Ax,
Ay) TR 2 (c) By KR B4R BR AT DR 48 &, K 3

(a) 2 3(d) AR, K 3 (e) HBRIYZX N
HIPPAG 25 5R

; (5)

(a) (b) (© d

Image Num

() AR AL
B3 RS ST

I 3 BRIV SR ARG B, BRI
UL & R B BB, Piv (Aw, Ay ) {H 8K, A b
Pix(Ax, Ay ) BRECAT T PIEAG AT A 0 DX 38R ) 18 38 45
Mo WRAE LR AR, Lﬁ?%ﬁ/ﬁ"
B FF BRI 2 2 (5) XHE R G R AT AL . 4
Pix(Ax, Ay) FREUR A, B MdX(Plxelmn)%Jﬁ%ﬁ
R R AE R ik J5 i 5 15 B A 1A] 4 (a) B, AR
P8 A5 SO E AR A DX I 405 45 R an &1 4 (b)
P70 T SCHE TR AT 0 Ryl T 72 ) AR B A
DI T

(a) fif it J RO BB B R (b) T 19 J A AL 225 R

K4 ETI7ME9 HARICE

3 ETREMEEESMERTE

K5 (a) . (d) R A7 18 a8 22 R H A o
BI5(b) | (e) Jybrifle 5 B AR, 76 £ HORS 58 -5 X
7 ) B E LR (AN 5 (e) (B S (F)) 3L TA
SCH SR e AT O (LA 8 B A5 8L, B A U FAR
3 R VA e JE S B AR R UL DT

(a) Jr LA (b) bRUEFE R () $2H
(d) BT (e) bRHEREER 58

BS ARSI RE R
FRAGIE 6.7 (5L 2 A B, A SCH 39
RRAEAE SR BAFAEIE AR WO B B0 , A AT TE ) b 07 326 1
FRRERAFAEIT SE 0 B ARG BC . BE 22 1) S5 45 AR a0 1A
8 ~ 1271 o

Jx’r]’h Fcl FURILEL2 (o) F L3 )G
80
» 70
60
50
40
30
@ b © @
Image Num
DR ERERPS (F) B 3% Ji % [SJUNLGEEEN

IEI 6 EX R A AR LAY DU L SR 1

() RILHC (b) R ILHC2 [OF i EAUNTE] (d) %L

@ ® © @@
Image Num

(e) PPA &R

(0) S5 A
B 7 SRR AR R A LA S0 2

(g) VERCEE R

(a) ARG (b) brfEAE R (c) JRFk (¥ 13 (d) FIH#IERL

K8 DLECSCE 1



1178 WOt 5 4 sk

B4 %

(a) BUAIEG (b) brfEAE (o) i 958 R (d) FIRRICAS

E9 DLFLSCE 2

(a) UGS (b) bfEREHE (c) ik ) e 5 (d) FIFRILHC

K10 DUpcsess 3

(a) AR R (b) brHER KR (c) P IERE (d) HERDLHAL
& 11 PCRCSEEs 4
a) UG P 1% (O () Jifik ) 6 9 (d) HARITHRL
P12 PRRCSEE: S

4 BETLRRERMEGLE

LB AFAE R I AL (7 4 H AR DL C ), B
FIAR A 800 s O D R E X FPC R 9817
AR R A IR UEAS SCH 0 T4 i 15 e HE A
FERA R 1B 13 (a), (b) 922 55K K
WA MR 28, 2 931) 328 HURS o PR 4 5 A PRI 45 14 3
ANFEUERLA B C FI A" (B (C" i A AR B LASR TS
MR a,a .. ... ago A PR AT ] A AR A
(a',y") A BT A AR R B4 2 5K (6) 52 % E R
(x,) ——R ML

B3 AR R
P,' =MP,

n

! !

xl’ R%) X, Xy Xyt X,
Pnlz{yl, yZI o yn,]Pn:{yl Yo yn}
1 1 ces 1 1 1 .- 1

a, a, as

M= (6)

0 0 1

TEXT FPC SRS A TR I o R v, i I 22 AR S8R
T A PR 8 1) I8 L P D BT A R A T AR 2R 5
LB 0 SR S R SRS RE o 18T 14 Dy B0k Ak B

Je B UE K PRI E R AR

1) b PR (b) AP )= ) A BRI (d) b2 5
(OF i) (f) ab 35 (g) Kb 3T 1 (h) b ¥ 5

P14 i A (0 b

I 14 0 P 3 ik AR SR B AT ROk
H AR EA T HERG A DCIC , XK 2000 B[RO T 1A 71
B E AL, 2 T F A b R AR AR H A5 £,
AR R AR R 25 o

TEAE P B I b, 26 B 10000 A~ DL b A A
W E AR T 7 525, A SCHE I R b B,
PLIRZE M MG HL AR 1 s (CFHALE 3 BE 2
10. 8 wm/ 1% %) .

K1 ETARRESREHEM

WE M
KRG AL =7 (BN
R E 123.8 pm 58.7 pm

5 KIS

ST AR Al e/ VR I 1SR 100 pum,
SRR S AR Z (ALY fe /MBI A 100 o, > 5L T AR
FREGHATRIVCE SIS P PR 225 HIAE 60 wm Z N
FEAHE R R R (AR 1 R ), N IS 2 iR
ZAFHE— B IE K I B AR SR AT S A, P2
&{J’J;ﬁl}i PRpt TARE A R B A&
6 ll_r =A lﬁ%%

T 4R e R LA B, S B0 v R i) HE
%{‘z A SR T 7 1] 90 pR KRB IO B 1) 6 B A6

BV T 5 S o FE IR F 3 AR A8 R
fp. uﬂ:ﬁfﬁ%ﬁ’_a TRE TR, A M E RS S,
FF e 2SR H A 0 UG FE 55 % S5 v o i HER
7o 52 R BE RS B2 AT A AILBR AR 2 il 2t 41 )
PIFAK R4, 27 5 S P W A8 55 JE AL, ] o i ik 4
PR 2R 25 MR L HEATT SR (A RS2, UL R Ak SE TR A
5,

S 3k :

[1] Huang Jiexian,Li Di,Ye Feng,et al. Detection of surface
defection of solder on flexible printed circuit[ J]. Optics

and Precision Engineering,2010,18 (11) ;2443 - 2453.



ot 5 4 s

No.10 2013

W& Vess T IT VI 5 1 I i) ri g o R A TS

1179

(2]

(3]

(4]

(5]

(in Chinese)

TONBE, 2, 0 2. BEE B A AR 2 A IR
BRI L) . Sb 7 R 07,2010, 18 (11) 2443 - 2453.
Liu Wenxia, Zhang Yan, Shen Jingling, et al. Application
of infrared thermography in PCB via quality detection[ J].
Laser & Infrared,2010,40(3) :254 —256. (in Chinese)
XISCHT 5k #4%, Th 5t B2, 5. ZLAMR UG H AR 1E PCB AR
R FLBT A I e g e T [T ] Ot 5 4041, 2010, 40
(3) :254 -256.

Chen Chiuhui, Wang Chunchen, Lin Chunyu, et al. Reali-
zation of defect automatic inspection system for flexible
printed circuit( FPC) [ J]. Proceedings of the 35th Inter-
national MATADOR Conference ,2007 :225 —228.
Kyung-Jin Choi, Young-Hyun Lee, Jong-Woo Moon,
Chong-Kug Park. Development of an automatic stencil in-
spection system using modified hough transform and fuzzy
logic[ J ]. IEEE Transaction on Industrial Electronics,
2007,54(1) :604 -611.

Hu Tao. Research of contour comparision-based defect in-
spection algorithm for bare PCB[ D ]. Wuhan: Huazhong
Univerisity of Science & Technology ,2008. (in Chinese)
WV BT R SR LG B PCB R Bk e A6 i 5 75 F 50
[D]. BB AR R 24 ,2008.

[6]

(7]

(8]

(9]

[10]

Taniguchi Yoji. Digital image processing [ M |. Beijing:
Science Press,2002. (in Chinese)

BHERE BF BB M ] JE 5 Bl R
#1,2002.

Huang Jiexian, Ye Feng, Dong ZhiJie, et al. Correction of
FPC solder position error based on mutual information en-
tropy[ J]. Circuit World,2011.37(1) :46 - 51.

Huang Jiexian, Yang Dongtao, Gong Changlai. Research
on image match based on mutual information entropy and
regional feature [ J |. Laser & Infrared,2013,43, (1)
98 —103. (in Chinese)

BN AT 3R ER. TLAG B S XARESS S i ]
RICECHIZE[ )] B 5E05h,2013,43(1) :98 - 103.

Ye Feng, Li Di, Huang Jiexian, et al. Flaw detection on
FPC solder surface [ J]. Circuit World, 2012,38 (3):
142 - 152.

Liu Jinmang, Wu Zhonglin, Wang Jun. Method to estimate
the trajectory of space target with infrared mono-station
[J]. Laser & Infrared,2011,41(10):1167 - 1171. (in
Chinese )

XUPERC, SRrbobk, A . a5 hL Ak BRER 25 b F AR Y
Jrm Al g7 [T WOt 5 4041, 2011, 41 (10)
1167 - 1171.



