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Abstract—This paper describes a detection of common defects
in laser welding of structural aluminum alloy. To overcome these
problems, a technique has been proposed to detect defects
automatically and effectively using the image segmentation
technique. Although, this technique has been well developed, it
does suffer from several disadvantages of radiographic images
taken to be poor in quality, as well as the microscopic size of the
defects together with poor orientation relatively to the small size
and thickness of the evaluated parts. Using image segmentation
algorithm allows the defects to be automatically inspected and
measured within the welded surface such as cracks, porosity and
foreign inclusions, which may be weakening the welded parts.
This paper proposes a system to automatically identifies and
classifies the faults from the welding process by using the existing
image segmentation algorithms. The output of the developed
system produces a measured analysis which can be then used to
describe the mechanical properties of welded part of the alloy
such as its tensile and force. The benefits of this project will
improve the welding process to reduce faults and defects for both
constructing and manufacturing fields.

Index Terms—Automatic Laser Welding; Classification; Defect
Detection; Sobel-Contour Shape.

. INTRODUCTION

Welding is the most important process in manufacturing
industry particularly using the steel alloy. The use of laser
welding for aluminum is gaining its popularity due to its
cheaper construction material, and with the use of laser
benefits in terms of higher temperature of heat applied and
capable of welding at greater precision. Despite that, due to
the high temperature and various welding situations, the
process using the aluminum al-low is naturally complicated
and nonlinear, making it prone to a number of defects, such as
porosity, undercuts, surface holes, and solidification cracking
which are often found in laser welds [3,16].

Furthermore, welding the structure of aluminum alloy may
contain more defects compare to other types of steel alloy.
This is because aluminum alloy composes of different material
composition compared to other steel alloys, and usually
purposely hardened to match the strength of steel alloy, which
can lead to its natural weakening states at the welded areas.
Furthermore, cracks and porosities are some of the problems
in laser welding usually found in most welded materials
[10,16].

Cracks happen when applying stress and tension to the
welded area while porosities happen when there are gasses
trapped within the solidify welded area thus weakening the
strength of the welded structure. The process of identifying
these faults require many steps and ingest higher attention
which is time consuming and very hard to be done. However,
current technology enables images to be taken at microscopic
level with high resolution, and with the use of image
processing technique, image segmentation can be used to
automatically extract and classify these faults and measuring
them [3,6,7,16].

Figure la shows an example of welding defect using the
Scanning Electron Microscope (SEM) taken at the School of
Mechanical Engineering, USM. The welded interface with
porosities and slags usually occur when the gas used is not
enough or the surface contained contaminants, and thus
weakening the strength of the welded area (see figure 1b).

(a) (b)

Figure 1: (a) An example of welding defect. (b) welded interface with
porosities and slags.

In order to solve this problem, several methods are used to
detect defects based on image segmentation. Image processing
is a method to process an image into digital form. So, in order
to get some useful information from it, some operations must
be performed on it. Because of fast growing technologies
nowadays, this application is very useful in various aspects of
a business and manufacturing industry. There are several
purpose of image processing such as image sharpening and
restoration that will create a better image and visualization to
observe the objects that are not visible, image recognition that
will distinguish the objects in an image, and so on.
Meanwhile, the purpose of image segmentation is to divide the
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image into regions with different characteristics and extract its
features into the related goals [1]. There are many different
ways to perform image segmentation such as thresholding
methods, color-based segmentation, trans-form methods, and
texture methods.

Il. RELATED WORKS

Due to fault detection found in the steel alloy several
problems have been heavily researched and developed
[4,5,11,14,15]. The motivation of the proposed system is to
overcome the problem arises from the defect detection found
in the hardened aluminum alloy which is very new in the
construction and manufacturing industries. After the system is
develop completely, it can be implement in the manufacturing
industry and helps the engineers to detect any faults found
visually and classify them. The results are then further
validated with the conventional method of testing such as
tensile and strength tests. This will ease the burden of having a
train eyes to manually calculate and measure the faults and
can effectively provide an automatic visual inspection at
microscopic level.

This existing work proposes an algorithm which can detect
defects in industrial pipe. A method has been introduced to
automatically detect defects in industrial pipes based on image
processing [13]. This paper pro-posed algorithm that consist of
three steps. At first, the converting of the RGB image pipe into
a grayscale image and extracts the edges by using So-bel
gradient method, after eliminating the unused objects based on
their size. Next, the method will extract the dimensions of the
pipe. Lastly, the algorithm will detect and identifies the
defects such as holes and cracks on the pipe which is based on
their characteristics [13]. Table 1 shows some of the
comparisons of the existing algorithm used in measuring faults
using other types of alloy.

Table 1
Comparisons of algorithm used to detect faults

Paper Title Measure Method Used Type_of
Materials
An algorithm to Detect
and Identify Defects of Holes and Sobel gradient  Industrial
Industrial Pipes Using Crack method Pipes
Image Processing [13]
Defect Detecnon‘ of Water droplet, Histogram
Steel Surface Using - . Steel
. blister, and Thresholding
Entropy Segmentation surface
scratch method
[12]
1. METHODOLOGY

This paper proposes a hybrid pre-processing and processing
algorithm using the Sobel-Contour Detection Algorithm. The
aim is to detect water droplet, blister and scratch defect on the
steel surface. In order to deal with these problems, special pre-
processing methods like illumination compensation method
and determine the position of defect by using local entropy,
background subtraction, histogram thresholding, morphology
and edge detection [12]. Each of the existing work has the

similarities and also the differences in features. However, all
of the existing work have limitation and also weaknesses.
Therefore, the proposed system will provide suitable features
which are going to overcome the problems.

The Segmentation processes are the part an image is
partitioned into regions. In this paper, we introduce a method
of combining both edge and shape detection. By using the
image segmentation algorithm technique, 2d images are
converted to grayscale [4] from the images and analyzed to
automatically to detect and isolate the defects found right after
the welding process.

The 2d grayscale image will then be used to detect cracks of
the outer surface and specimens are to be cut into smaller parts
which will then be captured again using SEM to detect
anomalies of the inner surface. An effective and Sobel edge
detection technique is used to perform image edge detection
[9,15] on the image which provides a comprehensive
environment for data analysis, and contour shape detection to
match with the template for data visualization [2]. The
development process is listed out in Figure 2 showing the
flowchart of each process.
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Figure 2: Flowchart of each process of the detection algorithm

The algorithm starts with the reading of SEM image. The
image which displays fault in the aluminum alloy is going to
be processed one at a time. After the image is being read and
stored, it is going to be converted into 2d grayscale image.
This process is important because it helps the system to
analyze the image correctly using the contour shapes detection
to identify features such as porosities and cracks. Next, the
edges and lines of the image are processed using Sobel
operator [9,15] and features are extracted based on the
template matching using standard Sum of Absolute Difference
(SAD) [2] giving a hybrid solution of Sobel-Contour Shape
Detection as shown in equation (1), where (MxN) is the size of
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the fault template, i and j are the size of the windows size
depending on the size of the radius of faults and the lengths of
the cracks, (Gx and Gy) are the gradient components of the
input image measured at every rotation of 90 ©and lastly T
represents the template containing the sample shape of faults
and | is the target image to look for the faults.

M-1N-1

T I
615 = > > (16l = 161en) = (I6leen = 16hap) (1)

i=0 j=0

-

In general, these image segmentation process contributes
part of the fault detection process typically used in a welding
process. Figure 3 shows an example of SEM image processed
using Sobel operator to segment and build the edges and lines
around the image. The size of the tested SEM image is x14
microns and these are taken after the grinding and polishing
process.

Figure 3: An example of SEM image used with the size of x14 microns with
Sobel operator implemented to show the edges and lines

Next, the markers are placed on the image indicating the
faults detected by using SAD algorithm to match with the
template samples containing the various sizes and shapes to be
detected (see Figure 4).

Figure 4: An example of SEM image used with the size of x14 microns

Figure 5 shows the general steps taken the whole process of
welding. Generally, for analyzing the faults are done before
the hardness test. Therefore, for this system, it will help to
automatically trace faults in the welded materials and measure
the strength of the welded materials by looking at the ratio of
the number of porosities and cracks over the initial strength of
the materials.

Welding

Natural aging

Rough polishing

EDX analysis for chemical
composition

Immersed in NaOH and heated to
60% - 70%

Dipped in 65% of HNO3

Capture SEM image magnification
—x10, x25, x27 micron

Image segmentation analysis

Hardness test
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Figure 5: Steps taken for identifying the faults
IV. CONCLUSION

The main significant of the project is to better analyze the
fault found in aluminum welded materials. This will benefit
the manufacturing industry and simultaneously saves time and
costs of using trained eyes by manual inspection. In addition,
the algorithm can represent a visual form of inspection and the
data analyzed can be used into something meaningful to the
engineers to compliment their method of measuring the
aluminum alloy’s strength and durability.

The use of hardened aluminum alloy for welding is new for
the construction and manufacturing domain. The algorithm
used for developing this system is unique as it helps to solve
the manufacturing problems of using hardened aluminum
alloy materials and automatically detect and measure the faults
and defects after the welding process. This will enhance the
overall simplicity and effectiveness of the system. There are
several capabilities can be found upon developing the system.
One of them is it can detect errors in every image captured and
analyze it by displaying the result using the deployed
algorithm. This will improve the accuracy of the errors found
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compare to the manual detection by the trained eyes of the
engineers.

One of the limitation of the system is poor image quality
due to wrong technique in capturing picture. This will lead to
false detection of the image. There is another possible
limitation is the time taken when analyzing the image
provided. The algorithm used can increase the overall
simplicity of the program. This study leads to understanding
defect which can be analyze using image processing
algorithm. This process can overcome the limitation of manual
detection by the engineers. This will give the accurate result
when calculating the defect. It will improve the efficiency and
simplicity of the program.

In work of future, several improvements are worth to be
mentioned, different algorithm technique and method should
be study, as it can improve the accuracy of the result.
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