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Abstract: with the rapid development of China's manufacturing industry and the need 

of people's life, industrial production and daily life in the increasing demand for large 

steel equipment, the welding quality of steel is also put forward higher requirements, 

weld condition directly affects the lifespan of the equipment and the use of safe, for 

the detection of internal defects in welding seam has caused high attention of the 

industry. In this paper, aiming at the S-scan view images of weld internal defects 

obtained by ultrasonic phased array detection equipment, the original image is filtered 

based on OpenCV processing technology to improve the image quality. The 

experimental comparison of the Peak Signal to Noise Ratio (PSNR) and the mean 

structural similarity (MSSIM) of the image data after noise reduction shows that 

compared with other algorithms, the improved adaptive median algorithm in this paper 

improves the SNR by 6.95, 3.2, 1.4 respectively, and the Peak Signal to Noise Ratio 

by 0.24, 0.16, 0.03 on average. It can be seen that the algorithm in this paper has 

better noise reduction ability, which provides ideas for the further development of 

defect noise reduction in the direction of weld defect identification. 
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1. Introduction 

Welding technology is widely used in shipbuilding, pressure vessels, building structures 

and other fields. Due to the large volume of large steel equipment, the production 

process is mostly composed of multiple special steel pieces through welding. The 

stability of weld internal structure determines the reliability and durability of the 

product. In the process of equipment manufacturing and operation, due to the 

engineering environment and welding technology and other factors, there will be a 

variety of local defects in the weld seam of the master plate joint. According to the 

forming reasons of the internal defects, the internal defects are divided into incomplete 
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welding, incomplete fusion, slag inclusion, pores and cracks[1]. 

As the large liquefied petroleum gas storage tanks are mostly filled with inflammable 

and explosive materials, and the internal pressure is more than 3MPa, in order to meet 

the testing requirements in this special environment, ultrasonic testing is used for the 

welding seams of spherical tanks[2]. At present, the widely used ultrasonic detection 

methods for internal defects mainly include pulse reflection ultrasonic detection, 

diffraction time difference ultrasonic detection, conventional linear ultrasonic phased 

array, full focus ultrasonic phased array, etc. Ultrasonic phased array technology is an 

indispensable key technology for equipment inspection and maintenance in the 

manufacture and use of pressure vessel equipment. However, the identification 

method of weld internal defects still stays in the stage of human eye observation and 

manual marking. This detection method has some shortcomings, such as low accuracy, 

and the accuracy of defect evaluation is greatly affected by the experience and 

subjectivity of detection personnel. 

In recent years, the intelligent detection and classification technology of weld internal 

defects has been widely used in industry. The detection methods can be divided into 

manual feature extraction classification method based on machine learning and 

automatic feature extraction classification method. With the rapid development of 

deep learning, convolutional neural networks (CNN) can automatically extract the edge 

and texture features of the images, and have a good self-extraction ability and 

recognition effect for the features of weld defects. The unique advantages of 

convolutional networks play an important role in the internal defect detection. As the 

recognition object of convolutional neural network welds image, image quality plays a 

crucial role in the recognition and classification of welds in the later stage. 

At present, the use of digital image processing technology to enhance weld defect 

image noise reduction is a research focus in this direction. In this paper, the digital 

image noise reduction technology is introduced, and the OpenCV technology is used 

to verify the common noise reduction methods. The image collected by the equipment 

of this subject is analyzed, and the better processing results are obtained. 

 

2. Ultrasonic phased array 

The ultrasonic phased array is used to carry out nondestructive testing on the welded 

structure of pressure vessels. Quality evaluation is an effective means commonly used 

in engineering practice. The testing system consists of ultrasonic analysis software, 

phased array control host, encoder and probe. The detection structure is shown in the 

figure 1: 
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Figure 1 Schematic diagram of ultrasonic phased array equipment 

The principle of ultrasonic phased array technology is similar to phased array radar, 

which is based on wave interference and Huygens principle. According to a certain 

arrangement sequence, multiple independent ultrasonic arrays are controlled to 

stimulate each individual array to form ultrasonic superposition in the detection 

element, so as to realize the scanning imaging of defects inside the weld[3]. The 

sound beam propagation of ultrasonic phased array and the receiving effect are shown 

in the figure 2： 

 
Figure 2   Schematic diagram of phased array detection 

According to the imaging results, the signals received by scanning are classified, and 

the receiving modes can be divided into A, B, C, D, S, P, and other scanning types[4]. 

A scanning is a one-dimensional display mode in which the echo signal takes the 

propagation time as the X-axis and the amplitude of the return wave as the Y-axis, 

and the internal situation of the weld is judged by observing the surge of the amplitude 

of the echo signal. S-scan is the real-time information corresponding to the total 

number of A-scan, and the scanning surface is displayed as fan-shaped (that is, S-

scan scan images). Meanwhile, S-scan can display the overall detection image at the 

same time, and can quickly and comprehensively display the local related information 

of internal defects. According to the display waveform classification, A sweep is one-

dimensional wave row display, S sweep display mode is the form of digital image, the 

essence is a *m n  digital matrix. It can be expressed as: 
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In the formula, ( , )f i j  is the pixel value of the point. The ultrasonic echo obtained is 

stored and processed in the form of a two-dimensional matrix, and the elements of 

the matrix are displayed on the plane as S-scanned image. The operation diagram of 

scanning weld defects by ultrasonic phased array is a shown in Figure 3, and the 

scanning S-scanning Angle is b shown in Figure 3: 

                
 

a   Scan operation diagram                b    S-scan diagram 
Figure 3  Ultrasonic phased array scan 

 
3. Noise reduction 

3.1 Common filtering methods 

In the process of original image data acquisition, there will be a variety of interference 

factors, such as non-defect interference within the steel, noise interference of the 

detection device itself and other irresistible factors, so it is necessary to filter the data 

set, reduce the noise and improve the quality of the data set. For image noise 

reduction, its purpose is to filter out high frequency noise and retain low frequency 

image details[5]. The actual principle is to make use of the gradient difference 

between the noise information and the actual information, so as to achieve the filter 

of gray spike pixels. Common noise reduction methods include low-pass filtering, 

median filtering, Gaussian filtering and other filtering methods[6]. 

Low-pass filtering is a frequency-domain filtering. First, the read signal is processed 

by Fourier transform. The Fourier calculation formula is as follows: 
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Where H ，W  denotes the length and height of the image, ( , )f x y  denotes the time-

domain image, the range of u  is  0, 1H  ，the range of v is  0, 1W  。It can be seen 

from the formula that the data processing capacity is large, and the image noise 
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reduction is related to the global image, which will reduce the edge characteristics of 

weld defects to a certain extent. After converting the image into the frequency domain, 

the high frequency signal mainly exists at the edge of the target to be detected and 

the background, as well as where the noise point is. The high-frequency information 

is filtered out, and the saved frequency domain information is the frequency domain 

occupied by the image subject. Then the image frequency domain is transformed by 

inverse Fourier transform to obtain the filtered image. An ideal low-pass filter has the 

following transfer function： 
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Median filtering and mean filtering are spatial domain filtering, which operate on the 

image domain. It is mainly used to median or average pixels within a fixed range in 

the image. The filter objects of spatial filtering are mainly dry point information and 

edge information in local areas, which are guaranteed to remain unchanged in the 

overall scope. The calculation process of median filtering and mean filtering is shown 

as follows: 
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Compared with the traditional equivalent processing of local pixels in space, Gaussian 

filtering adds the concept of Gaussian kernel. In the relation between pixels at a 

certain point and surrounding pixels, the correlation between pixels is strong in the 

near adjacent range, while the correlation between pixels at a far distance is relatively 

weak. In the process of image denoising by Gaussian filter, the weight of the weighted 

average value of the local area is determined by the distance from the center pixel. 

The Gaussian formula for two-dimensional images is as follows: 
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3.2 Adaptive median filtering 

In this experiment, adaptive median filtering is used to remove the common salt-and-

pepper noise and effectively protect the details of the image. Compared with the 

median filter, the adaptive median filter algorithm can automatically adjust the size of 

the filter window. The processing process can be divided into two parts: Process A 

and process B[7]. 

Process A：Determine whether the median point is a noise point. Firstly, the initial 

filtering range xyS  and the maximum filtering size maxS  were determined.。 The 

maximum value maxZ , minimum value minZ  and median value medZ  of the current range 
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of xyS  are obtained. If min maxmedZ Z Z   is satisfied, the median point at this time is not 

noise. Jump to process B, otherwise increase the filter size, if the enlarged size less 

than maxS , repeat process A. 

process B: Determine whether the center point is a noise point. When min maxxyZ Z Z   

is satisfied, it is proved that it is not a noise point and the original grayscale is retained; 

otherwise, it is a noise point and the median pixel is used to replace the original pixel. 

Its processing flow is shown in the figure: 
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Figure 4   Median filtering process 

 
4. Experimental equipment 

4.1 Device performance parameters  

The ultrasonic phased array device used in this paper allows an encoder to 

continuously scan the weld and at the same time to connect to a computer or 

microcomputer via a wireless connection signal. The equipment supports one-

dimensional scanning (A scanning) and sector scanning (S scanning) for weld defects, 

and can present the A-scanning and S-scanning of the inspected weld to the 

supremacy machine or computer. Ultrasonic phased array encoders mainly have 

phased array probe socket, USB socket, I/O socket, encoder socket and power socket 

and other external channels to achieve external power supply and information 

transmission.  
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4.2 The probe parameters 

The probe adopts GW-PA061903010, the number of probe chips is 16, the array 

spacing is 0.6mm, the array length is 10mm, and the sampling frequency is 10. GW-

PA05-IH trapezoidal wedge acts as buffer, wedge Angle is 36°, center element height 

is 22.3mm, center front distance is 25mm, material sound speed is 2337m/s. The 

wedge type used by the array probe is SC21-N55S, the wedge Angle is 36°, the center 

array element height is 15.6mm, the center front distance is 14.4mm, and the material 

sound speed is 2337m/s. The probe and wedge are shown in figure. Oil was tested as 

a coupling agent. 

4.3 OpenCV framework 

OpenCV is a computer vision and image processing library published by Berkeley 

software. A variety of image operation functions can be directly called in a variety of 

language environments. Its modular design provides a good interactive development 

environment for users. At the same time, the development program based on the 

OpenCV framework supports direct transplantation in Windows and Linux environment. 

For the environmental particularity of weld detection, multiple detection platforms can 

be called each other. It is more suitable for testing requirements in actual engineering. 

In this paper, the experimental environment uses VS2017 compilation tool and 

OpenCV14 visual library module to complete the program design. 

 

5. The experiment 

In the experiment of this paper, the S-scan map of the defects of standard welds and 

cracks was used to compare the original image data, and the filtered images were 

compared with the peak signal-to-noise ratio (PSNR) and the average structural 

similarity (MSSIM) after the data were downprocessed in various filtering forms. The 

image processing flow is shown in the figure: 

The original image

Mean value 
filter

Median value 
filter

Gaussian 
filter

Adaptive 
median filter

IMG 1 IMG 2 IMG 3 IMG 4

PSNR/MSSIM

 
Figure 5   Median filtering process 

Peak signal-to-noise ratio (PSNR) reflects the ratio of effective image information to 

noise and is often used to measure image quality. The average structural similarity 

compares images from brightness, contrast and structural similarity. The value range 

is 0 ~ 1: the larger the value, the better the similarity between images. Mean filtering, 
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median filtering, Gaussian filtering and adaptive median filtering were respectively 

used to de-noise the original image. The resulting de-noising processing results are 

shown in the figure 5 as below: 

 
a  PSNR    b MSSIM 

Figure 6  Calculation results of PSNR and MSSIM 
 

6. Conclusion 

In the detection industry of weld defects, the research on identification and 

classification of weld internal defects has always been a hot spot in the industry. With 

the development of intelligent detection technology, automatic identification of weld 

defects has gradually attracted the attention of the industry, and the processing of 

weld image is the basis of defect classification. With the improvement of scientific and 

technological level, digital image processing technology has been widely applied in 

many industries. The improved algorithm of weld image processing based on OpenCV 

proposed in this paper can realize the noise reduction processing of defect S-scan 

under ultrasonic phased array testing instrument. The experimental results show that 

the adaptive median algorithm adopted in this paper has better noise reduction effect 

on ultrasonic phased array defects than the traditional conventional noise reduction 

methods, which provides certain help for the subsequent weld image analysis and has 

certain significance in the field of weld defect detection. 
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