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Abstract 
In this paper, a Computer Aided Defect Detection (CADD) application is developed to aid a human operator 
interpret radiographs of weld joints. Conventional radiography interpretation is highly dependent on operator 
skill and hence prone to human errors. This algorithm is developed to automate defect recognition in 
radiographed images. This application consists of several image processing algorithms like Contrast Limited 
Adaptive Histogram Equalization, Sauvola thresholding, Canny edge operations and Boundary Tracing 
Algorithms for defect segmentation and characterization. Geometric features of segmented regions are used to 
classify a region into a particular type of defect. A CPU based approach is used for defect identification. The 
application has been tested on Aluminium TIG welded specimens with well defined defects. This application 
provides successful detection rate of 88% for porosities, 100% for Tungsten Inclusions and 100% probability in 
detecting cracks and undercuts. The computation time required is approximately five seconds for the given 
computer configuration. 
Keywords: Digital Radiography, Automatic Defect Detection, Welding Defect, Image Processing, Geometric 
Features 

1. Introduction 

Welding is a popular technique used for joining metals in manufacturing operations. It 
is very important to examine bond integrity of these weld joints to ensure proper functioning 
of the component without any sudden failure due to presence of defects. To examine the 
structural integrity, Non Destructive Testing (NDT) methods like Radiography are essentially 
used. Radiography technique utilizes electromagnetic radiations X-Rays and gamma rays to 
penetrate the material. Radiography can be broadly classified into film and digital 
radiography based on medium of recording. Although film technique has many advantages, 
due to its complete dependency on human interpretation, this method is prone to human 
errors. In this paper, a software application is proposed to automate the inspection of weld 
joints. This software will aid human operator in defect detection and identification. With 
computer aided defect detection software it is possible to obtain fast, reliable and 
reproducible results for quick and efficient inspection process.   

A study for defect detection was based on morphological aspects of the radiographic 
weld image [1]. Flaw boundaries were first determined using canny edge detection method 
after selecting a certain threshold.  Defect identification was not accomplished in this work. 
Similar method with High Boost filtering for contrast enhancement was also performed [2]. 
Canny edge and Sauvola thresholding were implemented on the image for segmentation 
process. Top Hat filtering was then used to morphologically segment the defects in the image. 
Fourteen geometric features were computed to classify defects using Artificial Neural 
Network. The results produced by this software were very accurate. However, they require a 
computation time of 91s. 

Another software was proposed to improve computation time [3]. Otsu and Sauvola 
thresholding were performed to segment the defects. This software produced impressive 
defect detection rate and computation time. Number of defects in a weld image was also 
computed by this application. Defect classification was not implemented in this work. 
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A research study for defect detection and study of geometrical features was conducted 
using adaptive median filter to eliminate impulse noise [4]. Defect boundary was detected by 
Moore contour tracing algorithm. This information was used for defect interpretation.  

Feature selection for defect classification is an important step. From the literature, it is 
observed that increase in the number of features extracted can provide better accuracy in 
defect characterization. However, the entire process may become time consuming and 
complex. There is a need to optimize the number of features extracted to obtain results with 
less computation time and good accuracy. It is also observed that most of the researchers 
have used global histogram of the image to improve image contrast. This method can provide 
erroneous results when implemented on images having localized contrast variations like in 
the case of defects. Improving the contrast of defect regions can result in faster computation 
for defect characterization. In this paper, the CADD software application consists of Contrast 
Limited Adaptive Histogram Equalization (CLAHE) method which is a local contrast 
enhancement technique to highlight localized defect regions. Canny edge algorithm is also 
used for image segmentation. This application is a CPU based application that utilizes nine 
geometric features of segmented regions for defect classification and therefore requires less 
computation time.  

2. Experimental Setup and Methodology 
 In this study, HPX-225-11 Stationary Anode X-Ray Tube (Fig. 1) was used. The 
specifications of this machine are given in Table 1. Agfa D4 Films were used for image 
acquisition in film radiography. Presence of defects in the 
samples were verified using this technique. Digital 
Radiography images have been obtained using a Flat Panel 
Detector (FPD). The detector specifications are given 
below: 
      Active area: 204.8×204.8mm2 

      Pixel Array: 1024×1024 
      Pixel Pitch: 200µm 
 FPD produces real time radiography images thereby 
saving image acquisition time. The images are acquired and 
recorded by i-rad software from the Flat Panel Detector. A 
5MPx, 16 bit Monochrome monitor is used to display these images. Tig Welded Aluminium 
samples, 9 Nos. are used for testing the CADD application. Some of them are shown in Fig. 
2.                    

The proposed software algorithm is shown 
in Fig. 3. Several image processing algorithms are 
used for quality improvement of the image, 
contrast enhancement, segmentation and contour 
tracing of the acquired image. Mathematical 
calculations for evaluation of geometric features 
are also implemented by CADD to characterize an 
image segment into either a certain type of defect 
or false indication. Manual extraction of weld 
region is first performed to reduce processing time. 
The algorithm is explained in the following 
paragraphs. 

 
Fig. 2: Tig Welded Aluminium 
Samples   

Fig. 12: X-Ray Setup 
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2.1 Image Pre-processing 

In this operation, the quality of an image is enhanced for better visibility and easier 
implementation of the developed application. This is performed in two steps. First, noise 
present in the image is removed. A combination of mean, equation (1), and median filter 
having kernel size 3×3 is used to remove impulsive and non impulsive noise and to preserve 
fine details in the image [5, 6]. 

Mean kernel=
1

9
 1 1 1

1 1 1

1 1 1

    (1) 

Contrast enhancement is essential to highlight 
localized areas of interest. CLAHE is used to enhance 
contrast of the radiographed image locally. This 
method is used as the contrast characteristics in weld 
joint may vary in the image due to presence of 
defects. Here, the histogram is cut at a particular 
threshold and then the equalization is applied [7].  

2.2 Image Segmentation 

 Canny edge operator is used for edge based 
segmentation of the weld image. Due to its sensitivity 
to changes in image contrast, this operator provides 
reliable results in segmenting an image to locate and 
identify a weld defect [8]. This edge detector first 
utilizes Gaussian smoothening to reduce noise. 
Image gradient is then calculated to highlight regions 
with high spatial derivatives. Sobel operator 
performs a 2-D spatial gradient measurement on an 
image (Fig. 4).  

 

                   �姉                                             �姿  

Fig. 4: 2D Sobel operator 

The magnitude, or edge strength, of the gradient is 
estimated using equation (2). 
 |G|  =  |Gx|  +  |Gy|            (2) 
The edge direction can be found by equation (3). 肯 = tan−1  罫検罫捲        (3) 

The algorithm then performs nonmaximum 
suppression and hysteresis along the direction of 
high gradient regions to obtain pixel positions having 
maximum gradient. This is followed by Sauvola 
thresholding which is a local technique to compute 
thresholds individually for each pixel using 
information from the local neighborhood of the pixel 
(equation (4)). 

Table 1: Specifications of X-
Ray Machine 

S.No. Parameter Value 

1. Maximum 
Power 

640W 

2. Maximum 
Peak 
Voltage 

225kV 

3. Maximum 
Current 

8mA 

4. Focal 
Spot 

1 mm 
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建 = 警[1 + 計  嫌迎 − 1 ]                      (4) 

Here, M is mean, s is standard deviation in 
window and R shows the maximum possible 
standard deviation of grey level. K is a variable 
parameter that controls the value of the 
threshold in the local window [9]. 

2.3 Boundary Extraction and Geometric 
Feature Computation 

It is important to determine the boundaries of 
segmented regions to further investigate their 
characteristics.  Moore contour tracing 
algorithm is used to extract boundary pixel 
coordinates of these regions [10]. These 
coordinates are then used to compute various 
geometric features to characterize a region as 
defect or non-defect. The geometric features 
extracted are used to determine shape and 
position of the region. Welding defects can be 
classified based on their geometric properties 
and grayscale variation with respect to its 
background. To reduce false indications, only 
those segmented regions are investigated 
which have gray level variation as compared 
to their surroundings. Bounding box for each 
segmented region is evaluated.  Geometric 
Features having certain values can be used to 
classify a region as defect or non-defect. 
Initially, all the segmented defect regions are 
classified as circular or rectangular defect. 
Circular defects are further classified as 
porosities and Tungsten Inclusions. 
Rectangular defects are classified into lack of 
fusion, lack of penetration and defects with 
irregular geometry. An ellipse having same 
second moments as that of the defect is 
obtained. The orientation of these defects is 
computed using major axis of the. Defect 
regions are identified based on the following 
parameters: a) Defects having circular shape 
and gray value less than its background is 
classified as porosity and represented by blue 
indication, b) Defects with circular shape and 
gray value greater than the background is 
classified as Tungsten Inclusion due to higher 
radiographic density of Tungsten with respect 
to Aluminium or Steel c) Lack of Fusion 
defects are rectangular in shape and run 
parallel to weld seam. These defects lie close to fused weld and base metal interface and are 

Fig. 3:  Proposed Algorithm for Software  

Table 2: Geometric Feature Limits for 
circular defects 

S.No. Geometric 
Feature 

Lower 
Limit 

Upper 
Limit 

1. Roundness 0.2 - 
2. Eccentricity - 0.5 
3. Extent 0.4 0.9 

 

Table 3: Geometric Feature Limits for 
rectangular defects 

S.No. Geometric 
Feature 

Lower 
Limit 

Upper 
Limit 

1. Elongation 2.5 - 
2. Eccentricity 0.7 - 
3. Extent 0.7 - 

 

Table 4: Computation of geometrical 
features for defect classification 

Feature  Computation Formula 

Area (A) 畦 =   欠件 ,倹券倹=0
券件=0     

Perimeter 
(P)    捲件 − 捲件+1 2 +  検件 − 検件+1 2

券−1

件=1

 

Centroid 捲潔 =
 捲件券件=1券  

検潔 =
 検件券件=1券  

 

捲潔 , 検潔 :系結券建堅剣件穴 潔剣剣堅穴件券欠建結嫌  
Eccentricity  1 −  決2欠2

  

a,b: Major and minor axis of 
ellipse respectively 

Roundness 4講畦鶏2
 

Extent 畦堅結欠 剣血 建月結 嫌結訣兼結券建畦堅結欠 剣血件建嫌 決剣憲券穴件券訣 決剣捲 

Elongation ratio of length to width of the 
bounding box 

Angle angle between direction of weld 
seam and the major axis of an 
ellipse having same second 
central moments as the region 

Position 喧 =
検潔茎  

H: Width of weld bead 

 



108 Non-Destructive Evaluation 2016 

 

represented by green indications and d) Defects with irregular geometry like cracks and 
undercuts are represented by magenta indications. Computation of Geometric Features is 
shown in Table 4.              

3. Results and Discussion 

 This application is run on a computer with i7 processor, 3.50GHz clock speed and 
16GB RAM. Colour coded outputs are obtained by this application. Noise reduction is 
performed using combination of mean and median filters for its simplicity and efficiency in 
removal of impulse and non-impulsive noise. Kernel size of these operators play an important 
role in determining the smoothening effect produced in the image. Although large kernel 
sizes provide better image quality, they may also lead to loss of fine details in the image.  
 Therefore, an optimized kernel size of 3×3 is used to improve image quality and to 
preserve fine details in the image. CLAHE is very effective in enhancing the contrast of fine 
sized defects. Canny edge operator is very sensitive to minute gray level changes and hence 
provides effective segmentation of defects present in the image. It is known that no defect can 
have perfect geometry. Hence certain limits are provided in the application to classify defects 
efficiently. The upper and lower thresholds of this range are determined based on the 
experimental results of the developed algorithm (Table 2 and 3).  Fig. 5a) shows the original 
raw images obtained on Flat Panel Detector. It is seen that many fine porosities are not 
clearly visible to naked eye. Fig 5b) shows application of CADD to raw images. CADD 
provides successful detection probability of 88% for porosities, 100% for Tungsten 
Inclusions and 100% probability in detecting cracks and undercuts. With the current 
computer configuration, the computation time required is approximately 5 seconds thereby 
providing fast and efficient inspection of weld joints. However, this algorithm is sensitive to 
low contrast changes in the image region due to which false indications are observed. It is  

difficult for the software to detect fine sized cluster porosities. Lack of Fusion is detected by 
the software but is classified incorrectly.

4. Conclusion  CADD is developed to identify four types of defects in weld joints: porosities, Tungsten 
inclusions, lack of fusion and defects having irregular geometry like cracks and undercuts.    Defects are identified based on their characteristic geometric shape and location with 
respect to weld centerline. These parameters are obtained by computing various geometric 
features of segmented regions.  

            a) Raw images on FPD                          b) Software Output 
Fig. 5: Implementation of software application on raw images 
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 This software algorithm utilizes CPU based processing to obtain the results. As, the 
software utilizes nine geometric features for defect identification and CLAHE, the 
computation time required is very less (five seconds with current computer configuration).  It is observed that the software provides successful defect detection probability of 88% for 
porosities, 100% for Tungsten Inclusions and 100% probability in detecting defects of 
irregular geometry like cracks and undercuts. Therefore, an efficient and fast inspection of 
welded joints can be obtained with this software.   However, there are certain limitations in this software which require further work and 
analysis. It is difficult for this software to detect porosities that are closely spaced or in 
low contrast regions. Due to its high sensitivity to sharp changes in contrast, false defect 
indications are observed. Lack of fusion is successfully detected by CADD but is 
classified incorrectly. 
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