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ADbstract

Considering defect segmentation is the most impbeaad hardest issue for various defects
recognition and classification in the X-ray imagesegmentation algorithm based on fractal
dimension which is calculated by differential baxuating is investigated to locate defects in the
gray-level images. The results indicate that filagtitaension can be a good alternative in
defect-segmentation. Some comparative experimeatdane and the results demonstrate that

the algorithm is simple, and adapt to preciselyvsaging casting defects in X-ray images.
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1 Introduction

In the casting process, shrinking processes oagumglthe cooling of molten metal and they
may lead to inhomogeneous regions within the warkpisuch as cavity, cracks, gas, incluion
In order to insure the safety of conductions, esfigthose parts relevant to vehicle safety like
railway casts, wheel rims, a control of their qyals required. Among several nondestructive
testing (NDT) methods used to detect and estimatalitg-level, X-ray inspection is an
established technique for identification and evaduna of internal defects, which has been
applied to a wide range of industries such as rmgstvelded seams and heavy steel structures
that are more than 100 mm thick.

Unfortunately, the visual result evaluation of Xtrémages is adopted by most X-ray
inspection systems. The inspection quality depemdsperator experience, and the inspection
process itself is time-consuming and inefficienbri®bver, human inspector is not able to make
guantitive analysis for the size and classes okdef With the development of modern

production technology, more complicated workpieneed to be tested and much more X-ray



images need to be evaluated, such manual inspeatiethod has lagged behind modern
production. In order to make the inspection effiti@and all testing results objectivity and
reproducibility, the research of automatic detettd casting defects has become more and more
valuable.

An automated X-ray inspection system is typicablynposed of five parts: a manipulator, an
X-ray source, an image sensors, a CCD camera amdame processor for the automatic
classification of the test piece as satisfactorgiefective by digital image processiny®. And
an image processor is consist of four parts: inpagerocessing which includes noise reduction
and enhancement, defect extraction, defect claason, the statistic result output and defect
display, and defect-segmentation is the most inapond difficult part.

Different methods for extraction of casting desagsing image processing can be found in
literature within the past twenty years. And geligtaese methods can be classified two classes:
one is direct extraction, and the other is indifecthe indirect class of approaches generally
proceeds by identifying the significant differerietween a test image and the reference image
to classify the test piece as defecfiven order to use reference image, the distributibgray
values in the image must correlate to the curmage. This requires a very precise positioning
of the piece as well as very strict fabricatioretahces and the reproducibility of the X-ray
parameters during imaging indispensable. Smalatians in these variables may lead to great
differences between the two imalesn additionally, the reference image of workpiedgich is
not given previously may be too difficult to getevhworkpiece is too complex and the
controlling of manipulator is not precise enoughud the direct extraction of defects is applied
in our context. Yet simple process or specifiefilhg can not segment defects with any size and
shape from complex images. In this paper, a medthadefect segmentation using fractal

dimension (FD) is proposed.

2 Fractal theory
2 .1Fractal dimension

The fractal dimension is an important characteristifractal because it contains information
about their geometric structure. Usually we thimkttthe dimension of a point is zero; the
dimension of a line is one; the dimension of aaafis two; and the body's is three, and that the
dimension of the object wouldn't change whateverdiject does any transformation. This kind
of dimension called as: topology dimension, defiagedd. Mandelbrot, who introduce the
concept of fractal and self-similarity to describalistic objects, believe that, in the fractal ldor



the dimension needn't be integer number. The dimemd fractal geometric object (defined as
D) is bigger than its topology dimension, se@. Fractal dimension presents the irregular
degree which equals an object’s ability to occumyspace and then it can reflect the roughness
degree of the objeét So we use fractal dimension as a parameter imeseigdefects from X-ray
images.

A basic principle to estimate fractal dimensiobased on the concept of self-similarity
which can be explained as follows. Consider a bedrgkt A in Euclidean n-space. The set is
said to be self-similar when A is the union gfdiétinct (nonoverlapping) copies of itself each of
which is similar to A scaled down by a ratio r. €& dimension D of A can be derived from the

relatior”

1=N,r® or D= log(N,)
log(1/r)

However, natural scenes practically do not extibterministic self-similarity. Instead, they

(1)

exhibit some statistical self-similarity. Thusaitcene is scaled down by a ratio rin all n
dimensions, then it becomes statistically identiodhe origin one, so that (1) is satisfied.
2.2 Calculation of Gray Image Fractal Dimension!*”

There are many different methods to implement thetél dimension, and in which
box-counting dimension or box dimension proposedll8arkar is one of the most widely used
dimension. Its popularity is largely due to itsatele ease of mathematical calculation and
empirical estimation.

First of all, the image is “scanned "by the windbaving the size MxM pixels with the step
a (if a=1 the window will be “gliding”, if a>1 it W be “jumping”). Afterwards each step should
be calculated and put into the matrix,Qvhich is called fractal dimension field(FOB) The
calculation of fractal dimension of every sub-imagshown as follows.

Consider that the sub-image of size MxM pixels I@esn scaled down to a size sxs where

M/2 >s>1 and s is an integer. Then we have an estimate af/ M. Now, as in previous

techniques, consider the image as a 3-D space wlereoordinates (X, y) represent 2-D
position and the third (z) coordinate represeray tgvel. N is counted as the following
procedure:

1) The (x, y) space is partitioned into grids of sixs. On each grid there is a column of
boxes of size sxs xdf the total number of gray levels is G then [#s[M/s]. For example, see

Fig. 1, where s = 3.



2) Assign numbers 1, 2, ...to the boxes as shown inlFiget the minimum and maximum

Image Intensity Plane
BI{}}; T A -

Fig. 1 Determination of N
gray level of the image in the (i, j)th grid fatl box number k and |, respectively.
Then
n(,j)=l-k+1 2)
is the contribution of Nin (i, j)th grid.

3) Taking contributions from all grids, we have
N, =>'n(,j) ©3)
i

N, is counted for different values of r, i.e., difat values of s. Then using (1), we can
estimate D, the fractal dimension, from the legsiase linear fit of log (N against log (1 /).

Lety = mx + c be the fitted straight line, wherdsnotes log (N and x denotes log (1 /).
Then error of fit E can be expressed as the roanrsguare distance of the points from the fitted

line.

(mx +c-y,)°
B

n

(4)

The error provides a measure of fit so that thesloilve value of E, the better is the fit.
2.3 The Character of Gray Image Fractal Dimension

A. The fractal dimension of the gray image has somgttd do with the size of the
scanning window M, also have something to do withliox size s. The smaller s is, the more
precise fractal dimension is. In our defect-seguatgor system, M equals defect size.

B. The fractal dimension has nothing to do with whiaid of logarithm we have taken in

(1).



3 Experiment Results

In this section, we present the results of defegtreentation using the proposed method and
the other two methods: viener filter & edge-detattimedian filter & edge-detection. These
results demonstrate the effectiveness of our pexbazethod.

We use 5x5 pixels scanning window, namely, M=5 &od counting algorithm for FD
calculation. In order to save time for building FD#fe make some changes to the box-counting
method described in section 2.2. For a sub-imagdie size of MxM pixels at the position (i, )
in a wordpiece image, if its gray level is singie set 0 to the corresponding position in FHF
namely D;=0. That is to say, if each pixel of the sub-im&gs the same gray value, we think
that these areas include nothing useful informatabout the structure of workpiece and do
nothing to it. So, we can use a threshold whichaéxjto O to eliminate the background, and
sometimes it may implement defect-segmentatiohetsame time. As Fig.2 show, Fig. (a) is a
simulated image and Fig.(b) is the segmentationitrasing fractal dimension with threshold O.

For the same workpiece image, different areasaatdit dimension distinguish different area
of the image, and which reflect different structuméormation of wokpiece. For images of
different workpieces, the same value-area of ftatitaension presents different information. So,
we should adjust threshold-area of defects to miffeworkpieces. Additionally, since there are
too much noise and artifact except defects in #a industrial X-ray image, preprocessing is
required before defect extraction. In fig. 3, Ffg) to Fig. (e) show the original image, the
preprocessing result, the defect-extraction usireg groposed method, the result using viener

filter & edge-detection, and the result using mediker & edge-detection respectively.




Fig.2 simulating image with defects and its segagor result

(€) (d)

Fig.3 (a) the original image. (b) preprocessingiitegc) result using FD. (d) result using
viener filter & edge-detection (e) result using naedilter & edge-detection

From Fig. 3(c), we can see all defects in Figafte) located based on fractal dimension and
little artifact is included in the result, althoutitere is a problem: the edge of defects is n&&;lo
and that is solved by defect-track. From Fig. & (d), it seems that using filter&
edge-extraction also achieve this goal, but thenwaidl find the results include almost all edge:
the edge of defects, the edge of workpiece andnach edge of artifact, and no doubt that will
make defect-track too difficult to carry out. Invard, the proposed method using fractal

dimension is effective to detect defects from X-ragpge.

4 Conclusion and future work

In this paper, fractal dimension is introduced ¢dedt-inspection and the results demonstrate
that fractal dimension can be a good parameteefieatsegmentation. In the future, how to
implement defect-track with great performance aod ko design a classifier to identify the
various defects will be the next important taskbedackled.
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