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 Abstract – Method of welding defect
segmentation based on modification of Otsu
method is proposed. Experimental tests
demonstrate the effectiveness of proposed
approach.
 Keywords – Radiography, Welding defects,
Segmentation, Image processing.

I. INTRODUCTION

 Defect segmentation is one of the most important
problems in automatic radiographic inspection of
welded joints. Typical the procedure of inspection
includes image pre-processing, welded joint
localization, segmentation of welding defects, feature
extraction and defect classification.
 Many techniques are used to segment the defects on
radiographic image: histogram thresholding,
watershed algorithm, mathematical morphology [1],
region growing, background subtraction, edge-based
segmentation, wavelet transform [2], neural networks
[3]. Baniukiewicz et al approximate weld profile by
the sum of the Gaussian function and linear function
[4]. Mhamed et al use a modified anisotropic
diffusion model for weld defect detection [5].
 We propose to use retinex based smoothing and
modification of Otsu method for defect segmentation.

II. METHOD DESCRIPTION

 To enhance input image we apply method of
illumination equalization. It compensates non-
uniform distribution of illumination component and
increases local contrast. For this purpose method in
[6] is used, that is a superposition of single-scale
implementations of Retinex (SSR) on the basis of
local smoothing (Retinex is a theory of light
perception by a human that has a physiological basis
and uses the logarithmic nature of radiance fixation
and its spatial relativity). SSR is defined by the
expression
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where )y,x(I  is input image, )y,x(F  is Gaussian

neighbourhood function with normalizing constant
K  and spatial constant ,  and  *  is  an  operator  of
convolution. The results of enhancement are
presented on Fig. 1.
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Fig. 1 Original welded joint image (a) and result of
enhancement (b)

 The next step is defect segmentation. We applied
Xu histogram threshold method [7] that biases global
threshold toward the class with larger variance. We
initially calculate the threshold 1T  by Otsu [8]
method in the whole image
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variances of the classes 0  and 1  respectively.
Than we compute threshold 2T  by Otsu method for
the pixels with gray levels in the range of [1, 2T ].
 This method segments well high contrast defects
but omits small low contrast defects (see Fig. 2). It is
proposed to use Xu procedure within the sliding
window and apply the threshold to the central pixel.
Such windowed application of Xu method allows to
use more suitable threshold for every particular
region of the input image. It reduces the effects of
thresholding with one fixed threshold and
considerably increases overall defect segmentation
accuracy.
 Computation of Xu method in sliding window and
application of its thresholds to every pixel is
unconventional and computationally heavy procedure.
But such approach is required in order to increase
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segmentation precision which is very important in
further analysis of defected regions.
 To reduce a computational load of described
approach a kind of filtering procedure is applied. The
pixels that belong to the homogeneous regions are
neglected by thresholding procedure and are
considered as a background. The pixel y,x  is
assigned to homogeneous regions if the gray-level
variance of its surrounding pixels y,xVar  lays
below some threshold varT :

varTy,xVar .
Consequently Xu procedure is not applied to
homogeneous regions. Such a procedure considerably
reduces the amount of required computations and
preserves the accuracy of segmented defects.

a)

b)

c)
Fig. 2 Fragment of enhanced welded joint image (a) with

results of Xu segmentation (b) and segmentation by
proposed approach (c)

Also windowed versions of Otsu and Xu methods
have a drawback. The problem appears when the
processed window belongs to homogeneous region. In
this case Xu method naturally produces some
threshold values because of present noise and as a
result segments it on two regions. Such segmentation
is undesirable as it contributes false defect regions to
the final outcome. Partially this problem is resolved
by described above homogeneous region filtering
procedures. But the regions around bright blobs that
you can see on Fig. 1 do not fall under the notion of
introduced homogeneous region and also produce
false segmentation. Removal of such effect lays
beyond consideration of this paper and consequently
need to be treated additionally.

III. CONCLUSION

 Proposed method demonstrates segmentation of
small low contrast defects of welded joints. Window
version of Xu method and its application to every
pixel considerably increase defect segmentation
accuracy what allows more reliable further analysis of
detected defected regions.
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