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ABSTRACT The information and data reflecting inner defects in spot welding nugget of aluminum alloy

were obtained by edge extracting and tracking to binary image. Based on the K— L transformation, the major

and minor axes of defects were calculated, and the distribution of defects in spot welds were described. Based

on the above mentioned, a preliminary analysis of defect features was carried out.
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1 INTRODUCTION

Spot welding has been widely used in alu-
minum alloy structures of spacecraft and aircraft
due to its characteristics of technology. In order
to increase the reliability of relevant structure
works, the key is to ensure the quality of prod-
ucts. The kinds and shapes of defects in spot
weld nugget of aluminum alloy are complex, fur
thermore the influence of kind, size and distribu-
tion of defects on the quality of spot weld are dif-
ferent. Accordingly, the description, classifica
tion and recognition for defect features must be
carried out bhefore evaluating the quality of spot
weld. At the present time, the assurance for
quality of joints are mostly conducted with weld-
ing technology and parameter monitoring of spot
welding process. However there are few cases in
which evaluation of joint quality is carried out
with nomdestructive testing in postwelding. It
was reported that ultrasonic methods''! and po-

4]

tentiometry > * are used for the quality detec

tion of spot weld. Radiography method was also

used in important structures' > ', but it is of low
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efficiency and the assessment criteria are differ
ent by profession. It is an effective approach for
improving this problem to introduce reaktime X-

781 hut it s very difficult

ray image detection
to extract the feature value, which reflect the
quality of spot weld from the image. These fea
ture values are the input variables for recognition
classifier, and will directly influence the output
results. Aimed at such a status, on the basis of
the preprocess of spot weld image the analysis
and extraction of spot weld defect features were
carried out, and typical feature values relevant to
the quality of spot weld were obtained in this pa
per. These results provided scientific basis for
further defect classification and quality evalua
tion.

2 MEASURING FOR DEFECTS

2.1 Experiment method

The binary images of defect in spot weld
nugget were obtained by automatic windowing
processing, background simulation and correc
tion, as well as automatic binary processing



* 486 -

Trans. Nonferrous Met. Soc. China

Sep. 1998

(Fig. 1). In order to extract defect features and
evaluate quality of spot weld the edge extracting
and tracing have to be carried out before the de-
scription of defect features, so that the data for
the defect measuring could be obtained. The
method of edge extraction used is as follows:
scanning was taken in the zone of binary image,
when the nonzero point was found, the pixel
greyscale of 8 neighborhoods of this point will be
considered to set the greyscale of this point to ze
ro when the greyscale of surrounding 8 points are
all nonzeros. The greyscale of this point was
kept original when one or more points are zero in
8 neighborhoods. According to this method
whole edge of defects could be obtained after fin-
ishing scanning. The results are given in Fig. 2.

Fig. 1 Binary image of defects

Fig. 2 Schematic of edge extraction

2.2 Data encode of eight neighborhoods

After formation of an edge its encoding
should be carried out, and a sequential data
structure was made up in the light of definitive
rule so that the description of defects was facilr

tated. The common method for forming sequen-

tial data structure is edge tracing and the method
adopted in the present paper is based on left

hand rule that is as follow!"!.

Scanning in the
processing domain, when the start point was
found set it as I, and set it as current point. Ac
cording to the definition of 8 neighborhoods and
the sequence shown in Fig. 3, find the nonzero
pixels of I~ 8 points, and set it as next point of
edge tracing. Record its coordinate, and take it
as current point, continually find the next point
of edge tracing by this rule, the tracing will be
finished until the condition can not be satisfied.

In the course of tracing such a serial of data
encode for a defect edge was made up, that is as
follows: {(0,0), (x;, yi), i= 1, 2, ... N},
where (0, 0) shows the end of defect edge trac
ing for the former defect and the start of edge
tracing for next defect as well; it is an identify-
ing coordinate point, and (x;, y;) are the coor
dinates of edge sequence points.
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Fig. 3 Definition of 8 neighborhoods
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Fig. 4 Definition of Freeman code

2.3 Method of Freeman encode

The method of Freeman encode was further
used to reveal the edge information because the
method used above for defect encode could not
reflect the information clearly. Freeman encode
element has directivity and its definition is given

in Fig. 4", The information of code element is
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determined by the coordinate difference of cur-
rent point and next point of edge. For a defect
the Freeman code was made up as follow: A=
{0, a1, az, az, - a;, - ay}, where O is
identifying unit between defects, a; is a code ele-
ment reflecting the relationship between the cur-
rent point and next point. In the whole course of
defect encode the parameters may be obtained as
follows:

Gravity coordinates:
N

x= Ni:Z X (1)

I

= T3y, (2)

Circumference:

L= T[n.+ nol2] (3)
where  x, and y; are sequence point coordinates

of defect edge, T is pixel unit length of 8 neigh-
borhoods, and n.and ngare numbers of code ele
ment for odevity respectively.

Integrating the defect edge over X or Y ax-
is, the area represented by the chain code can be
calculated as Fig. 5, the integration over X axis
can be expressed by formula (4). In this formu-
la, a; and a; are unit coordinate lengths of X
and Y axes respectively, a; * y,. 1 is the area of
shaded square and a;, * a;,/2 is the area of shad-
ed right triangle in the figure. Because the a;,
and a;, areSpigned ( dependent on the direction of
integration) , the integration is carried out along
the closed edge and offsetting against the parts
outside of edge, and then the area surrounded by
the edge, the area of defect, can be calculated.

N
S = _;} ai.r(yi— 1+ _ZL(LL'_}) (4)

Fig. 5 Schematic of Freeman
code property

3 CALCULATION OF MAJOR AND MINOR
AXES OF DEFECIS BASED ON K- L
TRANSFORMATION

3.1 Method of K- L transformation

There are many kinds of defects in the spot
weld nugget, classified by shape they are mainly
tree-like or strip crack, elliptical or circle blow-
hole, or slag inclusion defects. The ratio be
tween major and minor axes of defects, which is
a very obvious feature among them, should be
considered when their category is distinguished.

Because the location and orientation of de-
fects are random, it is difficult to calculate the
major and minor axes by the general method.
The K- L transformation was used to calculate
the parameters of major and minor axes in pre
sent work. The K- L transformation is usually
used to the data compression and feature extrac
tion, it is the best correlation transformation' 'l
The principle of K- L transformation is simply
described as follows:

Set T as a unit orthogonal transformation
matrix, T' = [ D, D, .., A/, where Qi
=1, 2, .., N)isN dimension vector and satis-
fies the orthogonal condition of real value:

L (i=j) 5)

DD = =
L 0 (i #j)
—
For avector X = [x1, x2, . xn] of a
~
random process the vector ¥ = [y, y2, .-

yy/ can be obtained by the transformation Y =

TX. On the condition that T is unit orthogonal

T'T =

hence the inverted transformation seems to be
X=T'Y=[® @& . @)Y

Y D+ yo B+ oty By

Elyi @ (6)

In order to minimize the difference between

transformation, 1 may be obtained,

inverted transformation data and original data an
optimal transformation T should be explored on
the basis of mean square deviation and the results
derived are as follows:

0= B (7)

w here @ is the feature vector of autocorrela

tion function Zr and B is corresponding feature
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value.

The process of K- L transformation: for a
random vector, its autocorrelation matrix is cal
culated, then the feature values and feature vec
tors of autocorrelation matrix are calculated. The
feature values and corresponding feature vectors
will be arranged by the sequence descendingly,
then the feature vector arrange constitutes trans
formation matrix. The feature values are the
variance of each projected component of that ran-
dom vector, and that is the variance of corre
sponding component in transformation domain.
The autocorrelation function in transformation

domain may be expressed by Z,, =T ZXT/,
and Z,, = diag( B, B,, ... By) is diagonal

matrix, therefore, the components y; are not
correlated after being transformed. When the
major and minor axes of defects are calculated
the edge point sequence of defects is taken as a
set of a two dimensional random vector, and the
equipartition vector and covariance matrix are

given by

b | (8)
5/

s _ X — X X — X T
j}‘_ 5/. ;o 7/_ S 0

(- (e a(y- )
el -3 (v 92 "

then, calculate the feature values B; and B of co

variance matrix and corresponding eigenvector
@ and D, set By > By, map the edge point set
to two one dimensional directions respectively hy
y = ®xandy= @ x, herein the mapping in-
terval in the @ direction may be taken as the
measure of major axes of defects, in the @ dir
rection as measure of minor axes of defects.

3.2 Determination of distribution for defects
position

According to the industry standard for M in-
istry of Spacecraft Industry Co. QJ 2250-95,
the size, distribution and orientations are impor-
tant criteria for evaluating the quality of spot
weld, therefore, their locations and orientation
must be determined. It is known from the prop-
erty of K- L transformation that: @ is main
feature vector, it expresses the orientation of de

fect in the transformation of two-dimensional
vector constituted by the edge point set. The
distribution of defects in the nugget are ex-
pressed by the included angle 0 constituting of
vector a, which is the link between the center
(x0, vo) of weld spot and origin of coordinate
0. and vector b, which is the link between the
center of spot weld and the gravity center of de-
fect, and by the distance r hetween gravity cen-
ter of defect and spot weld center. Furthermore,
it should be considered that the angle 8 may be
clockwise or counter clockwise. The size of de
fects is expressed with the area included by the
defect edge. The schematic plan of analysis is
shown in Fig. 6.

Set vector a= x,*i+ vy,*j, and vector b=
x,*1+ y,*j, then the included angle between a
and b is

0

XX+ Y¥h

) (10)

2 2 2 2
ot Ya JX[,+ Yi

r= d(= xo)?+ (3= yo)? (11)

Then take the gravity center coordinate of

arccos(
S

defects (x, y) into the equationy = (y¢/x9) *
x which is for the link between spot weld center
and origin of coordinate, as shown in Fig. 6: if y
> yq, take 8 as counter clockwise and can be de-
scribed as “DOWN?”, otherwise he described as
“UP”. So we can describe the location of defects
in the nugget, and the calculated results are
shown in Fig. 7. They are basically the same as
those of real measurements, the distribution pa-
rameters in Table 1.

(f(h yO)’

Fig. 6 Calculation method of

feature vector
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Fig. 7 Schematic of defects distribution

Table 1 Parameters list of defects

distribution
No. M ajor axis Minor axis  Circumference
1 59.10 27.89 191
2 113.81 28. 68 312
3 26. 12 12.82 84
4 22. 86 14.01 71
5 27. 66 6.59 64
6 8. 80 7.20 25
7 11.34 4. 67 27
8 12. 44 5.02 31
9 11.40 4. 63 28
No. Area Angle of 6 Position Distance
1 469 39.9 up 65. 64
2 753 137.3 up 61.39
3 148 23.4 up 40. 34
4 110 68.3 up 24. 84
5 109 105.7 up 39.42
6 46 175.6 down 6. 38
7 29 130.9 down 20. 83
8 30 161.5 down 48. 11
9 29 122.6 down 45. 85

4 PRIMARY RESEARCH ON CATEGORY
OF DEFECT FEATURES

The shape of different defects category in
nugget is variant, generally the crack is slender
and curved, the slag inclusion or blowhole is
ellipse-like or circular. According to the general
pattern features, the feature valuesshape coeffr
cient R and ratio of major and minor axes L,
which express the difference of shape, was cal
culated. The shape coefficient is defined as R =
4TS/ 1* , where S Is area of defect and [ is
circumference of defect.

The ratio of major and minor axis is L =
¢/w , where ¢ is length of major axis, and w
is length of minor axis.

Admittedly, the shape coefficient R is much
smaller than R of ellipse-like( R of perfect circle
equals 1) for the crack but the ratio L of major
and minor axes is larger. The parameters used
for calculating the two feature values have been
obtained above.
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