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Detection of sunken defects on the FPC trace

LI Dejian, YUAN Weiqi
( Computer Vision Group, Shenyang University of Technology, Shenyang 110870)

Abstract: Trace is the important composition structure of printed circuit board, which connects the devices, it is also the module
that taking up the highest proportion, thus, it is the major testing target of quality assurance. The sunken defects proposed in this
paper is a width abnormity defect on the FPC trace, which would cause the latent open circuit defect and affect the electrical func-
tion of circuit. The problem of flexible deformation and width difference make the FPC trace detection harder. Therefore, this pa-
per proposed a detection scheme combined with linear masks and circle distribution characteristic. Firstly, this scheme prepro-
cessed the acquired FPC image, divided the trace into several sub-regions and obtained the line width values of each trace trans-
verse section. Then the line width sequences were searched with the linear difference template of gray scale. Thus, the sunken de-
fects alternative positions were located. Lastly, the circle distribution characteristic is defined to identify the real defect areas from
the alternative regions acquired from the previous step. Thus, the detection of sunken defects on the FPC trace was accomplished.
The algorithm was tested in the self-built image database, which shows the better detection performance than the other typical al-
gorithms.
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1 Introduction

Flexible printed circuit board (FPC) is a spe-
cial kind of printed circuit board (PCB), which is
widely used in various electronic products with the
advantages of free bend and gauzy quality. Among
these, the FPC composes of the base material of pol-
yester film and the conductive material of silver
paste, which is with the advantages of low price,
high dimensional accuracy and low moisture absorp-

tion ratio "%

During the production process, the
jam of mesh holes leads to the sunken defects on the
FPC trace, which affects the whole performance of
circuit board. Therefore, it is necessary to find the
defective boards for later reprocessing or rejecting.
The traditional detection method of sunken defects
on the FPC trace is eyes observation, which is inef-
fective, imprecise and inadequate for the require-
ments of modern automation production line. At
present, the automated detection methods mainly in-
clude electrical testing, Automatic Optic Inspection
(AOI) and Automatic X-ray Inspection (AXI) **.

Currently, AOI turns into the mainstream research

direction of PCB (including FPC) detection with the
advantage of non-contact, simple structure and high
repeatability.

From the point of principle, the AOI methods
of sunken defect detection could be divided into ref-

121 and rule evaluation meth-

erence contrast method'
0d'". The core concept of reference contrast meth-
od is the contrast between measuring board and
standard board, which could be further divided into
image contrast, characteristic contrast and line width
contrast. This method is effectively aiming at the
typical deformation-free FPC image. But as FPC can
deform arbitrarily, the images are usually transform-
ative with various degree in the acquirement process.
It presents as the curve and transposition of trace and
would seriously impact the detection performance of
this method. These three methods are: (1) image
contrast; This method firstly matches the measuring
image with standard image, contrasts the difference
and thereby detects the defect. While because of the
bad matching performance which aroused by the de-
formation, the detection accuracy rate is rather

low!'®"!, (2) characteristic contrast; Certain charac-
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teristic would be compared, which extracted from
measuring board and standard board. Such as litera-

[10]

ture' - , it detects the defect through comparing den-

sity distribution of image edge. In the literature " |
the gradation histogram is compared, analogously,

the literature' '’

compares area for detection. Due to
the existence of flexible deformation, the image is
stretched or compressed locally and wholly, which
affects the characteristics such as form and area of
the trace and further deduces the detection accuracy.
(3) line width contrast: This method firstly acquires
the width values of trace, and then compares with
standard width value. However, there are more than
one standard width values in the whole FPC and ac-
quirement of the theoretical line width still needs
methods such as template matching, which also af-
fected by the flexible deformation. In terms of rule e-
valuation method, it judges the trace whether there is
a defect or not through the defined rules. However,
the researches on this method are scarce, mainly in-
cluding literature'" | which is based on trace edge
linear fitting. It detects the sunken defects via the
difference between the real edge and fitting line of
the trace, but flexible deformation makes the straight
line curving. Thus the poor fitting performance re-
duces the detection performance.

Inbrief, there is not a method that could effec-
tively detect sunken defects on the FPC trace on the
condition of flexible deformation and inconsistent
line width. Hence, this paper proposes a detection
scheme based on linear difference template and line
width sequences searching. This method acquires
trace width information, which is stored in se-
quences. The defects are detected via the distribution
characteristic of sequence and the defined circle dis-
tribution characteristic. It could deal with the prob-
lem of flexible deformation and there is no need to

acquire standard line width value beforehand.
2 Feature analysis

2.1 Feature analysis of FPC trace

The FPC image consists of background and cir-

cuit, and the circuit includes trace and non-trace,
such as bonding pad, LED pedestal and so on. Fig.1
is a local screenshot from acquired FPC image, it
can be seen that the black region is background, the
white area is circuit, the parts in the gray frame are
non-trace regions and the other parts are trace re-
gions. As it is shown, the trace could possess three
basic forms, such as ‘straight line’ , ‘bending line’
and ‘crossed line’ . Meanwhile, there are several si-
zes of line width in a FPC image and even a strip of
trace has different sizes, it is shown as the red rec-

tangular frame in Fig.1.

Fig. 1 Local screenshot of FPC image

2.2 Feature analysis of sunken defect

Sunken defect may occur on any position of the
trace with the various depth D and Length L, as
shown in Fig.2 (a). Fig.2(b) is the distribution
curve of trace transverse section line width value in
Fig.2 (a). As is shown, the trace line width on
sunken defect position is smaller compared with its
both sides, which could be the distribution character-

istic for detection.

Line width (pixel)
S o=

The sequence number of image column

(b ) Distribution curve of line width

Fig. 2 Sunken defect and distribution curve of line width
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As shown in Fig.3, there are normal bending
line traces where distribution curve of line width is
similar to sunken defect, because the segment cd is
indeed narrower relative to segment ac and db, it is
important to distinguish them. Through observation,
in Fig.2(a) and Fig.2(b) , the change of width val-
ue always occurs on the positions of bend, so it

could be identified from the real defects.

(a) Bending line trace with narrow interlude
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(b) Distribution curve of line width

Fig. 3 Certain bending line distribution curve of line width

3 Defect detection

3.1 Preprocess of the FPC image

Preprocess of the FPC image isto locate the re-
gion of interest (ROI), which is trace region. Ac-
cording to above analysis, a FPC image consists of
bonding pad, LED pedestal, trace region and so on.
The shape and size of these non-trace regions are

basic constant. Hence, against image I_,, the tem-

ori 9

plates of non-trace regions are established via the lit-

14]

erature''") method. Then the non-trace regions R

other

are located using the template matching methods in

[15]

literature' ™, and I, is acquired through the process

of formula (1). At last, the trace region R, is ex-

tracted via the OTSU method in literature' '’ .

]pre(i,j): .B’(.L,‘.]) E. I.?Uther (1)
Lnri( v ’]> s ( l ?.]) ¢ Rnt}wr
In formula (1), B is a constant which repre-
sents the gray average of FPC background, which is
confirmed as 17 through observation and statistics.

3.2 Extraction of alternative regions based on
linear difference template
The generation of trace width sequence needs
three steps, the detailed description is as follows.
1) Acquiring line width of trace sections. First-

ly, in terms of the trace regions R the distance

real 9

between pixels is calculated through the distance

transformation algorithm in literature''”’. Then

through the method of literature''® | the * pure’
skeleton S ; is acquired after gaining the skeleton of

R,.., and pruning branch noise using the method of

[18]

literature” . The distance value of the pixels on S,

could be regarded as the width value of R, trans-

real
verse section.

2) Dividing the trace into sub-regions. The
points on S,

i

formula (2), then the S, is divided into skeleton

would be removed if they satisfy the

segments Si, and the variable i is index, which ran-
ges from 1 to n. The corresponding trace region of
each segment Si is a sub-region of trace R;. In the
formula (3) and (4), the variable u and v are asso-
ciated with variable j and i respectively, their values
depend on j, i and the incidence relation defined in
the formula.

C +C =6 (2)

col row

j+1

Co= 2 [abs(g(i-1,u) —g(i,u))

u=j-1

+abs(g(i,u) —g(i+1,u))] (3)
Cow = X [abs(g(v,j = 1) = g(0,))
+abs(g(v,j) —g(v,j+1))] (4)

3) Generating the sequence of trace width. Re-
garding to a endpoint of Si as starting point, it is
traversed in the order of skeleton tracking'"’. In the
traversal process, the line width distance value w
(p;) of relevant position p, is acquired point-by-

point, thus, the line width sequence of the sub skel-
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eton region is generated. Such as the sub trace region
in Fig.4(a), the white region is trace, the black re-
gion is background, the grey dotted line p,p, is the
trace skeleton S;, and p, and p, is its left endpoint
and right endpoint. And the Fig.4 (b) is the line
width sequence generated from the point p, which is

marked using grey arrow.

(a) Certain sub region of trace

W(pl) W(pi) W(pr)

pl pi pr

(b) Line width sequence of trace region

Fig. 4 Certain sub trace region and line width sequence

Through the observation towards the sunken de-
fects in the FPC image base, the width range of
sunken defects along the trace trend is less than 90
pixels. Thus, an one-dimensional linear difference
template with the length L 91 is defined for extrac-
ting the whole sunken defect regions. When the in-
dex w(p,) of certain position p; inside the template
differs with the index of template’ s both ends, the
present position p; is regarded as abnormal position if
the difference value is larger than threshold, a spe-
cific definition is shown as formula(5). Then the in-
dex of abnormal position is stored in set Q, and the
corresponding mapping position on the trace is de-
fective region.

w(p,) —w(p=t) >k
AND  w(p,) —w(p=t) >k (5)

In formula(5), w(p,) is the sequence value of
position p, in template, 1=1 means the left endpoint
of template and r =90 means the right endpoint of
template. The threshold k is the normal floating

range of trace width, and it could be acquired as fol-
lows. In the image base, the trace segments R; are
picked up (j is the index of trace and it ranges from
1 to n.), the amount is n. The line width distribution
range of each trace segment is stated, which is noted
as min[ w(R;) | ~max [ w(R;)]. The line width
volatility deviation of trace segment R; is e(j)= max
[w(R;) ]- min[ w(R;) ] and the evaluation of k is
shown as formula(6).
max

=y ) (6)

Aftertraversing the whole width sequence with
the template, the p, of each position in sequence is
binary, shown as formula(7). If p, € Q, it is regar-
ded as the goal; otherwise, it is the background.

Thus, the binary sequence t(i) is acquired.

= |t (7)
0,p, & Q

The Fig.5 is the extraction effect sketch map.

A, is the corresponding line width sequence of trace
segment R;. When the condition is d<L, the whole
object region is extracted completely, shown as Fig.
5 (a) & (b). When the condition is d=L, there is
not any region to be extracted, which makes the sit-
uation in Fig.5(c) eliminated. So after the template
searching, all of the defective regions and some
blending regions are extracted, but the way to distin-

guish them needs to be considered.

3.3 Recognition of sunken defect based on circle
distribution characteristic

As there are different line width values for dif-
ferent trace segments, the non-defective regions that
length d is shorter than liner template length L. would
also be extracted , shown as Fig.5(b).

So this paper puts forward a method based on
circle distributioncharacteristic to detect the real de-
fect.

As shown in Fig.6, L, is a curve and the circle
C,, is established with the radius R and center O,
which may be any point in L, .. And there are two

crossing points of curve L, . and circle C,., which are

ir 9
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P, and P,. Then the circle C, is divide into two
parts; C, and C,. The circle distribution characteris-

tic V on the position O is defined as formula (8).

(¢ ) Blending segment of

Fig. 5 Relationship of d L and detection result

L.

Fig. 6 Definition of circle distribution characteristic

_ min[ @(c,),D(c,) ]
max[d)(cl) ,QD(cz)]

®( * ) means the area of region ‘ *

(8)

’

Firstly, the extracted defect regions are labeled
on sequence, then the sub-regions f.(j) are genera-
ted. j is the index of regions, which ranges from 1 to
m. The form of sub regions appears as segment
which is long or short. Then the left endpoint and
right endpoint are gained, denoted as p,, and p,;. The
two endpoints of each connected domain are mapped
to relevant skeleton of FPC trace, denoted as s, and
s,;- According to the method of chapter 3.3, the rele-
vant characteristic variable is gained with circle cen-
ter (s, ,s,;) and radius R. relevant skeletons serve as
segmentation curves, which are denoted as V, and
V, respectively. At last, the region f,(j) is estimated
via formula(9).

Vi>T AND V, > T,Ture
V,<T OR V,<T,False

In formula(9), ‘True’ means that the region

(9)

R, between s, and s, belongs to defect, ‘False’
means that R is not a defect. T is a threshold that
the value is determined through the experiment. The
condition V<T means the point locates the turning
place of trace; otherwise, it locates the non-turning

place.
4 Experiment design and result analysis

4.1 Image base establishment

The image base named SUT-F3 is established
for the verification of algorithm. The image is ac-
quired from production line which manufactures FPC
of laptop keyboard, and the size is 7500 * 8192. The
adoptive industrial camera is P4-CM-08K070 line-
scan digital camera from DALSA, and the light
source is OPT-LST562-W from OPT. The acquisi-
tion is with the help of lead screw and grating ruler.
The image base contains 51 images, with 257 sunk-
en defects among them. Fig.7 is the image acquisi-
tion device, and the FPC image sample is shown as
Fig.8.

4.2 Definition of evaluation indicator
To evaluate the algorithm performance quantita-
tively, false recognition rate( FRR) and false detec-

tion rate(FDR) are defined, shown as formula (10)
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and (11):
NLD
FRR =—— x 100% (10)
NAD
NND
FDR = x 100% (11)
NAE

In the formula, NLD is the number of loss de-
fects, NAD is the number of all defects, NND is the
number of non-defects and NAE is the number of all

segments.

camera

The mobile [
platform—g

Light
source

Fig. 8 Sample in FPC image base

To evaluate the algorithm performance of chap-
ter 3.3 on judging whether the endpoint is in blend-
ing region or not, the rate of point error recognition
(REC) and rate of points error rejection ( REJ) are
defined, shown as formula (12) and (13):

NFA
REC == x 100% (12)
NAT
NFR
REJ = x 100 13
I = Nant & (13)

In the formula, NFA is the number of false ac-
cept, NAT is the number of all turning points, NFR
is the number of false rejection and NANT is the

number of all non-turning points.

The equal error rate (EER) is usually used to
evaluate the integrated recognition performance of a
system. The acquirement method is getting the curve
crossing point of FDR and FRR (REC and REJ) on
the same condition. The less EER means the better

system performance'*’ .

4.3 Experiment result analysis

Ten images are selected from the image base
randomly, and 63 defect regions are acquired after
processing via the algorithm of chapter 3.3. The total
number of 126 acquired endpoints are mapped to the
skeleton of origin image, there are 48 endpoints ly-
ing on the blending regions and 78 on the non-blend-
ing regions. Through the statistics of trace line width
W, it ranges from 13 pixels to 20 pixels. Hence, the
circle distribution characteristic parameter R is con-
firmed as 20, then the judging ability of the endpoint
position on the trace could be acquired when V from
0 to 1. Shown as Fig.9, when V is equal to 0.9,
REC=REJ =0.085, which means EER is equal to
the minimum value 8.5% and the detection system a-
chieves the best performance. Thus, T is confirmed

as 0.9 ultimately.

0.8
0.6 r
04 =

the normalized ratio

02

0 0.2 0.4 0.6 0.8 1

circle distribution character: V
Fig. 9 Determination of constraint set parameter

To compare the sunken defects detection per-
formances of the method in this paper and other
methods, 51 images in the image base SUT-F3 are
tested, the result is shown in Table 1.

It can be seen from Table 1 that linear differ-
ence template method is as low as 8.71% , which re-
duces at least 4.94% compared to other methods, it

reveals the practical application value of this method
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on sunken defects on FPC trace. From a comprehen-
sive perspective, the reasons why this method could
achieve an excellent performance are the robustness
to flexible deformation and the independence on
standard line width value.

Table 1 Experiment results

Method EER( %)
Gray contrast'®’ 29.72
Area contrast' ' 28.35
Line width contrast!*’ 17.02
Gray histogram contrast'"" 16.98
Edge density contrast'"" 13.65
Linear difference template 8.71

5 Conclusion

The detection of trace sunken defect is an im-
portant part in FPC mass detection. To solve the
problem of flexible deformation and various line
width, this paper puts forward a solution based on
liner difference template and circle distribution char-
acteristic after particular feature analysis. The algo-
rithm principle and identification process are expoun-
ded in detail, so do the evaluation indicator and pa-
rameter setting method. The algorithm was tested in
the self-built image database. The results show that
the EER of contamination defects detection method
proposed in this paper is only 8.71% , which decrea-
ses 4.94% at the last comparison to the other typical
algorithms EER. It indicates the superiority and prac-
tical application value of the method proposed in this
paper.

For the betterperformance in the practical detec-
tion application, the cases of missing and false in-

spection would be analyzed further.
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