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Abstract. In the automotive remanufacturing movement, the inspection of the corrosion defects on 
the engine cylinder cavity is a key and difficult problem. In this paper, the ultrasonic phased array is 
applied to detect the corrosions in this part, and a method for marking and positioning the 
corrosions from the ultrasonic phased array C-scan images based on a series of image processing 
algorithms is proposed. Firstly, the image enhancement algorithm is carried out to the C-scan image 
and the spurious signals are removed; then according to the characteristics of the C-scan image, the 
improved watershed segmentation algorithm which can avoid over-segmentation, i.e., the 
morphological labeled watershed algorithm is applied to segment the C-scan image and realize the 
defect marking; finally, the centroid extraction method is used for the defect positioning work. The 
final result demonstrates that the method we proposed is effective for marking and positioning 
corrosions in the automobile engine cylinder cavity from the ultrasonic phased array C-scan images. 

Introduction 
In recent years, with the rapid development of the automobile industry, there is a large number of 

scrapped automobiles which cause serious environmental pollution and resource wastes. For this 
problem, the green remanufacture engineering for the scrapped automobiles has been developed, 
which can make the discarded parts return to service after a series of testing and processing[1] [2]. 
The engine is the most important component for an automobile which relates to the driving safety 
and using performance, so the remanufacturing of the engines is a key issue[3]. The engine cylinder 
cavity is the space for flowing cooling liquid which is between the engine housing and the cylinder, 
and with the growth of the service time, the metal material in this part may be corroded, which is 
likely to cause vehicle failures or even traffic accidents. Therefore, the evaluation for the corrosion 
defects in the engine cylinder cavity is a key problem, however, it is also a difficult one, because in 
general, this part cannot be dismantled easily. For this problem, we apply a non-destructive testing 
method, i.e. the ultrasonic phased array[4] to detect the corrosions in this part. The top view of the 
engine and the ultrasonic phased array transducer on the working surface is shown in the Fig.1. 

The C-scan image obtained by the ultrasonic phased array transducer can help the testers identify 
the defects visually[5]. However, it is usually inefficient to identify and locate the defects only 
relying on the artificial vision, and some erroneous judgments may appear because of personnel 
differences, tiredness, and so on, which cannot satisfy the demand for automated and online 
detection. Therefore, in this paper, we propose a method for marking and positioning corrosions in 
the automobile engine cylinder cavity from the ultrasonic phased array C-scan images based on a 
series of image processing algorithms. 
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Fig.1. The top view of the engine and the ultrasonic phased array transducer on the working surface 

Capture the C-scan images 
In this study, we built an ultrasonic phased array testing system to capture the C-scan images of 

the corrosion defects, and the main components of this system include a M2M ultrasonic detector, 
an ultrasonic linear phased array transducer, a wedge with a convex surface installed on the 
transducer, a PC, and a specimen with some artificial defects. This transducer is 64-element and the 
width of per element is 0.49mm, length is 10mm, the adjacent element interval is 0.1mm. The Fig.2 
shows the whole experimental system.  

 
Fig.2. The experimental system 

In order to assure the consistency between the signals and the capture positions, an encoder is 
installed on the transducer to record the signal capture position, which is shown in the Fig.3. 

 
Fig.3. The encoder is installed on the transducer 

The Fig.4 shows the C-scan grayscale image for the artificial defects in the specimen in which 
six corrosion defects can be observed visually.    
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Fig.4. The C-scan grayscale image  

Method for marking the corrosions  
To satisfy the demand of automated and online detection for the automobile engine, we propose 

a method for marking the corrosions from the C-scan images based on a series of image processing 
algorithms. According to the image-forming principle, one C-scan image may contain a number of 
defects with different sizes, so it is difficult to find a global threshold to identify them. Besides, it is 
usually fuzzy around the edge of the corrosions because of the sound beam-width effect. Therefore, 
in this section, the improved watershed segmentation algorithm which can avoid over-segmentation, 
i.e., the morphological labeled watershed algorithm is proposed to segment the C-scan image so that 
realize the automatic making for the defects. In order to obtain a better segmentation result, the 
enhancement preprocessing is carried out for the image firstly.  
1. C-scan image enhancement 

Observe the image in Fig.4 and we can find that, around the six defects, there are several 
spurious signals which are caused by the non-uniform thickness of the couplant, multiple reflections 
of the acoustic wave, etc. In general case, these undesired signals have small amplitudes in a certain 
range. These spurious signals are useless and may lead to negative effects to the defect 
identification. So, the purpose of the image enhancement is to eliminate these undesired signals. 
According to these characteristics, we choose the method of piecewise linear function 
transformation to enhance the C-scan image. 

Set the image grayscale as L and the gray value of the coordinate point ( , )i j  as ( , )f i j , then the 
piecewise linear function is built as followed: 

 
0, ( , ) 0.03

( , )
( , ), 0.03 ( , )

f i j L
g i j

f i j L f i j L
≤

=  < ≤                                          (1)
 

where ( , )g i j  is the gray value of the enhancement image. The capture image is 8-bit, so 
L=255.   

After the enhancement, the original image is transformed as shown in Fig.5 in which the 
spurious signals are removed.    

 
Fig.5. The enhancement image 
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2. C-scan image segmentation 
To mark the defects exactly, in this section, we use the image segmentation technology to mark 

the defects automatically and get ready for the positioning algorithm in the next section. Analyze 
the features of the C-scan images and we can find that the edge of each defect is fuzzy and local 
irregularity is incident because of the influence from the couplant, which is very likely to cause 
over-segmentation. For this situation, in this paper, the improved watershed segmentation algorithm, 
i.e., the morphological labeled watershed algorithm is applied to realize the defect marking. The 
flow chart of this algorithm is shown in the Fig.6 and the description of the process is as followed: 
1) Calculate the gradient of the grayscale image. In this step, the Sobel operator[6] is applied to 

finish this task. 
2) Preprocess the grayscale image, i.e., the morphological opening and closing reconstruction 

operation[7], which is a kind of nonlinear filter. The most significant advantage of this filter is 
the ability to keep the boundary information of the images.  

3) Label the foreground and the background for the filtered grayscale image in the step 2). 
a) Label the foreground. Calculate the local minimal binary image, and carry out the opening 

and closing operation to smooth edge. Then, remove the local minimal areas whose pixel 
number less than a certain value and the foreground image is obtained. This foreground 
image can mark the local minimal value and eliminate the isolated stray elements. 

b) Label the background. Calculate the binary image for the filtered grayscale image applying 
the Otsu method[8], then carry out distance transform and watershed segmentation. The 
watershed obtained above is the background. 

4) Modify the gradient image in the step 1) using the foreground and the background obtained in 
the step 2). In fact, it is a mandatory modification for the original gradient image in order to 
remove the undesired local extreme values.  

5) Carry out the watershed segmentation operation[9] to the modified gradient image. Then, 
output the segmentation result and show it in the original grayscale image. 

As described above, this algorithm apply the morphological opening and closing reconstruction 
operation to smooth the grayscale image and eliminate the noise, and the foreground and the 
background can help to remove the undesired local extreme values. So, the morphological labeled 
watershed algorithm can effectively prevent the over-segmentation and mark the defects exactly. 
The marking result by this algorithm is show in the Fig.7 in which we can see that the six defects 
are marked exactly. 

 

 
Fig.6. The flow chart of the morphological labeled watershed algorithm 
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Fig.7. The defect marking result 

Method for positioning the corrosions  
The defect positioning is a key task in the testing. In this study, the centroid extraction 

technology is applied for the positioning work. Set the gray value of the coordinate point ( , )i j  
as ( , )f i j  in the Fig.7, and the coordinate of the defect centroid noted ( , )m mx y  can be expressed as: 

 

( , ) ( , )
,

( , ) ( , )
ij ij

m m

ij ij

if i j jf i j
x y

f i j f i j
= =
∑ ∑
∑ ∑

                                           (2)
 

According the above formula we can see that mx  and my  may be non-integer, i.e., the centroid 
coordinate is sub-pixel accuracy. In other words, the centroid is the expected position of the defect. 
The defect positioning result for the Fig.7 is shown in the Fig.8, where the star-shaped points 
express the centroids of the defects. To validate the algorithm, we calculate the distances between 
two defects and compare to the practical. The five distance values L1-L5 is marked in the Fig.8 and 
the position result is shown in the table 1. According the data in this table, the mean value of 
positioning error is 0.33mm which can satisfy the measuring requirement for the engine cylinder 
cavity. The result demonstrates that the method we proposed is effective for marking and 
positioning corrosions in the automobile engine cylinder cavity from the ultrasonic phased array 
C-scan images. Number for every mark point and do further analysis towards these defects, such as 
quantitative analysis, etc., then provide more comprehensive information for the evaluation to the 
corrosive condition in the engine cylinder cavity.  

L1

L2

L3

L4

L5

 
Fig.8. The positioning result for the defects 

Table 1 The positioning result（mm） 
 L1 L2 L3 L4 L5 

True value 15.00 19.90 24.92 39.80 42.53 
Positioning value 14.66 20.43 24.78 39.64 42.07 

Error 0.34 0.53 0.14 0.16 0.46 
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Conclusions 
The automotive remanufacturing movement can effectively avoid the environment pollution and 

resource wastes caused by the great number of scrapped automobiles and engines. The evaluation 
for the corrosion defects in the engine cylinder cavity is a key and difficult problem. In this paper, 
the ultrasonic phased array is applied to detect the corrosions in this part, and a method for marking 
and positioning corrosions in the automobile engine cylinder cavity from the ultrasonic phased 
array C-scan images based on a series of image processing algorithms is proposed. Firstly, the 
image enhancement algorithm is carried out to the C-scan image and the spurious signals are 
removed; then the morphological labeled watershed algorithm is applied to segment the C-scan 
image and realize the defect marking; finally, the centroid extraction method is used for the defect 
positioning work. The final result demonstrates that the method we proposed is effective for 
marking and positioning corrosions in the automobile engine cylinder cavity from the ultrasonic 
phased array C-scan images, which is a preparation for further analysis towards these defects, such 
as quantitative analysis, etc., and providing more comprehensive information for the evaluation to 
the corrosive condition in the engine cylinder cavity. 
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