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ABSTRACT: In this study, segmentation of layers in the optical microstructure of an explosive clad, based on their
texture is attempted. 300 numbers of two and three layer clad microstructures, stored in a database, are classified by
means of segmentation by extracting Haar features and their mean. The experimental results show that the Haar
features successfully segment the multilayer clad microstructure with an accuracy of 96.7%, determined by the
performance accuracy technique.
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. INTRODUCTION

In the last decades, with the considerable increase in competition among industries, the quality control of
equipments and materials become a basic requisite to remain competitive in national and international markets. The
control of quality is important for critical applications where, weld failure is catastrophic, such as in pressure vessels,
load-bearing structural members, and power plants. The quality of a weld joint is determined by performing destructive
testing on the random samples, which represent the quality of the whole batch. However, this lacks real-time and
reliance, and hence, it reduces the efficiency of the production line. To overcome this, the computer vision technology
for the image analysis is an effective tool.

In the welding industry, methods based on image analysis is employed for seam tracking [1] , weld pool size
controlling [2], weld geometry controlling, and weld quality assessing [3], as well as for adaptive controlling welding
processes [4]. However, studies related to the segmentation of layers in a clad, using image processing techniques, is
limited and is attempted in this study. In this study, optical microstructures obtained from similar and dissimilar
multilayer explosive cladding is segmented, based on their variation in texture, using Haar features and the accuracy of
segmentation computed.

1. PERCEPTION AND DESCRIPTION
Methodology
Multilayer explosive clad similar and dissimilar microstructural images are collected as an unbiased database.
After executing preprocessing step, the desired section of microstructure is cropped from the original images having a
size N x N. Subsequently, the Haar features are extracted on the top mid section of each image, and moved vertically.
Finally, the layer segmentation, determines the number of metals in a clad, is determined using the difference between
mean values. The workflow diagram is shown in Fig.1
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Fig. 1 Workflow of texture segmentation

Optical microstructure

Microstructure of dissimilar explosive cladding shows a unique wavy morphology. The segmentation of
microstructure is performed by two vital steps following Haar transform and thresholding. Haar transform is used for
segmentation based on the mean values of the two region, while, thresholding determines the exact location and
number in layers in the clad microstructure. A three layer dissimilar explosive clad (Al-Cu-Cu) microstructure is shown
in Fig. 2.

Fig. 2 Explosive clad micros_tructure (AI-CE—Cu)

Haar features

Haar features are simplified from Haar wavelet. Due to their in sensitivity to illumination and strong ability in
representing textures, Haar-like features are applied widely [5,6]. Haar feature are employed for determining
covariance for pedestrian detection [7], with non orthogonal feature for matching, reconstruction [8], with stochastic
context-free grammar for hand gesture recognition [9]. In this work, Haar feature is proposed for microstructural
texture segmentation. The calculation of mean based on the Haar feature is discussed in the next section.

Mean based Haar Feature

The method proposed by earlier researchers [10-12] employed two simple rectangle features to classify the images. The
regions within the rectangle have the same size, shape and vertically adjacent (Fig. 3). In this work, absolute difference
between mean of pixel intensities in the two regions of the rectangle is used as feature.

Fig. 3 Two rectangles
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Performance measure
To evaluate the novel approach, experiments are performed on the dataset of images chosen from explosive
cladding images. Proposed segmentation method is based on Haar features. The overall accuracy [13] of the cladding

segmentation is measured as
Accuracy:Number of sucessfully segmented images

- .100% 1)
Total number of imgaes
Where successfully segmented images means that the segmented layers of cladding microstructure image is
nearly close to + 5 pixel tolerance error in image. Total number of images in data base is considered and then the
performance is calculated.

1. RESULTS AND DISCUSSION

Data base collection

The optical microstructure of various similar/dissimilar clads viz., aluminium (Al)-aluminum (Al), Al-Copper
(Cu), AI-Al-Cu, AI-LCS, AI-SS 304 were determined following standard metallurgical practices viz., grinding,
polishing and etching in an optical microscope (VERSAMAT-3) equipped with Clemex image analyzing system and
stored as images in an unbiased database. Pre-processing is performed by accomplishing suitable size, brightness and
contrast adjustments. For each combination of clad, microstructural images are collected totalling 100 images, are
utilized for segmentation.

Pre-processing

The preliminary pre-processing stage converts the input microstructural image into a gray scale image,
removing noise and resizing by cropping tool. Based on resizing the image, feature dimensions change from
image to image. Resizing is required for cropping the essential portions of the microstructural images. Similar
procedure is performed for all the images (100 numbers) stored in the database and stored for further processing.
The pre-processed images having gray textures are subjected to feature extraction and it is described in the next
section.

Segmentation using Haar features

Haar-like feature is used in this work is the absolute difference between mean of pixel intensities in shaded rectangles
and the white region of the rectangle. Subsequently, the rectangle is shifted vertically over the mid section of the
microstructural image and the Haar feature is extracted. The size of the rectangle is 30 pixels X 10 pixels is chosen.
This rectangle is moved with a 10% adjacent overlap in ‘y’ direction to extract the Haar feature. The Haar features are
plotted and the peaks indicating the number of metals (texture) in the clad. A single peak in the contrast of mean
represents the clad image has two layers, while dual peak represent the clad having three layers/metals. Similarly, this
methodology can be adopted for a microstructure having any number of metals/layers. The mean of the peaks, which
represent the segmented position, is determined to find the segmentation point. Finally the segmentation line is drawn
on the image by corresponding to the peak.

Experiments

From the image data set, an image is randomly selected for testing the proposed algorithm. Two layer images
have two different metals reveal two different textures as shown in Fig 4(a). The variation of texture indicates the
position of segmentation of second metal/layer. A single peak represents two layer microstructure images. In a fig.
4(b), a peak showing the segmentation position of the two different textures in microstructure. In case of microstructure
having three different metals, there are two peaks above the threshold as shown in 5(b). In case of cladding two layers
of similar metals with a dissimilar metal, two textures are same, whereas the one is different. In this case, though the
plot shows two peaks above the threshold line, the result is reported as three layers. For a Cu-SS 304 explosive clad,
shown in Fig. 6(a) and Fig. 6(b) respectively, a straight and a wavy interface is witnessed. Similarly, other four/five
layered microstructures are tested and found correct.
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Fig. 4(a) Microstructure of two layers/metals explosive clad (b) Haar features
(c) Segmented microstructure
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Fig. 5 (a) Microstructure of three layers/metals clad (b) Haar features
(c) Segmented microstructure
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Fig. 6 (a) Three layer cladded microstructure wﬁh similar metals and wavy
6 (b) Haar features 6 (c) Segmented microstructure

Performance Measure
) Out of 300 images, there are 100 two layer and 100 threes layer images. Some wavy structures with defects

are not segmented properly, achieving 96.7 % accuracy in segmentation. Similarly, in case of four and five layer clads,
few images are segmented incorrectly. The details of the number of layers and their accuracy of segmentation are

shown in Table 5.1.
Table 5.1 Segmentation Accuracy

Numbers of welding layers Images Accuracy (%)
2 100 99.0
3 100 97.5
4 40 96.5
5 10 96.0
More than 5 50 91.0
IV.  CONCLUSION

The segmentation of cladded microstructure employing Haar features is proposed in this paper. The following salient
conclusions were drawn from this experimental study. Thresholding based segmentation utilizing Haar features can
effectively be employed in segmenting welded image based on their optical microstructure. The method achieved an
accuracy of 96.7% for segmenting layers in optical microstructure image.
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